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[bookmark: _Toc24747627][bookmark: _Ref178064866]Introduction
This document consolidates the objectives proposed by the companies for Rel-17 IIoT/eURLLC area during Phase 1 of the related email discussion as well as the feedback for the proposed objectives received during the phase 2 email discussion. The email deadline was set to Nov 15th. Based on the inputs available by Monday 18th, the most popular items were:
UE feedback enhancements (with HARQ ACK as well)
Unlicensed operation
Intra-UE multiplexing (for traffic with different priorities)
Inter-UE multiplexing (collision between eMBB PUSCH and CG URLLC PURSCH)
Survival time and other QoS characteristics (coming also from SA side)
UE based PDCP duplication activation/deactivation
Enhancements for support of time synchronization (Synch from UE & Propagation delay compensation)
Ensuring URLLC requirements can be met during handover

Based on the inputs received, WID was provided in RP-192658 
Next sections of the documents contain comments received during the phase 1 and phase 2 email discussion (Phase 3 email discussion was collecting comments for the draft WID itself, with the latest version in RP-192658). 
The initial comments included (but not limited to) following questions:
· Should the “UE based PDCP duplication activation/deactivation” be included in Release 17 given the limited progress in Release 16 discussions
· NR-U aspects of IIoT/URLLC should be more specific, could the scenario be limited to “controlled environment”
· CSI and HARQ-ACK feedback enhancements could be made more narrow
There and potentially some of the other aspects are expected to be discussed further during the RAN#86 meeting to refine the WID.
[bookmark: _Toc24747628]PHY layer and scheduling enhancements
[bookmark: _Toc24747629]PHY layer feedback enhancements 
The following options have been proposed by the companies in Phase 1:
	
	Enhancement description
	Raised by

	1
	UE feedback enhancements to allow for more accurate MCS selection CSI feedback enhancement 
	ZTE, Ericsson,AT&T, MTK, Qualcomm, Orange, FUTUREWEI, Nokia, Huawei/HiSilicon, Samsung, CMCC, Motorola Mobility/Lenovo

	2
	HARQ-ACK feedback enhancements, e.g. for SPS or to address HARQ-ACK dropping, UCI reliability enhancement
	ZTE, OPPO, LG, CMCC, Motorola Mobility/Lenovo, APT

	3
	Explicit HARQ-ACK for CG
	ZTE, Futurewei, Huawei/HiSilicon, Sony

	4
	Codebook enhancements, e.g. Type-1 HARQ-ACK codebook (if not supported in Rel-16)
	ZTE, CATT

	5
	HARQ-ACK feedback for Carrier Aggregation with at least one cell in TDD mode.
	Huawei/HiSilicon



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	
	
	

	vivo
	2 
	Regarding 1, we think the scope is a bit too broad/ambiguous, suggest to separate discuss the CSI reporting scheme (e.g. A-CSI on PUCCH) and the enhanced CSI measurement (e.g. DMRS based CSI), and the latter should be discussed in MIMO WI where the CSI measurement framework was specified.

Regarding 2, we support the enhancements to HARQ-ACK feedback for SPS. 
Although the Rel-16 discussion is still ongoing, but it seems very likely that in Rel-16 the HARQ-ACK feedback for shorter SPS periodicity or multiple SPS configurations will be largely dropped in a TDD system with DL heavy configurations, so enhancements should be considered in Rel-17. Given this is related to SPS enhancements, it can also be moved into section 2.5 together with other SPS enhancements. 

Regarding 4, the motivation for enhancing type-1 HARQ-ACK codebook for URLLC should be clarified.

	CATT
	4
	1 and 3 were discussed in previous releases without consensus to support. The benefits should be justified.

For 2, the scope is too broad so it is suggested to separate them. For HARQ-ACK feedback enhancement for SPS, it depends on the progress in Rel-16 which is not yet clear. If not supported in Rel-16, we are supportive of the enhancements and we agree with vivo to move it to section 2.5. For HARQ-ACK feedback enhancements to address HARQ-ACK dropping, it can be discussed together with option 2 in section 2.4 (retransmission of UCI in dropping PUSCH). In addition, it is not clear if the issue can be resolved/alleviated by multiplexing of traffic/UCI with different priorities as proposed in option 1 in section 2.3.

For 4, it is not clear yet whether/how Type-1 HARQ-ACK codebook is supported for sub-slot based HARQ-ACK codebook. It is proposed to support/ enhance in Rel-17.

For 5, the motivation/scenario is not clear.

	TCL
	1, 2 and 3
	For 1, multiple tables for MCS selection have been standardized already for URLLC. The best utilization of these tables can be enabled with more accurate and advanced CSI feedback schemes. This may improve the QoS which are achievable.
For 2, we believe that HARQ enhancements are required both for dynamically scheduled and periodically configured resources. SPS case is being addressed currently but it would be challenging to find a suitable solution in this last meeting.
For 3, no feedback design is pretty suitable for eMBB but it limits the QoS for URLLC IIot services. For that reason, that seems to be the most important item in this list.

	Nokia, Nokia Shanghai Bell
	1
	1: Accurate CSI information can help to improve overall reliability and efficiency, while it is worth to emphasize that the estimated CSI itself should be reliable as well. During the initial phase of the WI, study different options and specify only if necessary.
2: It is possible to handle the topics in other identified areas for example: SPS enhancement for potential HARQ-ACK overhead due to multiple SPS configurations and reduced SPS periodicity; handling HARQ-ACK dropping in intra-UE; HARQ-ACK delay reduction in enhanced processing timeline discussions. No need to capture as part of feedback enhancements.
3 and 4 may bring some benefits, but we find them lower priority to other proposals.
5: We do not see issues especially considering potential deployment optimization.

	Panasonic
	1, 2
	URLLC data size can be larger for some use cases. In this case, resource efficient DL transmissions, such as link adaptation and/or HARQ usage is more important feature. Therefore, Option 1 and 2 are important. 
For Option 2, in order to realize spectral efficient DL transmission, UCI reliability enhancement should be studied since higher BLER target for performing initial transmission entails higher reliability requirement for HARQ-ACK feedback.

	LG
	2
	For topic 1, extensive discussion has been occurred in Rel-16 eURLLC study item phase. It was concluded that there was no consensus among companies on supporting it, which in fact was the same conclusion as what we had in Rel-15. Thus, it would be better to avoid such arguable discussion especially considering its unclear benefit. Moreover, if this topic should be further specified, then this should be the scope of MIMO. 
For topic 2, we are supportive of HARQ-ACK feedback enhancement particularly in terms of reliability improvement since there was rarely such effort during Rel-16. 
For topic 3, it has been also discussed since Rel-15, but no clear benefit was shown. In this sense, this topic should not be the scope of Rel-17.  
For topic 4, this can be considered only if there is any relevant decision in Rel-16 (e.g., not supporting type-1 codebook for subslot-based HARQ-ACK feedback procedure), otherwise generally we do not see any motivation. 

	APT
	2
	In Rel-16, always dropping the overlapped resources with lower priority may lead to an adverse impact on performance, especially for the case that frequent dropping of HARQ-ACK for eMBB. Thus, multiplex UCI on PUSCH or multiplex UCIs with different priorities should be supported in Rel-17.

	DOCOMO
	Open for 1 
	We are open to include the 1 in the WI to improve the reliability and spectrum efficiency since in Rel.16 spectrum efficiency is not the main target for eURLLC/IIOT and CSI enhancements are dropped in Rel.16. 
About 3, in Rel.16 SI, it was observed in the LLS results that explicit HARQ for CG used for TSN service is not necessary. So, we do not think 3 is important.
About 2, 4 and 5, not sure now, it depends on Rel.16 progress.   

	CMCC
	1，2
	For 1, CSI feedback may benefit for link adaptation and HARQ to increase resource efficiency for some services requiring high reliability, low latency and high throughput simultaneously, e.g. XR/gaming.
For 2. UCI reliability could be enhanced by allowing lower code rate. And enhancements to HARQ-ACK feedback for SPS should be considered if not be finished in Rel-16, especially for shorter SPS periodicity or multiple SPS configurations.

	ZTE
	1,2,3,4
	For 1，CSI feedback enhancement to improve the link adaptation is beneficial for URLLC reliability. But we need to clarify and make it concrete for which sub-topic is under this umbrella, e.g., we prefer A-CSI in PUCCH, DMRS based CSI, trigger by DL assignment and enhanced CSI reporting mode.
For 2, heavy HARQ-ACK overhead for SPS is observed and need to be enhanced due to the introduction of shorter SPS periodicity and multiple SPS configurations.
For 3, we need to solve the miss detection issue of DMRS , and to improve system efficiency by early termination.
For 4, Type 1 HARQ-ACK codebook is more suitable for periodic and deterministic URLLC traffic, and could provide higher robustness.

	Ericsson
	1, (5)
	On option 1, we think in particular CSI-feedback enhancement are important in Rel-17. These topics were extensively discussed during previous releases however the lack of consensus clearly indicate that there are views that the feature is important. We share the same view as Vivo that it is better to be more specific and target on A-CSI reporting on PUCCH. It seems reasonable to us to consider DMRS based CSI under MIMO enhancements if not feasible within eURLLC scope. 
In option 2, multiple sub-options are included. Feedback enhancements for DL SPS are under discussion in Rel-16, but there can be some leftovers. We think it worth to keep if for now, however it should be revised after RAN1#99. On HARQ-ACK dropping there can be several reasons to drop HARQ-ACK, e.g. due to intra-UE or inter-UE priority. On UCI reliability enhancement, it is not clear the need for enhancements as it was not even identified in Rel-16. 
On Option 3, from our perspective, this feature is extensively developed under NR-U in Rel-16. We have to be able to reuse the features developed in Rel-16 as much as possible (irrespective of the feature group, in this case NR-U) and avoid redoing the already done work. Hence, supporting of explicit HARQ-ACK for CG, would be a UE feature discussion and we don’t see disallowing usage of such a feature in principle if that could be beneficial for some use cases. But we believe that there is no need to further discuss in Rel-17 to develop the already existing feature.
On option 4, from our perspective, Type-1 HARQ code book should be supported already in Rel-16 for sub-slot based PUCCH transmission, by reusing the Rel-15 frame work, due to its reliability. The inherit overhead can be further reduced in Rel-17.  
On option 5, the description of the option is a bit unclear. However, our understanding of underlying proposal is to allow HARQ feedback on more than one cell. With respect to HARQ-ACK feedback and in particular for CA, there is an artificial restriction in Rel-15/16 that the DL PCell HARQ-ACK feedback should be sent only on UL PCell in the corresponding PUCCH group. We think removing this restriction which does not require a lot of work, while provides great benefits both for FR1 and FR2 operations, as well as operations in unlicensed and restrictions with respect to channel availability.

	III
	2, 3 
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]2. HARQ-ACK feedback enhancements should be considered for SPS in view of possible PUCCH resource collisions or feedback overload caused by low periodicities as well as possibly up to 8 active SPS configurations. Properly designed dropping rule can address above issues while at the same keep high priority traffic unaffected.
3. Rel. 17 URLLC will target on extended system capacity and potential new use cases. In order to avoid redundant repetitions and inter-cell interference, explicit HARQ-ACK can be considered. However, considering feedback overhead, it can be realized in the form of adjusting repetition number dynamically.      

	Huawei/HiSilicon 
	1, 2, 3, 4, 5
	From our perspective, all of the components should be included in Rel-17 if time permits.

· Option 1 (i.e. CSI feedback enhancement) 
[bookmark: OLE_LINK51]According to our evaluation in Rel-16 SI, it can be observed that the accuracy of the channel quality (e.g. channel estimation and the accuracy of CSI) and lower processing time for A-CSI has much impact on the performance. For better resource efficiency, and better MCS selection, enhanced CSI feedback should be included in Rel-17, e.g. aperiodic CSI on PUCCH, lower processing time for A-CSI on PUCCH.

· Option 2 (i.e. UCI reliability enhancements) 
We agree with some companies that HARQ-ACK feedback for SPS, or for addressing HARQ-ACK dropping can be moved to other areas if supported. The option 2 here should focus on UCI reliability enhancements.
Considering the tight requirement of latency and reliability for URLLC traffic, it can be expected that UCI reliability is very important also. However, as LG mentioned we almost have no effort on this aspect, while we already have enhancements on PDCCH/PDSCH. For example, PUCCH repetitions is only supported for long PUCCH, but not for short PUCCH which is more appropriate for URLLC from latency perspective. 

· Option 3 (i.e. explicit HARQ-ACK for CG) 
According to our evaluation results in R1-1900865, early termination by explicit HARQ-ACK would improve the resource utilization of CG.

· Option 4 (i.e. type 1 HARQ-ACK codebook enhancements) 
DCI false alarm will cause the size of HARQ codebook changing, which would lead to much re-transmission and has bad effect on resource efficiency. This problem could be solved by Type-1 HARQ-ACK codebook, because the size of Type-1 HARQ-ACK codebook is stable and the reliability is higher than Type-2 HARQ-ACK codebook. Therefore, if impossible to be supported in Rel-16, we would prefer to support it in Rel-17. 
· Option 5 (i.e. HARQ-ACK feedback enhancements for CA with at least one cell in TDD mode) 
Based on the current mechanism, FR2 is not robust against the beam blocking, which will impact the reliability and introduce additional latency. Better support of FR2&FR1 CA should be considered in Rel-17. For example, considering TDD structure in FR2 will increase latency, enhancements for supporting faster HARQ-ACK feedback can be considered in Rel-17.


	Vodafone
	1 at least
	To improve downlink spectrum efficiency and reliability

	Qualcomm
	1 and 2 
	We support the following enhancements for Item 1:
· CSI measurement using DL data channels/DMRS and CSI reporting on PUCCH: It is important since it allows for (a) reducing the CSI preparation time and (b) the gNB to have access to up-to-date CSI for (re-)transmission. Based on (a) and (b), the system capacity/resource efficiency can be increased.
· Fast SRS triggering to get a better link adaptation
We support the following enhancements under Item 2: 
· Introducing a dedicated HARQ-ACK for an SPS reactivation DCI: the reactivation DCI can indicate a change of beam (or other parameters) to the UE. In the absence of this HARQ-ACK, and in case PDSCH decoding fails, the gNB does not know whether the decoding failure is due to link adaptation, or the DCI being missed.
· Addressing HARQ-ACK dropping by leveraging the similar solutions as introduced in Rel. 16 NR-U. 

	AT&T
	1
	CSI feedback enhancements may provide considerable performance gains and overhead reduction. Regarding comments by some companies about the scope of this topic, we think it is unnecessary to discuss scope reduction at this very early stage. 

	Intel
	1
	For Option 1, support of A-CSI in PUCCH and DMRS-based CSI have been discussed at length during Rel-16 SI with no consensus on the necessity and benefits in practice considering the requirements from link-adaptation perspectives and the additional spec and UE complexity incurred. Thus, bringing back these two examples is not preferred.
However, enhancements like simplifications on requirements to CSI feedback reporting and reporting of new CSI metrics (e.g., “CSI feedback for the worst sub-bands") could be considered towards enabling faster CSI feedback turn-around times and more appropriate CSI feedback to enable robust but not too conservative MCS selection for URLLC scheduling.
Option 3 has also been discussed many times and still remain unclear on necessity and benefits.
Regarding Option 4, necessity of enhancing Type 1 HARQ-ACK CB for URLLC use cases is not clear.

	Apple
	1
	The current description for Option 1 is too general. Without more specifics, it is hard to determine whether any component under it may be feasible/beneficial or not. 

	MediaTek
	
	Regarding 2, UCI enhancement and intra-UE prioritization are topics that were extensively discussed in Rel-16 and Rel-15 and no need to include them again in Rel-17.

Regarding 3, explicit HARQ-ACK for CG was discussed and evaluated in Rel-16 SI, and the possible were very minor with a cost of increasing the control overhead and UE PDCCH monitoring complexity. There was no enough system benefit to make RAN1 specify this feature. Hence, this topic shouldn’t be revisited in Rel-17.

Regarding 4, Type-2 HARQ codebook operation is sufficient for URLLC and Type-1 HARQ codebook enhancement are not suitable/essential for operating URLLC services. This shouldn’t be considered in Rel-17.

Regarding 5, this enhancement is too specific and the scope should be broader to cover more enhancements for URLLC operation in TDD mode (PDCCH monitoring, Scheduling …).

	Samsung
	1, 2, (4) 
	#1. More accuracy CSI feedback is helpful for scheduling URLLC PDSCH, with more accurate PDCSCH assumption and targeted BLER. 
#2. To avoid HARQ-ACK dropping for DL SPS can help to improve system performance. The topic can be handled with other issue. E.g., SPS/CG enhancement or inter-UE multiplexing. 
#4. Can be support with low priority. Type-1 codebook is beneficial even for sub-slot based HARQ-ACK procedure as well as multiple SPS configurations as a robust mechanism. Therefore Type -1 codebook can be considered in Rel-17.

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	1 for A-CSI on PUCCH, 3, 5 (time permitting)
	Removing text from 1 made it less clear, A-CSI on PUCCH can be supported directly (no study needed)

	OPPO
	2,3
	For option 2, multiple sub-options are included. 
Feedback enhancements for DL SPS, although this issue is under discussion in Rel-16, but it may drop frequently in TDD case. In addition, when DL SPS can be skipped, some HARQ-ACK feedback will be redundant, so HARQ-ACK feedback for DL SPS also needs to improve efficiency.
HARQ-ACK dropping, due to there can be several reasons to drop HARQ-ACK, e.g. due to intra-UE or inter-UE priority. So we need to support HARQ-ACK retransmission to avoid redundant PDSCH retransmission.
On UCI reliability enhancement, compressed HARQ-ACK can be considered to improve UCI reliability.
For option 3, from our perspective, early termination is benefit for CG transmission efficiency. So explicit HARQ-ACK is required in CG.


	Xiaomi
	1,[2],[5]
	For Item 1, as discussed in R15, HARQ-ACK/DMRS based CSI reporting can update local CSI information, the benefit of which can be studied and some evaluation may be need.
For Item 2, if a SPS periodicity shorter than 0.5ms is to be supported, HARQ-ACK feedback should be supported. The current PUCCH design provides enough reliability for UCI, our current understanding is that UCI reliability enhancement may not be needed. Extra evaluation work should be done to justify it.
For Item 5, we are not quite clear what the enhancement may be for CA with TDD carrier. Some clarification may be needed.
For Item 3, previous evaluation work in R16 has proved it is not necessary. If some new conditions come out, extra evaluation work should be done to justify it. For Item 4, semi-static HARQ-ACK codebook may bring too much overhead and its necessity should be justified 



[bookmark: _Toc24747630]UE processing time reduction
The following objective was proposed by the companies in Phase 1 of the discussion:
	Enhancement description
	Raised by

	UE processing time reduction in PHY layer, e.g. by introducing the minimum PDSCH/PUSCH processing timeline capability #3 for FR1 and #2 for FR2.
	Sony, Ericsson, Docomo, Qualcomm, LG, vivo, Intel



Companies are requested to provide their feedback towards the proposal above:
	Company
	Should be included in the WI?
	Rationale / comments

	vivo
	Yes
	Enhance URLLC performance by allowing more retransmissions within the latency bound and/or increasing system capacity. 

	CATT
	Yes
	It is beneficial for latency reduction.

	Sony
	Yes
	Apart from introducing a faster processing capability, we should also consider ways of “squeezing” the HARQ timeline especially for DG PUSCH transmission.

	TCL
	Yes
	This can be beneficial to meet the target QoS. We agree to remarks from  Sony that other methods to improve the timeline should be investigated as well as to investigate the shorter processing time.

	Nokia, Nokia Shanghai Bell
	Yes
	Introducing further reduced processing time as new UE capability definitely allows improving latency performance.

	LG
	Yes
	In spite of intensive efforts during Rel-16 eURLLC study item including calibration for latency analysis, no consensus for supporting it was made. Considering the reduction of processing time is essential to provide more transmission opportunities under the given latency bound, this enhancement should be supported. 

	APT
	Yes
	From network perspective, reducing processing time can improve scheduling flexibility and system capacity. From URLLC SI, it was observed that HARQ retransmission of PDSCH is not possible for most of the scenarios, therefore conservative MCS needs to be used to guarantee the reliability. By reducing processing time, URLLC reliability may be achieved by HARQ retransmission, thereby lowering the need of using conservative MCS for initial transmission. Thus, gNB may schedule PDSCH with non-conservative MCS, which can increase the number of PDSCHs gNB may schedule in a cell. For PUSCH, reducing processing time enables gNB to schedule PUSCH by dynamic grant, which is not possible for Rel-15 capabilities in some scenarios. Thus, CG resource configured in a cell may be reduced, which may improve gNB scheduling flexibility and increase PUSCH reliability on CG resources, since less UE would be sharing the CG resources.

	Fujitsu
	Yes
	UE processing time impacts the latency directly.

	DOCOMO
	Yes
	Faster processing time is beneficial for spectrum efficiency by allowing more re-transmissions to meet the latency and reliability requirement. Especially for FR2, Rel.15 and Rel.16 there is only UE capability #1 available. 

	Ericsson
	Yes
	Important to support processing time reduction to further improve latency and also efficiency, i.e. supporting ccapability 3 for FR1, capability 2 for FR2 and improved CSI computation delay are important for Rel-17.

	Huawei/HiSilicon 
	No
	Reduced processing times UE processing times are not needed in order to meet the latency limit of URLLC. The latency can be achieved with other mechanisms, e.g. one-shot transmission and/or with configured grant in UL. A possible reason to look into reduced processing times would therefore only be to enhance the overall spectral efficiency, when the number of transmissions that fit into a given time-budget is increased. But in the context of spectral efficiency there are also other mechanisms already proposed, like more accurate MCS and CSI enhancements. If faster UE processing times should be considered, it would make more sense to bundle in the same topic as other mechanisms that try to accomplish the same target.
Also, RAN1 investigated in Rel-16 SI the DL and UL latencies to get an indication about the impact of N1 and N2 on the number of re-transmissions that are achievable within a given latency budget. It was found out that reducing N1/N2 does in most cases not allow a higher number of retransmissions. Thus, smaller N1/N2 would have no impact on the spectral efficiency. Here it should also be emphasized that the study during Re-16 already assumed very optimistic gNB processing times. If other (more realistic) numbers had been used, the already very low impact of N1/N2 would have become even lower or insignificant. On the other hand, reducing N1/N2 can have major impact on the chipset architecture and cost. Thus, we don’t see it justified to include reducing UE processing times in Rel-17.

	Vodafone
	Yes
	If it can improve latency and efficiency, then it seems worthwhile from our perspective.

	Qualcomm
	Yes
	As discussed during the Rel. 16 URLLC SI, by reducing N1/N2, more transmission opportunities can be provided for a TB within its delay budget. By relying on the HARQ-based re-transmissions, the system capacity/resource efficiency can be increased. Similarly, if Z/Z’ can be reduced, the gNB will have access to more up-to-date channel and interference estimation, which translates into better link management by the network. Reducing the timeline for CSI reporting is also feasible by pursuing CSI measurement using DL data channels/DMRS as mentioned in our response to Section 2.1 and under Item 1.

	Intel	
	Yes
	As identified during R16 studies, there is room to improve UE turn-around times for FR1 for low SCS, leading to better latency performance and/or spectrally efficient scheduling. Further, processing time enhancements for FR2 are necessary to enable URLLC/IIoT operations in higher bands. 

	Apple
	No
	Low latency can be achieved by using Cap #2 and/or a larger SCS, we are not convinced it is necessary to introduce even faster processing timelines. The necessity/benefit of Rel-17 enhancement should be justified considering features which have been introduced in Rel-16 such as “Rel-16 PUSCH transmission scheme”.

	MediaTek
	No
	Meaningful reduction in the UE processing timeline is not feasible with all the unnecessary scheduling flexibly (e.g. TBS range, multiplexing rules, etc.). Also, in several cases, such as TDD operation, the UE processing timeline is not the bottleneck in terms of delay, and any reduction in the UE processing timeline will not reduce the delay or enable more retransmission opportunities. The focus should be on how to optimize the scheduling conditions to help with the processing times at the UE.
Hence, this item shouldn’t be considered in Rel-17.

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	No
	Work on standardized handling of reduced processing times has generally taken a lot of meeting time for unclear or limited benefits, in part as every company has a different implementation. Work on mixed processing times in a single device has been even less productive and should be excluded. Use of existing techniques to reduce latency (60kHz SCS, CG, better slot formats, etc) should be encouraged.



[bookmark: _Toc24747631]Intra-UE multiplexing
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Enabling intra-UE multiplexing for traffic with different priorities based on work in Rel.16 NR_IIoT and eURLLC (RAN1 focused)
	Nokia, ZTE, Sony, Fraunhofer, Huawei/HiSilicon, Ericsson, AT&T, Docomo, LG, vivo, Intel, Orange, Futurewei, Samsung, CATT, CMCC, Motorola Mobility/Lenovo, APT

	2
	Multiplexing of overlapping grants (RAN2 focused)
	Nokia, Sony, Samsung

	3
	Considering priority of MAC Ces with relation to LCH (if not supported in Rel-16)
	Ericsson, LG, APT, Samsung

	4
	Address collisions between multiple SPS and between SPS and DG (if not supported in Rel-16)
	Ericsson, ZTE

	5
	Enhancements of UCI multiplexing on PUSCH, e.g. UCI multiplexing on DM-RS symbol(s) (if not supported in Rel-16)
	CATT

	
	
	



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	1
	Intra-UE multiplexing of different service priorities were down-scoped from Rel-16 due to time limitation and should be specified in Rel-17

	CATT
	1, 3, 4, 5
	1 should be supported in Rel-17 which was down-scoped in Rel-16.

3 is still on the table in Rel-16, but if not supported/discussed because of lack of time, it should be considered in Rel-17. LCP mapping restrictions for some MAC CEs (e.g. BSR MAC CE) should also be studied to improve SR procedure performance for URLLC.

If 4 is not considered in Rel-16, it should be studied in Rel-17.

5 is proposed considering that short PUSCH duration is typical for URLLC and frequency hopping may be applied for reliability. It is possible that there is only 1 symbol in a PUSCH hop with DMRS and UCI multiplexing on DMRS symbol is not expected to be supported in Rel-16 which increases the latency of HARQ-ACK feedback or PUSCH transmission.

	Sony
	1, 2
	Rel-16 used only prioritisation in handling colliding traffic with different priorities where the lower priority channel is dropped.  This is an inefficient way of handling the collision, e.g. dropping HARQ-ACKs for multiple eMBB PDSCH would lead to retransmission of multiple large TBS PDSCH.
In addition, resource efficient multiplexing of overlapping uplink grants could be considered (L2), for example a grant which contains large TBS/resources can be prioritised if latency and reliability can be met and including logical channels with higher priorities.

	TCL
	1, 4
	1 and 4 should be included in WI.

	Nokia, Nokia Shanghai Bell
	1, 2, (3), 4
	1: There are clear benefits especially considering multiplexing PUSCH with UCI with different priorities without bringing performance degradation in terms of latency and reliability.
2 and 4: We think those could be handled together by discussing how the overlapping grants/assignments can be multiplexed instead of dropping one of them.
3: This is a relevant issue, but may be with lower priority as can be handled by slight overprovisioning of resources. One of the potential enhancements could be by considering priority of MAC CE in LCP restrictions.

	Panasonic
	1
	Rel.16 only supports prioritization (drop low priority signals/channels). The enhanced intra-UE multiplexing such as multiplexing of UL signals/channels with different priorities can improve the system efficiency. Therefore, Option 1 is important.

	LG
	1, 3
	For topic 1, the scenario of co-existence of channels with different priorities is very essential for IIoT/URLLC use cases. However, due to lack of time, the scope of intra-UE collision handling in Rel-16 was shrunk as only considering prioritization of high priority channel over low priority channel. It is evident that always dropping/skipping the low priority channel would highly impact the system overall latency and unnecessarily inefficient. In this regard, intra-UE multiplexing for different priorities in PHY layer should be further specified in Rel-17.
For topic 3, Iin Rel-16, the intra-UE prioritization in MAC has mainly focused on the collision between the high priority grant and the low priority grant. Considering the URLLC traffic may be unexpectedly deprioritized by the MAC CE during the LCP procedure or the MAC CE may be deprioritized by the eMBB traffic due to grant prioritization, further enhancements for intra-UE prioritization on MAC CE is needed.

	APT
	1, 3
	In Rel-16, only the collision between channels with same priorities has been considered. However, the solution of always dropping the channel with lower priority may have an adverse impact on performance and scheduling efficiency. Thus, enable intra-UE multiplexing for traffic with different priorities should be supported in Rel-17.  
On the other hand, most of the MAC CEs have higher priority than any type of data during an LCP procedure. In this sense, URLLC data may not be allocated UL resources after allocating UL resources to MAC CEs. Consequently, segmentation of URLLC data may be required, which causes additional delays to URLLC services. Hence, option 3 should be considered in Rel-17.

	Fujitsu
	1
	In Rel-16, low priority transmission is dropped whenever low priority transmission is to be collided with high priority transmission. Further enhancement on multiplexing is needed to improve the performance.

	DOCOMO
	1, 4
	In Rel.16, due to tight WI time, dropping the transmission with lower priority without multiplexing or resuming/postponing the low-priority transmission is supported, which is very inefficient. Therefore, 1) is necessary to be included in the WI. 
For 4), we did not have time to discuss the collision case among multiple SPSs and between SPS and dynamic DL assignment in Rel.16 SI. But the collision cases are quite similar as collisions among UL CGs and BW CG and DG. Hence, it is also necessary to be addressed in Rel.17. 
2) and 3) depends on the progress of Rel.16 eURLLC and IIoT. 

	CMCC
	1
	Intra-UE multiplexing could improve uplink SE especially in downlink dominated TDD configuration where uplink throughput is a bottleneck.

	ZTE
	1,4
	In addition to multiplexing of channels/signals with different priorities, we need also consider optimization of the multiplexing between channels/signals with high priority, if no enhancements are supported in Rel-16. 
For collisions between multiple SPS and between SPS and DG PDSCH, if not supported in Rel-16, enhancements are desirable in Rel-17 otherwise it is too restrictive on gNB scheduling to avoid collisions. 

	Ericsson
	1,2,3,4
	We are unsure about the difference between 1 and 2. We consider multiplexing of overlapping grants for traffic with different priorities a topic with both RAN1 (e.g. multiplexing data+control/data in case of overlaps) and RAN2 aspects (e.g. leftovers of de-prioritized transmission discussion also for PHY multiplexing, and e.g. prioritization among multi-level priority grants) both possible enhancement areas from Rel-16. 
3: We should consider configurable priorities for MAC CEs in relation to LCHs, e.g. to prioritize URLLC traffic instead of MAC CE BSR. Also, possible leftovers from Rel-16 MAC CE discussion should be considered, if any.
4: To allow flexibility in scheduling TSC traffic types, gNB could schedule multiple DL SPS/DG overlapping transmissions (e.g. with short and long periodicity), methods for multiplexing/prioritization of those overlapping SPS/DGs should be investigated in Rel-17.

	III
	1, 4
	1. Unlike intra-UE prioritization, intra-UE multiplexing for traffic with different priorities provide flexible trade-offs of latency and throughput among different traffic types.
4. SPS PDSCH collision between multiple SPSs and between SPS and DG seems inevitable due to low SPS periodicity and multiple SPS configurations, it should be specified in Rel. 17


	Huawei/HiSilicon
	1,3 (depending on outcome of R16)
	Option1 should be included because always dropping the one with low priority is not good from system performance perspective, e.g. always dropping the HARQ-ACK for eMBB will result in more retransmission of eMBB. 
Regarding the 2nd option, it is not clear about the motivation which requires additional investigation. 
And the 3rd option is still open so far, which should depend on the outcome of Rel-16. However, if not supported in Rel-16, it should be included in Rel-17. Otherwise, the Rel-16 mechanism cannot work well for some cases, e.g. when the MAC CE is multiplexed with data into a MAC PDU, or when only MAC CE is included in the MAC PDU.   
For the 4th option, it is sufficient to rely on NW implementation and existing preemption mechanisms to address the potential collision for both SPS.  

	Qualcomm
	
	We do not think either Item 1 or 2 should be included in Rel. 17 URLLC. The reason is that (1) Rel. 16 URLLC allows for prioritization across uplink channels, and (2) considering the requirements of URLLC, satisfying the multiplexing timelines cannot always be guaranteed; hence, the entire procedure becomes opportunistic. 
Further, if protecting some low priority channels is important, the better approach is to allow for simultaneous PUCCH and PUSCH transmissions at least on different carriers. Given that simultaneous PUSCH transmission on different carriers is already supported in Rel. 15 NR, these enhancements should be straightforward, and should address most of the objectives mentioned by other companies. 
Item 4 might be addressed in Rel. 16; if not, it can be re-considered in Rel. 17.

	AT&T
	1
	Intra-UE multiplexing to address collisions between channels with different priorities should be considered in Release 17. The intra-UE prioritization-based design in Release 16 may have some inefficiencies, which could be improved upon by considering intra-UE multiplexing.  

	Intel	
	1
	Rel-16 focused on prioritization and dropping based approach to address cases involving overlaps between physical channels. However, for the case of UL channels, depending on the channel conditions and the exact QoS requirements (e.g., available latency budget, reliability targets), and processing timing considerations, information associated with different channels with different priorities may be multiplexed as against one or more being dropped, thereby, improving the system spectral efficiency. 

	Apple
	2
	We will need more details here and how these mechanisms will impact the UE processing time.

	MediaTek
	None
	In our view, the topic of intra-UE multiplexing shouldn’t be considered part of Rel-17, for the following reasons:
Regarding 1, intra-UE multiplexing/prioritization has been discussed in Rel-16 WI, and Rel-15/Rel-16 baseline mechanisms are sufficient to operate UEs with mixed traffic. Rel-16 priority indication mechanisms enable the multiplexing of different traffics (e.g. the gNB can multiplex eMBB HARQ feedback with URLLC by indicating the eMBB HARQ feedback as high priority).
Regarding 2, This is part of Rel-16 WI. We should follow the outcomes of Rel-16.
Regarding 3, limited benefits seen to modify priorities of MAC CEs in relation to LCH.
Regarding 4, this is not essential for URLLC services.
Regarding 5, marginal gain with a cost of complicating the multiplexing rules and increasing the UE complexity.

	Fraunhofer
	1,2
	1 and 2 allow further optimization for traffic with different priorities

	Samsung
	1, 2, 3
	#1. Multiplexing of traffic with different priorities for data and control channels. This should be in conjunction with consideration of simultaneous PUSCH and PUCCH transmissions, if not supported in Rel-16, and of other solutions that may be simpler (particularly if already available from Rel-16 WIs). The main objective should be to avoid dropping low priority transmissions which does not necessarily require multiplexing of different priority information. The benefit to system throughput/service quality for eMBB needs to also be evaluated.
#2. For resource efficiency and latency reduction of deprioritized data, multiplexing could be considered.
#3. (If not addressed in Rel-16) In multiplexing, most of MAC CE has higher priority than data. However, if it is not considered in prioritization of collision grant, MAC CE will be eventually deprioritized.

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	1
	Need to be able to mux and not only drop.

	OPPO
	1,3
	Intra-UE multiplexing of different service priorities was down-scoped from Rel-16 due to time limitation and should be considered in Rel-17.It may have RAN2 impact.
In addition, we support MAC CEs consideration in prioritization if it is not decided in Rel-16

	Xiaomi
	1,4,5
	For Item 1,5, they can be supported in R17 to enhance traffic data with low priority. For Item 4, it should be considered since SPS configurations are for different services with different priorities.



[bookmark: _Toc24747632]Inter-UE multiplexing
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Address collision between eMBB PUSCH and CG URLLC PUSCH (e.g. dynamic multiplexing CG PUSCH with other grant-based traffic).
	ZTE, Sony, Samsung, CMCC, Motorola Mobility/Lenovo

	2
	Retransmission of the UCI in the dropping PUSCH. In Rel-16, PUCCH cannot be canceled, while there is no protection on UCI in the dropped PUSCH.
	ZTE, CMCC, ATP

	3
	Improving the granularity of the indicator with minimal increase in DCI size, e.g. to address “ghost indication” issue for DL Pre-emption Indicator & UL Cancellation Indicator and to support more than two service priorities in PHY layer.
	Sony, CMCC, APT

	4
	Enhancements for DL PI considering the priority of the PDSCHs and QCL information of the PDSCHs.  
	Huawei/HiSilicon, Motorola Mobility/Lenovo

	5
	Improved resource- and OH-efficient UL cancelation schemes for inter-UE multiplexing, e.g., use of re-scheduling DCI for DG PUSCH for UL cancelation indication
	Intel,CMCC

	6
	Enhance the rel-15 DL PI and Rel-16 UL CI framework to more fully consider grant types, priority, resources pre-empted/cancelled, etc.
	Futurewei



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	
	Regarding inter-UE multiplexing between eMBB and URLLC, the major leftover from Rel-16 is the multiplexing between DG based eMBB and CG based URLLC, i.e. option 1. There has been quite many debate about this scenario and there were diverge views on the necessity of introducing some enhanced scheme for this particular scenario. Regarding the potential solutions, there were at least 3 different proposals with split number of company’s support. It will be good if some level of convergence during the WID drafting phase can be reached, otherwise we think it may not worthwhile to repeat the same discussion in Rel-17. 

	CATT
	3, 5
	We are supportive of 3 and 5 to improve the spectral efficiency.

1 was discussed in Rel-16 with conclusion that no enhancement is supported. We think we do not need to repeat the discussion in Rel-17.

As commented above, 2 can be jointly discussed with option 2 in section 2.1.

It is not yet clear whether 4 would be considered in Rel-16. If not, we are supportive of 4. In addition, same enhancements to UL CI should be considered.

6 is too broad with unclear scope.

	Sony
	1, 3
	The UL CI mechanism used for handling collision between DG URLLC & DG eMBB can be used for handling of CG URLLC & DG eMBB with some minor enhancement, which would extend the scheduling flexibility for CG URLLC.
Coarse granularity of the DL PI and UL CI leads to “ghost indication” that causes inefficiency in using the resource when PDSCH or PUSCH is falsely indicated as being pre-empted.  The penalty is higher for PUSCH since this would result in the eMBB PUSCH being dropped. Improving granularity improves efficiency of DL PI & UL CI.

	TCL
	1,2
	Although 1 was discussed no solution was agreed in Rel-16. From our point of view, this scenario may harm QoS so should be included and treated.
Missing PUCCH on PUSCH gives rise to confusion at the gNB which may result in increased latency, or overhead in case of additional blind re-transmission. Therefor 2 should also be included.
The remaining points related to increased granularity for pre-emption/cancellation indication and priorities are optimizations which can be treated after the first two points.

	Nokia, Nokia Shanghai Bell
	(1)
	1: This is not highest priority topic for us, but in case it is included in Rel-17, then the leftover topics from Rel-16 should be discussed first.
2: We do not see sufficient benefits to retransmit the dropped UCI as it is known at gNB and corresponding actions can be taken.
3: There is ongoing Rel-16 work on UL Cancellation Indicator and the optimization should be handled in Rel-16 at least for UL cancellation case.
4: Since gNB is handling the puncturing, it is up to gNB implementation which PDSCH can be punctured based on for example the priority of the PDSCH.
5 is already in Rel-16 scope, so we are unsure what is left.
For 6, it is unclear to us what is proposed.

	Panasonic
	1, 3
	For inter-UE multiplexing between a DG PUSCH and another CG PUSCH, since gNB cannot know the presence of CG PUSCH, signaling such as UL CI to GC PUSCH cannot be used. On the other hand, signaling to CG PUSCH may be possible. In this case, to support the indication for CG PUSCH, which dynamically change/update the CG PUSCH resource/configuration, is possibility. Therefore, Option 1 can be considered.
In Rel.16, based on the current agreement, UEs that are configured to monitor UL CI will always cancel any on-going PUSCH transmission regardless of their priority level. In addition, PUCCH cannot be cancelled by UL CI. In order to accommodate a higher priority UL transmission on the overlapping time-frequency region, to signal a priority indication to the UEs in DL CI and selective cancellation of the on-going transmission should be considered. Therefore, Option 3 can also be considered.

	APT
	2,3
	In case a PUCCH is overlapped with a PUSCH that is cancelled by a DCI format 2_4, if no mechanism is introduced to protect the PUCCH, system capacity would be negatively affected. The mechanism to handle this issue may not necessarily increase UE complexity. For example, if multiplexing is not done by the UE yet, it should be possible for the UE to transmit the PUCCH. A timeline condition on the UL CI, PUSCH and PUCCH should be defined for UE to determine whether the PUCCH overlapping with the cancelled PUSCH can be transmitted.
In Rel-16, a PUSCH is dropped without resuming from the earliest symbol having corresponding bit values of 1 in DCI format 2_4. Therefore, it is important that the problem of ghost preemption is avoided. For example, if a symbol that has corresponding bit values of 1 in DCI format 2_4 actually does not have to be preempted, and if the first symbol of a PUSCH corresponds to the symbol, the whole PUSCH (repetition) will be dropped for nothing.

	DOCOMO
	Open for 1)
	For 1, we are open to discuss whether and how to support it.
For others, we do not have strong views to support them.

	CMCC
	1,2,3,5
	1. Discussions in Rel-16 can be continued in Rel-17
2. If HARQ-ACK is dropped with PUSCH, gNB will retransmit corresponding PDSCH which will waste unnecessary downlink resource.
3. Improving the granularity of the indicator with minimal increase in DCI size will benefit for SE enhancement. Considering that there are different services requiring different latency and reliability from network perspective, more than two service priorities could be considered in PHY layer
To support fast retransmission after dropping and enhance CI reliability or coverage by UE specific re-scheduling DCI.

	ZTE
	1,2
	CG PUSCH is very typical for URLLC transmission. But, unfortunately, URLLC transmission in CG PUSCH is not protected due to lack of time in Rel-16 in case of colliding eMBB PUSCH. Thus, topic 1 is a typical case and should be enhanced. 

Retransmission of the UCI in the dropping PUSCH should be supported, similar as enhancement to eMBB transmission in case of intra-UE multiplexing among different priorities. 

We don’t see the necessity to enhance DL PI, e.g, the mechanism in Rel-15 could support flexible puncturing based on grant types or priority, etc. by implementation. Thus, topic 4 and topic 6 seems not necessary for us.

	Ericsson
	2
	Its valuable not to lose UCI when it is subject to pre-emption. Solutions that can address this can be considered for Rel-17, if not addressed in Rel-16 already.

	III
	1
	This a leftover case of Rel. 16 and it had been concluded that no enhancement for CG-PUSCH based on power control in Rel.16. In view of notable resource saving for CG based URLLC with sporadic traffic nature, it worth to revisit it in Rel. 17. However, we don’t need to restrict it to power control scheme. 

	Huawei/HiSilicon 
	1, 6 (covering 3/4)
	[bookmark: OLE_LINK48]Regarding option 1, dynamic resource sharing between DG eMBB and CG URLLC should be supported in Rel-17 for better resource utilization. CG is very important for URLLC/IIoT use cases, but collision cannot be avoided if UL DG is scheduled onto the configured resources for UL CG to improve resource efficiency. In Rel-16, only inter-UE dynamic resource sharing between DG eMBB and DG URLLC is supported which cannot be used for the use case of collision between DG and CG since gNB cannot know exactly when the CG is transmitted. Therefore, TPC based solution should be considered to solve the above issue of DG and CG collision. The candidate options from Rel-16 can be the starting point for Rel-17. 
For option2, it is not clear about the motivation which requires additional investigation. 
We think option 3/4 can be covered by option 6, because it seems the three options all target to enhance the framework of DL PI and UL CI considering more factors like priority of PDSCHs/PUSCHs. For example, one of the objective can be to protect URLLC PDSCH/PUSCH from flushing or cancelling by DL PI or UL CI. 

	Vodafone
	Consider ALL
	Should generally ensure look to maximise spectrum efficiency and performance for both eMBB and URLLC traffic coexisting in same cell.

	Qualcomm
	Item 2 and Item 6
	We support Item 2 (which partially overlaps with Item 2 of Section 2.1); the issue of protecting the dropped HARQ-ACK can be addressed by leveraging the solutions developed in Rel. 16 NR-U for the similar problem.
Item 6, at least for ULPI, can and should be addressed in Rel. 16. If for any reason it did not, then enhancing both DLPI and ULPI signaling by taking the priority of PDSCH/PUSCH into account can be considered in Rel. 17.  

	AT&T
	2
	Retransmitting a lost UCI when PUSCH is dropped may be useful since it can lead to lost capacity. 

	Intel
	5
	PUSCH is the most significant channel (by far) for cancelation in the context of efficient inter-UE prioritization/multiplexing. Recovering the cancelled PUSCH requires additional UL grant. Instead, it would be much more efficient to allow a subsequent UL grant to modify/”re-schedule” a prior grant. This can provide an effective complementary tool for inter-UE multiplexing in addition to GC PDCCH-based UL CI. 
While this feature is actually identified for further consideration in Rel-16 WI itself, there is some likelihood that there may not be sufficient time to specify this feature in Rel-16, and should therefore be considered for Rel-17.
The need and benefits from the other features in this category remain questionable, as they have been from Rel-15 or Rel-16.

	MediaTek
	None
	Regarding 1, this topic has been discussed in Rel-16, and there was no consensus to support it due the lack of performance gains and the added DL control overhead. No need to reconsider it in Rel-17.
Regarding 2, gNB could handle this by using PUCCH for UCI if needed by ensuring PUCCH and PUSCH are not overlapping in time (hence the UCI will not be multiplexed on PUSCH). No need to consider it in Rel-17.
Regarding 3, 4 and 6 (i.e. DL PI enhancements), enhancements DL PI were discussed in Rel-15/Rel-16, and RAN1 general consensus is that this issue could be handled by the network. No need to consider it in Rel-17.

	Samsung
	1
	#1. To handle the collision of dynamic eMBB traffic from other UEs and CG URLLC, e.g., by resource selection, rate matching, power control. We believe this to be more important than the collision handling between DG eMBB and DG URLLC specified in Rel-16 because the network has no control to schedule URLLC traffic/avoid collisions and needs to otherwise reserve substantial resources that would not be available to eMBB traffic.

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	6 (includes 1,3,4)
	6 was written generically and can cover 1,3,4. Note that UL CI framework should also be meant to include the power control as well as cancel options.

	OPPO
	4,5
	On option4, It is ongoing discussed whether UL CI is considering the priority of the PUSCH in Rel-16. Similarly, DL PI needs considering the priority of the PDSCH.
On option5, to avoid scheduling restriction of group common DCI for UL CI under eMBB PDCCH monitoring capability, UE-specific UL CI can be considered.


	Xiaomi
	1,2
	For Item 1, handling collision between eMBB PUSCH and CG URLLC PUSCH should be supported, no matter the eMBB PUSCH is configured grant or dynamic scheduled. For Item 2, it should be supported especially when HARQ-ACK is dropped.
For Item 3, improving the granularity of the indicator means increasing in DCI size, evaluation should be done to justify it. Currently, RAN1 only discussed two service priorities, if more should be supported, we may need more joint discussion with RAN2/SA. For Item 5, we’ve had plenty of discussion on UE specific DCI for UL CI and finally we decide to adopt GC-DCI. We don’t see the motivation to discuss UE specific DCI for UL CI again in R17. 



[bookmark: _Toc24747633]SPS /Configured Grant enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	UE feedback enhancements for DMRS detection rate improvement and for choosing correct MCS in high user density scenarios.
	Fraunhofer

	2
	Activation and deactivation mechanism for CG Type 1.
	Sony, ZTE

	3
	UE assistance information for CG parameters adaptation by the gNB (e.g. time period, time offset etc.)
	Fraunhofer

	4
	Determining the MCS semi-statically is usually not good from system spectrum efficiency perspective, since conservative MCS is usually used for ensuring reliability. Enhancements for better link adaptation for DL SPS/UL CG can be considered in Rel-17, e.g. enhanced MCS indication and/or UE feedback for a more adaptable MCS, addressing mobility of the UEs. 
	Huawei/HiSilicon, Nokia, APPLE, Samsung

	5
	Enhancements for reducing control overhead for SPS/CG, e.g. pairing DL SPS transmission and UL CG transmission (e.g. one predefined UL CG transmission will be transmitted corresponding to a DL SPS transmission), and DL SPS HARQ-ACK skipping.
	Huawei/HiSilicon, Docomo, , ZTE

	6
	Solutions for resource efficient support of traffic periodicities which are non-integer multiple of CG/SPS periodicities supported in NR (if not addressed in Rel-16).
	Huawei/HiSilicon, Docomo, OPPO, vivo

	7
	Enhance “single” UL CG configuration to provide more transmission opportunities.
	Ericsson

	8
	SPS periodicities below one slot
	Ericsson, vivo, Futurewei, Samsung

	9
	Enhancements on multiple SPS/configured grant configurations intended to serve a single service with tight latency and e.g. packet arrival jitter, e.g. joint activation of multiple SPS/configured grant configurations
	CATT, Samsung

	10
	Enhancements on CG to reduce the latency and ensure the reliability, e.g. support configured grant PUSCH transmission across periodicity
	CATT

	11
	Beam sweep for SPS and CG-PUSCH
	Qualcomm



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	Vivo
	6 and 8
	We support the enhancements of SPS/CG periodicities as in option 6 and 8.

	CATT
	6, 7, 8, 9, 10
	Regarding 1, it is not clear how to enhance UE feedback for DMRS detection rate improvement. UE feedback enhancements for choosing MCS is covered by 4.

Regarding 2, it is not clear why not use Type 2 CG if activation/deactivation is desired.

Regarding 3, the motivation is not clear.

Regarding 4, it is not clear whether the motivation for enhanced MCS indication is to change MCS time to time. If so, it can be achieved by SPS/CG reactivation with different MCS. For UE feedback enhancements, it is not clear whether it is covered by option 1 in section 2.1.

SPS and CG configurations are expected to have very independent parameters so that the DCI overhead reduction for SPS/CG pairing in option 5 is not clear. For DL SPS HARQ-ACK skipping, it can be covered by HARQ-ACK feedback enhancements for SPS in option 2 in section 2.1.

The motivation/potential solution of option 6 is not clear.

It is not clear whether option 7 overlaps with options 6, 9, 10 as it could be understood as addressing the same issues differently, so we support it.

Option 8 is beneficial for supporting more traffic types with shorter periodicities.

Option 9 and 10 are proposed to improve the efficiency in terms of DCI overhead reduction, DMRS overhead etc.


	TCL
	4, 5 and 7
	We support to include 4, 5 and 7 in the WI.
For the rest, the motivation is not very clear to us.

	Nokia, Nokia Shanghai Bell
	4, 6, (8)
	1: We think the problem can be solved by optimized CG configuration at gNB.
2: Why not configure CG Type 2 if fast activation/deactivation is needed?
3: This is already covered by TSCAI specified in Rel-16.
4: Improving the semi-static MCS selection for SPS based on more meaningful report from UE definitely improve the overall system efficiency. Need to be careful with potential large overhead.
5: Activation / deactivation overhead is considered minimal given the considers use cases for SPS/CG. UL/DL dependent coupling may provide some gains but might have significant complexity issues for gNB/UE.
6: We believe the proposed Rel-16 option is sufficient (if agreed). Only in case not completed in Rel-16, continuing in Rel-17.
7: Would this "single" UL CG become multiple CGs with shorter periodicity?
8: Another alternative to achieve the same goal without specification impact is to configure multiple SPS configurations, so low priority to us.

	DOCOMO
	5, 6
	5 and 6 are extensively discussed in Rel.16 URLLC and IIoT and viewed as beneficial to reduce the overhead and improve resource usage efficiency But, due to time limitation, they cannot be supported. So, Rel.17 WI should include 5) and 6). 
For 1) and 4), it seems covered by 1 under 2.1 PHY layer feedback enhancements. 
For 2), it was discussed in Rel.15 Study item known as ‘Type 3’ CG. But at that time, the understanding was it is not necessary if we have Type 2 CG. 
For 3), seems it was already supported in Rel.16.
For 7) and 8), extensive discussion was held in Rel.16, there was no consensus. So, for Rel.17, we think they are still controversial to be supported.  

	ZTE
	2,5
	For 2, a global index for both CG Type 1 and Type 2 is supported in Rel-15. It means gNB can indicate a CG Type 1 index to realize Type 1 activation/release by DCI. This could be beneficial in terms of latency for URLLC transmission by using Type 1 CGs with a quick activation, and more efficient by releasing the the Type 1 CG resources in time.

We also support topic 5, but it seems there is some overlapping between this topic and topic 2 in section 2.1. 

	Ericsson
	7, 8
	We support 7 and 8 to handle frequent TSC traffic types more efficiently.
1 is the same as for CSI enhancements 3 in 2.1.
2 sounds like making CG Type 1 to CG Type 2. 
3, TS 23.501 5.27.2 and Core can provide Flow Direction, Periodicity, Burst Arrival time, are sufficient for configuring CG parameters properly.
4: Can be solved with CSI enhancements.
5: We should keep DL SPS and UL CG separated, as TSC UL and DL traffic flows are neither aligned.
6: Several implementation-based methods are available to handle the alignment of CG/SPS periodicities with TSC traffic. 

	III
	4, 5
	4. For CG URLLC UE, gNB cannot forecast UL traffic arrival time and channel condition may change due to UE movement. Event-driven link adaptation and UE-oriented MCS determination can be considered for resource efficiency enhancement.
5. For industry application, such as motion control, DL and UL traffic share same periodicity and with deterministic offset. Pairing DL SPS transmission and UL CG transmission for joint activation/deactivation can reduce RRC and DCI control overhead.      

	Huawei/HiSilicon
	4, 5, 6, 10
	For option1, option 2 and option 3, it is not clear about the motivation which requires additional investigation. Especially for option 2, type 1 CG is fully configured by RRC, why activation and deactivation mechanism is needed?
[bookmark: OLE_LINK42]For Option 4, SPS and CG is very important for some URLLC/IIoT use cases, e.g. factory automation, where the traffic model is usually periodic and deterministic, and the UE density is high. Determining the MCS semi-statically is usually not good from system spectrum efficiency perspective, since conservative MCS is usually used for ensuring reliability. Enhancement of accurate MCS selection is better link adaptation for DL SPS/UL.
Regarding option 5，for a motion control system, where closed loop operation is usually performed among controller, actuator and sensors, thus when there is DL transmission between controller and actuator, usually there is corresponding UL transmission between sensor and controller. It can be expected that both DL data and UL data are transmitted frequently, which may result in large control overhead, e.g. PUCCH overhead for HARQ-ACK feedback for DL SPS, and PDCCH overhead for activating DL SPS and/or UL CG. On the other hand, the cycle time is usually small, e.g. 50 µs, ensuring the latency requirement is challenging. Option 5 should be one method to reducing control overhead and latency. Whether it will increase the complexity for gNB/UE may depend on the detailed enhancements, we could try to avoid increase complexity when developing the enhancements.  
For option 6, as shown in RAN2-IIoT WID, the periodicity of some TSN use cases is not in multiple of NR supported periodicities for SPS or configured grant. In Rel-16, multiple configurations may be used for addressing this issue. However, always relying on multiple configurations is not efficient since resources for multiple configurations have to be reserved.
Regarding the 7th option, it is not clear about the difference with the CG repetition.

In addition, we agree with CATT on option 10, which can be considered as one of the Rel-16 leftover also. As discussed above, CG is very important for some URLLC/IIoT use cases, enhancements to reduce both the latency and ensure the reliability is promising.   

	Qualcomm
	Item 2 (also for SPS), 4, 5 and 11
	· Item 2 (Overlaps with Item 2 of Section 2.1): a dedicated HARQ-ACK for an both “DL SPS” and CG-PUSCH reactivation DCI can be introduced, the reactivation DCI can indicate a change of beam (or other parameters) to the UE. In the absence of this HARQ-ACK, and in case PDSCH decoding fails, the gNB does not know whether the decoding failure is due to link adaptation, or the DCI being missed.
· Item 4 for the same reasons as those mentioned for Item 1 under section 2.1
· Item 5: To reduce PDCCH overhead, a single DCI for updating multiple SPS/CG-PUSCH configurations or activation and release of different subset of SPS/CG-PUSCH configurations across the same or different carriers should be introduced.
· Item 11: To enhance robustness in FR2 and satisfying URLLC requirements, SPS/CG repetition, either in a TDM, FDM or SDM manner, can be used in conjunction with beam sweeping across different repetitions.

	Intel
	5
	PUSCH is the most significant channel (by far) for cancelation in the context of efficient inter-UE prioritization/multiplexing. Recovering the cancelled PUSCH requires additional UL grant. Instead, it would be much more efficient to allow a subsequent UL grant to modify/”re-schedule” a prior grant. This can provide an effective complementary tool for inter-UE multiplexing in addition to GC PDCCH-based UL CI. 
While this feature is actually identified for further consideration in Rel-16 WI itself, there is some likelihood that there may not be sufficient time to specify this feature in Rel-16, and should therefore be considered for Rel-17.
The need and benefits from the other features in this category remain questionable, as they have been from Rel-15 or Rel-16.
One of the options recently added (e.g., Option 11) could be considered as part of URLLC enhancements for FR2 operations, to be handled by Rel-17 MIMO enhancements.

	MediaTek
	None
	No need for further enhancement for CG/SPS in Rel-17. Most of the options mentioned here have been discussed already in RAN1 and there was no consensus to support it.

	Fraunhofer
	1,4
	1 allows outerloop adaptation of detector threshold and allows maintaining a target false alarm rate at the detector. The impact of multiple users on the false alarm rate has not been studied. High false alarm rate can cause high number of undesired retransmission scheduling. It is not clear if the problem can be solved by optimization of CG at the gNB.
4 is beneficial. However, it may be part of CSI enhancements 

	Samsung
	4, 8, 9
	#4. For UL CG UL, UE can choose lower MCS to ensure the reliability, at least for the case when UE reach the max Tx power
#8. To resolve periodicity mismatch, further finer granularity of periodicity can be considered.
#9. Joint activation for DL SPS and Configured grant 

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	4, 5, 8
	4 could also be combined with 2.1 item 1. 5 seems useful for IIoT.

	OPPO
	5,6
	For option 5, it is beneficial to reduce the overhead and improve resource usage efficiency So, it can be studied in Rel.17 WI.
For option 6, it is leftover in Rel-16 and it is not discussed fully due to time limit. However, it is a fundamental issue. So it should be studied in Rel-17.

	Xiaomi
	4
	For Item 4, MCS adaptation foe SPS/CG should be supported for better resource utilization.
For Item 2, we don’t see the difference from Type 2 CG-PUSCH. For Item 3,8, it really depends on whether there are such scenarios, if yes , they should be considered in R17.
For Item 5, we doubt how much control overhead can be saved, especially SPS/CG are RRC configured and only two DCI are needed for activation and de activation. For item 6,9, dynamic scheduling can be used along with a CG/SPS configuration to schedule some PDSCH/PUSCH which is not on the periodical occasion, so extra enhancement is not needed.



[bookmark: _Toc24747634]PHY layer enhancements – other
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Reliable re-transmission, i.e. allowing the network the usage of higher MCS and then target lower BLER in the re-transmissions (e.g., down to10^-5) in order to obtain ultra-reliability.
	Huawei/HiSilicon

	2
	Physical layer duplication; Enhancements for physical layer duplication among BWP/carriers by obtaining both diversity and soft combining gain for data channel and control channel can be considered in Rel-17. 
	Huawei/HiSilicon

	3
	Allowing cross-slot boundary transmission for PDSCH
	MTK, Samsung

	4
	PUCCH reliability enhancements, e.g. by supporting non-transparent CDD Tx diversity, or extending the configuration flexibility of PUCCH Format 1 and Format 3 while allowing for differentiated timelines.
	MTK

	5
	Cross-carrier scheduling enhancements, i.e. revisiting the restrictions on resource configurations and cross-carrier scheduling, which could help with latency and reliability issues
	MTK

	6
	Further enhancements for support of the out-of-order (OOO) HARQ-ACK/PUSCH scheduling 
	Docomo, vivo, APT,CMCC

	7
	Enhanced power control, e.g. to ensure that the required power is satisfied for the service requiring high reliability, how to handle the out-of-order TPC command accumulation.
	Docomo, vivo, Samsung, Motorola Mobility/Lenovo

	8
	PDSCH reliability enhancement, e.g. PDSCH repetition
	ZTE, vivo, Samsung, CMCC, Motorola Mobility/Lenovo, Sony, APT

	9
	PDCCH blocking reduction, e.g. by group-based scheduling.
	Samsung, CATT



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	Vivo
	6, (depending on Rel-16 outcome)
7,   (depending on Rel-16 outcome)
8,
	We are supportive to further enhanced OoO operation in PDSCH to HARQ-ACK and PUSCH scheduling if there is something missing in Rel-16, this will depend on the Rel-16 outcome.
We are supportive to the enhanced UL power control for PUCCH and PUSCH (depending on Rel-16 outcome) such that UE can determine the UL power based on the service requirement, e.g. intra-UE multiplexing of eMBB and URLLC.
We support PDSCH reliability enhancement in option 8, including both dynamic repetition number and mini-slot based PDSCH repetition. 

	CATT
	9
	Option 9 is proposed to reduce the PDCCH blocking considering the high AL of PDCCH for URLLC.

	Sony
	8
	Similar to Rel-16 PUSCH repetition, PDSCH repetition can be introduced for reliability purpose.

	TCL
	1, 6 and 9
	We support to include the options 1, 6 and 9.
For 9, PDCCH blocking can be a big issue as was shown in many Tdocs during Rel-16. Group based scheduling is one approach to handle this issue. One additional approach can be to investigate data transmitted in the DL before the control information with some prior knowledge of data expectancy. 

	Nokia, Nokia Shanghai Bell
	(3), (8)
	We find 3 and 8 (which are quite similar) useful, but these are not high priority items to us. 
For other items:
1: Adaptive retransmission is already supported in our opinion.
2: Rel-15/16 solution is already sufficient considering:
- configuring a large BWP can achieve similar gain as duplication over multiple BWP which is much simpler.
- different architectures/layers for duplication were considered already in Rel.15, and as result PDCP level duplication was chosen; therefore, enhancements should rather focus on the current architecture instead of re-opening the architecture discussion. 
- additional gain of PHY duplication compared to what can be achieved with PDCP layer duplication is also questionable; PDCP duplication already provides diversity gains, and even soft combining could be achievable with PDCP duplication by introducing some light coordination between the participating legs with limited impact to specifications
4: Should be discussed as part of MIMO enhancements.
5: Depending on the deployment scenarios, the achievable gain is questionable.
6: Problem related to power distribution among different carriers can be addressed with proper deployment configurations. Out-of-order TPC handling still under discussion in Rel-16.
7: Problem related to power distribution among different carriers can be addressed with proper deployment configurations. Out-of-order TPC handling still under discussion in Rel-16.
9: Unclear how important the issue is, especially after Rel-16 on DCI enhancement.

	Panasonic
	3, 6, 8
	If there is leftover on OOO HARQ/PUSCH scheduling in Rel.16, Option 6 can be considered in Rel.17.
In Rel.16, only PUSCH has been enhanced for URLLC. Therefore, Option 3 and 8 is important and the feature should be to reuse the mechanism of PUSCH enhancement in Rel.16.

	LG
	6 (depending on Rel-16 outcome)
	We share the view with Vivo on topic 6. Ahead of only one RAN WG1 meeting, the progress on out-of-order operation (and intra-UE DL collision) seems very behind of the original time plan. Given that, depending on the outcome of Rel-16, we are supportive of topic 6 if there is any leftover issue or down-scoping.  

	APT
	6 (depending on Rel-16 outcome)
8
	Regarding to 6, basically, at least the two PDSCH associated with same capability (i.e., two capability 1) should be supported in URLLC application. If the scenario was left over from R16, we are supportive to contribute the discussion in R17. Furthermore, the two PDSCHs associated with different capability (i.e., one capability 1 and one capability 2) are under same expectation.

Rel-16 PUSCH transmission scheme can highly reduce the scheduling latency especially for dynamic grant. We should discuss it in R17 based on the design for UL in R16.

	Mitsubishi Electric
	4
	Achieve increased reliability of PUCCH using non-transparent transmission diversity

	DOCOMO
	Positive for 6), 7)
Open for 2) and 8)
	If 6) is dropped in Rel.16, Rel.17 should include. Otherwise, UE cannot support both eMBB and URLLC/IIoT service well on a single carrier. 
7) is also important since Rel.16 MR DC CA WI just built up the basic power control without considering the traffic priority. It is important to ensure the power allocated for URLLC traffic.
2) and 8) are important for improving the reliability. We are open to discuss whether/how to separate from the repetition over multiple TRPs.

	CMCC
	6,8
	If there is leftover on OOO HARQ/PUSCH scheduling in Rel.16, Option 6 can be considered in Rel.17.
Support sub-slot based repetition like PUSCH repetition in Rel-16.

	ZTE
	8
	PDSCH repetition is a straightforward way to improve the reliability similar to PUSCH repetition. This seems also include topic 3, if the PDSCH across slot boundary is a nominal repetition. 

	Ericsson
	
	1: Can be achieved already with network implementation
2: This would be major design change, HARQ entities are per carrier.
4: No gain of tx diversity for PUCCH when specifying the details in Rel-15 NR. Higher reliability can be achieved with long formats.
5: We could evaluate whether Rel-16 support for cross-carrier scheduling options are sufficient.
6: It depends on the outcome ofRel-16.
3/8: Cross-slot boundary transmissions in relation to PDSCH repetitions were discussed already and latency gains are not significant, therefore we don’t see benefit in including this in Rel-17. DL cannot be power-limited, no need to apply PUSCH solution to DL. 

	III
	2
	It is good to have soft combining gain at physical layer via BWP/carrier, instead of time-domain repetition, especially for ultra-low latency use cases with high reliability requirement. 

	Huawei/HiSilicon
	1, 2
	If time permits, we still think option 1 and option 2 should be included in Rel-17. 
Regarding option 1, Nokia mentioned that adaptive retransmission is already supported. However, under option 1, one alternative is to support adaptive retransmission by using a semi-statically configured retransmission profile, where retransmission profile defines the size of coded bits after LDPC encoding and rate matching for initial transmission and subsequent retransmissions. As consequence, the size of DCI scheduling retransmission can be reduced by partial or entire removal of RA (Resource Allocation) field. Obtained DCI for retransmission can be zero-padded with padding bits used as extended CRC to decrease False Alarm Rate, thereby increasing reliability.  
For option 2, the main intention is to achieve both diversity and soft combining gain for data channel and control channel, which cannot be achieved by PDCP duplication. Even some of the solutions was discussed before, if time permit we can still re-evaluate it considering the potential new scenarios in Rel-17.   
Option 3- Allowing cross-slot boundary transmission for PDSCH could be considered if the benefit could be proved.
Option 4 PUCCH reliability enhancements seems similar to section 2.1 option2 and can be merged. 

We see some benefit for Option 7, however it has lower priority for us. 


	Qualcomm
	Item 2, 5 and 9
	Item 2 to enable L1-triggered cross-carrier repetition.
For Item 5, Rel. 17 should introduce mechanisms to enable UE assistance in CC selection.
We also support Item 9, e.g., to send a grant for re-transmission to multiple UEs. 

	Intel
	None?
	Views on some of the proposed options:
· Option 1:
· Not clear why this is already not possible and what needs to be specified.
· Option 2:
· For duplication in different BWPs, it implies support of simultaneous reception/transmission on multiple active BWPs. On the other hand, additional benefits as compared to configuring a larger BWP, applying power boosting, or using Rel-16 MTRP schemes 1a/2a/2b are not clear.
· For duplication in different serving cells, the spec impact would be significant without sufficient justification. Further, having the UE to soft-combine across carriers implies joint receiver processing across multiple CCs, which would incur significant UE complexity. 
· Options 3 and 8:
· As such the need to allow for PDSCH to cross slot-boundary is much lower than that is for PUSCH. This is since the PDSCH can be scheduled with more resources in frequency domain while PUSCH transmissions may be more constrained due to UE Tx power limitations. Thus, the impact from alignment delays are less pronounced compared to UL case.
· Depending on exact configurability/signaling structure available from Rel-16 MIMO enhancements (pending RAN1 #99 decisions), one potential remaining feature could be support of dynamic indication of PDSCH repetitions for certain transmission schemes (TBD). 
· Option 9:
· For “group-based” scheduling option, the gains are not clear since this will lead to a combination of scheduling restrictions and high DCI format size; the latter, in turn, necessitating use of higher ALs and more PDCCH blocking.

	MedaiTek
	None
	Regarding 1, Asymmetric HARQ transmission is already possible in Rel-15 and Rel-16. Not clear what should be further done in Rel-17.
Regarding 2, Physical layer duplication has high impact to the UE with marginal (possible) gain compared to PDCP duplication. Do not consider for Rel-17.
Regarding 7, power control adjustment in the DCI agreed in Rel-16 (open loop) and Rel-15 are sufficient. No further enhancements needed in Rel-17.
Regarding 8, repetitions within a slot are not needed for reliability. Repetitions across slots is already supported in Rel-15. If this considered in Rel-17, the focus should me on repetitions for crossing the slot boundary.
Regarding 9, Group based scheduling will lead to increased overhead (DCI size) and increased latency

	Samsung
	3, 7, 8, 9
	#3 and #8, to support similar scheme as Rel-16 PUSCH repetition
#7. PHR for out of order and PHR collision with different priority PUSCH
#9. Rel-16 URLLC scheduling is limited by blocking, not by BLER. The blocking probability in several scenarios, such as V2X mode 1, is orders of magnitude higher than the PDCCH BLER and this makes the overall operation to be broken. Moreover, the legacy scheduling approach (SR  UL grant  PUSCH) does not meet latency requirements for the lower SCS.

	Inputs received after Nov 18th 
	
	

	OPPO
	2,9
	For option2, it can achieve both diversity and soft combining gain for data channel and control channel, so we suggest to study in Rel-17
For option9, PDCCH blockage issue has been evaluated, but due to time limit, there is no full discussion, so we suggest to solve PDCCH blockage in Rel-17. Except group scheduling, sequence based PDCCH structure can be considered.

	Xiaomi
	8
	For Item 8, it can be supported in R17 since PUSCH repetition is already supported in R16 and PDSCH is facing the same problem.



[bookmark: _Toc24747635]IIoT and multi-connectivity enhancements
[bookmark: _Toc24747636]IIoT enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Introduce ‘survival time’ and potentially other items as part of QoS characteristics as suggested in TS 22.104, TR 22.832 and TS 22.263 and introduce mechanisms taking advantage of those parameters in RAN.
	Nokia, Fraunhofer, Mitsubishi Electric, Motorola Mobility/Lenovo

	2
	URLLC enhancements for large packets to support services such as AR/VR
	Sony, LG, CMCC

	3
	Ethernet Header compression enhancements, e.g. introduce new profiles and new fields and frame structures.
	vivo

	4
	Data jitter reduction
	CMCC

	5
	Sidelink multicast and unicast for IIoT

	Intel, Mitsubishi Electric 

	6
	Reliability-based prioritization among high-priority URLLC traffic
	CATT



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	3, 4
	We think that the EHC can bring signaling reduction if more fields can considered.
The jitter issue which could be severe for URLCC services should also be resolved as this will cause more delays on the packet transmission.
Regarding Option 1, we think that RAN2 study can be triggered after SA2 study is stable.
Regarding Option 2, we consider that the RAN1 AR/VR SI could study the impacts first. RAN2 study can be triggered after RAN1 observed some issues.
Regarding Option 5, we think that the sidelink for I-IOT can be discussed in the sidelink work item.

	CATT
	1, 2, 5, 6
	Survival time was initially part of SA1 requirements for Rel-16, but then they moved it to Rel-17. It must be addressed.
Option 2 should also be considered as part of enhanced support of concurrent URLLC traffic of different types.
We don't see any need for further improving EHC beyond Rel-16, given the little expected additional gains.
Regarding 4, we understand it as the data jitter at the 5GS output, since there is not much RAN can do for reducing the packet arrival jitter. And for the jitter at the 5GS output, this might be better taken care of outside RAN?
We believe UE2UE link will be key in enabling smooth 5G integration in existing TSN network topologies other than star, such as mesh, ring, etc.
For 6, we think reliability criterion in URLLC is not properly addressed in Rel-16 since it is only based on the 2-level priority indication from PDCCH hence disallows differentiating different reliability requirements from same-prio URLLC channels. This should be improved in Rel-17.

	Sony
	2
	This is important for AR/VR.  For such a scenario we do not expect a heavily loaded cell.

	TCL
	2
	We agree with Sony on the importance of large packets support and associated optimizations.

	Nokia, Nokia Shanghai Bell
	1, (3)
	1: According to the SA1 studies for IIoT service requirements, 'survival time' is a key parameter which should be considered as part of 5GS QoS characteristics. For many of the IIoT applications individual packet errors can be tolerated, while exceeding survival time is considered as communication service unavailability which has more severe (costly) consequences. 
If RAN is aware of survival time, RAN could e.g. dynamically switch to more stringent PER target if survival time is about to exceed and react accordingly (e.g. by activating duplication, selecting more robust MCS, etc.) 
If survival time is not known, 5GS would need to assume the same PER target for all packets which is problematic especially for IIoT applications that require very high communication service availability (CSA) and communication service reliability (CSR) as it results to significant inefficiency and/or compromises the availability and reliability.
2: Unclear what is needed on top proposals in other items (e.g. intra-UE mux related).
3: We expect that most of the gains of Ethernet HC can be achieved already with the Rel.16 solution. Some minor further enhancements could be potentially still made, but this is not high priority in our view due to low gain potential.
4: Unclear what is proposed on top of Rel.16 jitter reduction, which is handled in higher layers.

	LG
	2
	Many applications of IIOT, e.g. AR/VR, HDR video streaming, etc. requires high data rate along with low latency. However, Rel-16 focuses on ultra high reliability using PDCP duplication on more than 2 legs, which does not guarantee high data rate. Rel-17 IIOT needs to enhance the PDCP duplication to support high data rate.

	Mitsubishi Electric
	1, 4, 5
	Option 1 : Potential metrics to enable 5G IIoT with reliable communication need to be investigated. Parameters such as “survival time” is already defined in TS 22.104 and TR 22.832
Option 4 : Jitter reduction is an important issue for reliable communication. Solutions for the issue, such as packet duplication, can be studied.
Option 5 : sidelink enhancement is needed to deliver timing reference when some UEs are out of coverage of gNBs

	Fujitsu
	2
	AR/VR is an important application of IIoT/URLLC. Some other applications such as remote driving also require high data rate.

	DOCOMO
	Open for 4
	jitter reduction is very important for TSN services. We are open to discuss it whether any solutions with spec support is needed or not

	CMCC
	2,4
	Some of the services requiring high-speed packet transmission rate like AR/VR are also in the scope of IIOT use case, which is not well studied in R16.

In our opinion, jitter reduction regards to the reduction of the transmission timing uncertainty, especially preventing the data from arriving at the reception point later than expectation.

	Ericsson
	None
	Regarding 1, SA1 discussions regarding survival time and relation to 5QI are still ongoing. It is further unclear whether RAN mechanisms would be required in case that such survival time knowledge is available (or whether those could be left to network implementation). 
2 should be part of XR study item. 
No further enhancements to EHC or jitter reduction are needed.
Sidelink enhancements, 5, should be discussed as part of the Sidelink work item.

	Huawei/HiSilicon
	1, 2 and 4 (if time allows)
	Survival time raised some discussions in R16 which is considered as an essential KPI for system maintenance and service availability. It could be used to avoid over-provision of radio resource with high priority. However, we don't see much room for EHC enhancement, any further enhancements can be under discussion related to R17 UDC. 

	Vodafone
	1
	AR/VR aspects should be handled within that study. 
Should revisit need for further EHC once outcome is clear in Rel-16.

	Qualcomm
	Items (1), (2) and (3)
	Item (1) for enhancing reliability and efficiency.
For Item (2), we think that enhancements related to AR/VR should be considered in Rel. 17; however, this item does not need to be under the IIoT enhancements as the title of the section suggests. 
We also support Item (3).

	Intel
	5
	Option 5 is important as support of ProSe multicast and unicast is in SA1 requirements. The topic was not covered in Rel-17 V2X enhancements.

	Apple
	1, 2
	One 2, we believe that more information and studies are needed 
4 can potentially be merged into 1
Duplication can be discussed in the sidelink enhancemets

	MediaTek
	
	Regarding 1, survival time can already be taken into consideration to increase the reliability of the link by triggering techniques from Rel-15/16 to improve the reliability. For example, reliability improvement techniques such as duplication activation in MAC, as well as asymmetric HARQ retransmissions in PHY change link reliability over time. This is completely under NW control and there is no need for further optimisations.
Regarding 3, This topic is under discussion in Rel-16 and should only be pursued if the Rel-16 framework is inadequate.

	Fraunhofer
	1, 4 
	Regarding 1, meeting the survival time requirement is essential for reliable functioning of certain IIoT applications. Since consecutive packet errors are more significant here, it allows further optimization at the RAN. These aspects should be studied. 
4 is important. But it is unclear what the scenario of interest is. Further discussion can be beneficial. 

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	2, 1 (lower priority)
	For 2, AR/VR is a Rel-15 enabled URLLC service not sure why listed as only IioT. For 1, may require some study, need to see which specs might be impacted. 

	OPPO
	2,3 
	From our point of view, AR/VR requires high speed rate transmission, which is similar as IioT requirement, but not considered in Rel-16 IioT. This can be discussed in Rel-17.
EHC enhancement can be consideration for further signaling reduction.

	Xiaomi
	2
	This aspect is not well addressed in Rel15/16.



[bookmark: _Toc24747637]Multi-connectivity enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Support for multi-UE devices, e.g. introduce knowledge in RAN that UEs belong to the same device
	Nokia

	2
	Co-existence between higher layer redundancy techniques and PDCP duplication
	Nokia

	3
	Light coordination between transmitting nodes and reception combining at UE
	Nokia

	4
	UE-based PDCP duplication activation/deactivation enhancements
	Qualcomm, OPPO, Intel, CATT, vivo, Motorola Mobility/Lenovo,
Samsung

	5
	Packet prioritization within a single QoS flow
	LG, Samsung

	6
	Network coding
	AT&T

	7
	Per-packet selective duplication
	LG



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	4
	We think that UE-based PDCP duplication should be prioritized as the current PDCP duplication mechanism which is not adaptive to different radio conditions could cause the reduction of the throughput of the DRB. Given that the data rate is restricted by the slowest leg within multiple legs.
Regarding 1/2/3/6, we think that more studies are probably needed to understand the issues and the benefits of the solutions. Considering the limited time, Option 1/2/3 may be the second priority.
Regarding 5/7, we think that it is probably difficult to specify which PDCP data PDU is more important than others, as the content of the PDCP data PDU is currently transparent to PDCP.

	CATT
	4
	UE-based PDCP duplication activation/deactivation enhancements is an obvious leftover from Rel-16 due to lack of time and is the most promising enhancement for properly addressing some key TSN performance requirements, such as survival time, in Rel-17.

	Nokia, Nokia Shanghai Bell
	1, 2, 3
	1: IIoT use-cases are expected to leverage multi-UE devices for availability purposes and e.g. VIAPA industry (focus in R17) use today commercial solutions with up to 12 modems in a package for live events. Allowing the operator to provide service guarantees and exploit multi-UE capabilities is a significant step to avoid over-provisioning for demanding video services.
2: In Rel.15/16 various multi-connectivity solutions have been introduced to improve reliability (e.g. PDCP level dual-connectivity in RAN, E2E redundant paths with one or multiple UEs per device). In order to fully exploit these solutions, their co-existence should be improved. For example, if E2E redundant paths are configured for a multi-UE device (a.k.a. "option 2"), PDCP duplication is disabled (otherwise packets would be duplicated twice). In case of UE failure (e.g. hw or sw failure), it should be possible for RAN to activate PDCP duplication for the remaining UE.
3: PDCP duplication is being extended in Rel-16 for higher reliability (e.g. supporting up to 4 transmission legs), whereas improved resource efficiency of PDCP duplication in the downlink may not be addressed at all or in a very limited manner in Rel-16, although its inefficiency has been proven. Light coordination between transmitting nodes and reception combining of duplicates at UE (e.g. soft-combining) could be considered since it can be realized with limited impact to specification and can increase radio efficiency of PDCP duplication in downlink, and thereby the overall URLLC efficiency.
4: In our view Nw-based control of activation/deactivation is preferable since network has better understanding of link quality (in uplink) and is in better position to optimize system level performance. Nw-based activation was prioritized also in Rel.16 and this is expected to provide solutions for dynamic activation/deactivation. Some enhancements for per-packet PDCP duplication could be beneficial for both reliability and efficiency. For example, HARQ ACK feedback and survival-time based criteria could be potentially utilized to activate duplication for increased communication service availability and reliability.
5 and 7: We do not see the need for packet-prioritization within a single QoS flow as one could utilize also different QoS flows per traffic priority, and in our view network should have control of packet duplication.
6: Network coding was not part of the SI in Rel-16 and it would require extensive study, which should be treated separately, potentially in Rel-17.

	LG
	5, 7
	Simultaneous transmission of non-critical data and highly-critical data (e.g. Motion control, Mobile robots, Telecare) over the same link and to the same device should be supported, as specified in 22.804. However, packets belonging to a single TSN flow are transmitted through a single radio bearer, and there are no differentiation between those packets. The critical packets within a TSN flow needs to be prioritized in radio transmission.
Per-packet duplication is deprioritized in Rel-16 due to lack of time, although majority companies it is beneficial in that it can reduce resource wastage by applying packet duplication selectively. Thus, per-packet duplication mechanism should be prioritized in Rel-17.

	Fujitsu
	4,5,7
	Option 4 is important because UE-based duplication activation/deactivation can reduce the latency and the signalling overhead. Option 5 and 7 are important because there is a case that QoS flows with different QoS requirements (e.g. high QoS and low QoS) are aggregated into one single DRB. In such a case, it is desirable to prioritize the high QoS flow in the DRB. The high-QoS flow can be identified by packet inspection (similar to RoHC) if the UE has such a capability. Option 2 may need to be further clarified whether it is about a cross-layer design. Option 6 may be beneficial but need to start from a SI.

	DOCOMO
	Open for 3
	Whether 3) that needs to be included in Rel.17 depends on the Rel.16 outcome.

	Ericsson
	None
	1: Unclear whether enhancements are required in the light of TS23.501 Annex F, which describes how RAN can be made aware of the Reliability Group of a UE. 
2: Higher layer redundancy techniques and PDCP duplication can operate independently and on top of each other already now.
3: Unclear what kind of coordination is envisaged, considering PDCP duplication from multiple transmitting nodes is available, but no packet reception combining at UE is possible.
4,5,6,7: We don’t think that further enhancements in this area are motivated, given the advanced duplication option (up to 4 duplicates, MAC CE for dynamic control) are already introduced in Rel-16.

	III
	4
	When the latency of network-controlled scheme is not acceptable for URLLC/IIoT service, UE-based PDCP duplication activation/deactivation can be considered to facilitate UL PDCP duplication regarding to resource and time efficiency. UE-based PDCP duplication activation/deactivation would be beneficial to reach the strict reliability and latency requirements.
Regarding option 1/2/3/6, the gain is not clarified.
Regarding option 5/7, it would be beneficial to improve resource efficiency but it may also increase the transmission latency and the complexity of UE & NW design.

	Huawei/HiSilicon
	4, 5 with low priority
	We understand that the first option may fall in the part related to multi-SIM, which should be decoupled from the multi-connectivity enhancement. Regarding leftovers for UE-based/per-packet selective duplication, we are fine to further discuss the potential enhancement. In view of past discussions, the motivation and benefit shall be first clarified.   

	Vodafone
	1
	If not covered effectively already then this should be, as full e2e duplication is likely to reduce single point of failure.

	Qualcomm
	Item 4
	Item 4: A UE autonomous UL PDCP duplication activation/de-activation across different carriers or targeted for transmission to different TRPs, especially for FR2 and unlicensed spectrum is essential to satisfy URLLC latency/reliability requirements. 

	AT&T
	6 (study)
	We agree with the opinion of some companies that many of the proposed enhancements may not be necessary in Release 17. Our view is that in Release 17, at least the topic of network coding for URLLC should be studied. Especially as the scope of high reliability services expands to a broader range of services (beyond small control type of packets), achieving reliability simply based on packet duplication introduces significant inefficiency. 3GPP needs to start looking at network coding as a way to provide the same level of reliability that can be achieved with packet duplication but with much better efficiency. From this perspective, we believe at least a study of this topic is warranted in Release 17. 

	Intel
	4, 7
	UE based schemes are beneficial to reduce delay in reacting to the change in radio conditions.

	Apple
	1, 3, 4, 7
	On 1, interested in how SA comes up with the details. 
We see 3, 4 and 7 as correlated to each other and are in favor of them

	MediaTek
	None
	Regarding 1 and 2, Multi-UE devices should be transparent to RAN to ensure complete redundancy.
Regarding 5, a QoS flow is made of packets that share the same QoS characteristics. In-flow prioritisation implies that packets with different QoS characteristics exist in the same QoS flow. This is an erroneous configuration and should not be addressed.
Regarding 7, again, all those packets in a QoS flow should be treated equally. Only potential topic that should be discussed here is selective duplication to address a packet failure. This would fall under the discussion on UE based duplication.

	Samsung
	4, 5
	#4. UE’s decision based on pre-configured condition could be efficient because activation/deactivation can be faster in URLLC scenario with mobility.
#5. PDCP duplication is not a resource efficient solution but for reliability enhancements. We could consider how we improve the resource efficiency. But we note that it may not be “within a single QoS flow.” We are open to discuss general solution. 

	Inputs after Nov 18th 
	
	

	Xiaomi
	4
	UE based solution can rapidly adapt to the channel condition, it is useful for delay sensitive traffic.

	OPPO
	4
	UE-based duplication can reduce the latency and improve resource efficiency. It is left-over due to the TU in Rel-16. In rel-17, we can further discuss this issue.




[bookmark: _Toc24747638]Time synchronization enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	RAN support for clock delivery from the UE to support the case where the Grand Master (GM) is on the UE side (as opposed to GM delivery from the network side)
	Nokia, Intel

	2
	Part 1: Synchronization service enhancements by allowing the operator to control access to the synchronization information. Part 2:  adjust the sync information (e.g. accuracy) and air interface load for sync based on the UE subscription or service requirements.
	Nokia

	3
	Enhanced synchronization information reliability and security for critical services such as, e.g. Smart Grid.
	Nokia

	4
	Ensuring continuity of the synchronization service is preserved, even in high mobility environments, e.g. by ensuring synchronization is enabled and ready in target cell. Additionally, the case where UE provides the master clock to the network needs to be considered.
	Nokia, Docomo, Mitsubishi Electric, CATT, CMCC

	5
	Propagation delay compensation enhancements, e.g. to support the sync requirement for UE to UE synchronization
	Huawei/HiSilicon, Ericsson, Docomo, Intel, Orange, Samsung, CATT, CMCC

	6
	Multiple clock domains support
	Huawei/HiSilicon

	7
	Optimization of air interface procedures for low-power low-cost devices optimized for time synchronization services 
	Nokia



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	1, 4, 5, 6
	We think that Option 1/4/5/6 should be prioritized, as they are providing the basic TSN services to the UE, e.g. by supporting mobility and accurate reference time.
Regarding Option 2/3, we think more studies are needed regarding the potential issues and the solution benefits. For example, it is not clear to us why the synchronization information reliability should be addressed separately, compared with other URLLC services.
Regarding Option 7, we think this could be discussed in the NR-LITE study.

	CATT
	4, 5
	For option 4, we think continuity of the synchronization must be considered but we are not sure the part extracted from option 1 (master clock provision from UE to gNB).
For option 5, propagation delay compensation should be further addressed based on service requirement and NW deployment.

	Nokia, Nokia Shanghai Bell
	1, 2, (3), 4, 5, (7)
	1 and 2: Many wide area services can utilize 5G synchronization method without relying on full TSN capability (DS-TT and NW-TT). Includes electrical utilities, network and UE test devices, some VIAPA services as seen in TS22.263, trading and payment systems, 5G smart watches, etc. 
It is assumed that operator would not have SIB transmission everywhere but will control access to synchronization service provided by their infrastructure.
This item needs to be done in conjunction with exposure methods discussed in FS IIoT in SA2, to explore the relevant signalling methods between e.g. CN and RAN.
RAN needs to be aware for which UE synchronization service should be activated on the RAN C-Plane (e.g. SIB delivery and potentially RRC add-on).
Optionally, synchronization accuracy could be controlled dynamically by means of direct UE feedback and compared to requirement as set for UE.
3: SIB is used for sync broadcasting, which makes it very vulnerable to jamming. Moving to RRC only synchronization does not scale to all cases, and 3GPP should explore ways to do sync broadcast in a way insensitive to jamming, for instance communicating a dynamic and "randomized" pattern to UE that needs it. This would be lower priority to us as compared to other synchronization related enhancements. 
4: We need synchronization service provisioned in wide area for many applications, see e.g. Video, Imaging and Audio for Professional Applications (VIAPA) requirements in R17, smart grid, etc. We also will control access to synchronization, in order for the operator to monetize the service meaning that it is not always available (see SA2 FS_IIoT proposal) in all cells. Hence, it needs to be checked that synchronization is activated and ready in target cell. This applies equally to the case where the GM comes from DN, from 5GS itself, or from UE.
5: Increasing the synchronization performance in wider area deployments significantly improves the scope of applicability of 5GS synchronization solution.
6: Multiple clock domains can be supported with Rel-16 solution and we find optimizations in this area to be of low priority.
7: Assuming Synchronization as a stand-alone service (enabled over air interface, SIB+RRC activation), it would be possible to see devices optimized only for acquiring time synchronization with minimal 5G transport capabilities and radio procedures could optionally be optimized for such devices (power consumption etc.). This is of lower priority in Rel-17 to us as compared to other items related to synchronization.

	Mitsubishi Electric
	4
	For enabling seamless communication, timing reference delivery during handover should be studied to enable TSC in IIoT scenarios. Expiration time of timing reference should also be studied to maintain synchronization among devices. 

	DOCOMO
	1), 2), 4) and 5)
	For 1), there are actual needs from factory that the GM is located at UE side (e.g. high accurate clock can be embedded in robot arm), so it is beneficial to support this use case.
For 2), TSN service requires reliable radio resource in congested network environment. It is beneficial for operator conduct access control based on UE subscription information to adjust network load to guarantee reliable service.
For 4), 5), as studied in rel-16, propagation delay would cause a non-negligible sync error when ISD>200m. Wide area service is considerable for big automobile assembly factories. So it is essential to support propagation delay compensation for wide-area URLLC/IIoT service. 

	CMCC
	4,5
	Mobility should be a issue to be addressed in R17.

	Ericsson
	1, 5
	1: RAN support for the SA2 solution with UE as grandmaster is required. It is however unclear which/whether enhancements in RAN are needed, given the SA2 gPTP time synchronization method is mostly transparent to RAN. It requires only the 5G system internal time delivery already specified in Rel-16.
We consider 5 an important enhancement to be considered in Rel-17 to meet the tight requirement of 1us end to end time synchronization in more use-cases (architecture options), such as UE to UE synchronization.
For 2, we think sufficient operator control (part1) is available, i.e. network can distribute 5G system time individually via RRC, and gPTP messages over the unicast user plane. (part2) UE subscription or service requirements (from CN) would need to be handled in SA2 solution. Accuracy information can be adjusted in RRC with Rel-16 already.
3: Unclear what is needed on top of gPTP based time synch delivery (which is reliable and secure).
4: Given rather infrequent required updates with 5Gsystem time as well as gPTP time signals, it is unclear that there is a problem with mobility.
6: No need for enhancements, multiple working clock domains are already supported (will also be for UE grandmaster-based time synch), based on gPTP. 
7: could be part of NR-light, if any. No optimizations seem to be required.

	III
	4
	Time synchronization enhancements for Rel-17 should consider the following enhancements:
a. Propagation delay compensation for inter-site distances greater than 200m. 
b. TA command enhancements for reducing timing adjustment granularity. 
Accurate reference time enhancements for increasing gNB-to-UR time precision. 

	Huawei/HiSilicon
	1, 3, 5 and 6.
	Among all the options, we understand that 1, 3, 5 and 6th options are driven by SA which could be considered for potential RAN impacts. However, the 2nd option requires coordination with SA, which should be first clarified in SA1/2. Regarding the 4th option, we don't think it is necessary to consider the synchronization continuity for an IIOT device where the mobility is deemed to be restricted with existing mechanisms.

	Vodafone
	(1,2,3,4,5)
	Consider all of these options in terms of fulfilling SA1 and SA2 requirements. Unclear where 7 comes from.

	Qualcomm
	Item 5
	We support Item 5 by leveraging positioning solutions for improved propagation delay acquisition.

	AT&T
	1, 4, 5
	Support for master clock at the UE, and UE-to-UE synchronization along with propagation delay compensation enhancements may be useful.

	Intel
	1, 5
	Option 1 is from SA2 work.
Option 5 is a left-over from Rel-16 that was not pursued due to lack of time, and it may be worthwhile to address them in Rel-17 to address support of accurate reference time delivery in scenarios with larger cells, in outdoor deployments. 

	MediaTek
	None
	Regarding 1, we prefer that in cases where the master clock is on the UE side, the UE only acts as a relay to pass the timing information to the NW, i.e. this is transparent to RAN.
Regarding 2, there is no need to differentiate between sync information accuracy between different UEs in the RAN.
Regarding 3, this can already be supported in Rel-16 with the use of unicast signalling over an AM bearer.
Regarding 4, as there is only one GM in the RAN domain, the clock does not drift at mobility events. Furthermore we see a valid use-case for a UE with high mobility connected to the master clock.
Regarding 5, this can always be performed by the gNB. There is no need to specify anything here.
Regarding 6, we do not see why this would affect the RAN. Such functionality should only affect the TT in NAS.
Regarding 7, Rel-16 techniques for synchronisation are sufficient.

	Samsung
	5
	#5. Propagation delay compensation enhancement if new requirement is identified. 

	Inputs received after Nov 18th 
	
	

	OPPO
	1,5
	For option 1, RAN needs to support for the SA2 solution with UE as grandmaster is required.
For option 5, there is no thorough discussion in Rel-16 and it is important for TSC reference timing.



[bookmark: _Toc24747639]QoS enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Predictive QoS
	Orange

	2
	Network latency reduction, e.g. by improved gNB-CU-UP and UPF pair selection
	Samsung



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	
	Regarding Option 1, we have no strong preference. If SA2 has such new requirements, RAN2 can study the RAN impacts accordingly.
Regarding Option 2, maybe this can be discussed in RAN3. 

	CATT
	2
	NW latency reduction is an important issue. It should be included in the WI if no other WID consider it.

	Nokia, Nokia Shanghai Bell
	None
	1: Solutions for predictive QoS are already being developed in Rel.16 (in the context of V2X) and need for further optimization is not clear. 
Furthermore, for the critical IIoT applications switching to a more relaxed QoS profile does not seem desirable. One of the key design targets for 5GS to support such IIoT applications has been that 5GS should meet the stringent QoS requirements with very high availability. Therefore, enablers that help to improve communication service availability, such as ‘survival time’, should be in our view prioritized instead.
2: The need for such enhancements should be in our view analyzed first in SA2 (e.g. for UPF selection information related to user plane topology and user plane termination is already available).

	DOCOMO
	
	For 1), Predictive QoS is more relative to SA study.
For2), it may be beneficial to study the coordination between SMF and gNB-CU-CP to optimize gNB-CU-UP and UPF pair selection by RAN3.

	Ericsson
	None
	1: Predictive QoS can be achieved by network implementation.
2: No improvements required.

	Samsung
	2(RAN 3)
	For URLLC, end to end latency needs to be assured. So for, there is no discussion on how to reduce the latency in the network side.
Solutions to make the shortest user plane traffic path and reduce the number of intermediate processing in network side is important for URLLC.
Both aggregated and split NG-RAN architecture scenarios should be considered. 



[bookmark: _Toc24747640]URLLC on unlicensed spectrum
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	NR-U support for URLLC (general)
	Nokia, Sony, MTK, Qualcomm, vivo, Intel, Samsung, APT

	2
	Study required changes to (and applicability of) Rel-16 URLLC/IIOT enhancements for unlicensed spectrum operation 
	Nokia, Intel, Samsung

	3
	UL CG, PUSCH scheduling and HARQ enhancements specific to unlicensed spectrum operation targeting reduced latency and increased reliability including e.g. conditional cross-carrier and cross-channel transmissions to provide reliability even in the presence of sporadic interference
	Nokia, vivo, Qualcomm, Samsung

	4
	FBE channel access optimizations 
	Nokia, OPPO, vivo, Samsung

	5
	PDCP duplication enhancements specific to unlicensed spectrum operation 
	Nokia, Qualcomm, Huawei

	6
	Initial access enhancements
	Raised in email discussion on NR-U enhancements

	7
	Wideband operation enhancements
	Raised in email discussion on NR-U enhancements



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	Vivo
	1,2,3,4,6,7
	In general, we are supportive to study and specify the enhancements for URLLC/IIOT operation in unlicensed spectrum, which includes 1,2,3,4
We are supportive to 6 and 7 in the context of general enhancement for unlicensed spectrum operation. 

	Sony
	1, 6, 7
	The scenario for unlicensed needs to be defined (e.g. controlled environment)
For option 6 and 7, these enhancements using multiple LBT sub-bands are beneficial to perform robust operation against transmission blocking due to LBT failure.

	TCL
	1,2,3
	We support to study and standardize the URLLC/IIoT operation over unlicensed spectrum. 1, 2 and 3 would make the basic functionality of URLLC over the unlicensed spectrum and hence should be prioritized.

	Nokia, Nokia Shanghai Bell
	1, 2, 3, 4
	1: NR operation in unlicensed spectrum is an important enabler of new business opportunities in the vertical and enterprise domain, as it contributes to enhance the spectrum availability for, as well as the ease of deployment of, non-private networks. Several Industrial IOT applications have very stringent latency and reliability requirements. Enhancements targeting at reducing the latency and increasing the reliability of communication in unlicensed spectrum are expected to add significant value to the entire 3GPP eco-system, and should therefore be considered with high priority in the Release 17 prioritization phase.
2: RAN1 and RAN2 have introduced several URLLC/IIOT enhancements during R16. Before start discussing specific enhancements targeting HRLLC in unlicensed spectrum, it seems reasonable to determine which of the R16 IIOT/URLLC enhancements are directly applicable to operation in unlicensed spectrum, and which ones are still relevant but would require normative work to be applicable to NR-U.
3: UL LBT failures are one of the main factors impacting the latency and reliability performance in unlicensed spectrum. Techniques enabling efficient allocation of multiple transmission opportunities in time and/or frequency domain are needed to support URLLC application over unlicensed spectrum.
4: In synchronized single operator network, FBE channel access can provide good performance in terms of latency/reliability due to the possibility to synchronize the LBT instances between different nodes. R16 NR-U only provides bassline support for FBE, i.e. UE initiated UL transmissions outside of gNB COT are likely not to be supported.
5: PDCP duplication is one of the baseline NR features introduced to increase the reliability of transmission and is also supported in NR-U. However, no specific mechanism to enhance the PDCP duplication activation/release when operating in unlicensed spectrum was considered during the R16 NR-U WI. It would make sense to improve that in Rel-17, but we find it lower priority as compared to other URLLC NR-U enhancements.
6: This can bring some latency reduction, but is lower priority than other items mentioned here to us.
7: There are some PUSCH enhancements which could bring latency reductions, but we find those lower priority compared to other items within the list.

	Panasonic
	1, 2, 3
	Rel.16 NR-U enhanced HARQ feedback mechanism such as triggering transmission of HARQ-ACK that may have been dropped due to LBT. This feature can be reused for intra-UE prioritization/multiplexing handling for enhancing system efficiency.
UL CG is enhanced for both NR-U and URLLC/IIoT in Rel.16. Whether UL CG specified in Rel.16 URLLC/IIoT can be applicable for NR-U or the difference between UL CG for licensed band and NR-U should be checked and if necessary the modification/alignment should be studied.
Based on above, we think Option 1, 2, and 3 are important for Rel.17.

	LG
	
	Practically speaking, considering the time limitation, our preference is to defer the discussion of URLLC/IIOT operation in unlicensed spectrum to later release. This topic may be investigated with lower priority if time permits. 

	APT
	1, 
	Unlicensed spectrum can increase the system capacity. The main issue is that the performance of each device could be degraded under an NR-U system if there are many competing devices. However, the impact of such an issue can be significantly reduced in a factory where most of the devices are controllable.

	Fujitsu
	1,2,6,7
	NR operation in unlicensed spectrum is an important deployment scenario for IIoT. We are supportive to specify the enhancements in Rel-17. With regard to 6, enhancements related to RACH for RRC-connected UE is also included according to our understanding.

	DOCOMO
	
	URLLC/IIoT covers a wide range of services. Some services may require high reliability, but the latency can be relaxed. For such services, it may be possible to use unlicensed band to support. For services having strict latency requirement, it is quite challenge and questionable how to support it by using unlicensed band once LBT busy occurs. So, before discussing detailed enhancements, it is beneficial to first discuss what use case and deployment scenarios for unlicensed band to support URLLC/IIoT traffic. 

	Ericsson
	
	Rel-16 introduces NR-U and IIoT as well as further enhancements for URLLC. We are happy to see good progress in Rel-16 NR-U regarding channel access for FBE, intended for environments where the absence of Wi-Fi is guaranteed. In our view, the NR-U, IIoT, and URLLC features can be used together to enable IIoT/URLLC services using unlicensed spectrum. With proper selection of feature combinations and network configurations, Rel-16 NR can already achieve good unlicensed IIoT/URLLC performance. The benefits of additional optimization are not clear.
On option 4, we would like to make the comment that Rel-16 already provides enough support for FBE channel access, which in intended for control environment. For the case of UE initiated channel occupancy, the fact that all the transmissions from the UE are controlled by gNB (scheduled or configured), there is no need for additional specification efforts to enable UE initiated FBE operation.

	Qualcomm
	Items 1, 2, 3, 4 and 5
	· Item 1: Rel. 16 URLLC introduces generic enhancements applicable to supporting URLLC services in licensed spectrum. However, enhancements to support URLLC use cases in unlicensed spectrum have not been considered. Given the importance of using unlicensed spectrum in expanding URLLC to IIoT and private networks use cases, URLLC enhancements such as enhanced channel access, reliability against interference and LBT failure in unlicensed spectrum should be considered as one of the main objectives of Rel. 17 NR. 
· Item 2: It is covered by Item 1.
· Item 3: Transmissions on different carriers or BWP, in case the initial carrier or BWP was found to be unavailable, is important to reduce latency and improving reliability.
· Item 4: 
· Channel access enhancements such as allowing a UE to autonomously transmit as an initiating device and COT sharing between different nodes.
· Item 5: A UE autonomous UL PDCP duplication/activation across different carriers or targeted for transmission to different TRPs, especially for FR2 and unlicensed spectrum is essential to satisfy URLLC latency/reliability requirements.

	AT&T
	None
	While we support NR-U feature in general, in our view in Release 17, URLLC/IIoT feature enhancements should be targeted for licensed spectrum to complete and enhance what was started in Release 16. 

	Intel
	1, 2
	Support of URLLC/IIoT use cases in unlicensed/locally licensed spectra is an important consideration for Rel-17. 
Options 3 through 7 could, in general, be considered as part of Option 1, with an initial study phase to determine the exact scope based on the necessary adaptations to Rel-16 URLLC/IIoT and Rel-16 NR-U designs. Note that if it is identified that enhancement of unlicensed operation is needed for URLLC/IIoT use cases, it should be part of URLLC/IIoT enhancements (not in NR-U enhancements). 

	Apple
	1
	Unlicensed spectrum for URLLC/IIoT can be considered in Rel-17 with clearly defined use cases/scenarios.

	MediaTek
	1,2,3, 4 and 5
	In private/local networks, such as a network deployed in factory, the environment is considerably controllable, which makes the communication in unlicensed spectrum significantly less challenging. Also, due to the traffic predictably in factory automation use-cases, the transmissions can be well coordinated to avoid collisions. Given the amount of available unlicensed spectrum, it represents great opportunity to boost the system capacity of URLLC services.

	Fraunhofer
	1,2,3,4,5
	Unlicensed spectrum for URLLC can be a potential topic for Rel. 17. Isolated factory environments are protected against outside interference because of the physical separation. At the same time, a factory may be able to control the environment within. However, the impact of emissions from factory equipment/processes may have an impact when a receiver is nearby. Such issues should also be studied. 

	Samsung
	1, 2, 3, 4
	Factory automation would be deployment with unlicensed band for private network. In this sense, it needs to consider general URLLC enhancement for NR-U. Before specify enhancements for NR-U with URLLC, requirements should be study how latency and reliability are could be achieved compared to licensed band.

	Inputs received after Nov 18th 
	
	

	Xiaomi
	1,2,3,4,5
	Currently, we think any enhancement which can facilitate URLLC traffic on unlicensed band can be taken into consideration in R17. Item 1,2,3,4,5 are what we think with higher priority


[bookmark: _Toc24747641]MIMO and multi-TRP enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Multi-TRP enhancements for URLLC use cases, e.g. with support for channels other than PDSCH.
	Nokia, Sony, Huawei/HiSilicon, Ericsson, AT&T, Docomo, Qualcomm, OPPO, LG, Mitsubishi Electric, Orange, Futurewei, Samsung, CMCC, Motorola Mobility/Lenovo, APT

	2
	Enhancements for operation in FR2, including Multi-TRP operation and multi-panel UE framework.
	Nokia, Huawei/HiSilicon, AT&T, Qualcomm, OPPO, LG, Intel, Mitsubishi Electric, Motorola Mobility/Lenovo, APT, CMCC

	3
	Beam management enhancements, e.g. techniques for tighter interworking between beam management and RLM/RLF
	AT&T, OPPO, Samsung, CMCC



Companies are requested to provide their feedback towards options mentioned above. Since many companies indicated that such enhancement should be part of a dedicated MIMO WI, the question is about whether the enhancements should be part of Rel-17 and supporting companies are requested to indicate which WI should host them in the comments.
	Company
	Options that should be included in Rel-17, if any
	Rationale / comments

	Vivo
	
	We think all the enhancements in section 5 should be discussed in MIMO WI. 

	CATT
	1, 2
	We share the views from other companies that the proposals in section 5, if agreed, should be included in MIMO WI.
We are supportive of 1 and 2. For 3, it can be further discussed.

	Sony
	1
	It should be in Rel-17 but not under URLLC or iIoT

	TCL
	1
	1 should be investigated under the main MIMO enhancements WI.

	Nokia, Nokia Shanghai Bell
	1, 2
	1: Multi-TRP techniques provide extra reliability for URLLC applications, and hence they should be extended for the other physical channels. Since it is strongly related to MIMO procedures, it is preferable to do the work on a MIMO focused WID, if existing.
2: Multi-TRP techniques are particularly useful in FR2 due to the higher probability of blocking, and hence they are very important for URLLC operations in FR2. A properly defined multi-panel UE framework is a key enabler for multi-TRP support in FR2. It is preferable to do the work on a MIMO focused WID, if existing.
3: Beam management enhancements are discussed under MIMO WID email discussion. While it is likely that the proposed enhancements are useful for URLLC use cases, they are general MIMO enhancements that should be considered together with other MIMO enhancement proposals.
We find 1 and 2 most relevant for URLLC, but we are OK with 3 as well, which is more general enhancement. In any case, we think all of those enhancements should be covered in a separate MIMO WI.

	Panasonic
	1
	In Rel.16 multi-TRP, only DG PDSCH has been enhanced for URLLC. Therefore, Option 1 should be part of Rel.17 but the enhancement should be hosted in MIMO WI.

	LG
	
	We also think MIMO and multi-TRP related enhancements should be the scope of MIMO WI. 

	APT
	1, 2
	Framework for multi-TRP operation has been specified in Rel-16, with the focus on DL data channel and FR1. From our perspective both data and control channels (i.e., PDCCH, PUCCH, PUSCH) should be considered and its use case should be extended to FR2 in Rel-17. We slightly prefer to further discuss it in MIMO WI for consistency.

	Mitsubishi Electric
	1, 2
	To enhance reliability for multi-TRP, option 1 and 2 need further analysis. We agree with Vivo that this can be discussed in MIMO WI. 

	Fujitsu
	1,2
	If the TUs are increased accordingly, we are fine to discuss these enhancements in IIoT/URLLC WI.

	DOCOMO
	1) and 2) 
	1) and 2) should be part of Rel.17 WI and we are OK with either WI (MIMO or URLLC/IIoT) to cover it.  

	CMCC
	1,2,3
	To enhance reliability for multi-TRP, option 1 and 2 need further analysis. We agree with Vivo that this can be discussed in MIMO WI.
To reduce latency, option 3 need considering URLLC requirement.
All the 3 options can be discussed in MIMO WI.

	ZTE
	
	Share with vivo, LG, the enhancements in this section should be discussed in MIMO WI. 

	Ericsson
	None
	1 & 2: these enhancements are specific for multi-TRP scenarios and therefore should be addressed in the MIMO WI.
3: motivation and benefits are not clear.

	Huawei/HiSilicon
	1, 2
	Regarding Option 1, In Rel-16 MIMO WID, enhancements on Multi-TRP transmission mainly focuses on PDSCH. Enhancements on Multi-TRP transmission on other channels, e.g. PDCCH/PUCCH/PUSCH, especially for URLLC should be considered in Rel-17.   
Regarding option 2, FR2 can provide larger BW and lower latency than FR1. FR2 would suffer beam blocking issue, and the legacy BFR procedure can be revisited to see whether enhancements for URLLC can be made. 

	Qualcomm
	Items 1, 2 and 3
	· Item 1: In Rel. 16 eMIMO, PDSCH repetition from different TRPs has been introduced to increase transmission reliability by providing diversity gain. In Rel. 17, schemes for providing diversity gains to other channels, such as PDCCH, PUCCH and PUSCH should be considered. As mentioned in our earlier response, these topics should be discussed under the Rel. 17 eMIMO WI. 
· Item 2: In FR2, diversity gains can be realized by introducing PHY-layer repetition (for PDCCH/PUCCH/PUSCH) and allowing for beam sweeping across different transmissions. Further, enhancements to allow UEs with multiple panels to realize diversity gains should be considered. These topics should be discussed under Rel. 17 eMIMO WI.
· Item 3: The following enhancements for latency reduction in FR2 should be considered:
· Pre-determined beam sweep pattern configuration for use cases where a movement trajectory of users is known a priori, e.g., for IIoT 
· L1 triggered beam sweeping, e.g., triggered by PDSCH decoding failure
· Fast beam failure recovery 

	AT&T
	1, 2, 3
	In Release 17, enhancements for URLLC should be considered for PDCCH, PUCCH, and PUSCH in order to improve overall reliability of data delivery. Multi-TRP and multi-panel enhancements for FR2 are equally important to properly allow use of FR2 bands for delivery of URLLC services, which may be an important use case, for example in indoor industrial environments, etc. Finally, current RLM/RLF framework is not flexible enough to cover URLLC use cases. Tighter interworking between beam management and RLM may be need for URLLC. Enhancements such a aperiodic IS/OOS indication, different IS/OOS thresholds/timers/etc., additional IS BLER thresholds for traffic types other than eMBB and VoIP may be needed. 

	Intel
	1,2
	MIMO and multi-TRP enhancements to enable URLLC/IIoT operations in mid- to high-bands are necessary and can be addressed as part of the Rel-17 MIMO WI.

	Apple
	
	In general specification/development efforts and expected improvements should be commensurate for broad use cases. M-TRP and URLLC by themselves lead to stringent requirements for UE implementation already; we need to be cautious about 1 and 2. Specifically for 2, we have concern for supporting simultaneous transmissions from multiple panels, e.g. for PUCCH/PUSCH. 

	MediaTek
	
	MIMO WI should take into consideration the URLLC requirement. This should be studied in the MIMO topic. No MIMO enchantments should be considered part of this WI.

	Fraunhofer
	
	The mentioned aspects may be considered in the MIMO WI.

	Samsung
	
	The enhancement shall be discussed in MIMO enhancement as we did for Rel-16. 

	Inputs received after Nov 18th 
	
	

	FUTUREWEI
	1
	Enhancements to control channels are best considered under URLLC

	OPPO
	1,2,3
	1-3 should be studied in Rel-17 WI and we suggest to discuss in MIMO session.

	Xiaomi
	
	These Items should be discussed in MIMO session



[bookmark: _Toc24747642]Mobility related enhancements
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Measurement gaps and URLLC traffic overlapping handling
	Nokia, vivo

	2
	Enhancements to ensure URLLC requirements can be met during handover, e.g. enhanced procedures and adaptive parameter setting, 0ms HO, ensuring traffic periodicity with CG.
	Fraunhofer, Huawei/HiSilicon, CMCC, Sony



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	Vivo
	1
	In Rel-16 the RRM measurements are always prioritized over DL/UL scheduling regardless how critical the traffic is. There are multiple cases where DL/UL scheduling restrictions exists at the gNB side during the potential measurement occasions that may be taken by the UE, e.g. SMTC, which will cause inconsistent traffic performance across different time locations. It will be good if Rel-17 enhancements can allow DL/UL scheduling for URLLC be prioritized over measurement.

	CATT
	
	We are not sure whether high mobility is a key requirement to serve URLLC. The tightest latency and reliability requirements for TSN are generally associated with rather short areas involving little mobility.

	Nokia, Nokia Shanghai Bell
	1, 2
	1: Measuring gaps are currently too long to meet the most critical sub-ms use-cases, from eURLLC and TSC. We prefer extensions that are general for URLLC, although solutions for CG/SPS only could be envisioned. In principle, we believe it could be discussed which devices would e.g. provide gapless measurements.
2: Dual Active Protocol Stack (DAPS) solution that is being specified in Rel. 16 lacks some features that may be critical for URLLC services: 
· Hard switch of UL user plane without duplication may have an impact on the service interruption time and reliability of user plane.
· Mobility robustness is ensured only when DAPS is combined with conditional handover (still open in NR Rel. 16). Duplication of control plane (SRB) is not possible in DAPS.
· RLC UM, which is typically configured for URLLC, may not be as well part of Rel. 16 due to time limitation.

Alternative mobility procedures that are simpler and more comprehensive than DAPS can be considered for URLLC. One potential solution is DC-based handover that has been discussed in NR Rel. 16 mobility enhancement WI.

	Mitsubishi Electric
	2
	Timing reference delivery during handover should be studied to enable reliable communication in IIoT scenarios

	DOCOMO
	2)
	In Rel-16, we already have DAPS and RUDI HO for mobility enhancement which are aim 0ms HO interruption. If time budget is allowed, DC based HO can be studied for further HO interruption time reduction.

	CMCC
	2
	Service continuity during mobility is considered to be a key issue to be addressed for some use cases in IIOT.

	Ericsson
	None
	For 1, meas gaps and URLLC traffic overlapping can be avoided by network implementation/scheduling or advanced UE. 
For 2, Rel-16 work on mobility enhancements considers already 0ms handover interruption time. It is unclear whether further enhancements are needed in particular for URLLC.

	Huawei/HiSilicon
	2
	Mobility is considered as one important requirement for URLLC use cases and hence service cannot be interrupted by handover in terms of user plan data transfer.

	Qualcomm
	Item 2
	We support Item 2 as a continuation of Rel. 16 Mobility WI.

	AT&T
	2
	Depending upon how effectively Release 16 mobility enhancements meet URLLC requirements, it may need to be at least evaluated whether additional enhancements are needed for reliable handovers for URLLC traffic. 

	Intel
	2
	Option 2 could be considered depending on outcome of Rel-16 WI on mobility enhancements.

	MediaTek
	
	For 1 and 2, we see no strong need to optimise beyond Rel-16 mobility enhancements.

	Fraunhofer
	2
	We support option 2.
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	Xiaomi
	2
	DC based handover can be considered.

	FUTUREWEI
	2
	DAPS was not the best choice in Rel-16 for URLLC, we should introduce DC-based handover for true 0ms interruption as discussed but not agreed in rel-16.



[bookmark: _Toc24747643]eMBB and URLLC co-existence / interference management
The following options have been proposed:
	
	Enhancement description
	Raised by

	1
	Study whether URLLC requirements can be met in mixed URLLC/eMBB scenarios and specify required enhancements if needed
	Docomo

	2
	Interference management for the following two deployment scenarios to enable supporting services with different requirements simultaneously:
1) Different cells of a single operator
2) Licensed spectrum shared across different networks
	Qualcomm, Docomo



Companies are requested to provide their feedback towards options mentioned above:
	Company
	Options that should be included in the WI, if any
	Rationale / comments

	vivo
	
	Regarding 1, DL PI, UL CI and UL power control enhancements have been studied and specified in Rel-15 and Rel-16, to enhance the dynamic multiplexing between eMBB and URLLC traffics from different users. It is not clear what additional enhancement/requirement is needed.
Regarding 2, it would be good if proponent can provide more information about the potential enhancements. 

	Nokia, Nokia Shanghai Bell
	None
	1: Low priority as this is considered an optimization mostly relevant for medium to high loaded IIoT networks, and hence could be shifted to later releases. Furthermore, the scope of interference management is very wide, potentially covering broad range of different techniques. Thereby shifting to later release would leave more time for high priority IIoT feature enhancements to have a focused Rel-17 IIoT item.
2: Nokia has conducted many simulations with mixed traffic including URLLC, showing that (in the studied scenarios) URLLC requirements (e.g. 1ms, 1E-5) can be achieved also in presence of eMBB traffic, and enhancements to eMBB-URLLC co-existence are being developed currently in Rel.16. We wonder if this proposal addresses some new, more demanding scenarios (e.g. TSC related cases where latency requirement is so short that e.g. retransmissions cannot be leveraged for URLLC in all cases) and/or enhancements beyond what is already covered in Rel.16 or the other related Rel.17 proposals.

	Panasonic
	2
	We think shared band IIoT/URLLC is one of important scenarios considering non-public networks for industrial IoT.

	DOCOMO
	1, 2
	Option 1: The scenarios which have not been discussed in Rel-16 should be studied in Rel-17 WI. From our perspective, the following two scenarios should be included:
1. ICI between small cells operated by a single operator (corresponding to scenario 1 in option2). Some cells are deployed for public use (e.g., eMBB) while other cells are deployed for private use (e.g., URLLC). For small cells supporting public use, the TDD pattern in general is DL heavy, while for small cells supporting private use, the typical TDD pattern is more symmetric between DL and UL. It is necessary to study whether and how the URLLC performance (e.g. reliability is 99.999% and 1ms latency or even more strict requirements) can still be satisfied with cross-link interference.
1. ICI between small cells operated by multiple service providers (corresponding to scenario 2 in option2) using dedicated spectrum. Some cells are deployed by service provider#A, some other cells are deployed by service provider #B, and so on. Depending on service requirements, the optimized TDD patterns would be different for different cells. Compared to 1), the coordination between different service providers may or may not be possible. For such scenario, to guarantee QoS of URLLC service, it is necessary to study whether and how to manage the interference between small cells with some limitation of coordination level.
For both of the above scenarios, new channel model specified in Rel-16 should be applied for the study. 
Option 2: Based on the outcome of Option 1, the scope of the specification should be decided.


	Ericsson
	2
	1: This scenario is supported, several features such as inter- and intra-UE multiplexing are already considered. No further enhancements needed.
2: Cell-edge user URLLC performance should be addressed in Rel-17, for which such interference management methods can be candidate solutions to be studied further.

	Vodafone
	1, 2
	Generally supportive of any useful ideas to maximise performance considering eMBB/URLCC coexistence and to combat inter-cell interference if this improves reliability and spectrum efficiency. 

	Qualcomm
	Item 1 and 2
	Enhancements considered in Rel. 15/16 URLLC address intra-cell interference by introducing features such and DLPI and ULPI. However, it is important to examine the impact of inter-cell/inter-operator interference on supporting URLLC use cases. If the impact of inter-cell interference is shown to be significant, Rel. 17 URLLC WI should include enhancements to address the issue. 
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	Xiaomi
	
	1. This is supported in Rel16. No further enhancements needed.
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