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[bookmark: _GoBack]1	Introduction
[bookmark: _Hlk43329288]The Rel-17 Enhanced IIOT and URLLC support WI (RP-193233) includes the following objective:
2. Identify potential enhancements to ensure Release 16 feature compatibility with unlicensed band URLLC/IIoT operation in controlled environment [RAN1, RAN2]
a. Detailed objectives to be clarified at RAN#87 based on essential issues to be identified in RAN#87 (if any)
As it was not possible to define detailed objectives during RAN#87-e meeting, an email discussion on URLLC/IIOT operation support in unlicensed spectrum was conducted after the RAN#87-e meeting. In this contribution, we provide a summary of the inputs and proposals received during the email discussion with respect to:
· Required enhancements to ensure applicability of R16 IIOT/URLLC features in NR-U
· NR-U specific enhancements for IIOT/URLLC support in unlicensed spectrum 
2	Enhancements to ensure applicability of R16 IIOT/URLLC featured in NR-U
Support of multiple HARQ CBs with different priorities in NR-U was already discussed during RAN#86. 
Question 2.1: Should support for multiple-HARQ CB configurations with different priorities be extended to new HARQ CB introduced in NR-U – i.e. Type 3 CB and enhanced Type 2 CB)
	Company
	Yes/No
	Comments

	Nokia
	Yes 
	

	Sony
	Yes
	

	ZTE
	Yes
	In addition to the priority configuration for e-type 2 CB and type 3 CB, the compatibility of NNK1 value and priority for DCI format 1_2 should also be considered.

	DOCOMO
	No
	It is assumed for this sub-agenda that unexpected interference from other systems and/or radio access technology only sporadically happens in the WID. Based on this assumption, it is not necessary to increase the transmission opportunities and/or improve the performance caused by LBT failure. Besides, some features supported in Rel.16 NR-U assuming LBT failure happens at reasonable frequency like group-based HARQ codebook (enhanced Type 2 CB), one-shot HARQ codebook (Type 3 CB), multi-PUSCH scheduling is not necessary for Rel.17 NR-U support for URLLC/IIoT. From the above, we do not think multiple-HARQ CB configurations with different priorities should be extended to new HARQ CB introduced in NR-U. Simplification is beneficial to reduce the complexity

	Panasonic
	Yes
	

	Ericsson
	Yes
	In our view, the use case for developing a feature, e.g. operation on unlicensed, should not limit the usage of the feature for other use cases unless its corresponding functionality is affected by LBT, which is specific for unlicensed. This implies that the standards should not prohibit or limit the use case of these CBs for URLLC applications whether operated in licensed or unlicensed channels.
Note that the discussion in Rel-16 for applicability of enhanced Type 2 CB and Type 3 CB, for licensed operation is not concluded yet. Depending on the outcome of Rel-16 UE features, the shortcomings can be addressed in Rel-17.
Although, we support full functionality of Type 3 HARQ CB as well as Type 2 enhanced CB together with applicability of NNK1 for URLLC applications in both licensed/unlicensed, we would like to highlight the following.
· CB construction in Rel-16 URLLC is per priority. Priority based CB is already supported for Type 1 and Type 2 CBs. The support in general can be extended for enhanced Type 2 CB which require minimum specification effort. 
· The combination of priority indication and enhanced Type 2 CB with both DCI 1_1 and 1_2 should be supported.
· It is not clear what is meant by extending priority-based CB to Type 3 since Type 3 HARQ CB is based on requesting feedback for all HARQ processes and different HARQ processes are used for different priority. Our understanding is that the intention is to enable one-shot trigger (Type 3 CB) by DCI 1_2.
· Type 3 CB should be supported by DCI 1_2 similarly to DCI 1_1.

	Deutsche Telekom
	No
	Similar to DoCoMo, we do not see a need to extend any of the IIoT/URLLC features to NR-U. Even in controlled environment there is no guarantee for reliability and low latency data transmission on any unlicensed band. 
In case of IIoT/URLLC requirements the licensed assisted mode of NR-U with PCell on licensed spectrum can fulfill such requirements in the best possible way.

	InterDigital
	Yes
	HARQ CB introduce in NR-U has benefits beyond its original intention to mitigate LBT failures. For example, both enhanced Type 2 CB and Type 3 CB provide more flexibility to dynamically adapt scheduling (e.g. by not having to drop data transmissions due to fixed feedback resources) as higher priority data is received from higher layers. Therefore extending HARQ CB configurations with different priorities is beneficial.

	CMCC
	No
	It looks that most of the proponent companies support it just from feasibility and potential benefit point of view, but it is not justified what kind of reliability and latency can be achieved on the unlicensed band, or not to say these features are far away from verifying in licensed band.

	LG
	No
	HARQ CB enhancements for Rel-16 NR-U was to handle the unfavorable channel access condition in a shared spectrum. As the objective of the WI clearly describes, Rel-17 URLLC/IIoT operation targets to unlicensed band operation “in controlled environment”. Therefore, extension of URLLC/IIOT features to enhanced HARQ CB features for Rel-16 NR-U is not necessary while such an enhancement would introduce complex specification works.

	OPPO
	Yes
	

	vivo
	Yes
	Support enhanced type 2 codebook with different (High and low) priorities.
Support type 3 HARQ-ACK codebook containing high and/or low priority HARQ-ACK feedback for PDSCHs

	Motorola Mobility, Lenovo
	Seems not essential
	Seems new HARQ CB features introduced in NR-U are not essential for URLLC operation, especially if only semi-static channel access mode with larger FFP values (e.g., 10ms) is applicable for URLLC operation.
Enhanced Type 2 CB and Type 3 CB are intended to support retransmission of HARQ-ACK codebook in case of severe interference on unlicensed spectrum. Considering URLLC over unlicensed spectrum is applicable for controlled environment, it is not needed to support enhanced Type 2 CB and Type 3 CB.

	Vodafone
	No
	Similar view to others in that if there is a need to overcome LBT issues then this suggests that the medium is not URLLC friendly in general in the first place. 

	ORANGE
	No
	Same view as DT, CMCC and Vodafone. Unlicensed bands are not suited to high reliability and low latency requirements. 

	Verizon
	No
	Similar to the view of e.g., DT, CMCC, etc.  We are not sure it is a good match for unlicensed spectrum and URLLC. With unlicensed spectrum we can not guarantee a very high reliability (required for URLLC)

	Charter Communications
	Yes
	Standalone unlicensed deployments can benefit from enhanced Type 2 and Type 3 CBs. An isolated deployment can always choose to operate without configuration of these codebooks, so we don’t see why a priori limitations need to be imposed.

	MediaTek
	Yes
	Extending HARQ CB with different priorities to Type 3 CB and enhanced Type 2 CB is beneficial for URLLC operation on unlicensed bands. Although the LBT failure will be limited in controlled environment, allowing the network to recover information in case of LBT failure is essential to support URLLC services.

However, this enhancement should be considered as part of the possible enhancements listed in the responses to Question 2.2 (i.e. we don’t see a reason to treat this issue differently compared to the issues listed in the responses to Question 2.2).

	Sharp
	Yes
	Latency/reliability performance might degrade due to LBT failure caused by even though less frequent interference in the assumed scenarios. Thus, it is still beneficial to inherit related NR-U enhancements in Rel-16, e.g., Type 3 CB and enhanced Type 2 CB, with necessary modifications.

	Apple
	Yes
	

	Huawei, HiSilicon
	Yes
	This is already partially supported by Rel-16, as identified in Rel-16 maintenance. RAN1#101-e discussed the compatibility of configurations of HARQ design for eURLCC and NR-U, and agreed on these observations:
Observations:
Examples of joint configurations/signaling for eURLLC and NR-U that can work in Rel-16:
· Example 1: Handling of NNK1 value (dl-DataToUL-ACK-r1 with value -1) with Type-2 HARQ-ACK codebook and two HARQ-ACK codebook priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16), using DCI format 1_1 and/or DCI format 1_2, when the NNK1 value is signaled in DCI format 1_1.

Examples of joint configurations/signaling for eURLLC and NR-U that cannot work in Rel-16:
· Example 2: Joint configuration of Enhanced Type-2 HARQ-ACK codebook and two HARQ-ACK codebook priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16)
· RAN1’s understanding is that the RRC parameter PDSCH-HARQ-ACK-CodebookList-r16 cannot configure the UE with Enhanced Type-2 HARQ-ACK codebook, although RAN1 specifications can support reporting with Enhanced Type-2 HARQ-ACK codebook when two HARQ-ACK codebook priorities can be indicated using DCI format 1_1/1_0, and can also support handling of NNK1 value in this case
· Example 3: Reporting Type-3 HARQ-ACK codebook when different HARQ processes have been scheduled with different PUCCH priorities (when UE is provided with PDSCH-HARQ-ACK-CodebookList-r16)
Some simple fixes for examples 2 and 3 above could be considered in Rel-17. For example 2, just adding the possibility to configure the HARQ-ACK codebook as enhancedDynamic-r16 in PDSCH-HARQ-ACK-CodebookList-r17 would likely work even without further enhancements (although of course this can be further investigated). For example 3, an exception could be defined to allow reporting all HARQ processes in a Type-3 HARQ-ACK codebook even when HARQ processes are assigned with different priorities.
On the other hand, we do not see the need to introduce the DCI fields used for enhanced Type-2 codebook in DCI format 1_2, since it would defeat the purpose of using DCI format 1_2 as a compact format.
At most, one could consider allowing the configuration of 1 bit for One-shot HARQ-ACK request field in DCI format 1_2, and clarify that the UE reports HARQ-ACK feedback for all HARQ processes in Type-3 HARQ-ACK codebook regardless of priority indication.

	FUTUREWEI
	Maybe
	As discussed during the WID setup, URLLC is best served on a licensed carrier. The objective in the WID was to identify any essential enhancements needed for URLLC/NRU. All of the questions in this survey should be read as whether a certain enhancement is essential.
OK to discuss further at RAN whether this one is essential and the simplest way to enhance.

	Qualcomm
	Yes
	For type 3 CB or enhanced Type 2 CB, though the original use case to introduce them is to compensate for the  missing transmission opportunities due to LBT failure, the design can also address the problem of transmission cancellation due to interaction of different priority UL transmission considered in the URLLC use case.

	Samsung
	Yes
	In Rel-16, NR-U had some discussion on the support of different priorities extended to Type 3 CB and enhanced Type 2 CB, and RAN 1 agreed to postpone to Rel-17. We can support to specify these in Rel-17. 

	Intel
	See comments
	Multiple-HARQ CB configurations could be one aspect of enabling support of different priorities within a UE. 
We suggest RAN identifies all features of URLLC/IIoT which are incompatible with R16 NR-U design and decide case-by-case considering TU allocation.

	Telecom Italia
	No
	Similar to the view of e.g., DT, CMCC, etc.  In unlicensed spectrum the interference cannot be controlled by default. For example enabling WiFi on workers’ smartphones may disrupt operation.


Rapporteur summary of answers to question 2.1:
15 companies think that the support of multiple-HARQ CB configurations with different priorities should be extended to new HARQ CB introduced in NR-U. One argument raised is that standard should not limit the use case of the new CBs for licensed or unlicensed only. It is also mentioned by 2 companies that the specification effort should be rather low at least for some of the enhancements like for eType2-CB. Further, at least 4 companies think that the benefit of new HARQ CB introduced in NR-U goes beyond the initial purpose of LBT failure mitigation, being beneficial for URLLC even in controlled environment. Extending the support of the new CBs to the new DCI_1_2, as well as the applicability of NN-K1 for URLLC is also suggested by at least 3 companies.
9 companies are not in favour of extending the support for the new CBs. At least 5 of them mention that the enhancements for overcoming LBT failure are not essential for URLLC under the assumed controlled environment. 4 companies think that URLLC requirements cannot be guaranteed in unlicensed band anyway.
Question 2.2: Are there other Rel-16 URLLC/IIOT features whose support for NR-U requires enhancements that should be included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID? If yes, please provide details about the required enhancements.
	Company
	Yes/No
	Comments

	Sony
	Yes.

	All Rel-16 eURLLC features can be studied for NR-U in an initial study phase.

	ZTE
	Yes
	· PDCCH enhancement:
· The new bit fields introduced in Rel-16 NR-U should be extended to DCI format 0_2/1_2.
· PUSCH enhancements
· A new combined TDRA table for PUSCH is needed to enable both dynamic PUSCH repetition and multi-TTI scheduling.  
· Enhancement to PUSCH repetition type B can be considered for NR-U with extending to configure additional transmission occasions across a number of slots. This is to ensure K repetitions due to possible failure of LBT in some of the transmission occasions.
· Inter-UE multiplexing/prioritization.
· If low priority resources have been canceled by UL CI, transmission of high-priority PUSCH without LBT can be considered.
Currently, UL power control mechanism for UL inter-UE multiplexing cannot work in unlicensed band. Because, high priority transmission may not be able to access the channel due to collision with an ongoing low priority transmission. In such case, transmission of high-priority PUSCH without LBT can be considered.

	DOCOMO
	No
	Generally, we do not think it is necessary to enhance other Rel-16 URLLC/IIoT features for support of unlicensed band URLLC/IIoT operation. There are mainly two reasons:
1. In our understanding, Rel-16 NR can support URLLC/IIoT in unlicensed band by selecting proper combinations of NR-U and URLLC/IIoT features in Rel-16. For example, it would be possible to use Rel-16 PDCCH monitoring capability of URLLC feature for URLLC UE and search space set switching of NR-U feature for eMBB UE. More precisely, URLLC UE always monitors PDCCH with the Rel-16 PDCCH monitoring capability to meet the latency requirement, while eMBB UE monitors PDCCH with mini-slot based monitoring outside of COT and with slot based monitoring inside of COT to reduce power consumption; 
Some features of NR-U are similar to those of URLLC/IIoT. For example, PUSCH repetition Type B of URLLC can be used to acquire COT with high probability, while similar can be done by multi-PUSCH scheduling of NR-U.

	Nokia
	Yes 
	PDCCH enhancements: 
· introduce support of “compact DCI” including NR-U functions (e.g., new HARQ CB; channel access parameter indication, etc.)
DL SPS enhancements: 
· support of HARQ-ACK for SPS when HARQ-ACK occasion falls out of COT
· Type-3 CB support for HARQ-ACK for SPS release indication
· enhance support for NN-K1 prior to DL SPS without causing out-of-order HARQ-ACK

	Ericsson
	Yes
	· Applicability of Rel-15/Rel-16 UL configured grant to unlicensed band
· Rel-16 specifications have restricted the CG for unlicensed to only CG based CG-UCI and CG-DFI (a.k.a. NR-U CG). That means the usage of Rel-15 configured grant with corresponding enhancement in Rel-16 URLLC, is not possible.
· This is an artificial restriction and should be removed, considering the URLLC applications in controlled environment.
· The restriction can be easily fixed by conditioning the CG-DFI on the corresponding RRC parameter (i.e. cgRetransmissionTimer) than operation on shared spectrum.

· Applicability of DCI formats 0_2/1_2 for unlicensed by including e.g. channel access parameters, as well as priority indication for operation in unlicensed.

· Association of high priority transmission to at least highest CAPC for dynamic channel access

· Configuration enhancements:
· Combining TDRA table for PUSCH repetition and multi-PUSCH scheduling
· Configurations enhancement. for inter-UE pre-emption related enhancements regarding IDLE period in semi-static channel access


	Deutsche Telekom
	No
	Given the current time constrained situation for Rel-17 we suggested that only the IIoT/URLLC enhancements for the none NR-U scheme are performed. Especially the fact of uncontrollable interference/ uncoordinated transmissions in NR-U environment might not result in good URLLC support on any of the unlicensed bands. 

	InterDigital
	Yes
	At least the following should be studied:
· PDCCH enhancements to enable DCI formats 0_2/1_2 for unlicensed
· Applying R15/R16 UL configured grant to unlicensed
· Mapping priority (URLLC) to CAPC
· Combining PUSCH repetition with multi-PUSCH scheduling
· Ensuring sufficient number of repetitions with UL configured grants


	CMCC
	No
	Share the same view as DT, we should suspend such kind of attempt in R17. 

	LG
	Generally, No
	No critical enhancements are necessary to support Rel-16 URLLC/IIoT features in unlicensed spectrum.
However, nominal/minimal works in Rel-17 can be considered for removing discrepancies between Rel-16 IIOT/URLLC and NR-U, e.g.,
· Introducing bit fields required for unlicensed spectrum operation in DCI format 0_2/1_2.
· CG autonomous (re)transmission schemes are different between two items (i.e. autonomous (re)transmission on different CGs are allowed in NR-U, but not allowed in IIOT/URLLC)

	OPPO
	Yes
	Considering NRU characteristic, the following feature in IIoT may need to be enhanced:
· PUSCH enhancement: PUSCH repetition and multiple PUSCH transmission combination design
· Inter-UE prioritization: Grant based cancellation instead of repetition based cancellation
· EHC: EHC status transfer when LBT is detected for feedback link.
· Duplication: UE based duplication would be helpful to adapt with the time-varying interference environment in NRU.

	vivo
	Yes
	· Enhanced functionalities of DCI format 0_2/1_2
· For DCI format 0_2
· Support of DCI format 0_2 based CG-DFI indication for configured grant 
· Support of interlaced UL resource allocation
· Support of multi-PUSCH scheduling
· Enhanced DAI for enhanced type 2 HARQ-ACK codebook
· ChannelAccess-CPext-CAPC
· Support of Scell dormancy indication (case 1)
· For DCI format 1_2 
· One-shot HARQ-ACK request for type 3 codebook
· For enhanced type 2 codebook, support the following indication
· PDSCH group index  
· New feedback indicator  
· Number of requested PDSCH group(s)  
· ChannelAccess-Cpext
· Support of Scell dormancy indication (case 1 and case 2)
· Enhanced PUSCH for unlicensed operation
· Support of multi-PUSCH transmisison (DG and CG) with type A or type B repetition for each PUSCH transmisison
· Enhanced DL SPS for unlicensed operation
· Skip of the HARQ-ACK feedback for DL SPS if the SPS is not transmitted by the gNB due to LBT failure 
· For enhanced type 2 CB, retransmission of HARQ-ACK for DL SPS due to LBT failure 
· Enhanced Intra-UE UCI multiplexing behaviors considering the LBT in unlicensed operation
· Parallel PUCCH and PUSCH transmissions at least on different CCs, including the case with PUCCH on licensed CC and PUSCH on unlicensed CC. 
· UCI piggyback behavior on PUSCH depends on the LBT category and/or LBT outcome of the PUSCH.
· Enable multiple frequency transmission opportunities for a PUSCH or PUCCH, to improve URLLC reliability 

	Motorola Mobility, Lenovo
	Yes
	It would be good to see if support of UL CI and/or intra UE prioritization when used along with NR-U features need any enhancement

	ORANGE
	No
	Unlicensed bands are not suited to high reliability and low latency requirements. URLLC enhancements should only target licensed bands.

	Verizon
	No
	Similar view as DT, CMCC, etc.

	Charter Communications
	Yes
	UL resource allocation has been re-designed in NR-U. At least inter-UE prioritization and impacts to DCI Format 2_4 needs further enhancement.

	MediaTek
	Yes
	· DCI format 1_2/0_2:	new unlicensed specific DCI fields to be included in the compact DCI, e.g. PDSCH group index, new feedback indicator and number of requested PDSCH groups. 
· The configured grant operation in NR-U and URLLC needs to be harmonized to ensure that multiple CGs introduced in R-16 for IIoT can also work in unlicensed spectrum

	Apple
	Yes
	With the dynamic signaling based transmission, a successful transmission from the UE requires 1) successful reception of scheduling PDCCH 2) successful transmission of PUSCH, note 1) and 2) are both subject to channel access outcome. A similar case can be made for the DL (even with K0=0, the maximum COT rule may kick in). From that, CG/SPS enjoy benefits over dynamic scheduling-based schemes. Therefore, we need to ensure the introduced CG/SPS features work well in unlicensed spectrum.

CG enhancements were introduced under both Rel-16 URLLC/IIoT and NR-U, and SPS enhancements were introduced under URLLC/IIoT. We need to ensure the introduced CG/SPS features work well together in unlicensed spectrum to support URLLC/IIoT.

	Huawei, HiSilicon
	Yes
	Even though RAN2 will ensure that TDRA configurations of URLLC PUSCH repetitions and NR-U multi-PUSCH scheduling are compatible and forward-compatible, both features cannot be configured simultaneously in Rel-16. PUSCH repetitions may be useful in unlicensed operation irrespective of the service type.

A possible enhancement in Rel-17 is to allow one DCI to signal either type of scheduling. If a mixed type of scheduling is allowed (multiple TBs including some repetitions), enhancements may be needed to ensure no time gaps in the allocation.

	FUTUREWEI
	Maybe
	See 2.1 for general comment. While a new compact DCI format seems not essential, optionally adding some fields to the existing DCI could be discussed. The amount of work need be low considering the limited practical value of URLLC in NR-U.

	Qualcomm
	Yes
	Some specific areas worth enhancements are as follows:
Introduce NR-U related fields from DCI 0_1/1_1 to DCI 0_2/1_2.
Positioning enhancements consider positioning is an important feature for IIoT. Add LBT for PRS/SRS transmission may not have spec impact, but how to handle failed transmission of PRS/SRS should be considered
Rel-16 mTRP design should be supported in NR-U, with possible enhancements on:
· Clarification of behavior when enhanced type 2-CB, type3-CB, and/or non-numerical K1 is configured for mTRP
· For UL to DL COT sharing when the UE is in mTRP mode, may need to further consider how the channel access at TRP works. 
· Also need to define the CW adjustment rules for mTRP operation
Inter UE prioritization under LBT
· Need to clarify the UE behavior on resuming transmission after some transmissions are cancelled in the middle

	Samsung

	Yes
	NR-U may support some URLLC/IIoT functions. For example, 
· PUSCH repetition: e.g., PUSCH Type B repetition, repetition in multiple PUSCHs
· Compact DCI: support of DCI format 0_2 and 1_2
· Multiple DL SPS configurations

	Intel
	Yes
	Considering the need to have a clear normative work scope, and considering limited TU, the following list for down-selection of a few (1-2) components is suggested:
· Enable NR-U functionality by DCI formats 0_2 and 1_2
· Identify and specify features to support same level of intra-UE prioritization of channels and signals as in Rel.16-Rel.17 licensed operation
· PUSCH repetition type B -like operation for NR-U (could be classified as an enhancement to NR-U)

	Telecom Italia
	No
	Same as stated by other operators. In particular: Given the current time constrained situation for Rel-17 we believe that operation in unlicensed bands should be excluded from the IIoT/URLLC enhancements.


Rapporteur summary of answers to question 2.2:
15 companies are in favor of enhancing other Rel-16 URLLC/IIoT features for supporting in unlicensed spectrum. Various enhancements were listed by the companies, but some topics had common interest from multiple companies as listed below:
· DCI format x_2 supporting NR-U functions (10 companies)
· Combined design for PUSCH repetition and multi-PUSCH (7 companies)
· DL SPS enhancements including compatibility to new HARQ-ACK CBs and NN-K1 (3 companies)
· Remove restrictions of R15/R16 UL CG to unlicensed (3 companies)
6 companies think that no enhancement should be treated with argument that URLLC is not feasible in unlicensed band due to uncontrolled interference. At least 2 companies think that the available features are already sufficient for supporting URLLC in the assumed environment.
3	NR-U specific enhancements for URLLC/IIOT support in unlicensed spectrum
Enhancements for URLLC/IIOT unlicensed band operation using semi-static channel access mode (a.k.a. FBE) in controlled environments were already discussed during RAN#86.  
Question 3.1: Do you think enhancements for URLLC/IIOT unlicensed band operation using semi-static channel access mode should be included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID? If yes, please provide more details about the required enhancements. 
	Company
	Yes/No
	Comments

	Nokia
	Yes 
	At least support for UL transmissions outside of gNB acquired COT – i.e. by introduction of UE-initiated FFP

	Sony
	Yes
	We have a similar view to Nokia’s.

	ZTE
	Yes
	The following can be considered for URLLC unlicensed band operation using FBE
· Support of UL to DL COT sharing
· Multiple LBT opportunities

	DOCOMO
	No
	We haven’t found any critical issues due to current FBE operation for URLLC/IioT use.

	Ericsson
	Yes
	UE initiated COT  for semi-static Channel occupancy should be supported to improve latency gains for URLLC/IioT applications. 
Scheduling/configuration restrictions should be removed by allowing UL at the beginning of an FFP by allowing UE initiated COT in semi-static channel access protocol. 
· The management of gNB initiated COT and UE initiated COT is up to gNB since all UL transmissions are configured or scheduled by gNB. 
· Different FFP can be configured for gNB/UE initiated COT. 
· UE initiated COT is not restricted to outside gNB COT.


	Deutsche Telekom
	No
	

	InterDigital
	Yes
	We agree with Nokia

	CMCC 
	No
	We don’t understand the logic, generally, we assume that FBE applicable environment can be LBT free, however, based on the proponents’ feedback, it seems LBT still necessary, that is the interference is not controllable, then how can we guarantee the URLLC requirements?

	LG
	No
	No critical enhancements are necessary to support Rel-16 URLLC/IIoT features in unlicensed spectrum with semi-static channel access mode.
Network can exploit Rel-16 NR-U framework with semi-static channel access mode for appropriate URLLC/IIOT operation in unlicensed spectrum.

	OPPO
	No
	We share the similar view as DOCOMO

	vivo
	Yes
	· Support of UE initiated COT for UL transmission (DG and CG) in FBE mode, including the ED threshold determination
· Consider different FFPs for gNB and UE, and different FFPs for different services.  
· Consider service dependent ED threshold

	Motorola Mobility, Lenovo
	Seems no
	For  Rel-17, it would be good to focus on gNB acquired COT only.

	Vodafone
	No
	Tend to agree with CMCC

	ORANGE
	No
	Similar question as CMCC

	Verizon
	No
	Agree with CMCC

	Charter Communications
	No
	The specific case of semi-static channel access does not appear to require any major enhancements. If gNB-acquired COT is unreliable then URLLC operation would be volatile.

	MediaTek
	No
	We acknowledge that UE initiated COT for FBE can have some benefits, but we think operation based on gNB initiated COT is sufficient for URLLC in FBE mode.

	Sharp
	Yes
	We share a similar view with Nokia.

	Huawei, HiSilicon
	No
	If optimizations for IIoT scenarios in unlicensed operation are considered in Rel-17, we would prefer to focus on LBE as this is the default more of operation for NR-U and it is more robust in coexistence with WiFi.

	FUTUREWEI
	Maybe
	See 2.1 for general comment. Good if in tdocs for RAN proponents can explain the spec impacts for the work as well as the impact if not supported so we can determine if essential. Some proposals above seem both not essential and a lot of work.

	Qualcomm
	Yes
	We believe at least the following optimizations can be further considered: 
· UE initiated COT, at least for PRACH and CG-UL transmission, and also to support UE transmitting UL close to the beginning of a gNB FFP, given without UE initiated COT, it is impossible for UE to transmit within N2 from the beginning of the gNB FFP
· More flexible way for gNB to provide initial access UE with the gNB COT information for PRACH transmission, in addition to the current approach with DCI with SI-RNTI
· Staggered fixed frame period across different LBT bandwidths within a CC or across CCs to avoid leaving an idle period that is not usable

	Samsung
	Yes
	We’d like to clarify the applicable channel access mode for controlled environment, i.e. only FBE or FBE+LBE mode. 
Moreover, it is not clear whether conditions for use of FBE-mode operation (specified in TS37.213 as below) hold for Rel-17 URLLC.
-          If the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by level of regulation) and if a gNB provides UE(s) with higher layer parameters ChannelAccessMode-r16 ='semistatic'…

With the assumption that it is limited to FBE-mode without change of the above condition, we can see a motivation of introducing “UE initiated COT” as it can be beneficial for URLLC to reduce latency of UL transmission. 

	Intel
	See comments
	Limiting discussions and enhancements to FBE-only mode may be premature, and we expect LBE is discussed on equal footing.
Nevertheless, assuming the enhancements are not limited to only semi-static channel access mode, we suggest the following enhancements specific to FBE case:
· enabling the UE as initiating device with emphasis on reducing latency due to any LBT failures
· procedures to enable efficient multiple cells operation, e.g. avoiding negative effects of LBT failures due to mutual blocking;

	Telecom Italia
	No
	Agree with CMCC


Rapporteur summary of answers to question 3.1:
10 companies think enhancements for URLLC/IIOT unlicensed band operation using semi-static channel access mode should be included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID. All of these 10 companies identified support for UE-initiated COT in semi-static channel access mode as a candidate IIOT/URRLC enhancement for Re-17. 3 of these companies also mention other enhancements (multiple PUSCH occasions, service dependent ED threshold, more flexible way for gNB to provide gNB for initial access, staggered FFP across different LBT bandwidths), though none of these enhancements is supported by more than 1 company. 
13 companies did not identify any need for enhancing unlicensed band operation using semi-static channel access mode for IIOT/URLLC purpose. 5 of these companies assume that, in environments where FBE is applicable, LBT is not required. 1 company would prefer to focus on LBE, should optimizations for IIoT scenarios in unlicensed operation be considered in Rel-17. 
1 company thinks RAN should further discuss trade-off between essentiality of the proposed enhancements and standardization effort. 
Question 3.2: Are there other NR-U specific URLLC/IIOT enhancements that should be included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID? If yes, please provide more details about the needed enhancements.
	Company
	Yes/No
	Comments

	Sony
	Yes
	Introduce wideband enhancement for URLLC.

	ZTE
	Yes
	· Compatibility of PUSCH enhancements
· A new combined TDRA table for PUSCH is needed to enable both dynamic PUSCH repetition and multi-TTI scheduling.  
· Enhancement to PUSCH repetition type B can be considered for NR-U with extending to configure additional transmission occasions across a number of slots. This is to ensure K repetitions due to possible failure of LBT in some of the transmission occasions.
· Compatibility of NR-U configured grant design and Rel-16 URLLC configured grant, e.g. HPN/RV determination, retransmission on CG resources
· PUCCH enhancements
· There is no difference between eMBB and URLLC on Type 1 channel access procedures for PUCCH because CAPC p =1 is always used for PUCCH. How to improve channel access procedure for URLLC PUCCH should be studied. 
· Dropping the outdated URLLC HARQ-ACK should be considered. For instance, if the timing between a first PDSCH scheduled with a non-numerical value of K1 and the PUCCH indicated by a DCI with a numerical K1 triggering the feedback of PDSCH group(s) is too long and beyond the latency requirement of URLLC traffic, the HARQ-ACK feedback for the first PDSCH is useless. 
· Enhancement of PUSCH/PUCCH
· Multiple frequency domain opportunities for HARQ-ACK in UL CA case and/or wideband CC case
· Multiple starting point for PUSCH transmission. 
· 2-step RACH: 
· MsgA PRACH and PUSCH transmitted in the same slot. 
· Wideband operation: 
· If only Alt.1 is supported, a UE cannot transmit PUSCH until CCA is successful in all LBT bandwidths. The consequence is that URLLC traffic cannot be transmitted timely even though there are still a subset of LBT bandwidths for which CCA is successful. Alt.2 should be supported for URLLC on licensed band.

	DOCOMO
	No
	Same comment as Question 2.2 above.

	Panasonic
	Yes
	· Increase of transmission opportunities to compensate LBT failure
· If the probability of unexpected interference is the level to influence URLLC reliability, one straightforward solution would be to increase transmission opportunities.
· One potential enhancement would be dynamic PUCCH/PRACH resource activation in order to increase transmission opportunities and utilize resources efficiently.
· Another potential enhancement would be on multiple active configured grant. We propose to reduce the required UE complexity of CG-PUSCHs when multiple CG resources in multiple RB sets are configured/activated at the same time.

	Nokia
	Yes 
	UL WB enhancements: Support of PUSCH Alt2 (RAN1) / Mode2 Alt 2 (RAN4): UE transmits PUSCH on all sub-bands within the sub-block of scheduled/configured PUSCH which passes CCA. May be limited to case in which the sub-bands are contiguous and symmetrical around the carrier frequency (Mode2 Alt 2a in RAN4) 

	Ericsson
	No
	From our perspective, URLLC operation on unlicensed should be similar to URLLC operation on licensed with addition of channel access related functionalities. It is important not to create unnecessary fragmentations. In above questionnaire, we have identified the features that are unnecessarily restricted in Rel-16 to licensed or unlicensed operations, and where we promote removing the corresponding restrictions.
Based on the same approach, we emphasize that any feature developed in Rel-17 URLLC should also be applicable for URLLC applications in unlicensed. In other words, we don’t see the second objective in the WID, as a separate track from the main-stream URLLC.

	Deutsche Telekom
	No
	The should not be any extension / scope widening for the URLLC operation in NR-U due to the time constrains we have already for Rel-17 due to the current global situation. 

	InterDigital
	Yes
	WB enhancements for URLLC. If the UE can only transmit when all LBT subbands are acquired, access latency will impact URLLC transmissions. We should also consider the use of in-carrier guard bands.
Additional UL transmission opportunities. This includes triggered UL transmissions (e.g. PRACH, PUSCH, PUCCH, SRS), and multiple transmission opportunities in time and frequency.
Enhanced DRX. If DRX is not enhanced, latency may be increased due to a gNB not acquiring the channel during the UE’s onDuration.
Enhanced CSI-RS. It is already agreed in the URLLC WID that improved CSI feedback is required for URLLC. Therefore, it makes sense to provide means to mitigate the effect of missing CSI-RS due to failed LBT.

	CMCC
	No
	

	LG
	Generally, No
	No critical enhancements are necessary for Rel-17 URLLC/IIOT operation in unlicensed spectrum.
However, nominal/minimal works in Rel-17 can be considered for removing discrepancies between IIOT/URLLC and NR-U, e.g.,
· Introducing bit fields required for unlicensed spectrum operation in DCI format 0_2/1_2.
· CG autonomous (re)transmission schemes are different between two items (i.e. autonomous (re)transmission on different CGs are allowed in NR-U, but not allowed in IIOT/URLLC)

	OPPO
	Yes
	Compatibility of NR-U configured grant design and Rel-16 IIoT/URLLC configured grant design: HARQ process selection enhancement for one CG occasion besides existing rule for new/re-transmission differentiation.

	vivo

	Yes
	
· Support of UL wideband transmission alt 2, i.e. UE transmits PUSCH (DG and CG) on all sub-bands within the sub-block of scheduled/configured PUSCH which passes CCA
· For LBE, enhanced ED threshold determination for UE-initiated COT sharing by dynamic indication
· Support 2-step RACH with no gap between MsgA PRACH and MsgA PUSCH, MsgA PRACH and MsgA PUSCH transmission in the same slot

	Motorola Mobility, Lenovo
	Yes
	PUSCH enhancements related to multi-PUSCH scheduling & repetitions can be considered for URLLC/IIOT unlicensed band operation

	ORANGE
	No
	

	Verizon
	No
	

	Charter Communications
	No
	The scope should be kept manageable, agree with Ericsson and DT.

	MediaTek
	Yes
	· PDCCH monitoring Enhancement: Splitting the CCEs/BDs budget across LBT BWs including the unsuccessful LBTs compromises the reliability of control channel. Possible enhancement to PDCCH monitoring on unlicensed could include: reduced DCI format 2_0 payload, two stages DCI format 2_0.
· Increase of UL transmission opportunities (PUSCH, PUCCH, SR) to compensate for possible LBT failure on some of the bands
· CSI enhancement: dropping the CSI when one or multiple LBT bandwidths fail impact the URLLC traffic reliability. One possible solution is measuring and reporting the wideband CSI-RS based on the successful LBT bands.

	Sharp
	Yes
	Improve UL reliability/latency by creating multiple PUSCH transmission opportunities on multiple RB sets.

	Apple
	Yes
	As explained in our response to Q2.2, it is important to make sure CG/SPS works well. Further enhancements to CG/SPS can be considered if the existing mechanisms can be enhanced to provide better support for URLLC/IIoT in unlicensed spectrum.


	Huawei, HiSilicon
	Yes, if time permits
	We would prefer to prioritize the objective for fixing incompatibilities of configurations of Rel-16 features for NR-U and eURLLC, as discussed at RAN#86. But if time allows, enhancements for LBE could be considered, in particular to address higher demand for uplink capacity and reliability in IIoT scenarios, such as allowing PUSCH transmission in wideband carrier where UE adjusts Tx BW according to LBT outcome, and introducing multiple uplink opportunities for PUCCH in frequency domain, e.g. for HARQ feedback.

	FUTUREWEI
	No
	

	Qualcomm
	No (Conditional)
	Share the same view as Ericsson that the Rel.17 URLLC feature should apply to unlicensed band as well, and when developing those features, unlicensed band operation should be considered together with licensed band operation.

	Intel
	Yes
	Considering the need to have a clear normative work scope, and considering limited TU, the following list for down-selection of a few components (1-2) is suggested, applicable to both LBE and FBE:
· Optimize the COT sharing procedure (both UL-DL and DL-UL) to minimize gaps, align with the capability 2 processing time, enhance the multiple switching point scenarios;
· Enhance time/frequency domain occasions for LBT to reduce latency, including wideband operation enhancement to transmit after CCA success on a sub-set of channels
· Enhance further time domain resource allocation for contiguous UL transmissions to eliminate any gaps within a burst and reduce the overhead resulting from the LBT operation to the minimum. This interacts with PUSCH repetition type B incorporation for NR-U, if any

	Telecom Italia
	No
	Agree with DT



Rapporteur summary of answers to question 3.2:
13 companies propose other NR-U specific URLLC/IIOT enhancements (other than FBE enhancement) being included among the objectives of the Rel-17 Enhanced IIoT and URLLC support WID.
Topics with a common interest from multiple companies (proposed/supported by at least 5 companies) are:
· Wideband operation enhancement for URLLC, i.e., support of UL wideband Alt.2
· Increasing UL transmission opportunities, including enhancement to PUSCH repetition, multiple frequency domain opportunities for PUCCH/PRACH/SRS 
11 companies do not want to include additional NR-U specific URLLC/IIoT enhancements into the objectives of the Rel-17 Enhanced IIoT and URLLC support WID. However, 2 companies emphasize that any feature developed in Rel-17 URLLC should also be applicable for URLLC applications in unlicensed.

4	Conclusions
Based on the companies’ views and summaries provided in sections 2 and 3 of this document, the rapporteur proposes a way forward for support of URLLC/IIOT operation in unlicensed bands in [1]. The revised WID for Enhanced IIoT and URLLC support considering this proposal can be found in [2].
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