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Objectives for NR Release-16 URLLC

[bookmark: _Ref178064866]Introduction
In this document objectives proposed by different companies are listed and companies were encouraged to give their view on whether an objective should be prioritized. 
This document captures now the feedback provided on the email discussion until June 1st (and one feedback that came later as also included). This feedback obtained was used as the basis for drafting the NR URLLC enhancements study item (deciding which objectives are to be included based on the level of support obtained).

URLLC L1 improvements (RAN1) feedback obtained
Further improved reliability/latency for L1 channels
The following options have been proposed:
1. PDCCH enhancements
(example solutions such as Compact DCI, PDCCH repetition, increased PDCCH monitoring capability, UE recommendation about repetition factor…)
2. PUCCH enhancements
(example solutions such as Enhanced HARQ methods, CSI enhancements, new MCS/CQI design, Tx diversity)
3. PDSCH Enhancements
(example solutions like increased PDCCH monitoring capability, reliable transmission/retransmission)
4. PUSCH Enhancements
(example solutions like increased PDCCH monitoring capability, mini-slot level hopping, retransmission enhancements)
5. Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB)



	Company
	Option(s) that should be included
	Comments

	Nokia
	1,2,4
	Control channel (e.g. PDCCH) enhancements for URLLC were not specified in Rel-15 due to limited time towards the end of Rel-15, so better to study further in Rel-16 especially for possible new use cases. High reliability of PDCCH with multiple monitoring occasions is not well supported due to e.g. limited number of supported CCEs and blind decodes.
PUSCH enhancement could include the flexible configuration of the same TB to use either grant-basedor grant-free transmission.

	NTT DOCOMO
	1, 2, 3, 4, 5
	For PDCCH, at least increased PDCCH monitoring capability is necessary. If the increase is highly complicated from UE implementation point of view, some remedies to reduce PDCCH monitoring complexity should be considered. In addition, optimal DCI format(s) should be defined for URLLC operation. PDCCH repetition including multi-TRP transmission should be considered. 
For PUCCH, Tx diversity should be considered. Unlike PDCCH/PDSCH/PUSCH, PUCCH cannot apply any TxD scheme such as precoder-cycling.
For PDSCH, flexible repetition factor can be considered.
For PUSCH, enhanced repetition operation including repetitions within a slot, flexible repetition factor, and mini-slot level FH should be considered.
In Rel.15, aggressive UE processing time capability (capability #2) is applied only for the limited cases. Rel.16 can increase the applicable cases.

	CATT
	1, 2, 4, 5
	1)  Increased PDCCH monitoring capability and compact DCI
2) Enhancements for UCI multiplexing on PUCCH/PUSCH
3) Reliable transmission/retransmission such as extending repetitions to mini-slot-based transmissions

	ZTE
	1,2,3,4,5
	1. The PDCCH/PUCCH/PDSCH/PUSCH should be enhanced. Scheduling/HARQ/CSI processing timeline should also be enhanced. That means the option 1,2,3,4,5 are all included generally. All the 5 aspects will be related to the new key requirements for Rel-16 URLLC.
PDCCH(Compact DCI, PDCCH repetition) 
PUCCH(Enhanced HARQ methods, Tx diversity)
PDSCH(Non-slot Repetition) 
PUSCH(Non-slot level Repetition/Hopping)
Scheduling/HARQ/CSI(Transmit periodicities, Feedback enhancement)
We basically are considering how to reduce the latency and improve the reliability in Grant Based and Grant Free case. Those schemes can be considered in 2.1 as this would give an overall solution.
2. The new MCS/CQI design may not be in the scope of PUCCH enhancements. The current MCS/CQI is already very close to the target of new reliability requirement. Plus, we can use repetition or HARQ to achieve that. We should not set new MCS/CQI explicitly as the scope.
3. Rel16 should focus on FR 1 supported in R15


	III
	1,3,4
	In Rel. 15, repetitive transmissions should be also supported in PDCCH as other 3 physical channels. To reduce blind detection overhead and to avoid additional latency aroused from time-domain repetition, frequency or spatial-domain repetition via multi-BWP or multi-TRP with identical search space setting on each entity should be considered in Rel.16. 
For PDSCH and PUSCH, flexible repetition number based on implicit/explicit HARQ feedback for early termination and mini-slot based repetition should be considered.


	Mitsubishi Electric
	2
	PUCCH enhancements is important for coverage (performance improvements for cell-edge UEs)

	Vivo
	1,2,3,4
	It is proposed to consider the following aspects
1. Reliability enhancements for PHY channels (PDCCH/PUCCH/PDSCH/PUSCH). Gap analysis is required to identify the necessity of reliability enhancements to meet the URLLC service requirements. Then enhancements may include but not limited to compact DCI, PDCCH/PUCCH/PDSCH/PUCCH repetition, PUCCH TxD, etc
2. Control/scheduling enhancements for URLLC
a) Support of PDSCH transmission durations other than 2/4/7 symbols for mapping type B(this is not supported in Rel-15 and we would like to include it as an option for mini-slot scheduling improvement in Rel-16)
b) Increased PDCCH monitoring capability (CCE/BD) for case-2 monitoring
c) Support of more than two PUCCH transmissions within a slot(this is not supported in Rel-15 and we would like to include it as an example for PUCCH improvements in Rel-16)

	MediaTek
	1, 2, 3, 4
	In order to meet the tighter requirements associated with some of the use cases targeted for URLLC in R16, techniques aimed at improving the reliability of the control and data channels should be studied.
Work performed in R15 showed that compact DCI could noticeably improve the PDCCH reliability and DCI format(s) tailored for URLLC should be considered in R16.
The work on PUCCH should focus on improving the reliability of the UCI and enabling latency reduction techniques for HARQ transmissions.
For PDSCH, improvements to HARQ-based transmission schemes and CSI enhancements should be considered.
PUSCH reliability aspects should cover UCI multiplexing (including both cases with only-URLLC UEs and URLLC + eMBB UEs) and power control enhancements for cell-edge.
Since Capability 2 of UE processing time (N1/N2) has been specified in the June drop of Rel-15 NR, we do not see the need to consider further enhancements to the UE processing time. However, improvements to the gNB processing time could be considered in Rel-16 NR to facilitate HARQ retransmissions and scheduling of grant-based PUSCH.

	Samsung
	1, 2, 3, 4
	See benefits on some techniques (compact DCI and HARQ procedure enhancement), not all techniques including UE recommendation about repetition factor. It should identify which methods are necessary for Rel-16 URLLC requirement before detailsare considered.

	CMCC
	1,2,3,4,5
	Considering different requirements by different service on latency, URLLC design can not depend on capability of single feature.

	QC
	Support: 5
No need: 3, 4
	Tightening HARQ/CSI timeline is critical to URLLC system level performance. It is useful to further optimize processing timeline from both UE and gNB perspective. CSI enhancements could also improve URLLC performance beyond R15.

	MTI
	1,2
	We think control channel reliability shall be enhanced to aim severe URLLC requirement. However, due to limited time, the feature don’t be studied/addressed well in Rel-15, so we think 1,2 will be the highest priority for this aspect.

	InterDigital
	1, 2, 3, 4, 5
	The benefits of PDCCH repetition and DCI compact for URLLC at the link-level were extensively studied in Rel-15, but not specified due to the limited time. 
The issue of blocking probability for PDCCH should be considered for high reliability through system level evaluations.
PDCCH repetition study could be extended to multi-TRP and multiple active BWPs (if specified).
For both UL and DL transmissions Tx diversity techniques should be considered for reliable transmission. Furthermore, we should also consider studying use of network coding at the PHY level, i.e., use of network coding in multi-TRP scenarios. 
For both PUSCH and PDSCH, the (re)transmission of URLLC data could be enhanced (e.g. using a mini-slot hopping mechanism, optimized HARQ, etc.) .

	ETRI
	1,2,3,4,5
	PDCCH monitoring capability (e.g., in a single search space) should be increased. Also, new DCI design whose size or contents optimized to URLLC should be considered.
For PUCCH, repetition within a slot and across slots, and diversity based transmission should be considered.
For PDSCH and PUSCH, slot aggregation by dynamic signaling as well as mini-slot aggregation/repetition should be considered.
Scheduling/HARQ/CSI processing timeline can be further optimized for URLLC, e.g., support of out-of-order HARQ.

	OPPO
	1, 2, 3, 4
	· PDCCH enhancement
· DCI format(s) tailored for URLLC should be considered in R16 to meet URLLC transmission reliability and scheduling flexibility requirement.
· Increased PDCCH monitoring capability is necessary and some methods to reduce PDCCH monitoring complexity should be considered. 
· 2-stage DCI: increase the efficiency of PDCCH monitoring for URLLC UEs who need to monitor the PDCCH very frequently.
· PUCCH enhancements
· Enhanced HARQ-ACK feedback for URLLC should be considered to meet URLLC reliability and latency requirement, such as separate feedback for URLLC and eMBB, more than two PUCCH transmission occasion.
· Transmission diversity is an effective way to improve PUCCH reliability.
· PDSCH Enhancements 
· Enhanced CSI feedback is one way to meet URLLC reliability and improve network spectrum efficiency.
· Flexible time domain resource allocation is support to reduce latency, such as 1-14 symbols PDSCH duration, PDSCH starting symbol indication relative to PDCCH, PDSCH duration across slot boundary and non-contiguous symbols/slots for PDSCH 
· PUSCH Enhancements
· Mini-slot repetition and hopping is benefit for low latency and high reliability.
· Flexible configuration between grant free and grant based resource.
· Flexible time domain resource allocation is support to reduce latency, such as PUSCH duration across slot boundary and non-contiguous symbols/slots for PUSCH.

	Sony
	1,2,3,4,5
	Transmission of URLLC involves both the control and data channels, and the procedures that link the channels. Hence, all components involved in transmitting a URLLC message notably the weakest link need to meet the stringent requirements (reliability and latency).
Repetition (already a mature feature in eMTC/NB-IoT) is a straightforward mechanism to improve reliability and should be studied for all channels.
Other methods that don’t affect the timeline, such as back indication / joint operation of PDCCH and PDSCH, that have been proposed in Rel-15, i.e. making use of previously missed transmissions (so that they can combined) with current ones, should also be considered.
It should again be emphasised that ALL components should be considered and that they should be considered as a package rather than individually.  There is no point improving one component at the expense of another component.  For example, in the pursuit of compact DCI, one should consider the importance of the DCI information (e.g. repetition, MCS, back indication, etc) over the sake of reducing a couple of bits in the DCI.

	SK Telecom
	1,2, 4
	PDCCH enhancement is necessary to support reliable communication the larger number of URLLC devices. At least increased/optimized PDCCH monitoring capability and compact/optimized DCI design are required.
For PUCCH enhancement, Tx diversity needs to be considered to improve the reliability.
For PUSCH enhancements, the preemption mechanism and the enhanced grant-free operation need to be considered.

	Intel
	1, 2, 3, 4
	Most of these could be studied further, with some specific comments on the particular physical channels as listed below.
· PDCCH
· Material benefits from “UE recommendation about repetition factor” are unclear considering the robustness requirements associated with the fundamental nature of DL control channel transmissions
· PUCCH
· The need for studying new MCS/CQI design is not warranted – “CSI enhancements” should suffice at this point.
· PDSCH
· To improve decoding latency performance for URLLC scheduling, support of PDSCH repetitions within a slot (via multiple decoding opportunities over a number of symbols within a slot)
· As an important enhancement in improving resource utilization for URLLC scheduling and attaining reliability targets with residual BLER lower than 10-5, dynamic indication of number of repetitions for PDSCH.
· PUSCH
· As an important enhancement in improving latency performance for URLLC scheduling, support of PUSCH repetitions within a slot

	Fujitsu
	1,2,3,4,5
	URLLC service requires high reliability and low latency at the same time. To meet this serious requirement, the required transmission resource would be obviously more than what required by eMBB service.
Considering that in Rel-15 only new CQI/MCS tables are introduced for URLLC, the resource usage efficiency might not be good enough to Rel-16 URLLC. In Rel-16, one key point is whether a cell/gNB has enough resource to accommodate URLLC traffic with such high requirement. This may depend on how many URLLC packets need to be transmitted within 1ms and how large the URLLC packets would be. In another word, this may depend on the traffic model/ detailed requirement of URLLC services, such as the frequency/the arrival rate of URLLC packets, the typical URLLC packet size and the required date rate. If the resource is not enough to accommodate URLLC traffic, 1,2,3,4,5 could be studied to improve the spectrum efficiency.
Hence, before we decide whether to support these enhancements, we may need to discuss what kind of URLLC service is expected to be supported.
At least the following feature could be further studied, if necessary:
· Compact DCI
· Flexible PDCCH/PDSCH/PUSCH repetition
· Fast CSI feedback/ URLLC UCI dropping rule

	Ericsson
	(1),(2),(3),(4),(5)
	PDCCH: Improved UE capabilities for PDCCH monitoring (if not covered in other SI/WI)
· Blind decoding limits
· Control channel elements (CCE) limits
PUCCH: 
· Reliability for UCI: Potential techniques include: beta factor, power control
· Reduced end-to-end latency: More PUCCH occasions per slot
PDSCH and PUSCH: 
· Study the need of providing very low effective code rate for data channels, including:
· Very low MCS without repetition, or 
· Automatic repetition
· Study the option of allowing transmissions crossing slot border, which helps to satisfy the low latency and high reliability requirements simultaneously.
HARQ timeline: further improve the UE processing time to reduce latency

	Panasonic
	1, 2, 5
	PDCCH enhancement such as compact DCI and PDCCH repetition can be considered. In order to improve channel estimation performance for lower target BLER, increased DMRS density can also be considered.
For PUCCH, Tx diversity and increased DMRS density can be considered to improve reliability.
Currently, Capability #2 for (aggressive) UE processing time is discussed only in non-CA case. To define its capability also in CA is desirable.

	Huawei, HiSilicon
	1,2,3,4,5
	1) For PDCCH enhancement, our priorities include compact DCI and PDCCH repetition
2) For PUCCH enhancements, our priorities include aperiodic CSI reporting on PUCCH, more than one PUCCH transmission (e.g. carrying HARQ-ACK) for a UE within one slot, and PUCCH power control
3) For PDSCH enhancements, our priorities include time non-consecutive repetitions, early terminations, DMRS overhead reduction.
4) For PUSCH enhancements, our priorities include enhanced UCI multiplexing on PUSCH (e.g. UCI for URLLC multiplexing on eMBB PUSCH, UCI for eMBB multiplexed on URLLC PUSCH) and PUSCH power control.
5) For scheduling/HARQ/CSI processing timeline, our priorities include lower latency CSI reporting, and out-of-order HARQ processes.

	Sequans
	1, 2, 3, 4, 5
	Both compact DCI and DCI repetition can be considered to enhance the reliability and efficiency of DCI; 
PUCCH reliability needs to be considered together with PDCCH/PDSCH reliabilities and enhancements need to be considered;
Mini-slot level monitoring is needed for both UL and DL.  

	AT&T
	1, 2, 4,5 
	PDCCH enhancements such as repetition, UE recommendation for repetition factor, compact DCI should be considered to increase reliability. 
Enhancements to CSI framework should be considered for more URLLC-specific feedback for MIMO systems in fading channels as Release 15 considered mainly focused on AWGN channel. 
We would like to enhance the PUCCH performance using transmit diversity or use of SORTD kind of techniques 
We would like to improve the performance by using multi slot frequency hopping for PUSCH as in Release 15 it is found that having different frequency hopping pattern per each slot improves the performance in some cases

	Orange
	1,2,3,4
	All the topics make sense, the system should be flexible in offering the the right optimization between coverage, reliability, latency and spectral efficiency keeping in mind the scarce frequency resource in low bands.

	LG
	1, 2, 3, 4, 5
	For PDCCH: considerations on monitoring occasions and CCE limits are at least needed. Repetitions and new DCI format seem also necessary depending on DCI design for URLLC (e.g., fallback + non-fallback or non-fallback only for URLLC DCI)
For PUCCH, multiple non-slot PUCCH transmissions for HARQ-ACK seems necessary. Intra-UE collisions among different priority channels are also necessary to be specified differently from only eMBB case.
For PDSCH/PUSCH, non-slot PDSCH/PUSCH repetition within a slot is necessary at least for SPS-like transmission.
Reduced processing time for URLLC in both PDSCH to HARQ-ACK and HARQ-ACK to retransmission could be beneficial.


Sharing URLLC with eMBB
The following options have been proposed:
1. UL intra-UE Tx prioritization/multiplexing and power reductions (or power control enhancements) (for simultaneous URLLC & eMBB), cover e.g. UL pre-emption, 
2. UL inter UE Tx prioritization/multiplexing (for simultaneous URLLC & eMBB)
3. DL inter UE prioritization/multiplexing (enhanced DL pre-emption)
4. Support for multiple active BWPs
5. SR enhancement (SR latency reduction for simultaneous URLLC & eMBB)


	Company
	Option(s) that should be included
	Comments

	Nokia
	1, 2, 3
	Inter-UE and intra-UE UL multiplexing between URLLC and eMBB has been discussed in RAN1 in Rel-15, but not specified due to the limited time towards Rel-15. Latency reduction is expected to be the main benefit.
Enhanced DL multiplexing of URLLC and eMBB (e.g. exploiting multiple antenna techniques) should be studied further.

	NTT DOCOMO
	1, 2, 4
	Rel.15 LTE sTTI supports UL intra-UE Tx prioritization/multiplexing well. There is no reason that NR does not support it.
In NR, SFI can realize cancelling RRC-configured UL transmission by indicating “Flexible” by SFI on the resource where RRC-configured UL transmission is present. By using the similar mechanism, UL inter-UE Tx prioritization/multiplexing should be enabled.
Multiple active BWPs is same as multiple CCs with one active BWP on each CC while supporting multiple active BWPs is overlapped with the possible Rel-16 scope of NR spectrum utilization efficiency enhancements in the other email discussion.

	CATT
	1
	Study whether there are material benefits to intra-UE UL traffic multiplexing and possible solutions thereof.

	ZTE
	
	We should support identification of URLLC and non-URLLC services. Those are important for mixed traffic scenarios. This is also the base for UL/DL intra/inter-UETx prioritization/multiplexing schemes in the objectives. 

	III 
	1,2,4
	Inter-UE and intra-UE UL preemption have been discussed extensively in Rel. 15 and almost there. It should be supported on account of its impacts on URLLC latency, reliability and resource efficiency. Moreover, additional prioritized reliability levels can be envisioned in Rel. 16 for various kind of URLLC applications. 
Multiple active BWPs could be supported in Rel. 16, in this case, data duplication over multiple BWP for reliability enhancement as well as eMBB and URLLC traffic separation over different active BWPs for collision avoidance should be considered.  

	Mitsubishi Electric
	1,2,4
	The options listed are important for reliable transmission of URLLC and co-existence of both eMBB and URLLC services

	Vivo
	1,2,4,5
	It is proposed to consider the following aspects
1. Intra-UE prioritization/multiplexing of eMBB/URLLC traffics, including power control enhancements (We propose to change the wording power reduction to power control enhancements as the work is not limited to power reduction. We think the intra-UE prioritization/multiplexing of eMBB/URLLC traffics may also happen in DL)
2. UL inter-UE multiplexing, including UL preemption
3. Support of more than one active BWPs for a single UE for mixed eMBB and URLLC services 
4. Option 5 can be considered as included in option 1

	MediaTek
	1, 2, 3
	Uplink multiplexing studies should focus on system-level simulations to compare/contrast performance of different solutions. 
Enhancements to DL pre-emption signal also should be discussed in R16 scope (including mechanisms to avoid/minimize false indication issue).
If majority of the companies think item 4 and 5 should also be included, we do not have objections

	Samsung
	1, 2
	UL-related latency reduction schemes should be prioritized than othersin the scope of Rel-16 URLLC. It is noted that the impact on eMBB performance should be jointly studied when considering multiplexing between eMBB and URLLC.

	CMCC
	1, 2, 4, 5
	DL pre-emption mechanism seems sufficient now.

	QC
	Support: 2, 1, 
No need: 4
	Complete a few items left from R15 due to time constraint, such as ULPI as well as intra-UE multiplexing capability

	MTI
	2,4
	For intra-UE, we think FDD approach (multiple BWP) could be simple rather than intra-UE pre-emption scheme and prefer to focus it as the beginning. For inter-UE, pre-emption could be considered alternatively for flexible scheduling with less coordination.

	InterDigital
	1, 2, 3, 4
	The benefits of Inter-UE and intra-UE UL multiplexing between URLLC and eMBB were extensively discussed in Rel-15, but not specified due to the limited time.
Multiple active BWPs is beneficial to achieve higher reliability for DL channels.
The joint DL transmissions of URLLC data and eMBB data could be enhanced such that URLLC data is prioritized.

	ETRI
	1,2,3
	Rel-16 NR should support simultaneous URLLC and eMBB capable UEs as well as URLLC only capable UEs. Thus, both inter-UE and intra-UE multiplexing should be considered for both DL and UL.
URLLC and eMBB multiplexing can be realized either by a single active BWP or by multiple active BWPs. We prefer to consider multiple active BWPs since it can additionally support mixed numerology for service multiplexing, but this can be covered by other SI/WI.

	OPPO
	1,2,3,4,5
	· Support of non-contiguous symbols/slots for PDSCH/PUSCH
· With respect to URLLC/eMBB multiplexing (1, 2, 3), the pre-emption indication should not be the only enhancement under consideration. R16 should first support more flexible eMBB/URLLC multiplexing and minimize the usage of pre-emption. Pre-emption will be the final solution when scheduling cannot well multiplex eMBB and URLLC UEs.
· One potenital multiplexing enhancement is to support non-contiguous symbols/slots for PDSCH/PUSCH. If the gNB envisions the possibility of multipleixing a URLLC transmission into an eMBB duration, it can schedule non-contiguous symbols/slots to the eMBB UE, and leave some symbols/slots to potential URLLC UEs. Or, when the gNB schedule resource for a URLLC UE, if resource left after eMBB scheduling cannot provide N contiguous symbols needed for the URLLC transmission, it can schedule N non-contigous symbols to the URLLC UEs. This can avoid pre-empting eMBB UEs as possible. 
· UL intra-UE/inter-UE Tx prioritization/multiplexing 
· Mix of eMBB and URLLC should be considered and UL intra-UE/inter-UE Tx prioritization/multiplexing is benefit for latency reduction. 
· DL intra-UE prioritization/multiplexing
· Only DL inter-UE prioritization/multiplexing has been discussed in Rel15. However, DL intra-UE prioritization/multiplexing should be considered in Rel16 to support mix of URLLC and eMBB.
· Support for multiple active BWPs
· Multiple active BWPs could be supported in Rel. 16. For example, eMBB and URLLC traffic separation over different active BWPs to improve transmission efficiency should be considered.
· Extending the definition of BWP is another way to support simultaneous transmission for eMBB and URLLC. For example, a BWP configuration can be associated to multiple numerologies.
· SR enhancement 
· SR latency reduction for simultaneous URLLC and eMBB should be considered. For example, SR is transmitted independently in case that SR overlaps with long PUCCH/PUSCH.

	Sony
	1,2,3,5
	UL pre-emption for intra-UE UL eMBB/URLLC mux was extensively discussed in Rel-15 and almost came to an agreement of using prioritisation (which was supported by a majority of companies).  Hence, there should not be an enormous effort to specify this in Rel-16.
UL pre-emption for inter-UE UL eMBB/URLLC mux was also extensively discussed in Rel-15 with an almost converged solution but concerns were raised whether it was feasible due to the transmission timeline, notably the timeline from sending SR to being given a grant for URLLC and processing of the Pre-emption Indicator.  We can start by studying the feasibility of inter-UE UL eMBB/URLLC mux.
It should be noted that the UL transmission can be divided into grant-free and grant-based and both of these scenarios were also discussed in Rel-15 and it would be beneficial that these are also studied in Rel-16.
The DL pre-emption in Rel-15 has coarse granularity of the pre-empted resources and suffers from ghost pre-emptions. These can obviously be improved in Rel-16.
It is unclear why multiple active BWP is studied in the URLLC SI/WI.  This should be handled by a separate SI/WI.

	SK Telecom
	1, 2
	UL inter UE Tx prioritization as well as the intra UE prioritization are required to guarantee low latency communication under mixed URLLC & eMBB scenario.

	Intel
	1, 2
	For #1 and #2 in the list, the qualifiers “(for simultaneous URLLC & eMBB)” should be deleted. The benefits could be equally applicable for different traffic/service types - even for multiplexing of packets corresponding to a single service type (e.g., URLLC with different requirements), and thus, the studies should not be constrained.

	Fujitsu
	1,2
	Prioritization is the key factor to realize the latency reduction for URLLC when considering multiplexing between eMBB and URLLC. Enhanced processing timeline for URLLC services needs to be considered in order to support better inter/intra-UE multiplexing.


	Ericsson
	(1), (2)
	Study the need for UL pre-emption and UCI prioritization

	Panasonic
	1, 2, 5
	Both UL intra-UE and inter-UE multiplexing between URLLC and eMBB should be considered to enhance UL reliability for URLLC and UL resource utilization improvement for eMBB. UCI multiplexing should also be enhanced.
In Rel.15, if there are multiple SR configurations and these transmission occasions simultaneously occur with HARQ-ACK using PUCCH format 0, network cannot identify which SR ID is transmitted at the time of SR transmission. Network could know which SR ID is transmitted from BSR on issued PUSCH transmission. In this case, issued PUSCH transmission cannot take into account URLLC aspect. Therefore, SR enhancement would be necessary.

	Huawei, HiSilicon
	1,3
	1. UL intra-UE Tx prioritization/multiplexing needs to be studied and enhanced in Rel-16. URLLC traffic identification shall be studied in Rel-16 for prioritizing URLLC transmission.
2. DL inter UE prioritization/multiplexing (enhanced DL pre-emption),  eMBB recovery mechanism could be studied, such as utilizing the combination of current PI and the CBG-level CBGTI indication for CBG retransmission
3. We think multiple active BWPs are useful to eMBB and URLLC of a same UE. However, multiple active BWP can be studied and specified in a separate Rel-16 item.

	Sequans
	1, 2 ,3, 5
	UL multiplexing needs to be enhanced so that it can have similar efficiency as DL; 
DL pre-emption problems as pointed out by Sony should be solved in Rel-16. 

	AT&T
	1,2,3,4
	Inter- and intra-UE preemption for URLLC traffic for both UL and DL should be considered. 
Multiple active BWPs should be considered to enable URLLC-specific configuration for latency reduction (e.g. SCS, other control/data channel configuration, etc.), and also for data duplication and simultaneous seamless transmission of URLLC and eMBB traffic on different BWPs. 

	Orange
	1,2,4,5
	Optimized sharing of services in the same band is one of the core goals of NR, Cross Link Interference in TDD is a major hurdle for that. All the techniques should be applicable to both TDD and FDD. Orange supports the concept of multiple active BWPs.

	LG
	1, 2
	For DL preemption, based on DCI design for URLLC, handling of UEs supporting both eMBB and URLLC simultaneously seems necessary (it can reuse the mechanism for intra-UE PUSCH case e.g., no preemption on URLLC traffic). 



Enhanced UL grant-free transmissions
There has been various approaches suggested to improve grant free operation (such as enhancements for collision resolution between multiple UEs):

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Nokia
	Y
	At least explicit HARQ-ACK should be supported for URLLC UL grant-free transmission.

	NTT DOCOMO
	Y
	Explicit HARQ-ACK feedback; Flexible initial transmission occasions, always ensure K repetitions; Repetitions within one slot, etc.

	CATT
	Y
	Means to ensure K repetitions for improved reliability, collision resolution for shared UL grants and explicit HARQ-ACK feedback for early termination.

	ZTE
	N
	Related techniques should be in 2.1 if people refer to type1 configured grant. As for the collision resolution we’d better not to repeat what is being done now in NOMA SI.

	III
	Y
	For Type 1 UL grant-free enhancement, explicit HARQ-ACK feedback for flexible repetitions and adjustable resource assignment via dynamic DCI (could be jointly encoded with explicit HARQ-ACK feedback) for each transmission is beneficial for efficient and accurate resource utilization and therefore could increase UE capacity.

	Vivo
	Y
	It is proposed to consider the following aspects
· K repetitions for a TB across P boundary (enhanced reliability)
· Mini-slot repetition within a slot (not supported in Rel-15)
· Multiple grant-free configurations to a UE (for multiple service requirements)

	MediaTek
	Y
	UL grant-free enhancements should be considered. These include mini-slot repetitions within a slot, always ensuring K repetitions, support for multiple configurations and flexible starting point of transmission.

	Samsung
	
	If collision resolution means that multiple UE uses the same resource, it’s more proper to be handled by NOMA SI. It seems that grant-free issue should be in PUSCH enhancement part in 2.1 to clarify Rel-16 URLLC scopes.

	MTI
	N
	We think network implementation could solve the collision issue

	InterDigital
	Y
	Explicit HARQ-ACK feedback was discussed in Rel-15 but was not specified due to the lack of time/consensus. Mini-slot level hopping was also discussed in rel-15. Enhancements for collision resolution when multiple UEs transmit in a configured grant should be studied. Multiple GF configurations to lower the probability of collision could also be considered.

	ETRI
	Y
	Worst case number of repetitions should be increased, and early termination using explicit HARQ-ACK should be supported.

	OPPO
	Y
	Enhanced grant free transmission should be considered including the following aspects:
· Mini-slot repetition and hopping
· Multiple grant free resources 
· Reduction of collision
· Restriction of UCI piggyback in configured grant
· Explicit HARQ-ACK feedback, such as UE-group HARQ-ACK feedback using GC-PDCCH

	Sony
	Y
	As mentioned previously in our reply to 2.2, grant free UL URLLC can pre-empt an ongoing transmission and hence we need mechanism(s) to handle this.  Other aspects in improving the reliability of grant free for URLLC is welcomed.
In addition to collision resolution between UEs, NR should support the ability of the eNB to decode colliding transmissions. Based on the outcome of the NOMA SI, a NOMA technique could be specified to mitigate the collision issue.

	SK Telecom
	Y
	Enhancement techniques such as explicit HARQ-ACK, collision resolution for UL grants should be considered.

	Intel
	Y
	On the cited example, the topic of collision resolution between multiple UEs appears to overlap with the studies conducted as part of already-ongoing Rel-15/16 NOMA SI. Avoidance with duplication of studies highly desirable.
Instead of above, the following example merits consideration: enhanced resource configurations with flexible time domain allocations and PUSCH repetitions within a slot duration.

	Ericsson
	Y
	· Study the flexible starting point of transmissions for configured grants
· Study enhancement for UL pre-coding


	Panasonic
	Y
	· Currently only one grant-free resource for a carrier is specified. To support multiple grant-free resource like VoIP and URLLC are required.

	Huawei, HiSilicon
	Y
	The following enhancements on GF shall be studied
· Mini-slot based repetition, or repetition can across the slot boundary
· Ensure to always K repetitions for reliability;
· Repetitions with frequency hopping
· Explicit DL ACK/NACK feedback for early termination
· Multiple active configurations for GF

	Sequans
	Y
	Repetition in mini-slot level is needed to reduce the latency; 
With the current scheme, packets arriving in the middle of the configured period are repeated with fewer times than configured number and its reliability may not be enough. Solutions are required to solve the problem.  

	AT&T
	N
	The benefits of using GF for URLLC are not clear yet.

	Orange
	Y
	K repetitions for a TB across period boundary (enhanced reliability), early ACK to stop unnecessary retransmissions, repetitions within one slot (for grant based/grant free) 

	LG
	Y
	Explicit HARQ-ACK and Repetitions within a slot needs to be studied. 
Mapping of multiple grant-free configurations to multiple service requirements should also be considered.



Outer Encoding Techniques

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	ZTE
	Y
	Support packet coding study. This will enhance URLLC/eMBB reliability.

	Vivo
	N
	It was studied in Rel-15 and no consensus on the performance benefit over other mechanisms, e.g. DL preemption. 

	Samsung
	N
	Does not see the need for Rel-16 URLLC

	MTI
	N
	Don’t see the need

	InterDigital
	Y
	Block outer-coding could be considered to enhance robustness against fading, shadowing or interference conditions.

	Intel
	N
	Need to study this in context of Rel-15 features like CBG-based transmissions (particularly CBGFI) and DL pre-emption indication is unclear.

	Fujitsu
	N
	Don’t see the need in Rel-16 URLLC.

	Ericsson
	N
	Outer codes were studied at the start of Rel-15 and the performance benefit is not clear. On the other hand, outer code will worsen latency.

	Huawei, HiSilicon
	N
	This is not our priority for Rel-16 URLLC

	AT&T
	Y
	We support use of outer encoding for URLLC as it improves the reliability

	LG
	N
	This is not our priority for Rel-16 URLLC



Robust beam management and beam failure recovery for URLLC

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	NTT DOCOMO
	Y
	By using mmwave, low-latency is easily achievable. However, mmwave is not robust against beam-blocking. It is feasible to utilize multi-TRP to support some URLLC use-cases (e.g., indoor entertainment, factory). With the robustness, mmwave with multi-TRP transmission can support those URLLC use-cases.


	III
	Y
	If using over-6Ghz band for URLLC, robust beam management and efficient BFR should be analyzed regarding how to meet low latency requirements.

	Vivo
	N
	In MIMO enhancements the similar objectives are proposed, it seems more appropriate to be included in Rel-16 MIMO enhancements

	QC
	N
	The likelihood of using URLLC in a high frequency multi-beam system is low.

	MTI
	Y/N
	We see some enhancement on BFR and interaction between RLF could be jointly designed to improve the reliability. But it also be fine with us to address that issue in general MIMO aspect or mobility aspect.

	InterDigital
	N
	We share the same view as Vivo.

	OPPO
	Y/N
	High frequency transmission is not preferred for URLLC. But robust beam management and beam failure recovery could be enhanced for eMBB and included in Rel-16 MIMO enhancement.

	SK Telecom
	Y
	The beam management failure could be the most critical issue for URLLC, especially in FR2. Therefore, the robust beam management and beam failure recovery mechanism are required to support various URLLC use cases.

	Ericsson
	N
	Beam management and beam failure recovery should be generic Rel-16 enhancement, not specific to URLLC.

	Huawei, HiSilicon
	N
	We see lower frequency bands are more suitable for URLLC use cases. Thus, beam management related enhancements are not our priority for Rel-16.

	AT&T
	Y
	Enhancements for more robust beam management and beam failure recovery are critical for achieving reliability targets for URLLC, especially in mmWave frequencies. 

	LG
	Y
	The possibility of using multi-beam needs to be studied for supporting URLLC in FR2. The multi-beam operation may have impact on beam management and beam failure recovery, which should be generic, i.e. not specific to URLLC. However, enhancement to beam management and beam failure recovery for single beam operation is not necessary.



Radio Link monitoring enhancements for URLLC

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	CATT
	N
	Not clear what should be studied because RLM is a function of the link quality between gNB and UE and is not (or should not be) necessarily indicative of the network’s ability to support a specific service.

	Vivo
	N
	It was studied in Rel-15 and no consensus on its necessity. 

	Samsung
	N
	Does not see the need for Rel-16 URLLC

	Sony
	N
	Similar views with CATT.  It is not clear what aspects need to be studied or improved for RLM under the context of URLLC.

	Ericsson
	N
	Similar to what’s concluded in LTE HRLLC, existing definitions of RLM are sufficient for URLLC. 

	Panasonic
	Y
	The latency of 1ms needs to be satisfied even in the handover or radio link failure ideally (or from user experience perspective). Multiple link reception or transmission are important on this area.

	Huawei, HiSilicon
	N
	This is not our priority for Rel-16 URLLC

	ZTE
	N
	Rel15 scheme is sufficient

	AT&T
	Y
	Stringent reliability and latency requirement requires tighter radio link monitoring for URLLC to ensure more agile beam management and proactive beam failure recovery. URLLC service-specific RLM/RLF timers and thresholds should be configurable to proactive detect and recover from deteriorating links. 

	LG
	N
	Rel-15 scheme seems sufficient.



Multi-carrier URLLC across FDD & TDD

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Nokia
	N
	Nokia expects dual-connectivity framework will allow multi-carrier operation for URLLC.

	NTT DOCOMO
	Y
	As we proposed from some time ago, carrier aggregation will be a default function in 5G era. Therefore, it is natural to consider multi-carrier URLLC across FDD and TDD. For example, URLLC is operated using low-band and high-band. Another example is that FDD low-band supports URLLC/eMBB while TDD high-band supports eMBB only. For such case, HARQ re-transmission across carriers can improve the reliability.

	CATT
	Y
	At least study what TDD-FDD CA techniques may provide further latency benefits in terms of e.g. UL control signaling.

	Vivo
	Y
	Multi-carrier base URLLC operation can be discussed 

	Vodafone
	Y
	

	CMCC
	Y
	

	QC
	Y
	Crucial to enhance the current CA framework for URLLC across FDD and TDD for good coverage as well as improved capacity.

	InterDigital
	Y
	By default, any multicarrier system has an inherent diversity feature that can be leveraged to achieve high reliability. In this case, TDD-FDD operation could provide additional merits that motivates further studies.

	OPPO
	Y
	Carrier aggregation is a default function for 5G. Therefore, it is natural to support multi-carrier transmission for URLLC to improve reliability and reduce latency. In addition, multi-carrier across FDD and TDD is benefit to reduce latency in TDD carrier.

	Intel
	N
	Agree with Nokia, all other techniques may not bring much benefits comparing to the already available CA/DC and PDCP duplication

	Huawei, HiSilicon
	Y
	The following enhancements shall be studied
· HARQ retransmission across carriers 
Soft combining of a TB over multiple BWPs/carriers

	ZTE
	N
	FDD-TDD CA can be of course studied, but not really sure whether HARQ retransmission across TDD-FDD is necessary which has been discussed for few times in the past but not specified.

	AT&T
	Y
	TDD-FDD CA framework could be studied for reliability improvement. 

	Orange
	Y
	Enhancements for multi-carrier URLLC should be considered, especially in the context of low band / high band combinations (e.g. NR CA FDD low band + TDD high band, or SUL low band + TDD high band)

	LG
	Y
	FDD-TDD CA can be studied for reliability improvement. However, HARQ retransmission across carriers has no benefit as discussed several times in the past. We think PDCP duplication already supports high reliability.





L2/L3 enhancements (RAN2/RAN3) feedback obtained
Data duplication enhancements
The following options have been proposed:
1. Lower layer multi-connectivity (Multiple Transmission points, …)(Note: Being discussed as part of the NR MIMO enhancements discussion) 
2. Higher layer multi-connectivity (proposals such as redundant PDU sessions, L2/L3 duplication activation de-activation..)

	Company
	Option(s) that should be included in the study
	Comments

	Nokia
	1,2
	Multi-connectivity is one of the key enablers for higher reliability. Both lower layer and higher layer multi-connectivity are required to support different local and wide area deployment options. Unnecessary duplication should be avoided to reduce inter-cell interference and increased resource usage.

	NTT DOCOMO
	1, 2
	Same view as Nokia.

	CATT
	2
	For option 1, it can be triggered by RAN1 if there is higher layer impact. We prefer to only include 2 in this SI.

	III
	1,2
	Same view as Nokia

	Mitsubishi Electric
	2
	Higher layer multi-connectivity increases reliability in the URLLC operation. Option 1 may be discussed in RAN1.

	MediaTek
	2
	The Rel-15 data duplication mechanism requires all data be sent twice regardless of whether its transmission is useful or not. Enhancements that limit the duplication of data to only that data for which high reliability is really needed should be considered.

	Vodafone
	1 and 2
	For 2 we propose to consider both LTE-NR Dual connectivity (including EPC connectivity), AND we should study any RAN impact based on the outcome of the SA2 studies on FS_5G_URLLC and FS_EPS_URACE

	Samsung
	N
	L2 duplication has been discussed and specified during Rel-15. Not sure what further enhancement will be useful

	CMCC
	1, 2
	

	QC
	[1,2]
	This feature could significantly increase the reliability in presence of high interference and channel variation. 
We’d suggest to defer study on redundant PDU session based on SA2 progress

	MTI
	1,2
	Same view as Nokia

	InterDigital
	1
	Option 1 may be discussed in RAN1 as part of the NR MIMO enhancements for higher reliability.

	ETRI
	1, 2
	Multi-connectivity is an important technical issue to guarantee high degree of reliability. We also think that Lower layer multi-connectivity may be discussed in RAN1.  

	OPPO
	2
	The impact due to outcome of SA2 study on redundant PDU session can be considered, yet 1 may be triggered only if RAN1 identify higher layer impact.

	SK Telecom
	1, 2
	Same view as Nokia and NTT DOCOMO. Both Lower layer and higher layer multi-connectivity are required for URLLC as they can support different deployment scenarios.

	Intel
	2
	For option 1, we tend to agree with CATT. Our understanding is that MIMO enhancements SI/WI covers multiple transmission points. Any URLLC specific RAN2 impact can be studied if triggered by RAN1.
For option 2, it might be better to clarify the scope. For example, redundant PDU session might be out of scope of RAN2. And whether L2/L3 duplication activation/deactivation refers to the enhancements to Rel-15 PDCP duplication activation/deactivation.

	Fujitsu
	1,2
	PDCP duplication in Rel-15 is introduce to improve the reliability for URLLC. In addition to such a Higher Layer Duplication (HLD), Lower Layer Duplication (LLD) can further improve the reliability. But unnecessary duplication should be avoided to reduce inter-cell interference and increased resource usage.

	Ericsson
	(2)
	Support redundant PDU sessions

	Huawei, HiSilicon
	2
	1. Lower layer multi-connectivity, i.e. multi-TRP transmission, can improve the reliability and/or resource efficiency for URLLC, thus is very useful for URLLC. However, we see multi-TRP transmission is covered by the Rel-16 MIMO item. The multi-TRP in the Rel-16 MIMO item should consider the specific needs for URLLC, e.g. improving PDCCH/PDSCH reliability
2. Higher layer enhancement to improve reliability can be studied

	ZTE
	N
	For 1, we believe this should be discussion in MIMO WID
For 2, redundant PDU Session sounds more like NAS issue i.e. transparent for NG-RAN. And in RAN level more than two paths for duplication is not beneficial considering main motivation is frequency diversity

	AT&T
	1,2
	Multi-connectivity is a powerful tool for reliability improvement of URLLC traffic. We agree with views from Nokia and others that both lower and higher layer multi-connectivity needs to be supported for use in appropriate scenarios. 

	Orange
	1,2
	Special care should be dedicated on fast reconfiguration, ie. , not overkilling the capacity of the network when these techniques are not needed

	LG
	1,2
	Option 1 can be discussed in NR MIMO enhancements.
Duplication more than two legs would be useful for increasing reliability. Selective duplication within a QoS flow is helpful for reducing radio resource usage.


Mobility improvements for higher reliability
This has been raised both related to URLLC and wireless Ethernet
	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Nokia
	Y
	Increased mobility robustness and reduced handover interruption times are needed to support the requirements of envisioned URLLC use cases.

	CATT
	
	There are other SI/WIs which include the mobility enhancements, e.g. 0ms interruption. Should first clarify the objective of this proposed study.

	MediaTek
	Y
	Improvements in mobility to enable robust low-latency handovers should be considered.

	Vodafone 
	Y
	(in this SI or another Rel-16 one)

	Samsung
	Y/N
	We assume mobility improvement in general is beneficial. But not sure whether it should be under URLLC enhancement or wireless Ethernet. We prefer to discuss it in the WI dedicate to mobility  

	CMCC
	Y
	

	QC
	N
	Agree with CATT. This feature is expected to be covered in the mobility enhancements SI/WI; if not covered in the mobility enhancements, should be covered in this WI


	MTI
	Y/N
	Share the same view with Samsung

	InterDigital
	Y
	For the same reasons as expressed by Nokia.

	ETRI
	Y/N
	Even though mobility enhancement is required for URLLC services, we think this issue can be discussed on other SI/WI to be prepared for RP#80. 

	OPPO
	Y
	However, we are open to address this issue here or in mobility WI.

	Sony
	N
	This is already studied under the Mobility SI/WI.

	SK Telecom
	Y
	Mobility enhancement is required for URLLC even according to the channel condition and its variations. Therefore, improved mobility mechanism should be studied.

	Intel
	Y/N
	It is expected that NR mobility enhancements SI/WI will address the following use cases/requirements:  HO/SCG change interruption time reduction, HO reliability and robustness improvement, which are exactly same as the motivation in mobility enhancements in URLLC. 
Therefore clarification is needed on which mobility enhancements should be specifically addressed for URLLC, if any.

	Fujitsu
	Y
	Considering the serious requirement of URLLC, the cell coverage for URLLC service and for eMBB service may be different. The stability of URLLC service mobility may be worse than that of eMBB service. Improve the mobility reliability and shorten the mobility latency may be necessary.

	Ericsson
	Y
	· Utilizing the limited mobility (e.g., factory automation scenario) to improve resource utilization
· Mobility handling without interruption to wireless Ethernet traffic

	Huawei, HiSilicon
	N
	Some URLLC use cases requires mobility, thus mobility enhancements are beneficial in URLLC. However, we think mobility enhancement can be studied in a dedicated Rel-16 mobility enhancement item.

	ZTE
	Y/N
	We prefer to discuss this in mobility enhancement thread

	AT&T
	Y
	More robust mobility support is necessary to meet URLLC requirements. The enhancements proposed in the mobility enhancements WI should be assessed to determine if there are gaps remaining to support URLLC. 

	Orange
	Y
	same view as Nokia

	LG
	N
	NR mobility enhancement WI can cover this scope.



Interference management for higher reliability
Examples such as join multi-cell scheduling

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Nokia
	Y
	Different schemes to protect URLLC UEs from strong inter-cell interference, for example facilitatedby Xn-based coordination.

	NTT DOCOMO
	Y
	There is a demand that a cell is deployed to support URLLC service for a particular area. In such case, the URLLC cell should be deployed such that inter-cell interference is minimal. This should be achievable by inter-cell coordination or interference management. We consider this is rather RAN1 issue.

	CATT
	Y
	We are supportive of this topic but we believe it is under RAN3 responsibility. 

	III
	Y
	Same view as CATT

	Vodafone
	Y
	Some coordination may be needed e.g. for multiconnectivity.

	Samsung
	N
	Does not see the need at the moment

	CMCC
	Y
	We are supportive, however, it should not be limited to URLLC only and it should be a general solution for use cases..

	MTI
	Y/N
	Agree with CATT

	InterDigital
	N
	This should be under RAN3 responsibility.

	OPPO
	Y/N
	Although we see the need of interference management, it is not clear why inter-cell interference management should be tailored specifically for URLLC.

	Sony
	Y/N
	If this is management for interference cancellation or randomisation of interference then it can be included in this SI/WI. Otherwise if it is RAN3 aspect then No.  

	SK Telecom
	Y
	For the URLLC devices in the cell edge, interference management technique might be important. However, it is not clear that it should be discussed in a URLLC-specific scope.

	Intel
	Y/N
	We tend to think this is primarily a RAN1/RAN3 issue.

	Ericsson
	N
	Interference management should be generic Rel-16 enhancement, not specific to URLLC.

	Huawei, HiSilicon
	N
	This is not our priority for Rel-16 URLLC

	ZTE
	Y
	But agree with CATT it sounds like a RAN3 issue

	AT&T
	Y
	Co-ordination techniques, including non-transparent multi-point transmission using multi-DCI are important to achieve higher reliability.

	Orange
	Y
	Protect URLLC from intercell interference

	LG
	Y
	This is RAN1/RAN3 issue. Tight coordination (e.g., coordinated muting) seems beneficial for high reliability transmissions. 



Network coding at L2/L3
Examples such as outer codes for more efficient path redundancy

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	CATT
	N
	The scope is already too wide and we should limit the objectives for Rel-16. It can be considered in a later release.

	Samsung
	N
	Does not see the need at the moment

	MTI
	N
	

	Ericsson
	N
	Outer codes were studied at the start of Rel-15 and the performance benefit is not clear. On the other hand, outer code will worsen latency.

	Huawei, HiSilicon
	N
	Huawei, HiSilicon

	ZTE
	N
	Not needed

	AT&T
	Y
	While data duplication can be used to improve reliability, by nature it is inefficient because it sends the same data over N paths for N-way duplication. Adding the use of an outer code, such as a rateless fountain code, can significantly improve the efficiency of delivering URLLC traffic. 

	Orange
	Y
	Distributed coding among several relaying nodes is a very promising technique to enhance reliability 

	LG
	N
	Not essential.



Radio link monitoring for URLLC (L2 part)

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	CATT
	
	Similar comment to the L1 part. We should clarify if there is something new or something that should be enhanced in L2 specifically for URLLC.

	Samsung
	N
	If it is about RLF detection, it has been discussed during Rel-15 time frame and we don’t see any further enhancement necessary

	Ericsson
	N
	Similar to what’s concluded in LTE HRLLC, existing definitions of RLM are sufficient for URLLC.  

	Huawei, HiSilicon
	N
	This is not our priority for Rel-16 URLLC

	ZTE
	N
	Not sure what enhancement could be done 

	AT&T
	Y
	Same general comments as in L1 part above. 

	LG
	N
	The RLM should be generic Rel-16 enhancement, not specific to URLLC. Moreover, NR mobility enhancement WI can cover this scope.



2-step RACH

	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Nokia
	Y
	2-step RACHcan reduce the delay for URLLC operation. 2-step RACH is expected to benefit uses cases beyond URLLC as well.

	CATT
	Y
	2-step RACH has been discussed during Rel-15 SI, but was excluded due to lack of time. Considering it has benefit for fast data transmission, we think it is reasonable to include this objective in the URLLC scope.

	III
	Y
	2-step RACH procedure was not standardized in R15 due limited time.For faster data transmission consideration, it could beincluded in URLLC scope.

	Samsung
	N
	We don’t think RACH is particular useful for URLLC and don’t see the need to enhance it in the context of URLLC

	CMCC
	Y
	

	MTI
	Y
	Agree with Nokia

	InterDigital
	Y
	For the same reasons as expressed by Nokia, but only if time permits

	ETRI
	Y
	2-step RACH can be a solution for URLLC service in terms of latency reduction.

	OPPO
	Y
	RACH as a key component of many procedures should be improved to reduce the overall latency.

	Sony
	N
	2 step RACH was studied in Rel-15 to reduce latency for initial access (for IDLE/INACTIVE modes).  We expect URLLC to operate in CONNECTED mode.  In case Control Plane latency is part of the NR URLLC SI scope, the 2 step RACH should be considered. Otherwise, it should be handled under a different WI/SI.

	SK Telecom
	Y
	2-step RACH would be beneficial for URLLC use cases where both the low energy consumption and the low latency are important. 

	Intel
	N
	It is unclear whether 2-step RACH is needed. If the intention is to reduce control plane latency, it should be noted that from available CP latency evaluation results for IMT-2020, the main component of overall CP latency is the UE and gNB processing time. If the intention is to reduce user plane latency, it should be noted that existing Rel-15 NR already supports several mechanisms to reduce UP latency (e.g. LCH specific SR configuration, configured UL grant). The existing mechanisms achieve better user plane latency reduction compared with 2-step RACH.
In summary, the benefits of supporting 2-step RACH is unclear.

	Huawei, HiSilicon
	N
	This is not our priority for Rel-16 URLLC

	ZTE
	N
	We agree with Samsung and Intel. Plus 2-step RACH is not just a L2 issue. Its feasibility also relay on the transmission and reception of message1 which involves multi-user collision issue inevitably. This should be resolved by NOMA SI first before we exploit 2-step RACH.

	AT&T
	Y
	Needed to reduce delay for URLLC service.

	LG
	N
	We want to focus on grant-free transmission enhancement instead of 2-step RACH.


Logical Channel Prioritization (LCP) enhancement
	Company
	Feature should be included or not in the study scope(Y/N)
	Comments

	Fujitsu
	Y
	In Rel-15, RAN2 assumes that LCP procedure does work in URLLC case. In Rel-16, RAN2 may need to reconsider whether the existing LCP procedure is proper for URLLC, based on the need of Rel-16 URLLC.



Time Sensitive Networking (RAN2/RAN3/RAN1) Feedback obtained
TSN enablers
The following options have been proposed:
1. Accurate reference timing: Delivery & related process (Proposal include: SIB delivery or RRC delivery to UEs, Multiple Transmission points, …)
2. Scheduling enhancements / traffic patterns /QoS for wireless Ethernet, Enhancements to support of cyclic traffic
3. Header compression for wireless Ethernet
4. Ethernet broadcast packets over 5G RAN
	Company
	Option(s) that should be included in the study
	Comments

	Nokia
	1,2
	Using SIB to deliver timing information was discussed in LTE URLLC in Rel-15;it is worth checking the applicability of this to NR.
Scheduling enhancements should be studied for industrial Ethernet packets, including dedicated bearers or further improved QCI, for example.
We do not see Ethernet broadcast as a key item to start the work for wireless Ethernet. Relation to the multicast/broadcast study proposal?

	CATT
	1, 2
	It is presently unclear whether there could (or should) be a separate SI/WI for wireless Ethernet based on SA1 work. So it is better to focus on 1, 2 in this potential URLLC SI.

	III
	1,2
	Same view as CATT

	Vodafone
	At least 1,2,3
	May come back on 4. What is 5G RAN? Don’t see why it should be restricted to 5GCN.

	QC
	Y
	Crucial for industrial IOT new use cases which require low latency and high reliability at the same time with more predictable traffic pattern. This should be standardized in R16

	MTI
	1,2
	The gain of 3,4 is unclear, so we prefer take high prioritization on 1 and 2

	OPPO
	1,2
	If 3 points to enhancement of ROHC, that is out of the scope of 3GPP.
And 4 is more of the scope of NR broadcast.
So for the time being, it is 1 and 2 that are more clear to be in the scope of URLLC.

	Intel
	1,2
	For option 2 and 3, we’d like to understand the related scope. For example, for the traffic pattern in option 2, significant efforts might be needed to agree upon traffic patterns for wireless Ethernet. For option 3 of header compression, clarification is needed on the exact work plan: whether 3GPP needs to define any compression algorithm for wireless Ethernet. If yet, the work might not be trivial.

	Ericsson
	(1), (2), (3)
	For (1): 
· It should be possible to provide the UE with timing accuracy information of the timing information. 
· It should be possible to select which UEs receive timing information.
For (2):
· For Configured Scheduling, providing sufficient granularity of offset time of packet arrival as compared to SPS periodicity;
· For cyclic traffic, study the possibility of improvement to existing DRX to guarantee: latency, reliability, and energy efficiency.
For (3):
· Ethernet packets begin with an Ethernet header, which is not compressible with any of the existing compression schemes defined by RAN WGs. Given the short size of many packets Ethernet for automation use case, header compression can help reduce overhead.

	Huawei, HiSilicon
	1,2
	1) For TSN, the accuracy requirements need to be clarified; then mechanisms and procedures to achieve the timing accuracy can be studied. Delivering accurate reference timing and efficient management for synchronization service, e.g. mobility support and UE authorization, shall be studied
2) For deterministic transmission, the following shall be studied
a) Jitter control (both in-sequence and on-time delivery) to avoid too early or too late arrival of packet and ensure in-sequence transmission with low-latency
b) Time-aware scheduling, gNB can adjust the scheduling strategy per packet to ensure the E2E latency
c)  Introducing New QoS parameters, such as cycle time
d) Dynamic reliability adjustment based on survival time to avoid consecutive packets failure for some applications due to the survival time.

	ZTE
	1,2
	We also don’ see broadcast is useful feature for TSN. But we can try to do 1 and 2 after RAN2 is not so busy. If URLLC take 1 and 2 into account then probably no separate SI is necessary.

	LG
	1,2
	For 1, support of finer granularity in SIB signaling needs to be considered. 
For 2, Scheduling enhancements for a cyclic traffic should be studied.
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