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Introduction

This is the summary report for tdocs submitted to the IIoT unlicensed controlled environment agenda item and for offline discussion 505:

	[AT113-e][505][IIoT] Summary of URLLC in unlicensed (InterDigital)

Scope: 

Identify set of open issues for UCE that need to be addressed based on company contributions and identify any agreeable aspects to be discussed in the first week session

Get company inputs on opens issues (to be kicked off after first session)

      Intended outcome: 

Set of issues that should be discussed in the first session and any proposals that could be agreeable

Set of additional issues that should be addressed but with lower priority  

      Deadline for providing comments:  

Companies comments on the summary:  January 29th 12:00 UTC (TBC)




	Company
	Contact Name, Email

	
	

	Huawei,Hisilicon 
	Li Zhao (zhaoli8@huawei.com)

	MediaTek
	Pradeep Jose (pradeep[dot]jose[at]mediatek[dot]com)

	CATT
	Pierre Bertrand (pierrebertrand@catt.cn)

	Yassin Awad
	Yassin.Awad@sony.com

	Lenovo
	Joachim Löhr (jlohr@lenovo.com)

	ZTE
	Dong Fei (dong.fei@zte.com.cn)


Open issues

Configuration of cg-RetransmissionTimer and LCH-based prioritization
Release-16 introduced intra-UE prioritization to handle overlapping uplink grants, which is enabled by configuring LCH-based prioritization. The feature is a key feature of IIoT and is already supported in R16, and it is beneficial regardless of spectrum type (licensed or unlicensed). It’s still, however, FFS if LCH based prioritization can be configured with cg-RetransmissionTimer (CGRT). 

It is therefore proposed by [2, 3, 4, 5, 9, 10, 11, 13, 14, 15, 17, 19, 20] to support configuring both LCH-based prioritization and CGRT. In the last email discussion [22], all companies agreed that LCH-based prioritization should be supported for R17 URLLC in an unlicensed controlled environment (UCE). The following is therefore proposed:
Proposal 1: 
LCH based prioritization and cg-RetransmissionTimer can be configured together in Rel-17
Question 1: Do you support the option to configure both LCH based prioritization and cg-RetransmissionTimer together in Rel-17? 
Inputs requested after completion of the first session.
	Company
	Reply 
(y/n)
	Additional comments


	HW
	Yes 
	 LCH based prioritization has been introduced for MAC layer in the Intra-UE prioritization feature to handle collision among uplink grants while cg-RetransmissionTimer is used to control autonomous retransmission on the configured uplink grants on unlicensed spectrum. These two are designed from different dimensions and for resolving issues in different situations. So we support simultaneous configuration of these two parameters. 

	MediaTek
	Y
	They serve different purposes and should be supported together.

	CATT
	Yes
	As correctly mentioned by the rapporteur, this issue was discussed in offline 501 in RAN2#112-e meeting. All companies shared the same view that LCH-based prioritization can be supported for Rel-17 URLLC in (UCE) in question 7, at least for prioritization among initial transmissions. The only issue is related to the retransmission case which, for Rel-17, is addressed in this email discussion in Q7, so we see no problem to apply the LCH based prioritization together with cg-RetransmissionTimer in R17.

	Sony
	Yes
	It is obviously beneficial feature also when cg-RetransmissionTimer is configured.

	Lenovo
	Yes
	We think that LCH-based prioritization is a key feature for ensuring the QoS support of URLLC traffic. Therefore, IIoT intra-UE prioritization mechanism with LCH-based prioritization should be also supported in an unlicensed controlled environment (UCE) when cg-RetransmissionTimer is configured. 

	ZTE
	Yes
	Since the LCH priority handling is one of the features of the URLLC configured grant, if WI is including the harmonization of the URLLC configured grant and NRU configured grant ,we think LCH based prioiritization shall be naturally configured with the CGRT.


Autonomous re-transmissions

In R16, the configuration of autonomousTx or CGRT allows the UE to autonomously (re)-transmit a PDU dropped due to intra-UE prioritization or LBT failure, respectively. One difference is that autonomous transmission in IIoT is restricted to use the next CG occasion of same CG configuration, unlike NR-U. Per the assumption in RAN2#112e, the network will not configure autonomousTx and CGRT simultaneously per cell, at least for R16. For release 17, CGRT operation can be harmonized with autonomous re-transmission; it was agreed last meeting that a deprioritized PDU on a configured grant and/or dropped PDU due to LBT failure or tx failure should be able to be autonomously re-transmitted.

With cg-RetransmissionTimer configured

With CGRT configured, how does the UE retransmit a TB dropped either due to intra-UE prioritization, due to LBT failure, or due to bad radio conditions? It’s already specified in MAC that a TB dropped due to LBT failure can be retransmitted if the relevant CGRT is not running, using the NR-U framework. The question is whether the same behavior should apply for a deprioritized TB when both LCH-based prioritization and CGRT are configured. This is suggested in [6, 10，11, 15, 16, 19]. The gNB can figure whether the transmission is a new transmission or a retransmission by decoding the NDI value in the CG UCI.

References [4, 9, 15] also mention that both CGRT and autonomousTx can be configured together and work without necessary specification changes, as autonomousTx only controls new transmissions in the HARQ entity while CGRT controls the retransmissions independently. References [5, 6, 13, 14] agree, but propose an enhancement for CGRT, explained in the next section. [16] proposes to mandate the configuration of autonomousTx and LCH-based prioritization for all CGs in a cell group. References [2, 12, 18, 21] on the other hand propose to forbid configuring both together, as there could be conflicting behaviors whereby with CGRT configured the UE behavior is to treat the dropped PDU as a retransmission while with autonomousTx configured the UE treats it like a new transmission. 

Question 2-a: Can cg-RetransmissionTimer and autonomousTx be configured together in R-17? 
	Company
	Reply 
(y/n)
	Additional comments


	HW
	No
	 

	MediaTek
	Y
	They serve different purposes and can be configured together.

	CATT
	No
	1) Configuring both autonomousTx and cg-RetransmissionTimer in current specification does not work and leads to abnormal behaviour:
Current specification mandates CGRT to stop when CGT expires (5.4.2):

If the configuredGrantTimer expires for a HARQ process, the HARQ process shall:
1>
stop the cg-RetransmissionTimer, if running.
But latest R16 IIOT MAC change in R2-2011075 CR now stops the CGT upon CG deprioritization when autonomousTx is configured. Since this is not an expiration of the CGT, the above condition is not met and the CGRT keeps running. But this case (CGRT running and CGT not running) corresponds to none of the conditions for processing a CG as either a new transmission or a retransmission in 5.4.1. Hence the CG is simply filtered out, which is obviously not the expected behaviour. Therefore configuring both autonomousTx and cg-RetransmissionTimer requires some specification enhancements to make it work properly.

2) One obvious enhancement would consist is also stopping the CGRT upon CG deprioritization, as proposed by several companies, including us. But in that case, the pending PDU of the deprioritized CG can very well be taken care of by the NRU’s autonomous retransmission if the HARQ process is switched to pending upon the deprioritization. In such case, the deprioritization is treated the same way as an LBT failure and there is no need to involve IIOT’s autonomous transmissions.

3) We think it is a wrong approach to address URLLC on UCE by requiring a UE to support both NR-U and IIOT CG protocols. For example, R16 UEs developed for IIOT market, which are not NR-U capable should be able to benefit from a simple upgrade (see Section 2.2.2) to be able to operate CGs in a UCE environment in R17. Specifically they should not be required to support the cg-RetransmissionTimer, UE-selected HPID and HARQ sharing across CGs, CG-UCI and CG-DFI features, which add significant complexity. Inversely, a R16 UE supporting NR-U but not IIOT capable should be able to benefit from a simple upgrade to be able to operate CGs in a UCE environment in R17 without the need to support IIOT’s autonomous transmissions.

	Sony
	No
	We already agreed that:

When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.

When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.

Each mechanism (NR-U or URLLC) can support to autonomously (re)-transmit of a dropped/pending PDU. Hence, no need to mix them.

	Lenovo
	Yes
	We agreed that LBT failure may still happen in an unlicensed controlled environment. Conclusion was that for cases that a LBT failure occurred for a CG transmission that UE should be able to autonomously retransmit the TB. Similarly, there was an agreement that if a CG is deprioritized then UE should be able to autonomously re-transmit it. We didn’t discover any major problems when configuring both cg-RetransmissionTimer (taking care of LBT failures) and autonomousTx (covering deprioritized UL grants) together. Therefore we don’t think that it is necessary to restrict network configuration. 

	ZTE
	Yes
	We understand that the CGRT is to represent which workframe of configured grant transmission and autonomous retransmission shall be used (i.e NRU or URLLC), and the autonomousTX is to represent whether the related configured grant configuration support the autonomous transmission for deprioritization. For example of one configured grant:
(1) CGRT is configured but autonomousTX is not, which means this configured grant shall be running as NRU no matter for normal transmission or autonomous retransmission and this configured grant configuration does not support autonomous (re)transmission for deprioritization.

Both CGRT and autonomousTX is configured , which means this configured grant shall be running as NRU no matter for normal transmission or autonomous retransmission and this configured grant configuration  support autonomous (re)transmission for deprioritization
CGRT is not configured while autonomousTX is, which means this configured grant shall be running as URLLC no matter for normal transmission or autonomous retransmission and this configured grant configuration support autonomous transmission for depiroritization.
Neither CGRT nor autonomousTX is configured, legacy behavior will be adopted as R15.


Question 2-b: With LCH-based prioritization and CGRT configured, do you agree that MAC entity can retransmit a deprioritized TB the same way as a TB dropped due to LBT failure (e.g. if CGRT isn’t running)?
	Company
	autonomousTx configured
	autonomousTx not configured 
	Additional comments
if yes, clarify if a spec changes is need and what needs to be changed

	
	Reply (y/n)
	Reply (y/n)
	

	HW
	Depends on whether the CG for the deprioritized TB is new transmission or retransmission
	Yes
	 Rely on the the pending/not-pending status as well as the running state of the configuredGrantTimer of a HARQ process to realize.

If autonomousTx is not configured, then 

if the CG for the TB is new transmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer is not started/re-started, and the HARQ process is considered as pending

if the CG for the TB is retransmission and de-prioritized before its transmission, the configuredGrantTimer and cg-RetransmissionTimer keeps their current running states, and the HARQ process keeps its current pending/not-pending status

if the CG for the TB is deprioritized after the transmission starts, the configuredGrantTimer and the cg-RetransmissionTimer shall keep running, and the HARQ process is still considered as not pending
If autonomousTx is configured, then whether the deprioritized TB can be treated the same way as a TB dropped due to LBT failure depends on whether the CG for the deprioritized TB is new transmission or retransmission. 

If the CG for the deprioritized TB is new transmission, then IoT autonomous transmission should be performed 

If the CG for the deprioritized TB is retransmission, then NR-U autonomous retransmission should be performed, same handling as LBT failure happens. 



	MediaTek
	N
	N
	When autonomousTx is configured, we can follow the Rel-16 IIoT procedure and retransmit at the next available CG occasion. But of course, because CGRT is configured, the UE is able to select the HARQ PID (for the next available CG occasion) as in Rel-16 NR-U.

When autonomousTx is not configured, deprioritized TB should not be retransmitted, as in Rel-16. It will be dropped as in Rel-16 IIoT case. This gives the network the flexibility to enable/disable autonomousTx. This is up to network configuration.

	CATT
	No
	Yes
	When autonomousTx is not configured, when a CG is deprioritized, and gNB can’t decode the partial transmission, NR-U autonomous retransmission is triggered when CGRT expires since no DFI-ACK was received. So for a deprioritized CG to be treated like an LBT failure, it requires, as suggested by the rapporteur in the question and discussed in Q2-a, that CGRT is stopped. But this is not sufficient, the HARQ process must also be switched to “pending”.

When autonomousTx is configured: strictly speaking the question asks about handling deprioritized PDUs “the same way as a TB dropped due to LBT failure”. We understand this in NR-U sense i.e. the TB is sent via autonomous retransmission, as described above. In that sense it is useless to configure autonomousTx. And the 1st column has no object. The case where autonomousTx is configured (if allowed) means in our understanding, that deprioritized TBs are expected to be sent via autonomous transmissions, as in IIOT, which is different from LBT failure. This is enabled by stopping the CGRT and keeping the HARQ process pending. In any case we do not support configuring autonomousTx and cg-RetransmissionTimer together because it is the most complex solution and for the reasons explained in Q2-a.


	Sony
	cg-RetransmissionTimer and autonomousTx are not configured together in R-17.
	Yes
	If CG is deprioritised grant due to LCH-based prioritisation, then cg-RetransmissionTimer is not started, the HARQ process can be considered pending, and a UE must be able to retransmit the TB immediately at the next available CG occasion. This behaviour can be treated similar to LBT failure.

	Lenovo
	No
	No
	Not sure that we understand the question correctly. 

If autonomousTx is not configured, and TB is deprioritized, HARQ process is “not pending”, CGRT is not started. Therefore no autonomous retransmission (according to NR-U) is performed. In order to treat a deprioritized UL grant similar to a LBT failure the HARQ process needs to be switched to “pending” if a UL grant is deprioritized. 

If autonomousTx is configured then IIOT autonomous transmission mechanism kicks in. 

	ZTE
	Yes by addressing Lenovo’s concern
	No
	As we mentioned above, when autonomousTX is not configured, it means the autonomous transmission for deprioritiation is not supported.

When autonomousTX is configured, we’d like to admit the issue raised by lenovo is existing based on the current spec, but in our understanding, a Configured grant is deprirotized and the relevant MAC PDU is generated have a same situation with the LBT failure of configured grant from which the MAC PDU have been generated and cannot be transmitted as well. Therefore, we can provide a simple solution where the configure grant is deprioritized and the relevant MAC PDU have been generated can be treated as LBT failure when CGRT is configured.


Impact on CGRT:

References [5, 13, 14] think CGRT and autonomousTx can be configured together, but mention if deprioritization happens after the first symbol of PUSCH transmission on the CG, there may be conflicting behavior specified whereby, autonomousTx instructs the retransmission again on the next CG occasion while CGRT mandates the retransmission after CGRT expiry. This is caused by: 

CGRT starts at the first symbol of a PUSCH transmission on the corresponding CG. 

When the UE is configured with autonomousTx, it was agreed in RAN2#112e to stop the CG timer when a TB on the corresponding CG is deprioritized, to allow for a deprioritized PDU for a configured grant to be autonomously transmission immediately. 


To enable immediate retransmission when CGRT is configured, [3, 5, 6, 13, 14] propose to stop CGRT when the CG resource associated with the CGRT is deprioritized. Reference [14] also supports the transmission of a deprioritized PDU on the next available CG occasion, including the case where CGRT was never started, though that is already up to UE implementation in such case to select the HARQ process ID. Reference [2] argues that it is not favorable to stop the CGRT in such case, as the gNB can decode the transmitted TB successfully even if the transmission is not completely finished or the gNB can issue a dynamic grant for retransmission after decoding the CG-UCI.

Question 3: Do you support stopping cg-RetransmissionTimer when the CG resource associated with the CGRT is deprioritized due to LCH-based prioritization?
	Company
	Reply 
(y/n)
	Additional comments


	HW
	No
	 Autonomous retransmission can be performed when the cg-RetransmissionTimer expires. If the network configures a suitable cg-RetransmissionTimer, the delay is not that critical. 

	MediaTek
	See comment
	To clarify, in our paper [14] we suggested that the CGRT should not be running. We think that this can be achieved by not starting CGRT when the UL grant is deprioritized, rather than starting and then stopping it.

	CATT
	Yes, as an optimization
	We think it is low probability that network can decode the packet or UCI successfully. Hence, most likely the UE will perform autonomous retransmission after CGRT expires. So stopping the CGRT allows treating the pending PDU faster, in the same way as for an LBT failure. But the HARQ process needs to be switched to pending as well.

	Sony
	Yes
	It is better to stop the timer to allow for a deprioritized PDU for a configured grant to be autonomously transmitted immediately. This makes aligned with the behavior of autonomousTx.

	Lenovo
	Yes
	Stopping CGRT allows for faster autonomous retransmissions. Also it seems like an unintended UE behaviour if cg-RetransmissionTimer is running while the configuredGrantTimer is not running. 

	ZTE
	Yes
	Agree with CATT


How to perform autonomous re-tx and impact on HARQ process status
To support the IIoT autonomous re-transmission of a deprioritized TB without autonomousTx configured, [2, 3, 10, 11] propose that the HARQ status to should be switched to pending (similar handling to when a CG transmission fails LBT). Reference [13] proposes considering the HARQ process as not pending upon deprioritization, but with autonomousTx configured. The following proposals were made for the HARQ process status:

Option 1 - To enable transmitting a deprioritized PDU at the very next CG occasion: upon deprioritization of an UL grant, the corresponding HARQ process switches to “pending” [2, 3, 10, 11]. This can be used to support configuring CGRT without autonomousTx 

Option 2 – When both CGRT and autonomousTx are configured, perform IIoT autonomous framework if the PDU was deprioritized and no indication of LBT failure was received, and perform NRU autonomous retransmission framework for the MAC PDU if LBT fails [4, 10, 16]. HARQ process status remains as is, unless it’s changed per existing R16 specification.

Option 3 – No further enhancement is needed. Current specification can handle configuration of LCH-based prioritization and CGRT as is to perform the autonomous retransmission of a deprioritized TB.
Option 4 – No further enhancement is needed. Do not support retransmission of de-prioritized TB.
Option 5 - When both CGRT and autonomousTx are configured, perform NRU autonomous framework if the PDU was deprioritized and no indication of LBT failure was received, and perform NRU autonomous retransmission framework for the MAC PDU if LBT fails. HARQ process status remains as is, unless it’s changed per existing R16 specification.
Question 4: With LCH-based prioritization and CGRT configured, do you support any of the above options for the HARQ process status?

	Company
	autonomousTx configured
	autonomousTx not configured 
	Additional comments


	
	Preferred option(s)
	Preferred option(s)
	

	HW
	Option 2 but 
	Option 1 but 
	 We think option 1 and option 2 only apply to new transmission and option 1 only applies to the case that new transmission is deprioritized before the transmission. There are some other cases need to be considered as well. 
If autonomousTx is not configured and the CG is for retransmission and de-prioritized before its transmission, the HARQ process keeps its current pending/not-pending status

If autonomousTx is not configured and the CG is de-prioritized after the transmission starts (either new transmission or retransmission), the HARQ process is still considered as not pending.

If autonomousTx is configured, if the CG is for retransmission and deprioritized, no matter before transmission or after transmission, perform NRU autonomous retransmission framework, HARQ process status remains as is. 

	MediaTek
	Option 2/3
	Option 4
	When autonomousTx is configured, any deprioritized or cancelled CG should use the autonomousTx framework. If the CG was prioritized but LBT failed we use the NR-U framework.

When autonomousTx is not configured, the network has has explicitly informed the UE not to retransmit a deprioritized UL grant. The Rel-16 spec can handle it without any changes to the HARQ process status.

	CATT
	No support
	Option 1
	The HARQ process status (pending/not pending) only exists (and plays a role) when cg-RetransmissionTimer is configured. In such case, switching the HARQ process to pending (as well as stopping cg-RetransmissionTimer as discussed in Q3) upon CG deprioritization allows UE to perform autonomous retransmission on the subsequent CG resource, in the same manner as for an LBT failure. As correctly mentioned by the rapporteur, this only involves NR-U mechanisms and does not require configuring autonomousTx. It is clean as it does not require to discuss and decide, as is the case with Option 2 and as explained in [13], which of NR-U retransmission or IIOT autonomous transmission will take place when a CG experiences consecutively an LBT failure and (on the subsequent CGO where takes place the autonomous retransmission) a deprioritization. And vice versa.

	Sony
	Not supported
	Option 1 but
	We agree case 1 and 2 described by Huawei.  Case 3 is not needed as we preferred already that cg-RetransmissionTimer and autonomousTx are not configured together in R-17.

	Lenovo
	Option 2 but
	Option 1
	When autonomousTx is configured, any deprioritized /cancelled CG should use the IIOT autonomous transmission framework. For the case of LBT failure NR-U autonomous retransmission functionality should be applied. However we think it would be cleaner if HARQ process status is switched to “not pending” for cases when CG is deprioritized, i.e. for the case that autonomous retransmission is deprioritized. Since MAC spec is already quite complex when it comes to NR-U autonomous ReTx and IIOT autonomousTx it would be a cleaner solution in our understanding. 

When autonomousTx is not configured, switching the HARQ process status to “pending” upon CG deprioritization enables UE to perform an autonomous retransmission of the deprioritized TB on the subsequent CG resource, similar to LBT failure.

	ZTE
	Yes, go for improved option 2 (option 5)
	Option 4
	We think no matter normal configured grant transmission or autonomous (re)transmission shall use the framework of NRU if CGRT is configured, thus we think option 5 is a better solution since the NRU framework can provide more prompt retransmission.


With cg-RetransmissionTimer not configured

An open issue is whether CG retransmissions due to LBT-failure should also be handled when cg-RetransmissionTimer is not configured, e.g. using the autonomousTx framework. There are two expressed opinions:

Option 1 - no enhancements needed: if an operator would like to handle LBT-failures and UE autonomous retransmission, it can simply configure the CGRT [4, 5, 15, 16].
Option 2 - consider a grant dropped due LBT failure as a “deprioritized grant” to enable the autonomous retransmission of the PUSCH that failed LBT [2, 3, 13, 10, 11, 19, 20].

Question 5: Which option do you prefer for handling autonomous retransmission due to LBT failure when cg-RetransmissionTimer is not configured?
	Company
	Preferred option
	Additional comments


	HW
	Option 2
	 

	MediaTek
	Option 1
	No need to make any enhancements. If the network has not configured CGRT, it is informing the UE that it should not attempt to retransmit data if LBT fails. The network choice should be respected.

	CATT
	Option 2
	We have not identified a technical issue with this simple solution. So we think it should be supported, even if other solutions are also adopted with the NR-U road, i.e. when cg-RetransmissionTimer is configured (Section 2.2.1). We think providing the industry with a set of solutions UE vendors can chose from depending on their R16 implementations and roadmap increases development flexibility, allows reducing costs, and is future-proof.

	Sony 
	Option 2
	It is better to be consistent for both mechanisms (NR-U and URLLC) that due to LBT failure the PDU is deprioritized and then it will have immediate autonomous transmission.

	Lenovo
	Option 2
	Seems like a simple solution. However no strong opinion here.  

	ZTE
	FFS
	We think it is a little earlier to discuss how to deal with the LBT failure when CGRT is not configured even we still have no idea whether CGRT can be configured with autonomousTX or not.
We tend to agree with MTK, if CGRT is not configured by NW which means NW have a confidence in which no LBT failure can be occurred.


CG selection for autonomous retransmissions

When CGRT is configured, the UE still selects the HARQ process on its own and HARQ process sharing between multiple CGs are allowed as in Rel-16 NR-U. Given autonomous (re)transmission mechanism after CGRT expiry can be performed across the different Configured grant configurations sharing the same HARQ process, [14, 17] proposes to avoid using other CG configurations not suitable for the service – compared to the CG initially used. However, [4] questions whether HARQ sharing should still be allowed in R17 when LCH-based prioritization is configured, as it is more suited for same priority data. The following options are possible:

Option 1 - Restrict that the configured grant used for autonomous (re)transmission to be from the same CG configuration used initially, e.g. when LCG-based prioritization is configured [4]

Option 2 - LCH restriction is considered when selecting a configured grant for autonomous (re)transmission from a different CG configuration (consider all restrictions, including allowedCG-List) [14, 17]

Option 3 – No enhancement needed, e.g. rely on the network to configure HARQ sharing for CG configurations that can meet the same type of services.

Question 6: Which of the options above do you support to ensure the CG selected for autonomous retransmission is selected properly to meet the service?
	Company
	Reply 
(y/n)
	Additional comments
if yes, which enhancement is preferred?

	HW 
	Option 3,
	 We don’t think any enhancement is needed. According to the mapping between LCH and CG lists as well as the mapping between CG and HARQ ID, we can totally rely on NW implementation to ensure the CG selected for autonomous retransmission is selected properly to meet the service. 

	MediaTek (proponent)
	Option 2
	The LCH restrictions are critical for the IIoT operation and should be met for retransmissions as well.

Different CG configurations are used for different QoS requirements. Therefore, an appropriate CG configuration must always be picked for retransmission. For example, allowedCG-List maps data to an appropriate CG configuration. LCH restrictions such as these must be satisified for retransmissions.

Option 3 would limit the network flexibility and can reduce the number of HARQ processes per CG configuration.

	CATT
	Option 3
	In RAN2#112-e meeting, it was agreed that

5
As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.

We think if CGRT is configured, the autonomous retransmission among different CG configurations should be allowed like NR-U. This is one benefit of NR-U.

	Sony
	Option 2
	Because we support different services with different requirements (i.e. reliability, latency), it would make sense to comply LCH restriction if configured.

	Lenovo
	Option 3
	We don’t see a need for any enhancement. 

	ZTE ((proponents)
	Option 2
	This option is good for guarantee the TSN service won’t interrupted by the autonomous retransmission from other TSN services.  


Prioritization between CG initial transmissions and retransmissions

In Rel-16 NR-U, the UE selects the HARQ process ID for CG and the UE prioritizes retransmissions of PDUs (e.g. due to failed LBT) over new transmissions, while for IIoT on licensed band the HARQ process is strictly associated to the CG occasion time. The NR-U behavior however can result in added latency for newly arrived URLLC data. For CG operation in a controlled unlicensed environment (IIoT and NR-U), the UE can benefit from prioritization between Initial transmission (which may contain higher priority data/control) and retransmissions (due to UL LBT failure, CGRT expiring, or intra-UE de-prioritization), as proposed in [2, 3, 5, 6, 13, 15]. This can require changes, as explained in [4, 5], given currently UE prioritizes retransmission within each CG with CGRT and LCH-based prioritization overrides the retransmission choice.

Question 7: With cg-RetransmissionTimer and LCH-based prioritization configured, do you support prioritization between initial transmissions and retransmissions on a CG based on the LCH priority multiplexed -or to be multiplexed-?
	Company
	Reply 
(y/n)
	Additional comments

	HW
	Yes
	 Considering URLLC service is supported, it seems not reasonable to always prioritize retransmission than new transmission. If a MAC PDU for retransmission contains data from a LCH with low priority, while there are some data with higher LCH priorities awaiting for transmission, it is better to allow a subsequent CG occasion to perform new transmission

	MediaTek
	Y
	For IIoT use cases, it is better to prioritize the initial transmission and retransmission based on the Rel-16 IIoT principles (priorities of LCH that are multiplexed or that can be multiplexed in the TB).

	CATT
	Yes
	We see no issue in supporting prioritization between initial transmission and retransmission when CGRT and LCH-based prioritization are configured. The legacy NR-U behavior was not intended for URLLC traffic and would benefit here from this small upgrade.

	Sony
	Yes
	In general, it is important that a low priority re-transmission should not prevent another initial transmission with high priority. 

	Lenovo
	Yes
	UE should perform the UL grant prioritization functionality defined for Rel-16 I-IOT also for retransmissions, e.g. retransmission triggered by LBT failure. Otherwise transmission of high priority data might get delayed. 

	ZTE
	No for now
	The prioritization of selection of HARQ process ID from HARQ process poor for one CG occasion is totally different with our current LCH based prioritization rule from which only determine the prioritized UL grant from conflict UL grants. This is a new function we shall be careful with that.


HARQ Process ID selection when CGRT is not configured

It was agreed in R2#112e that Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection when CGRT is not configured, i.e. nothing changes in that case and the UE uses the formula to determine the HARQ PID according to timing of the CG occasion, as in R16. RAN1 is however discussing the configuration options for the CG-UCI, including configuring it independently of the CGRT. References [3, 5] argue that CG-UCI can be configured independently of CGRT, and when it is configured the UE can select the HARQ PID and send it on the UCI. This issue boils down to whether configuring CG-UCI without CGRT can be common. The following options are possible:


Option 1 - When CG-UCI is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection. CG-UCI can be optionally configured without CGRT configured [3, 5]. LS to RAN1 can be sent if needed.

Option 2 – Wait for RAN1 to conclude their discussions [21].


Option 3 - no enhancements needed: if CGRT is not configured, the UE uses the existing formula to determine the HARQ PID according to timing of the CG occasion, as in R16. This is in line with the agreements from last meeting.
Question 8: Which option do you prefer for HARQ process and RV selection when CGRT is not configured?
	Company
	Preferred option
	Additional comments


	HW
	Option 3
	

	MediaTek
	Option 3
	

	CATT
	Option 1
	It is obvious the CG-UCI only needs be configured to inform the gNB which HPID and RV UE selected for a given CGO. On the contrary, when the HPID is determined based on CGO timing, the CG-UCI is totally useless.

	Sony
	Option 1 or 2
	It is reasonable to wait RAN1 outcome if RAN2 cannot make a decision.

	Lenovo
	Option 3
	

	ZTE
	Option 3
	From RAN2 perspective , we would like to insist on our decision made in the previous meeting.


Other issues 

Issues not previously discussed or not widely discussed.

Intra-UE Prioritization considering LBT Failure

References [6, 13] mention that intra-UE prioritization in some case can select a grant outside of an ongoing COT (or a grant for which LBT failure is more likely), even though the deprioritized grant can be selected with a higher probability of succeeding LBT. The following enhancements are proposed:

Enh 1: [6] proposes that MAC takes the likelihood of succeeding LBT into account in addition to LCH priority, when determiening which grants to (de)-prioritize. 
Enh 2: [13] proposes to transmit a PDU on a deprioritized grant if the transmission on the overlapping prioritized grant failed LBT, to reduce potential waste of resources. 
Question 9: Do you support considering LBT failure when determining a grant priority for intra-UE prioritization?
	Company
	Reply 
(y/n)
	Additional comments
if yes, which enhancement is preferred?

	HW
	No
	 As we are talking about UCE, the LBT failure can almost be ignored and happens quite rare, so it is not necessary to consider the LBT failure for intra-UE prioritization. In addition, the current intra-UE prioritization mechanism is already quite complicated, we don’t support to introduce any additional condition on top of the current scheme unless significant problem is foreseen. 

	MediaTek
	N
	We do not see any need for these enhancements.

	CATT
	No
	The LBT failure is assumed to be low probability in UCE. If LBT is taken into account, MAC also needs the information from PHY, e.g. whether the grants are in the same COT. This brings complexities but not great benefits. Regarding enh2, we think this may already be executed by current spec, because if a grant failed LBT the associated PUSCH is not transmitted hence does not collide anymore with the deprioritized grant which is therefore prioritized by default (no other overlapping PUSCH).

	Sony
	No
	We don’t think it is necessary to add an extra burden to the prioritization procedure. Anyway, if LBT succeeds/fails, there is a clear procedure how to handle it based on previous questions/solutions.

	Lenovo
	Yes
	In our understanding LBT is only performed for the prioritized UL grant in case of colliding UL grants. It may happen though that UE cannot perform transmission of the prioritized grant due to LBT failures. Therefore we think that it’s beneficial when UE also performs LBT procedure for a deprioritized grant, i.e. UE has generated TB for the deprioritized grant, in order to increase the likelihood that PUSCH transmission can be performed. It will be beneficial from resource point of view when UE is allowed to perform the transmission on the deprioritized UL grant for cases when LBT fails for prioritized grant and LBT is successful for deprioritized grant.

	ZTE
	Yes
	We are open for this issue. 


LCH-dependent HARQ Process Pool

A concern expressed in [6] is that all CG HARQ processes can at times be occupied with (re)-transmission, especially when the channel occupancy is higher, and that could potentially block transmission of newly arrived URLLC/high priority data. Reference [6] therefore proposes to configure a subset of HARQ processes as “restricted processes” for transmission of data from higher priority LCHs, whereby the UE can use a grant from a restricted process if the PDU contains at least one bit from higher priority LCHs associated with the restricted HARQ process. R16 already allows for a CG type-1 based LCP LCH selection restriction, whereby the UE only fills the CG with data from LCHs configured with configuredGrantType1Allowed. This however cannot be configured per CG or per HARQ process, and thus does not forbid the UE form occupying such CGs for transmission of lower priority data, and thus can block the transmission of higher priority data (due to retransmissions, higher channel occupancy etc).

Question 10: Do you support configuring a subset of HARQ processes as “restricted processes”, whereby the UE can multiplex data on a grant from associated restricted process if the PDU contains at least one bit from higher priority LCHs associated with the restricted HARQ process?
	Company
	Reply 
(y/n)
	Additional comments


	HW
	No
	 According to the mapping between LCH and CG lists as well as the mapping between CG and HARQ ID, we can totally rely on NW implementation to avoid the mentioned case.

	MediaTek
	N
	We think there is already enough flexibility with Rel-16 LCH restrictions to achieve similar results.

	CATT
	No
	This brings restrictions on HARQ process assignment and resource allocation. For example, when there is resource left in grant with higher priority, the data of low priority can’t be multiplexed into the HARQ process of high priority. We agree with HW that there already is quite a tool box allowing “reserving” resources for high-priority traffic.

	Sony
	FFS
	More discussion is needed to understand the issue.

	Lenovo
	No
	Agree with Huawei

	ZTE
	No
	Agree with HW


DG and CG with the same HARQ PID

Overlapping DG and CG are assumed to be on different HARQ process IDs in R16 IIoT, as the network knows a priori the HARQ process ID associated with the CG at that CG occasion. However, given the UE selects the HARQ process ID when CGRT and LCH-based prioritization configured, a scheduled dynamic grant can have the same HARQ process ID as a PDU already generated for transmission on a CG. The CG and DG transmission may or may not overlap in time. Reference [15] thus proposes to consider handling conflicting DG-CG transmissions of the same HARQ process ID. The alternative is to rely on the network to partition the HARQ PID space to avoid such collisions, which is possible if there are many HARQ processes.

Question 11: Do you support handling conflicting DG-CG transmissions of the same HARQ process?
	Company
	Reply 
(y/n)
	Additional comments


	HW
	Yes
	 

	MediaTek
	N
	This can be handled by the network implementation, by proper selection of HARQ PID for the DG.

	CATT
	No
	Even with NR-U, UE selects the HPID but that is only among the set of HPIDs it is allowed to use, as defined by both RRC parameters nrofHARQ-Processes and harq-procID-offset. Therefore NW can use other HPIDs for dynamic grant without ambiguity. When, as in R15, a DG overrides a CG with same HPID we think it is a rare case where NW is short of HPIDs to schedule an urgent transmission. And R16 prioritization should apply even the HARQ processes are the same. Of course NW should setup the priorities consistently so that the DG overrides the CG in that case.

	Sony
	No
	We rely on the network to partition the HARQ PID space to avoid such collisions. Follow NR-U procedure.

	Lenovo
	No
	Can be handled by Network implementation

	ZTE
	No
	


UE-initiated COT for FBE

Reference [13] proposes to investigate prioritization mechanisms aiming to decrease the likelihood of a collision of transmissions from different UEs for UE initiated CO in FBE. A limited set of UEs under certain conditions to initiate channel occupancy procedure can be allowed. For example, the UE is only allowed to access the channel if the determined transmission priority exceeds the threshold level.

Question 12: Do you support investigating L2 means to decrease the likelihood of a collision of transmissions from different UEs in FBE?
	Company
	Reply 
(y/n)
	Additional comments


	HW
	No
	 We think this should be discussed in RAN1. 

	MediaTek
	N
	We can follow RAN1 behavior with regards to COT in FBE.

	CATT
	No
	UE-initiated COT is in RAN1’s scope. We can wait for RAN1’s design to be more mature. We would prefer to avoid MAC/PHY tight interactions.

	Sony
	No
	It is RAN1 issue.

	Lenovo
	
	Fine to wait for RAN1 outcome.

	ZTE
	No
	It is RAN1 issue as sony mentioned.


Dependency of configuring DFI and CGRT

Reference [17] proposes the CG-DFI should not be configured for a configured grant configuration if its CGRT is not configured. It’s worth noting that RAN1 is considering a number of options how to implement the configured grant transmission for URLLC on shared spectrum channel, including whether to configure CG-DFI procedures and CG-UCI procedures jointly or independently

Question 13: Do you support not allowing to configure CG-DFI for a configured grant configuration if its CGRT is not configured? Or we wait for RAN1?
	Company
	Resolve now
or wait for RAN1?
	Additional comments


	HW
	Wait for RAN1
	 

	MediaTek
	Wait for RAN1
	

	CATT
	Wait for RAN1
	When the cg-RetransmissionTimer is configured, CG-DFI must be enabled/configured, but the contrary is not necessarily true. It is too early to rule out configuring CG-DFI without cg-RetransmissionTimer.

	Sony
	Wait for RAN1
	

	Lenovo
	Wait for RAN1
	

	ZTE (proponent)
	Wait for RAN1
	This proposal is to provide our opinion if RAN1 have achieved some interesting conclusion.


Conclusion

RAN2 should discuss the above and agree to the following:

TBA
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