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1 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)


2 Open issues
2.1 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. 


2.2 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.
2.2.1 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
	 


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 
1. 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
2. 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
3. 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. 
1. If the CG for the deprioritized TB is new transmission, then IoT autonomous transmission should be performed 
2. If the CG for the deprioritized TB is retransmission, then NR-U autonomous retransmission should be performed, same handling as LBT failure happens. 


	
	
	
	


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. 


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.
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. 
1. 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
2. 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.
3. 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. 


2.2.2 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
	 


2.3 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. 


2.4 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


2.5 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
	


3 Other issues 

Issues not previously discussed or not widely discussed.
3.1 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. 


3.2 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.


3.3 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
	 


3.4 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. 


3.5 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
	 


4 Conclusion

RAN2 should discuss the above and agree to the following:

TBA
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