
3GPP TSG RAN WG1 Meeting #105-e	R1-2104265
E-meeting, May 10th-27th, 2021

Agenda Item:	8.3.2
Source:	Huawei, HiSilicon
Title:	Uplink enhancements for URLLC in unlicensed controlled environments
Document for:	Discussion and Decision

[bookmark: _GoBack]Introduction
[bookmark: _Ref129681832]The revised WID in RP-210854 entitled ‘Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR’ includes one objective on uplink enhancements for URLLC in unlicensed controlled environments.  A controlled environment is assumed to contain only devices operating on the unlicensed band installed by the facility owner and wherein unexpected interference from other systems and/or radio access technologies only sporadically happens. Details of the objective are as below:
	2. Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


In the previous meeting RAN1#104b-e, the following conclusions and agreements were achieved:
	Agreements:
· Support explicit RRC configuration for the UE-FFP parameters including period and offset in RRC connected mode.

Agreements:
· For semi-static channel access mode, the offset value for configuration of a UE-FFP for a serving cell has a symbol level granularity.

Agreement:
· For semi-static channel access mode, in addition to the agreed set of period values for configuration of a UE-FFP for a serving cell:
· Do not support any additional period value

Agreement:
· For semi-static channel access mode, the starting point of first UE FFP for a serving cell
· is relative to the boundary of the radio frame of even index number (i.e. X=even indexed number in RAN1#104-e agreement).

Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI  DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.

Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type Bwhen using based on NR-U Rel-16 based CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B when using based on NR-U Rel-16based CG for unlicensed band operation. FFS whether/how to enhance
 
Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether PUSCH segmentation should take into account the idle period of an FFP. 
· FFS on details
 
Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details

Conclusion:
· In semi-static channel access mode, a UE as an initiating device, is allowed to transmit during the idle period of any FFP associated with the serving gNB if the UE transmission is based on UE initiated COT 
· Note: the gNB may disallow UL transmission during symbols of the idle period by configuring them either as semi-static DL symbols, or indicating them as DL with SFI. 

Agreement:
· Option 2-b and option 3 are not considered further for the agreement in RAN1#103-e regarding CG harmonization



In this contribution, in accordance with Chairman’s agenda for RAN1#105-e, we further discuss selected issues related to the support for UE-initiated Channel Occupancy (CO) and  harmonizing the UL configured grant (CG) enhancements in Rel-16 for NR-U and URLLC to support the operation in the controlled unlicensed environment.
Discussion
Support for a UE initiating semi-static channel occupancy as an FBE
In NR-U Rel-16, gNB-initiated semi-static CO is supported and the associated channel access procedures for the initiating gNB and its responding UEs have been specified in Section 4.3 of TS 37.213 v16.5.0 [1] for operation in a channel in the shared (unlicensed) spectrum below 7 GHz. The support therein is specific to the scenario in which the absence of any other technology sharing the channel can be guaranteed on a long-term basis, e.g. by level of regulation.  For a gNB-initiated semi-static CO, the gNB provides UE(s) with the following higher layer parameters by SIB1 or dedicated configuration:
- ChannelAccessMode-r16 ='semistatic', and
-  provided in semiStaticChannelAccessConfig-r16 taking a value from {1, 2, 2.5, 4, 5, 10} ms 
[image: ]
Figure 1. gNB initiated semi-static channel occupancy in Rel-16 NR-U
As shown in Figure 1, a periodic CO can then be initiated by the gNB every  within every two consecutive radio frames, starting from the even indexed radio frame at  where . The maximum channel occupancy time (MCOT)  including any uplink transmissions by the UEs and switching gaps. No transmission by the gNB or the responding UEs is allowed within the idle period of the gNB frame defined as a set of consecutive symbols for a duration of at least  before the start of the next frame period. DL transmission burst(s) start at the beginning of a frame immediately after sensing the channel to be idle for at least ; if the CCA by the gNB fails at the beginning of the FFP, no transmission is allowed in that frame period, neither from the gNB nor from any associated UE. Also, additional DL transmission burst(s), other than the DL bursts transmitted to initiate the CO, can occur within the COT immediately after sensing the channel to be idle for at least 9𝑢𝑠 if the gap from any previous burst, DL or UL, is more than 16𝑢𝑠, while no channel sensing is required if the gap between the DL and UL transmission bursts is at most  We note that DL-UL COT sharing is thus supported such that a responding UE may also transmit UL transmission burst(s) after a DL transmission burst(s) within the COT without sensing the channel if the gap is at most . However, if the gap is more than , the UE needs to sense the channel to be idle for at least  within a  interval ending immediately before transmission.
In an unlicensed controlled environment, the absence of devices operating as an LBE (or dynamic channel access) can be guaranteed on a long-term basis. 
Determination of semi-static CO initiator 
The determination of the COT initiator was discussed in the previous meetings to align the understanding of applicable CO and idle period between the UE and the gNB for both configured and scheduled UL transmissions. The following agreements are still considered for potential down selection between the alternatives:
	Agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission

Agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT.




First, for configured UL transmission, in our view, the solution in Alt-a is based on the dynamic determination of the UL transmission such as CG being confined within a gNB FFP before its idle period, as well as the dynamic determination of whether the gNB has initiated that gNB FFP. 
It can be observed that the rule in Alt-b is simpler than that of Alt-a as it does not depend on determining whether or not the gNB has initiated the gNB FFP. 
Nevertheless, it should be also appreciated that Alt-a prioritizes gNB COT over UE COT and inherently provides more protection to the gNB idle period. In contrast to gNB COT which in principle can be shared by all intra-cell UEs, a UE initiated COT can be shared only to the serving gNB and the initiating UE may proceed with UL transmissions in the gNB idle period if resources were configured as such a-priori. 
Moreover, the UE procedure in Alt-a is similar to that already supported before sharing gNB COT in R16 and it is also aligned with the already agreed procedure for configured UL that is not aligned with FFP boundary. 
It important to note that the misdetection issue is also applicable to Alt-b if the gNB misdirects the configured UL transmission initiating the UE COT and thus does not expect to receive the subsequent UL transmissions within the UE FFP.
Therefore, we propose to support Alt-a for configured UL transmissions.
Proposal 1: For determining the COT initiator for configured UL transmissions in semi-static channel access, support Alt-a in the agreement of RAN1#104-e

Second, for scheduled UL transmissions, in our view, since the gNB dynamically controls the timing of the scheduled UL transmission, it can simply choose, whether or not to fulfil the main requirement for the initiating a UE COT using an UL transmission, which is aligning the start of the UL transmission with the beginning of the UE FFP as per the above agreement from RAN1#102-e. In fact, only the 3rd code point of the field ChannelAccess-CPext/ChannelAccess-CPext-CAPC in the UL scheduling DCI indicates LBT, i.e., ‘9us sensing within 25us interval without CPE’, and while it was meant for sharing gNB COT, the other code points explicitly indicate ‘no sensing’ and thus cannot be indicated for initiating UE COT. As such, when that ‘9us sensing’ codepoint is indicated, the gNB has the flexibility of TDRA to whether or not fulfil the requirement of aligning the start of the UL transmission with the UE FFP boundary, even with 1 symbol shift.  Furthermore, the procedure in Alt-b would have to be implemented anyway in case the additional field is absent in the DCI. It is also preferred that the UE behavior is consistent across configured and scheduled UL.
It is also important to note that such an indication in the UL scheduling DCI or would be disregarded by the UE and the UE would have to apply a rule anyway in some cases unless they are precluded by imposing scheduling restrictions, which defeats the purpose of giving more flexibility to gNB. For instance;
1- If the scheduling DCI indicates an UL transmission not aligned with UE FFP belongs to UE COT in the next UE FFP but the UE fails to initiate that COT, the UE has to assume the UL transmission shares the concurrent gNB COT if the UE determines that it was initiated as shown in at the top of Figure 3. 
2- If the scheduling DCI indicates an UL transmission belongs to gNB COT in the next gNB FFP (as agreed in the previous meeting and shown at the bottom of Figure 2), but the gNB fails to initiate that COT, the UE has to assume the UL transmission shares the concurrent UE COT if the UE has initiated it. 
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Figure 2. Example cases in which the indication in the UL scheduling DCI would be disregarded by the UE and a rule similar to Alt-b would have to be implemented anyway.

Therefore, a rule as in Alt-b would have to be implemented anyway in the cases the UE has to disregard the DCI indication.  
In summary, given that the timing of the scheduled UL transmission is already involved in the determination of the COT initiator, and given the above cases in which the indication is not useful or would be disregarded, in addition to the inconsistency of UE behavior across configured and scheduled UL, we do not see the need to introduce a dynamic indication and increasing the dynamic overhead for the gNB to cancel the UL transmission if the corresponding channel access conditions are not met. Therefore, we propose to support Alt-b for scheduled UL transmissions.
Observation 1: Given that gNB can control the timing of the scheduled UL transmission which is already involved in the determination of the COT initiator, and given the above cases in which the indication would be disregarded, in addition to the resulting inconsistency of UE behavior across configured and scheduled UL, there is no need to introduce a dynamic indication and increasing the dynamic overhead for the gNB to cancel the UL transmission if the corresponding channel access conditions are not met.
Proposal 2: For determining the COT initiator for scheduled UL transmissions in semi-static channel access, support Alt-b (Determination based on the rules applied for a configured UL transmission depending on whether or not the scheduled UL is confined within an initiated gNB COT) in the agreement of RAN1#104-e.          
Harmonization of CG enhancements in Rel-16 NR-U and URLL
Harmonization of CG features (excluding PUSCH repetition)
Three main options were identified in the previous RAN1#103-e meeting for harmonizing the CG features (excluding PUSCH repetition) between Rel-16 URLLC and Rel-16 NR-U via enabling/disabling the NR-U ‘CG-DFI based procedures’ and ‘CG-UCI based procedures’ using RRC parameters. Whereas the two groups of procedures were defined as:
•	‘CG-UCI based procedures’ rely on including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
•	‘CG-DFI based procedures’ rely on autonomous re-transmission on CG configuration and reception of CG-DFI in DCI for re-transmissions.
Based on the latest agreement in RAN1#104b-e, the remaining two options can be summarized as:
· Option 1: Both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled or disabled for unlicensed using the cg-RetransmissionTimer-r16.
· Option 2-a: ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are independently enabled or disabled for unlicensed using a new parameter X and cg-RetransmissionTimer-r16 respectively. 

Following are our observations on the available options based on the above definitions: 


1. Disabling ‘CG-UCI based procedures’ while the cg-RetransmissionTimer is configured seems to be not beneficial given that the HARQ ID, RV, and NDI would be determined by the UE according to the current spec whereas the UE would not be able to indicate these autonomously selected parameters without the CG-UCI. Therefore, such a combination in Option 2-a should not be supported.

	TS 38.321
For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.




2. Also in in Option 2-a, ‘CG-UCI based procedures’ can be enabled without configuring the cg-RetransmissionTimer. However, in such a case, 
· HARQ determination cannot be done by the UE according to the current MAC spec above
· RV determination cannot be done by the UE according to the current spec quoted below, 
· NDI field is also not useful as CG retransmissions are disabled
· The only remaining benefit seems to be multiplexing multiple TBs in one period without  autonomous retransmissions of such TBs
· In our view, this could be matched by configuring shorter CG periodicity without imposing the CG-UCI overhead in every CG PUSCH.   

	The higher layer parameter repK-RV defines the redundancy version pattern to be applied to the repetitions. If cg-RetransmissionTimer is provided, the redundancy version for uplink transmission with a configured grant is determined by the UE. If the parameter repK-RV is not provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, the redundancy version for uplink transmissions with a configured grant shall be set to 0. If the parameter repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence.



While companies’ views were quite diverse, the following agreements were achieved in RAN2#112-e:
	Agreements:
From RAN2 perspective
1    It is assumed that LBT failures only happen infrequently in UCE (unlicensed controlled environment).  A formal definition of UCE and its relationship to semi-static or dynamic access mode is not necessary in RAN2 specifications.
2    cg-RetransmissionTimer can be configured optionally for shared spectrum
3    When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
4    When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.
5    As a baseline, HARQ processes sharing between multiple CGs are allowed when cg-RetransmissionTimer is configured as in Rel-16 NR-U.
6    HARQ processes sharing between multiple CGs are not allowed when cg-RetransmissionTimer is not configured.
7    FFS if LCH based prioritization can be configured with cg-RetransmissionTimer
8    The assumption for Rel-16 is that the network will not configure autonomousTx and cg-RetransmissionTimer simultaneously per cell.  No optimizations will be pursued to allow the two features be configured together in Rel-16.  No CR is needed for this for now.
9    If a configured grant is deprioritized and/or gNB didn’t get it (e.g. LBT failure and/or tx failure) then we should be able to autonomously re-transmit it.  FFS how to achieve it (using existing mechanisms should be considered as baseline)


 
The highlighted agreements above basically mean that, according to RAN2 understanding, procedures identified by RAN1 as ‘CG-UCI based procedures,’ such as those related to HARQ process ID and RV selection by the UE, shall be enabled/disabled by the configuration of the cg-RetranmissionTimer. It can be observed as such that agreeing in RAN1 to Option 1 would also align the understanding across RAN1 and RAN2.

Furthermore, during the discussion on Rel-16 UE feature groups, it was agreed to group the support for retransmission on CG resources and the support for its associated cg-RetransmissionTimer-r16 in one feature group along with the two features of supporting monitoring of CG-DFI and multiplexing of CG-UCI on CG-PUSCH. As such, the gNB may configure a UE to operate in accordance to NR-U CG enhancements in a given band if the UE indicates its support for retransmission on CG resources in that band through capability signaling. In RAN1#102-e it was agreed that, at least for FBE, configuration of the cg-RetransmissionTimer should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum. This simply means that it would not be mandatory for the UE to support the associated NR-U CG enhancements such as CG-DFI, CG-UCI, and HARQ enhancements when configured grant Type 1 or Type 2 are configured in a BWP in unlicensed spectrum.  

Proposal 3: Support Option 1, i.e., both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled/disabled using the cg-RetransmissionTimer-r16.
Conclusions
Based on the discussions, the following observations and proposals were made:
Proposal 1: For determining the COT initiator for configured UL transmissions in semi-static channel access, support Alt-a in the agreement of RAN1#104-e

Observation 1: Given that gNB can control the timing of the scheduled UL transmission which is already involved in the determination of the COT initiator, and given the above cases in which the indication would be disregarded, in addition to the resulting inconsistency of UE behavior across configured and scheduled UL, there is no need to introduce a dynamic indication and increasing the dynamic overhead for the gNB to cancel the UL transmission if the corresponding channel access conditions are not met.
Proposal 2: For determining the COT initiator for scheduled UL transmissions in semi-static channel access, support Alt-b (Determination based on the rules applied for a configured UL transmission depending on whether or not the scheduled UL is confined within an initiated gNB COT) in the agreement of RAN1#104-e.          

For Harmonization of CG enhancements:
Proposal 3: Support Option 1, i.e., both ‘CG-UCI based procedures’ and ‘CG-DFI based procedures’ are enabled/disabled using the cg-RetransmissionTimer-r16.
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