3GPP TSG RAN WG1 #103-e		R1-2008462
e-Meeting, October 26th – November 13th, 2020

Agenda Item:	8.3.2
Source:	Apple Inc.
Title:	URLLC uplink enhancements for unlicensed spectrum 
Document for:	Discussion/Decision
Introduction
A work item on enhanced IIoT and URLLC was approved in RAN#86, and the WID was further updated in RP-201310 (RAN#88, June 2020) [1]. One objective is about the uplink enhancements for URLLC in unlicensed spectrum:
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 this contribution, we discuss these aspects and share our views based on the agreements made in RAN1#102-e.
UE-initiated COT for FBE
There have been some agreements for UE-initiated COT for FBE in RAN1#102-e (see Appendix A), which set up a good framework for further discussion.
Configuration of FFP periodicity/offset
For the configuration of FFP periodicity/offset for UE-initiated COT, the following was agreed:
Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 
Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters

First of all, FFP periodicity for UE-initiated COT that is different from FFP periodicity for gNB-initiated COT should be supported. The UE transmission is configured (or scheduled) by the gNB, and the UE can initiate a COT only if the start of the transmission aligns with the FFP boundary. Typically the periodicity of the configured UE transmissions (CG PUSCH, SR, P-CSI, SRS) is not aligned with the FFP periodicity of gNB-initiated COT. So it is important to allow UE’s FFP periodicity to be different.
Secondly, it is easier and more straightforward to explicitly configure the FFP periodicity for UE-initiated COT. Given that the UE can be configured with multiple periodic UL transmissions, it is not so straightforward to define the right rules for the UE to determine FFP periodicity by itself. It is better to leave the flexibility to the gNB to configure the proper FFP periodicity depending on what configured transmissions should be allowed to initiate a COT.
Given that the FFP configuration should be UE-specific in typical cases, it seems sufficient to support UE-specific configuration only.
Proposal 1-1: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. FFP periodicity and offset is explicitly configured to a UE via UE-specific RRC signaling.

Conditions for a UE to initiate its own COT
The most basic conditions for a UE to perform LBT for UE-initiated COT include:
· Parameters for UE’s FFP are configured, which means UE-initiated COT is enabled.
· The UE has a transmission starting at the UE’s FFP boundary.
If the transmission is outside the gNB’s COT, naturally the UE should be allowed to initiate its own COT. The question is what if the transmission falls within a gNB’s COT. We see two options for this case:
· Option 1: the UE has to share gNB’s COT, and it is not allowed to initiate its own COT.
· Option 2: the UE can autonomously choose whether to share gNB’s COT, or to initiate its own COT.
· This gives the UE some flexibility to choose the best way to access the channel.
· If sharing gNB’s COT does not require any LBT at the UE (as indicated by the gNB) due to sufficiently small gap, it is certainly to UE’s advantage to share gNB’s COT.
· If both sharing gNB’s COT and initiating its own COT require the UE to perform one-shot LBT, initiating its own COT could allow the UE to use a larger ED threshold calculated using its own maximum transmit power, giving more chances for it to access the channel.
· This is different from LBE in the sense for LBE, sharing gNB’s COT only requires a one-shot LBT, while initiating its own COT requires a Cat-4 LBT. This means there is some advantage for the UE to share the gNB’s COT for LBE. For FBE, on the other hand, both only require one-shot LBT.
Comparing the two options, we have the preference of Option 2, because Option 2 provides more flexibility. Especially in the context of URLLC, it could give more chance for UE to transmit by using a larger ED threshold, which improve the latency.
Proposal 1-2: If the start of the UE’s transmission falls outside a gNB initiated COT, the UE is allowed to initiate its own COT. If the start of the UE’s transmission falls within a gNB-initiated COT, the UE can autonomously choose whether to share gNB’s COT or initiate its own COT.
There was a concern raised in RAN1#102-e that gNB and UEs may occupy the channel almost all the time by smart scheduling, leaving very little chance for other devices on the shared spectrum to access the channel. For example, as shown in Figure 1, the gNB can schedule the UE transmission in a way that it only leaves a total gap of 9+9=18us within a FFP, which is much shorter than the idle period. There was the concern that this creates fairness to other devices.
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Figure 1 gNB and UE occupying the channel
Indeed, the situation in Figure 1 could happen if there is no constraint added. It can be further discussed whether such a situation needs to be addressed. FBE is intended to be used for a controlled environment where there are no other sharing devices and aligned FFPs among gNBs. Even a case in Figure 1 would not really create any issue with such operation. However, if there is a strong desire to prevent the case, there are a few approaches to handle it:
· Option A: The UE is required to share gNB-initiated COT if the start of the transmission falls within a gNB-initiated COT.
· This prevents the case in Figure 1 from happening by not allowing UE’s transmission to extend into the gNB’s idle period.
· However, there are some drawbacks:
· It does not allow the UE to autonomously choose whether to share gNB’s COT or not, which we think is beneficial as explained for Proposal 1-2.
· It does not allow the UE’s configured transmission from overlapping with idle period, which may be difficult to avoid when the periodicity of the configured transmission is not well aligned with gNB’s FFP.
· Option B: If the start of the UE’s transmission falls within gNB-initiated COT, and if the transmission overlaps with gNB-FFP’s idle period, it shall overlap with the sensing slot for gNB’s next FFP in order to be allowed to initiate the COT.
· This can work together with Proposal 1-2.
· It allows the support of the cases where the periodicity of the configured transmission is not well aligned with gNB’s FFP.
· With this condition, either the UE cannot use gNB’s idle period, or the UE’s transmission overlaps with gNB’s sensing slot so that the gNB cannot access the channel in the next FFP (which leaves room for other devices).
Given that we see the benefit of supporting Proposal 1-2, we have a preference of Option B here.
Proposal 1-3: If the start of the UE’s transmission falls within gNB-initiated COT, and if the transmission overlaps with gNB-FFP’s idle period, it shall overlap with the sensing slot for gNB’s next FFP in order to be allowed to initiate the COT.
It can be further considered to support the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for using UE-initiated COT. The priority level can be either channel access priority class (CAPC) for PUSCH, or physical layer priority introduced in Rel-16 URLLC for PUSCH, HARQ-ACK, and SR.
Proposal 1-4: Consider supporting the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for triggering UE-initiated COT.

Configured grant enhancements
CG enhancements have been introduced separately in Rel-16 eURLLC and NR-U WIs.
The CG enhancements in NR-U mainly addressed the channel access issue, and the design targeted to increase the chance for UE to acquire the channel. To support the design, CG-UCI was introduced for CG to provide necessary uplink control information.
The main CG enhancement in eURLLC is the support of multiple CG configurations to support multiple traffic flows within a UE. In addition, PUSCH repetition Type B has been introduced, which applies to both CG and DG.
The following has been agreed in RAN1#102-e:
	Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.



R1-2005376 provides a summary table for the comparison between URLLC CG and NR-U CG features, as copied below.
	From R1-2005376
	CG features
	Rel.16 URLLC
	Rel.16 NR-U

	Multiple CG configurations
	Supported 
	Supported 

	HARQ process number/ ID determination
	Associated with the configured/indicated first TO, calculated based on the equation defined in TS 38.321
	Decide and reported by the UE in CG-UCI

	Management of HARQ process number/ ID among multiple CG configurations
	Not shared between different CG configurations in the same BWP
	Can be shared between different CG configurations in the same BWP

	RV determination 
	One of the three RV sequence can be configured and associated with TO
{0,0,0,0}; {0,3,0,3}; {0,2,3,1}
	Decide and reported by the UE in CG-UCI

	Flexible initial transmission occasion (TO) 
	If the CG is configured with Configuredgrantconfig-StartingfromRV0 set to 'off', the initial transmission only starts at the first TO of the K repetitions; otherwise, the initial transmission TO depends on the configured RV sequence and K repetitions. 
	Multiple consecutive potential TOs are configured by cg-nrofPUSCH-InSlot-r16 and cg-nrofSlots-r16, can start initial transmission at any TOs depending on the LBT results.

	Repetition scheme(s)
	PUSCH repetition Type A and PUSCH repetition Type B
	Similar as PUSCH repetition Type B without supporting segmentation. (no support of cross-slot resource allocation, and if collide with invalid symbol(s), drop the repetition)

	CG-Downlink feedback information (DFI)
	No support. If Re-scheduling UL grant is not received, UE assumes ACK.
	Support, If CG-DFI is not received, UE assumes NACK. 

	CG Re-transmission timer
	No support
	Support and always configured

	CG Re-transmission scheme
	Only support Re-transmission scheduled by UL grant
	Support automatic re-Transmission on the same or different CG configuration decided by UE, and support re-Transmission scheduled by UL grant






Almost all the features developed in NR-U CG targeted to handle the LBT issue on unlicensed spectrum to provide more opportunities to the UE to access the channel. This includes (highlighted in orange in the table):
· Flexible start of the CG transmission, which is additionally supported by autonomous determination of HARQ ID, RV, and CG-UCI transmission by the UE.
· CG autonomous retransmission with a re-transmission timer, which is additionally supported by CG-DFI.
When we harmonize the two designs, the first fundamental question is whether we want to support NR-U under a condition that LBT is not an issue at all, that is, the probability that the UE cannot access the channel is negligible. If the answer is yes, we can directly reuse all the design for licensed spectrum without modification for this case.
Proposal 2-1: For the cases in unlicensed access where LBT is not a concern, the CG design for licensed spectrum is directly reused for unlicensed spectrum without modification.

The second question is whether we should also consider the case where LBT still needs to be considered (not completely ignored even though the probability of LBT failure is relatively low) for CG enhancements. If yes, we should keep the LBT-related design in NR-U.
Proposal 2-2: For the cases where LBT effect needs to be considered, at least the following functionalities from NR-U CG enhancements should be retained: flexible start of CG transmission; CG autonomous retransmission; the autonomous determination of HARQ ID/NDI/RV, and the transmission of HARQ ID/NDI/RV in CG-UCI; CG-DFI.
Other than these mechanisms to address the LBT issue, one important difference between URLLC and NR-U CG is the handling of repetitions. The repetitions in NR-U CG is somewhat similar to PUSCH repetition Type B, but the allocated resources are not necessarily contiguous, and one transmission occasion (or one repetition) cannot go across slot boundary, and more sophisticated behavior in PUSCH repetition Type B such as segmentation into actual repetitions is not supported. There is also some difference in the dropping behaviors between the two.
The potential benefit that can be provided by PUSCH repetition Type B over NR-U CG includes:
· PUSCH repetition Type B schedules contiguous resource in time domain, while NR-U CG schedules contiguous resource in time domain within a slot, but not necessarily across slots.
· For NR-U CG transmissions across slots, transmission gap exists between slots unless the resource allocation is 2-symbol x 7 or 7-symbol x2 within a slot.
· The gap would require the UE to do another LBT to continue the transmission, which is not a friendly design for unlicensed spectrum.
· PUSCH repetition Type B can potentially provide more flexibility for gNB scheduling when determining the duration of each repetition and the number of repetitions, because it does not have constraint such as one repetition cannot go across slot boundary as in NR-U.
If the potential benefit is considered significant to introduce PUSCH repetition Type B-like operation into unlicensed spectrum, it may be also worthwhile to consider the same enhancements for DG. In fact, the flexibility provided by PUSCH repetition Type B and the segmentation/dropping rules defined suits better for DG than CG. For DG, the resource allocation can be done for each PUSCH based on the expected segmentation/dropping. On the other hand, for CG, the resource allocation is semi-statically configured and it could result different amount of actual resources for different CG occasions, which makes it more difficult to optimize the resource configuration.
As mentioned in Proposal 2, PUSCH repetition Type B, if agreed to be supported, should also support the flexible start of the transmission based on LBT outcome. This basically provides us the combined benefit of both designs.
Proposal 2-3: For the cases where LBT effect needs to be considered, further consider the support of modified PUSCH repetition Type B with flexible start on unlicensed spectrum.

Further CG enhancements
When multiple CGs are configured, each CG is configured with its own resource allocation with separate periodicity and offset, depending on the applications. It is very likely that some CGs will overlap in time at some occasions (e.g. CG 1 and CG2 as shown in Figure 2). With the existing design, assuming each CG is configured to carry the expected payload for each flow, the UE would not be able to transmit the traffic from multiple flows using any one of the CGs.
One possible way to get around the issue is to configure an additional CG (CG3 as shown in Figure 2), which covers the overlapping occasions with a larger resource allocation to carry the traffic from both flows. Then in the overlapping occasions, the UE can choose to use CG3 instead of CG1 or CG2. However, this may require more resources to be configured/reserved for CGs, which is not resource efficient. In addition, as the number of CG configurations increase, the overlapping situation may become more complicated, and the configuration of additional CGs to handle the overlapping occasions also becomes more complicated. The additional CGs that can be configured may also be limited by the number of CGs a UE can support.
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[bookmark: _Ref47571638]Figure 2 The overlapping of multiple CG configurations
The framework of NR-U CG design provides a very good foundation to address such an issue. With CG-UCI being transmitted by the UE together with CG, the UE can have some freedom adapting the transmission parameters for the traffic flows, and then provide these parameters to the gNB as part of CG-UCI to avoid blind detection on data transmission at the gNB. The most straightforward example is MCS. For example, we have two CG configurations for an audio flow and a video flow, respectively, that overlaps at certain occasions. At these occasions, the UE can choose the CG with more resources (the one for video flow), and choose a slightly higher MCS level that can accommodate the traffic for both flows. With the higher MCS level, the UE can also adjust transmit power accordingly to ensure decoding performance. Some configurations can be provided by the gNB to control the range that a UE can adapt, e.g. the set of allowed MCS values.
The idea of allowing the UE to autonomously choose MCS for CG is not new, and it has been discussed before in both NR-U and URLLC. There were two main concerns:
· gNB complexity. The concern was that it may cause too much additional gNB complexity in decoding. However, as all the UE transmission parameters are carried in CG-UCI, there is no need for blind detection/decoding at the gNB. The gNB could further restrict the MCS values the UE can choose from.
· Reliability of UCI. This was raised as a strong concern in URLLC discussion. However, for unlicensed spectrum, CG-UCI is already present to address the LBT issue. As long as the payload size increase is not significant, the beta offset can be configured properly to ensure the UCI performance.
Supporting autonomous MCS adaptation at the UE is an efficient way to address the CG overlapping issue. It can additionally address the drawback of CG that gNB cannot adapt the MCS dynamically, by allowing the UE to adapt by itself based on the RF condition change. This further improves the efficiency. Other than MCS, other parameters may also be considered for adaptation such as the transmission duration. 
Proposal 2-4: Consider enhanced CG-UCI on unlicensed spectrum to allow the UE to autonomously adapt certain transmission parameters such as MCS.
Conclusion
In this contribution, we discussed the UE-initiated COT for FBE and potential configured grant enhancements for unlicensed spectrum, and proposed the following:
Proposal 1-1: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. FFP periodicity and offset is explicitly configured to a UE via UE-specific RRC signaling.
Proposal 1-2: If the start of the UE’s transmission falls outside a gNB initiated COT, the UE is allowed to initiate its own COT. If the start of the UE’s transmission falls within a gNB-initiated COT, the UE can autonomously choose whether to share gNB’s COT or initiate its own COT.
Proposal 1-3: If the start of the UE’s transmission falls within gNB-initiated COT, and if the transmission overlaps with gNB-FFP’s idle period, it shall overlap with the sensing slot for gNB’s next FFP in order to be allowed to initiate the COT.
Proposal 1-4: Consider supporting the configuration of a priority level restriction for PUSCH, SR, HARQ-ACK for triggering UE-initiated COT.

Proposal 2-1: For the cases in unlicensed access where LBT is not a concern, the CG design for licensed spectrum is directly reused for unlicensed spectrum without modification.
Proposal 2-2: For the cases where LBT effect needs to be considered, at least the following functionalities from NR-U CG enhancements should be retained: flexible start of CG transmission; CG autonomous retransmission; the autonomous determination of HARQ ID/NDI/RV, and the transmission of HARQ ID/NDI/RV in CG-UCI; CG-DFI.
Proposal 2-3: For the cases where LBT effect needs to be considered, further consider the support of modified PUSCH repetition Type B with flexible start on unlicensed spectrum.
Proposal 2-4: Consider enhanced CG-UCI on unlicensed spectrum to allow the UE to autonomously adapt certain transmission parameters such as MCS.
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Appendix A: Previous Agreements
RAN1#102-e
Agreements:
· For semi-static channel access mode,
· If sensing is needed, it is performed immediately before the configured/scheduled transmission opportunity.
· For operation with semi-static channel access, the Rel-16 random starting offsets for UL configured grants with Full BW allocation when UE initiates a COT, is not supported.

Agreements:
· For semi-static channel access mode,
· When gNB operates as an initiating device 
· The gNB is not allowed to transmit during the idle period of any FFP associated with the gNB in which the gNB initates a COT
· When a UE operates as an initiating device 
· The UE is not allowed to transmit during the idle period of any FFP associated with the UE in which the UE initates a COT
· When a UE shares a COT initiated by the gNB during an FFP associated with the gNB
· The UE is not allowed to transmit during the idle period of that FFP in which the UE shares the COT initiated by the gNB
· When the gNB shares a COT initiated by a UE during an FFP associated with the UE
· The gNB is not allowed to transmit during the idle period of that the FFP in which the gNB shares the COT initiated by the UE
· FFS whether/how to support additional restrictions to the idle period

Agreements:
· For semi-static channel access mode, support using the transmission of any scheduled/configured UL channel/signal to initiate a COT by a UE in RRC_CONNECTED mode
· FFS the case when the UE is IDLE/INACTIVE mode

Agreements:
· A UE initiates a COT in an FFP associated with the UE, if the UE transmits a UL transmission burst starting at the beginning of the FFP and ending at any symbol before the FFP’s idle period after a successful CCA of 9us immediately before the UL transmission burst.


Agreements:
· Conditions on the channel access procedures with respect to sensing duration and transmission gap for UE-initiated COT with UE-to-gNB COT sharing is similar as those for gNB initiated COT and gNB-to-UE COT sharing in Rel-16 by exchanging UE and gNB roles.

Agreements:
· UE-to-gNB COT sharing in semi-static channel access mode is supported.
· The gNB determines a COT in an FFP associated to a UE, that is initiated by the UE, if the gNB detects a UL transmission from the UE starting from the beginning of the FFP and ending before the idle period of the FFP.
· FFS details
· When the gNB determines a UE has initiated a COT in an FFP associated to the UE, the gNB can transmit within the FFP and before the idle period corresponding to the FFP.
· FFS whether/how UE to gNB COT sharing when the gap is >16us

[bookmark: _Hlk49462189]Agreements:
For semi-static channel access mode, 
o    Start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. 
o    FFS: FFP Periodicity for UE-initiated COT can be different from the FFP periodicity for gNB-initiated COT. 

Agreements:
· For semi-static channel access mode,
· FFP parameters for UE-initiated COT can be provided to the UE by at least dedicated RRC signaling. 
· FFS on to be provided by SIB-1
· FFS whether the UE FFP periodicity is explicitly configured, or implicitly determined based on other higher layer parameters

Agreements:
· At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum.

Conclusion:
Further study and decide how to harmonize the CG features for Rel-16 URLLC and Rel-16 NR-U. Table 1 in R1-2005376 can be used as a starting point for the corresponding discussion and decision.
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