
3GPP TSG RAN WG1 #102-e		R1-2006060
e-Meeting, August 17th – 28th, 2020

Source:	OPPO
Title:	Enhancements for unlicensed band URLLC/IIoT
Agenda Item:	8.3.2
Document for:	Discussion and Decision

Introduction
In RAN #88e, the WID on enhanced IoT and URLLC support for NR was agreed with following RAN1 objectives:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]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
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
In this contribution, we show our views on the enhancements on Rel-17 unlicensed band URLLC/IIoT.
Discussion
UE-initiated COT for FBE
In the WID, one objective of the uplink enhancements for URLLC in unlicensed spectrum is to support UE-initiated COT for FBE with minimum specification effort. In our understanding, UE-initiated COT may bring benefits in the following two aspects:
· For UE configured with possible URLLC service, allowing UE-initiated COT can provide the UE additional LBT opportunity for uplink transmission, which is beneficial to reduce transmission latency. 
· If UE is allowed to initiate a COT, the UE can share the acquired COT to the gNB for DL transmission, which can improve the success probability of channel access for gNB.
The starting position of UE’s FFP should be aligned with the configured uplink resource for the UE, since the UE is required to transmit an UL transmission starting at the beginning of the UE’s FFP after the UE initiated a COT. Two configurations of UE’s FFP for UE-initiated COT can be considered. One is to provide additional channel access opportunity to UE, the other is to provide additional channel access opportunity to gNB. To achieve the above benefits, an offset between gNB’s FFP and UE’s FFP should be configured. 
Figure 1 gives an example of UE’s FFP configuration to provide additional channel access opportunity to UE with minimal specification effort. The UE’s FFP size is the same as the gNB’s FFP size, so there is no need to configure UE’s FFP size independently. A positive offset value between gNB’s FFP and UE’s FFP is configured for UE to determine the starting position of the UE’s FFP. In addition, the gNB’s COT should comprise the UE’s COT, and the UE’s idle period should comprise the gNB’s idle period. This is to guarantee the fair co-existence between intra-RAT and inter-RAT systems in unlicensed spectrum. Note that the frequency resource of gNB’s FFP and that of UE’s FFP should be overlapped.
For UE which has URLLC service, if the UE receives gNB’s downlink channel/signal, the UE can perform LBT before the CG resource to transmit CG-PUSCH. If the UE does not receive gNB’s downlink channel/signal, the UE can initiate a COT before the CG resource to transmit CG-PUSCH.


Figure 1: Configured UE’s FFP to provide additional channel access opportunity to UE

Figure 2 gives another example of UE’s FFP configuration to provide additional channel access opportunity to gNB with minimal specification effort. The UE’s FFP size is the same as the gNB’s FFP size, a negative offset value between gNB’s FFP and UE’s FFP is configured for UE to determine the starting position of the UE’s FFP. In addition, the UE’s COT should comprise the gNB’s COT, and the gNB’s idle period should comprise the UE’s idle period. The frequency resource of gNB’s FFP and that of UE’s FFP should be overlapped.
UE can initiate a COT and share the resource to gNB. The gNB can share UE’s COT for DL transmission if it receives UE’s COT sharing indication, or the gNB can initiate a COT for gNB’s FFP for DL transmission.


Figure 2: Configured UE’s FFP to provide additional channel access opportunity to gNB
Based on the above discussion, we have the following proposal.
Proposal 1: UE-initiated COT for FBE should be supported with minimum specification effort.
Harmonizing configured grant 
NR-U configured grant is introduced in NR-U to increase transmission opportunity and reduce latency. NR configured grant is introduced in NR Rel-15 to reduce latency. 
NR-U configured grant takes LAA-CG as baseline and provides more flexibility with following features mainly:
· CG-UCI carries HARQ management and COT-sharing information to provide transmission flexibility.
· Flexible time domain resource allocation is applied to support PUSCH repetition/multiple PUSCH transmission. 
· CG-DFI is introduced to avoid issue from HARQ-ACK feedback delay due to unexpected transmission opportunity.
· Multiple configured grant mechanism is used to support multiple service and continuous resource allocation.
· CG timer based auto-retransmission mechanism overcomes deficient DL grant problems due to access failure.
Comparing NR-U configured grant, NR configured grant is briefer and aims to reduce latency with following features mainly:
· CG timer based HARQ-ACK feedback simplifies HARQ-ACK feedback procedure and avoids HARQ-ACK feedback overhead. 
· Type A and Type B PUSCH repetition with flexible starting point is benefit for low latency. 
· Multiple configured grant mechanism is used to support multiple service.
· HARQ management based on time domain resource allocation avoids UCI design and UCI transmission.
NR-U configured grant seems more flexible and complex, however there are some issues to support URLLC/IIoT:
· Continuous transmission through multiple configured grant is not always feasible. According to current spec, TB in different configured grant except for auto-retransmission case should be different. However, multiple TBs are not always offloaded from MAC in succession. In some cases, only one TB is offloaded, and then later configured grant is idle and resource allocation interrupts. So to support continuous transmission more flexible, Type B PUSCH repetition scheme in NR configured grant can be considered in unlicensed band.
· To support URLLC/IIoT, CG-UCI reliability requirement will increase significantly and CG-UCI reliability requirement is stricter than data reliability due to UCI is one-shot transmission. How to enhance CG-UCI reliability needs to be studied. UCI-less mechanism in NR configured grant can be considered as a solution.
NR configured grant may not work well under the circumstance that there is possibility of FBE/LBT failure.
So, it is necessary to support harmonizing NR-U configured grant and NR configured grant. 
Observation 1: Either NR-U configured grant or NR configured grant cannot work well to support unlicensed band URLLC/IIoT.
Proposal 2: It is necessary to harmonize NR-U configured grant and NR configured grant.
There are two options to harmonize NR-U configured grant and NR configured grant:
· Option 1: NR-U CG mode and NR CG mode can be configured for each configured grant
[bookmark: _GoBack]According to service requirement and interference environment, NR-U CG mode and NR CG mode can be configured for each configured grant. For example, if interference cannot be ignored, NR-U configured grant can be configured, otherwise, NR configured grant can be configured. 
· Option 2: Enhanced configured grant combining features in NR-U and NR configured grant
To support URLLC/IIoT in unlicensed band, enhanced configured grant combining features in NR-U and NR configured grant can also be considered. For example, NR-U configured grant is a baseline in addition with crossing-slot resource allocation mechanism.
Proposal 3:  Both option 1 and option 2 can be studied to harmonize NR-U configured grant and NR configured grant.
Conclusions
In this contribution, we show our views on the enhancements on unlicensed band URLLC/IIoT with following proposals:
Observation 1: Either NR-U configured grant or NR configured grant cannot work well to support unlicensed band URLLC/IIoT.
Proposal 1: UE-initiated COT for FBE should be supported with minimum specification effort.
Proposal 2: It is necessary to harmonize NR-U configured grant and NR configured grant.
Proposal 3:  Both option 1 and option 2 can be studied to harmonize NR-U configured grant and NR configured grant.
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