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Introduction
In RAN #86 meeting, a new WID for Rel-17 “enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was agreed. The final scope decided in RAN #88e includes the following [1]:
	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 RAN1 #102-e meeting, a couple of high-level principles for supporting unlicensed band URLLC were discussed and some progress was achieved. In this contribution, we address another issue regarding UL transmission in a shared COT for FBE. This contribution is a revision of R1-2006357.

Discussion
In NR-U FBE mode, UE can share a gNB-initiated COT and perform a UL transmission using the shared COT. The UL transmission is allowed only after a successful detection of a DL burst within the same COT. That is, a UL transmission should be authorized or validated by a DL burst detection. The concept stemmed from the ETSI regulation [2], and is currently captured in TS 37.213 as: “a UE may transmit UL transmission burst(s) after detection of a DL transmission burst(s) within the channel occupancy time.”
PUSCH is a main component of UL transmission which occupies a large portion of UL resources. There are a couple of different cases for the position of the UL grant scheduling the PUSCH in FBE, such as (also illustrated in Fig. 1):
· Case 1: UL grant of a PUSCH is transmitted in the same FFP
· Case 2: UL grant of a PUSCH is transmitted in a different (prior) FFP
· Case 3: CG-PUSCH with no UL grant
· Case 4: UL grant of a PUSCH is transmitted in a different channel (i.e., different RB set, different CC)



Fig. 1. PUSCH transmission in FBE
[bookmark: _GoBack]In Case 1, the PUSCH transmission is validated by the detection of the UL grant. Thus, a separate DL detection is not required. However, in the remaining cases, the UL grant is not present in the same gNB COT. Therefore, UE is required to detect other DL signal/channel before transmitting the PUSCH for its validation.
On the other hand, the completion of the DL detection requires some processing time to UE. If not defined in the specification, different UEs will have different capability or implementation on processing the DL detection. In Rel-16 NR-U, there is no such definition. Consequently, the gNB may not exactly know when a UE can first transmit UL in a shared COT. This issue is depicted in Fig. 2.


Fig. 2. Processing time for UE’s DL detection
In Fig. 2, UE A may be capable to decode the DL signal in a shared COT before the starting position of the CG-PUSCHs. Thus, UE A can transmit the CG-PUSCH. However, UE B may not be able to decode the DL signal until the starting position of the CG-PUSCH resource. Thus, UE B cannot transmit the CG-PUSCHs. UE B may drop the whole CG-PUSCH transmission including possible repetitions, which may severely degrade the UL delay performance for that TB (and also for piggybacked UCI). In Rel-16 NR-U, the delay due to UL dropping may not be critical because the target scenario is eMBB and UE B can wait for the retransmission scheduling. However, such relaxation is not allowed in high end URLLC applications. Furthermore, the gNB needs to perform blind detection for UL reception because it does not know whether the UL is actually transmitted or not, in particular when the UL is allocated in the front of the gNB COT.
Therefore, in Rel-17 unlicensed URLLC, in order to avoid the UL transmission uncertainty or invalid UL scheduling, it is necessary to define the processing time for UE’s DL detection (that is, for validation of UL transmission in a shared COT). Although this issue is not directly related to UE-initiated COT, it is considered essential because it highly impacts the UL reliability performance for unlicensed URLLC.
Observation 1: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection to share a COT is unknown to gNB.
Proposal 1: For FBE, define processing time for UE’s DL detection.

According to the current specification, any DL signal/channel can be used for the DL detection. This may complicate the processing time definition and UE implementation. One way of simplifying the design is to define the detection time for a certain DL signal or channel, e.g., DCI 2_0. Then, if gNB wants to guarantee that a scheduled UL is surely transmitted, the gNB can transmit the specified DL signal/channel for UL validation. And if such requirement is absent, the legacy operation, e.g., without processing time definition, may be applied.
Observation 2: The processing time definition and UE implementation can be simplified by defining the detection processing time for a certain DL signal/channel.

The same issue is identified in the UE-to-gNB COT sharing. Similarly, gNB needs processing time for UL detection to share a UE-initiated COT. The gNB cannot transmit any DL in the UE-initiated COT until the UL detection is completed. Therefore, during gNB’s UL detection, UE can skip DL reception, i.e., UE can perform micro-sleep in that period to reduce power consumption. To support such operation, UE should be allowed to know the gNB’s processing time for UL detection (or equivalently the DL skipping time).
Proposal 2: For FBE, consider defining processing time for gNB’s UL detection for UE power saving purpose.


Fig. 3. Processing time for gNB’s UL detection

Conclusion
In this contribution, an issue of processing time for shared COT acquisition and UL transmission validation for URLLC-U based on FBE is discussed, from which the following observations and proposals are made:
Observation 1: The UL reliability performance of unlicensed URLLC can be severely degraded if UE’s processing time for DL detection to share a COT is unknown to gNB.
Proposal 1: For FBE, define processing time for UE’s DL detection.
Observation 2: The processing time definition and UE implementation can be simplified by defining the detection processing time for a certain DL signal/channel.
Proposal 2: For FBE, consider defining processing time for gNB’s UL detection for UE power saving purpose.
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