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Introduction
[bookmark: _GoBack]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, and it was revised in RAN #88e meeting finalizing the scope of supporting unlicensed operation [1]. The objective of the revised WID includes the following:
	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 an issue which is the processing time for UE’s shared COT acquisition and UL transmission validation for URLLC-U based on FBE.

Discussion
In NR-U FBE mode, UE can transmit a UL transmission after a successful detection of a DL burst transmitted within the same FFP. The concept of this authorized UL transmission comes from the ETSI regulation [2] and the RAN1 agreements captured below (yellow highlight):
Agreement: (RAN1 #98bis)
· For FBE operation, when the gNB operates as an initiating device
· The UE is provided information on the gNB fixed frame period and the starting positions of the fixed frame periods
· For the provision of the above information the following is signalled
· Indication of the fixed frame period and the starting positions of the fixed frame period (SIBx)
· FFS: Whether Rel-15 signaling can be reused
· [bookmark: _Hlk46842021]When the UE is not initiating a channel occupancy, UE transmissions within a fixed frame period can occur if DL signals/channels (e.g., PDCCH, SSB, PBCH, RMSI, GC-PDCCH, …) within the fixed frame period are detected. 
· FFS: Extension of GC-PDCCH configuration to idle UEs
· FFS: Signaling for FBE operation, when the UE operates as an initiating device
It is currently captured in the TS 37.213 specification, such that any DL signal/channel can be used for UL validation, as
-	A UE may transmit UL transmission burst(s) after detection of a DL transmission burst(s) within the channel occupancy time as follows:
On the other hand, the successful DL detection, i.e., validation of a UL transmission, requires some processing time. It is not currently defined in the specification. Thus, different UEs will assume different processing time in their UL implementation, and gNB would suffer from an ambiguity of whether a UL is actually transmitted or not especially if the UL is in the earlier part of a FFP. This uncertainly will not only increase the gNB receiver complexity (e.g., blind decoding) but also lead to latency and reliability performance degradation. The latter is critical in URLLC applications requiring tight performance requirements.
The transmission of a PUSCH in FBE, as one type of the UL transmission, includes the following cases.
· 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 (RB set, CC)



Fig. 1. Cases of PUSCH transmission in FBE

In Case 1, the PUSCH can be validated by the corresponding UL grant and no issue is there. However, in other cases, since the UL grant is not present in the same FFP, the PUSCH should be validated by other DL signalling to be transmitted. In this case, the processing time for the DL signalling needs to be defined for both gNB and UE to know the exact timing from when the PUSCH transmissions are valid. Moreover, there are also other UL transmissions (e.g., PUCCH, SRS, PRACH) not granted by DCI. Therefore, it is beneficial to define a processing time for UE’s shared COT acquisition covering all UL transmissions.
One correlated issue is potential down-selection of DL signal/channel for the purpose of UL validation. A related issue is being also discussed in Rel-16 NR-U maintenance [3]. In our companion tdoc [4], we propose to use only DCI format 2_0 for UL validation as well as other purpose. By doing so, the processing time design would get much simpler. For example, we can reuse PUSCH preparation time or UL CI processing time.
Observation 1: For unlicensed URLLC based on FBE, it is necessary to define a processing time for UE’s shared COT acquisition, i.e., validation of a UL transmission in the shared COT.
Observation 2: The processing time design can be greatly simplified using only the DCI format 2_0 for the acquisition of the shared COT.

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 two observations are made:
Observation 1: For unlicensed URLLC based on FBE, it is necessary to define a processing time for UE’s shared COT acquisition, i.e., validation of a UL transmission in the shared COT.
Observation 2: The processing time design can be greatly simplified using only the DCI format 2_0 for the acquisition of the shared COT.
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