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1. Introduction
In Rel-16 eURLLC and IIoT WI, intra-UE prioritization and inter-UE UL cancellation have been introduced, which could result in partial cancellation of PUSCH. The issue of TB CRC generation for CBG-based PUSCH retransmission in case the initial transmission was cancelled has been discussed in RAN1 for a few meetings already. It has been discussed in both the eURLLC maintenance session and UE feature discussion. Despite the fact that most UE vendors see this as a very critical issue to address from UE implementation perspective, nothing has been agreed due to the objection from a couple of companies. In this contribution, we further discuss the issue and propose to introduce a new FG for it.
2. Background
The issue was first brought up in RAN1#100b-e (April 2020) in the UE feature discussion, and companies started to understand the issue but suggested it is more appropriate to be treated in the eURLLC maintenance session. Afterwards, the issue was discussed in RAN1#101-e and RAN1#102-e without reaching any conclusion.
In short, the issue is that for CBG-based PUSCH, if the initial PUSCH transmission has been cancelled due to either intra-UE prioritization or UL cancellation indication (Rel-16 eURLLC features), and the UE receives an UL grant for partial CBG-based HARQ retransmission, the UE may not have sufficient time to calculate the TB CRC. This has been described in [1] in detail as follows:
	The UL processing interruption due to intra-UE or inter-UE prioritization may have an impact on the minimum processing timeline of CBG based retransmissions.  When the initial transmission of a PUSCH is interrupted due to intra-UE prioritization or ULCI, the UE may stop the processing of PUSCH.
The TB CRC is calculated sequentially, i.e., one code-block is taken from the buffer and the state of the TB CRC encoder is updated. The UE then works on the given code-block before it takes another one from the buffer. When the UE has to stop the processing, it will not be able to calculate the TB CRC. Hence, if the CBG-level re-transmission is configured, and only a set of CBGs are requested for re-transmission, e.g., including the last CBG that has the last CB (note that TB CRC is part of the last CB), the UE processing timeline is stressed. 
As an example, assume that each CBG is one CB. After processing the first two CBs, the processing was interrupted. Now, for re-transmission, the gNB only requests the last CB. Hence, to calculate the TB CRC, the UE has to work on all the unprocessed CBs until it can obtain the TB CRC. The impact on the timeline is shown in the figure below.


An illustration of the timeline impact due to CBG-level re-transmission for an interrupted PUSCH.



The latest summary of the RAN1#102-e email discussion is provided in [2]. As summarized, a few options had been identified to resolve the issue:
	· Re-transmission of the CBG-based PUSCH with cancellation
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if each of the other CBGs (except for the last one) have either not been transmitted at least once before or are not scheduled for a re-transmission in the same UL grant as the last CBG. 
· Option 1a: The UE is not expected to be scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
· Option 2: the TB CRC for the retransmission of the same TB is set to all zeros.
· Option 3: It is up to UE implementation to determine which values to use as the TB CRC (which may not be the actual TB CRC) for the retransmission of the same TB. 
· Option 4: the minimum processing time for PUSCH scheduled for re-transmission is extended by D symbols. 
· Option 5: The UE is not expected to be scheduled with partial TB for the retransmission.


Among these options, Option 1a received most support, because most companies think it resolves the UE implementation issue without adding additional restriction on gNB’s scheduling in any practical sense. However, no agreement was made due to strong objection from a company.
It was further discussed in UE feature session, and there were a few iterations on the potential UE feature description. Unfortunately, there was still no agreement reached in the end.
3. Discussion
During the RAN1 discussions, it was obvious that CBG-based retransmissions with arbitrary order in case of cancelled initial transmission creates issues for UE to generate the correct TB CRC in time. Given that certain companies were reluctant to introduce explicit scheduling restriction in the specifications, we strongly believe there is a need to introduce a UE FG to ease UE implementation. Moreover, the scheduling restriction introduced by Option 1a (supported by majority of the companies) was considered as a very reasonable gNB scheduling behavior. We should definitely avoid putting unnecessary burden on UE implementation for an unreasonable gNB behavior.
There were some discussions in RAN1#102-e regarding the description of the new UE FG if it was to be introduced. Based on the discussion, we propose:
Proposal:
Add the following Rel-16 UE FG for eURLLC WI (based on Option 1a above):

	11. 
NR_L1enh_URLLC
	11-12
	Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	Support CBG-based re-transmission(s) of a TB in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per UE
	N/A
	N/A
	 
	A UE supporting 5-25 shall support CBG-based retransmission(s) with cancelled initial PUSCH transmission if the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or it is scheduled in the same UL grant that includes CBG#N.
	Optional with capability signaling 



The corresponding draft CRs for TS 38.306 and 38.331 are provided in [4] and [5], correspondingly.
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