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Introduction
The issue of how to handle TB CRC calculation for CBG-based PUSCH retransmission when the initial transmission has been cancelled was discussed in RAN1#101-e, as summarized in [1]. In this contribution, we discuss the identified options and provide our views.
Discussion
As explained in [1], the issue is: for CBG-based PUSCH, if the initial PUSCH transmission has been cancelled due to either intra-UE prioritization or UL cancellation indication, 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. The details are as follows [1]:
	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 UL CI, 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.




To address this issue, a few options have been proposed as captured in [1]:
	Proposed Agreement 2: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, adopt one of the following options:
· Option 1: the UE is not expected to be scheduled for a re-transmission of the TB including the last CBG if all the cancelled 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.



Here is our analysis on the different options:
· Option 1/1a
· Option 1 does not completely address the UE implementation issue because it does not guarantee that the UE are processing the CBGs in order to generate the TB CRC. For example, assuming there are a total of 4 CBGs, the UE transmitted CBG#1 and cancelled the remaining CBGs for the initial transmission. Option 1 allows the gNB e.g. to schedule CBG#3 in the first re-tx and schedule CBG#2 and CBG#4 in the second re-tx. In this case, the UE does not have the CBGs in order to generate the TB CRC.
· On the other hand, Option 1a solves the issue by guaranteeing that the CBGs can be processed by the UE in-order for TB CRC generation.
· For Option 1a, concern has been raised on the potential ambiguity between gNB and UE. To be more specific, the question is how the gNB knows whether a CBG has been transmitted by the UE or not. In fact, the gNB can make the decision simply by checking which CBGs have been decoded correctly. If a CBG has been decoded correctly, it is a confirmation that the CBG (and the CBGs before this CBG) has been transmitted by the UE. Practically speaking, it does not bring any benefit for the gNB to schedule CBGs not corrected received yet in an out-of-order fashion. Therefore, Option 1a should not bring any practical constraint for gNB scheduling. In this sense, Option 1a is a good way to address UE implementation challenge while not affecting the network performance.
· Option 2
· This solves the UE implementation issue. The drawback is that the gNB does not have the correct TB CRC for checking.
· Option 3
· It allows the UE to set arbitrary value for the TB CRC in this case. It solves the UE implementation issue, but similar as Option 2, the gNB does not have the correct TB CRC for checking. Compared to Option 2, it is even slightly worse because for Option 2, the gNB can still check if the TB CRC is set to all zeros.
· Option 4
· Even though Option 4 can solve the processing time shortage at the UE, it may introduce unnecessary complexity at both gNB and UE. gNB would need to have special handling on the timeline for this particular case. UE would need to implement the procedure to start TB CRC calculation from the beginning for this case. This seems overly complicated given that we have other easier options to address the issue.
· It is not trivial to determine the value of D.
· Option 5
· This is the simplest approach. Although it may result in some performance loss for CBG-based operation in certain cases, we do not think this will occur frequently enough to cause any significant system performance degradation.
With the above analysis, we propose:
Proposal: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, adopt one of the following options:
· Option 5: The UE is not expected to be scheduled with partial TB for the retransmission.
· 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.

Conclusion
In this contribution, we discussed the issue of TB CRC calculation for CBG-based PUSCH retransmission when the initial transmission has been cancelled, and proposed the following:
Proposal: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, adopt one of the following options:
· Option 5: The UE is not expected to be scheduled with partial TB for the retransmission.
· 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.
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