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[bookmark: _Ref40394462]Introduction
In RAN1#101-e meeting, the issue of partial CBGs retransmission of a cancelled UL TB has been discussed. However, due to the time limitation, it was not possible to reach an agreement [1].
In this contribution, we will present our view on the UE implementation complexity associated with partial retransmission of a cancelled UL TB, and provide the preferred solution to address the UE issue without impacting the scheduler flexibility.
Discussion
When the initial transmission of a PUSCH is interrupted due to intra-UE or inter-UE prioritization, the UE will stop the processing of the PUSCH. Hence, some of the data will not be generated. As it will explained later in this contribution, this could be problematic if the retransmission of the same packet didn’t request all the cancelled data.
To explain the UE implementation issue associated with partial CBGs retransmission of a cancelled UL TB, it is essential to understand the UE processing for a PUSCH. As can be seen in Figure 1, after decoding of the DCI containing the UL grant, the UE has first to start the data preparation before starting the data modulation and preparation of baseband signal to be transmitted. It is worth to note that the data modulations of the 1st CBGs can start before the data preparation of the last CBG (which includes the TB CRC) is ready. This allows the data preparation and data modulation to be pipelined at the CBG or even the CB level therefore reducing the UE processing time and allowing the UE to meet the N2 timing requirement.
Observation 1: UL data preparation and data modulation/transmission are pipelined to meet N2 processing timeline.
Observation 2: The UE may start the PUSCH transmission before the last CBG(s) are prepared.
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[bookmark: _Ref47625949]Figure 1: Illustration of the UE processing time for PUSCH with new data and all CBGs transmission (full TB).

Hence, even if only the last CBG is requested for transmission, full data preparation is needed to generate CRC if:
· it is an initial transmission,
· a retransmission when the initial transmission have been cancelled due to intra-UE or inter-UE prioritization.
As illustrated in Figure 2, this could cause timeline issue to the UE. In the case of Figure 2, only the last CBG (CBG3) is indicated for transmission by the CBGTI bits. Because the last CBG contains the TB CRC, the UE has to perform all the data preparation to be able to calculate the TB CRC. As a consequence the data modulation and baseband signal preparation cannot be pipelined with the data preparation and the UE cannot meet the required processing time for the PUSCH due to the added latency.
Observation 3: Transmission of the last CBG requires the generation of all the previous CBGs in the TB.
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[bookmark: _Ref47625968]Figure 2: Illustration of the UE processing time for PUSCH with partial CBG transmission.
The first scenario (i.e. initial transmission with partial CBGs) has been excluded from NR in Rel-15, as highlighted in the relevant text from 38.214 below.
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If a UE is configured to transmit code block group based transmissions by receiving the higher layer parameter codeBlockGroupTransmission in PUSCH-ServingCellConfig, 
-	For an initial transmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include all the code block groups of the TB.
-	For a retransmission of a TB as indicated by the New Data Indicator field of the scheduling DCI, the UE shall include only the CBGs indicated by the CBGTI field of the scheduling DCI. 



For the second scenario, i.e. a retransmission when the initial transmission have been cancelled, at least the following options has been considered in RAN1#101-e meeting [1]:
	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 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.



Out of the listed options, Option 1a addresses the UE issue without putting unnecessary restrictions to the scheduler. In practical system, the gNB is expected to request the CBGs that have been cancelled due to intra-UE or inter-UE prioritization. Thus, Option 1a is actually represents the expected behaviour by the gNB. However, it is essential to specify in RAN1 specification this behaviour to avoid complicating the UE design by counting for unreasonable scheduling assumptions that don’t align with Option 1a.
Observation 4: Option 1a is aligned with the expected gNB behaviour and addresses the UE implementation issue of partial CBGs retransmission of a cancelled TB.
Proposal 1: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, 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.
Conclusions
In this contribution, we discussed the issue of partial CBGs retransmission of a cancelled UL TB. We have the following observations and proposals:
Observation 1: UL data preparation and data modulation/transmission are pipelined to meet N2 processing timeline.
Observation 2: The UE may start the PUSCH transmission before the last CBG(s) are prepared.
Observation 3: Transmission of the last CBG requires the generation of all the previous CBGs in the TB.
Observation 4: Option 1a is aligned with the expected gNB behaviour and addresses the UE implementation issue of partial CBGs retransmission of a cancelled TB.
Proposal 1: If a UE is configured with a CBG based PUSCH and the initial transmission of a TB is cancelled, 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.
References
[1] [bookmark: _Ref47710128]R1- 2005072, “Summary #4 of email discussion [101-e-NR-L1enh-URLLC-HARQ&Scheduling-03]”, Moderator (Qualcomm), RAN1#101-e, May 2020.
image1.emf
PDCCH

PUSCH

Control 

decoding

Data preparation + TB CRC

Data modulation and transmission

CBG0 CBG1 CBG2 CBG3

Full Data preparation 

required for New 

Data

CBGTI = 1111

N2


image2.emf
PDCCH

PUSCH

Control 

decoding

Data preparation + TB CRC

Data modulation and 

transmission

CBG0 CBG1 CBG2 CBG3

Full Data preparation 

required even if only 

the last CBG 

scheduled

CBGTI = 0001

N2

Due to partial CBG transmission, the 

processing time N2 cannot be met


