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1 Introduction
In RAN1#90bis the following agreement was made by email discussion [90b-NR-32]:

Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

Further agreement made in RAN1#91:

Agreements:

· NR supports separate DCI information fields in DCI for MCS/TBS and CBGTI
These 2 agreements mean that CBGTI, NDI and MCS are independently signalled, hence the current DCI signalling framework does not exclude the case where the UE is requested to transmit part of the CBGs only even for the initial transmission of a new data in the uplink.

This paper analyses the impact of the PUSCH new data with partial CBG transmission on the UE processing time and provides our views on the issue.
2 Uplink UE Processing Time for New Data
2.1 UE Processing Time for New Data with all CBGs Transmission
Figure 1 illustrates the UE processing time for uplink PUSCH transmission with K2=1 assuming no time-interleaving of CBs across TB is used and new data request with all CBGs transmission (full TB). As can be seen in the figure, after the decoding of the DCI containing the UL grant, the UE has first to start the L2 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 L2 data preparation of the last CBG that includes the TB CRC is ready. This allows the L2 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 K2 timing requirement.
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Figure 1: Illustration of the UE processing time for PUSCH with new data and all CBGs transmission (full TB)
2.2 UE Processing Time for New Data with partial CBG Transmission
Figure 2 illustrates the same setting as in Figure 1 with the difference that in Figure 2 the new data (initial transmission of the TB) corresponds to a partial CBG transmission – only part of the CBG are requested for transmission-. 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, L2 has to perform all the L2 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 L2 data preparation and the UE cannot meet the required processing time for the PUSCH due to the added latency.
In contrast, for the case of retransmission with partial CBG, the UE will have no problem meeting the processing time requirement since the L2 data preparation has already been done in the initial transmission.
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Figure 2. Illustration of the UE processing time for PUSCH with new data and partial CBG transmission
Observation #1: PUSCH new data with partial CBG transmission leads to larger UE processing time and the UE cannot be expected to meet the N2 capability in this case.
From gNodeB perspective, scheduling new data transmission with partial CBG does not make sense since a retransmission will always be required leading to higher latency.

Observation #2: From gNodeB perspective PUSCH new data transmission with partial CBG will lead to system performance degradation.
To solve the problem illustrated in Figure 2, and in light if the above observations we propose to exclude the case of PUSCH new data transmission with partial CBG.

Proposal #1: UE is not expected to support PUSCH new data UL grant with partial CBG transmission.
The above proposal should be included in the section describing the CBG related procedure for the physical uplink shared channel in TS38.214 when the corresponding section is added.
3 Conclusion
In this contribution we have analysed the impact of the PUSCH new data with partial CBG transmission and made the following observations:
Observation #1: PUSCH new data with partial CBG transmission leads to larger UE processing time and the UE cannot be expected to meet the N2 capability in this case.
Observation #2: From gNodeB perspective PUSCH new data transmission with partial CBG will lead to system performance degradation.
Given the above observations we make the following proposal for inclusion in the section describing the CBG related procedure for the physical uplink shared channel in TS38.214 when the corresponding section is added:
Proposal #1: UE is not expected to support PUSCH new data UL grant with partial CBG transmission.
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