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1. Introduction
As is agreed in NR coverage enhancement work item[1], UL enhancements include TB processing over multi-slot PUSCH (TBoMS). In this contribution, we discuss the remaining issue of A-CSI multiplexing on TBoMS. 
2 TB processing over multiple slots
CSI report multiplexing on TBoMS was discussed in RAN1#109 meeting with the following agreement. In this section, we discuss the FFS on which slot of the allocated slots for TBoMS A-CSI should be multiplexed on.
	Agreement
Note: To editors, above agreement on SP/A-CSI multiplexing on a slot of TBoMS with UL-SCH is modified as follows.
· SP/A-CSI multiplexing on a slot of TBoMS with UL-SCH is supported.
· FFS: which slot of the single TBoMS (and which repetition, in case of TBoMS repetition) is selected for SP/A-CSI multiplexing.
· SP/A-CSI multiplexing on TBoMS without UL-SCH is not supported.


One proposal is to multiple A-CSI on the first slot of TBoMS. The supporting reason is to reuse the rule of A-CSI multiplexing on PUSCH repetition Type A. Nevertheless, the first slot is not the only solution supported in NR for A-CSI multiplexing on PUSCH. NR supports a different way of slot determination for the transmission of A-CSI without UL-SCH. In addition, in Rel-16 NR-U, when a DCI schedules two or more PUSCH allocations, the aperiodic CSI report is carried on the last scheduled PUSCH or the penultimate scheduled PUSCH. 

· NR supports multiple ways of slot determination for A-CSI multiplexing on PUSCH.
Generally speaking, CSI multiplexing on PUSCH degrades PUSCH performance, as some coded bits (systematic bits or parity bits) are not transmitted to make room for CSI. Figure 1 shows a small PUSCH performance loss, 0.1~0.2 dB for different beta factors, if a 11-bit CSI is multiplexed on the first slot of PUSCH repetition Type A with K=4, compared with no UCI multiplexing.
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Figure 1, CSI multiplexing on the first slot of PUSCH repetition Type A
Reusing the rule of PUSCH repetition Type A for TBoMS causes a larger performance loss. We simulated the same CSI payload size multiplexing on the first of a single TBoMS, where N=4. As can be observed from Figure 2, compared with no UCI multiplexing on TBoMS, CSI multiplexing on the first slot shows 0.5~1 dB loss for different beta factors, which is 0.8 dB larger than the loss of CSI multiplexing on PUSCH repetition Type A. The losses will be greater for larger CSI payloads or for more reliable transmission (with higher beta factors). 
[image: ]
Figure 2, CSI multiplexing on the first or the second slot of a single TBoMS
Several reasons can explain why reusing PUSCH repetition Type A’s rule on TBoMS causes a larger performance loss. Firstly, TBS of a TBoMS is determined by the number of REs of multiple slots, the first slot of RV0 may carry only systematic bits. This may not be the case for PUSCH repetition Type A, where both systematic bits and parity bits are transmitted in the first slot. Secondly, a single RV is used for a single TBoMS with continuous bit selection across multiple slots, which is different from the non-continuous bit selection of RV cycling across PUSCH repetitions. Thus, PUSCH repetition Type A may have a larger chance to transmit the punctured coded bits of RV0. The strict rule of CSI multiplexing on the first slot of TBoMS will further diminish the value of TBoMS and leave gNB to choose between TBoMS only and PUSCH transmission other than TBoMS with CSI multiplexed.


· Reusing the rule of A-CSI multiplexing on PUSCH repetition Type A for TBoMS degrades TBoMS performance 0.8dB more badly than PUSCH repetition Type A, due to the differences between the two transmission schemes, including TBS determination and RV cycling.
· The strict rule of CSI multiplexing on the first slot of TBoMS will further diminish the value of TBoMS and leave gNB to choose between TBoMS only and PUSCH transmission other than TBoMS with CSI multiplexed.
As an alternative, we also simulated CSI multiplexing on the second slot of a single TBoMS, which shows 0.2~0.5 dB performance loss compared with no CSI multiplexing, namely 0.2~0.5dB better than multiplexing on the first slot. The different performances lie in the ratio of systematic bits in the first two slots. If CSI is multiplexed on the first slot, 15% and 30% systematic bits are punctured for beta factors of 3.125 and 6.25 respectively. But no systematic bits are lost if CSI is multiplexed on the second slot.

· 0.2~0.5 dB SNR gain is observed, if CSI is multiplexed on the second slot of a single TBoMS compared with CSI multiplexed on the first slot.
It was agreed in RAN1#107 that “For TBoMS, UCI is multiplexed on the individual overlapping slot for UL transmission in one carrier”. In our view, the agreement can be applied to A-CSI. In NR Rel-15 and Rel-16, if A-CSI is transmitted without UL-SCH, K2 is determined by reportSlotOffsetList of the triggered CSI Reporting Settings. It can be reused for A-CSI multiplexing on TBoMS with UL-SCH, so as to avoid the large performance degradation caused by CSI multiplexing on the first slot. What’s more, TBoMS supports per-slot rate matching, and the index of the starting coded bit in a slot is independent from UCI multiplexed in the previous slots. Therefore, if CSI report is multiplexed on the overlapping slot, which may not necessarily be the first slot, it has no impact of bit selection in other slots. By doing so, there is no change to the timing relationship between the measured CSI-RS and CSI reporting.  

· Support A-CSI multiplexing on the overlapping slot of TBoMS, which is determined by reportSlotOffsetList of the triggered CSI Reporting Settings.

· Adopt the corresponding CR in [2].
3 Summary
In this contribution, we have discussed the remain issue related to TBoMS, i.e., A-CSI multiplexing.
Based on the discussion, we make the following proposals:
Proposals:
1. Support A-CSI multiplexing on the overlapping slot of TBoMS, which is determined by reportSlotOffsetList of the triggered CSI Reporting Settings.
2. Adopt the corresponding CR in [2].
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5 Annex
[bookmark: _Hlk99790260]Text proposals in [2]
6.1.2.1	Resource allocation in time domain


[bookmark: _Hlk111026880]When the UE is scheduled to transmit a transport block and no CSI report by a DCI or by a RAR UL grant or fallbackRAR UL grant, or the UE is scheduled to transmit a transport block and a CSI report(s) on PUSCH by a DCI, the 'Time domain resource assignment' field value m of the DCI or the PUSCH time resource allocation field value m of the RAR UL grant or of the fallbackRAR UL grant provides a row index m + 1 to an allocated table. The determination of the used resource allocation table is defined in Clause 6.1.2.1.1. The indexed row defines the slot offset K2, the start and length indicator SLIV, or directly the start symbol S and the allocation length L, the PUSCH mapping type, the number of slots used for TBS determination (if numberOfSlotsTBoMS is present in the resource allocation table), and the number of repetitions (if numberOfRepetitions is present in the resource allocation table) to be applied in the PUSCH transmission. If numberOfSlotsTBoMS is present and larger than 1 in the resource allocation table, the slot for CSI report is determined as , where  are the corresponding list entries of the higher layer parameter
-	reportSlotOffsetListDCI-0-2, if PUSCH is scheduled by DCI format 0_2 and reportSlotOffsetListDCI-0-2 is configured;
-	reportSlotOffsetListDCI-0-1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOffsetListDCI-0-1 is configured;
-	reportSlotOffsetList, otherwise.


When the UE is scheduled to transmit a PUSCH with no transport block and with a CSI report(s) by a 'CSI request' field on a DCI, the 'Time domain resource assignment' field value m of the DCI provides a row index m + 1 to the allocated table as defined in Clause 6.1.2.1.1. The indexed row defines the start and length indicator SLIV, or directly the start symbol S and the allocation length L, and the PUSCH mapping type to be applied in the PUSCH transmission and the K2 value is determined as , where  are the corresponding list entries of the higher layer parameter
-	reportSlotOffsetListDCI-0-2, if PUSCH is scheduled by DCI format 0_2 and reportSlotOffsetListDCI-0-2 is configured;
-	reportSlotOffsetListDCI-0-1, if PUSCH is scheduled by DCI format 0_1 and reportSlotOffsetListDCI-0-1 is configured;
-	reportSlotOffsetList, otherwise;
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