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1 Introduction
In RAN1 90bis, the following agreements on UCI multiplexing RE mapping was made [1]:
Agreements:

· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 

· Details FFS

Agreements:

· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 

· Details FFS

Agreements:

· For CSI piggybacked on PUSCH, support splitting CSI mapping (at least for some CSI) into two parts, where the two parts are mapped differently 

· FFS details (e.g., grouping of different CSI types and map them into different REs, which types of CSI, etc.)

· FFS impact of frequency hopping (if any)
Agreements:
· If freq hop is disabled for PUSCH, CSI piggybacked on PUSCH follows freq first mapping rule

· FFS details

· FFS the case when hopping is enabled
Further, in the email discussion after RAN1 90bis [90b-NR-28], the following agreement was made:
Agreements: 
· When HARQ-ACK piggyback on PUSCH, the same rule is applied to map encoded HARQ-ACK bits to HARQ-ACK REs, regardless of HARQ-ACK puncture or rate match PUSCH. 
· HARQ-ACK avoids puncturing PT-RS.

· Down select to one from the following two alternatives

· MAP HARQ-ACK to REs around DMRS symbol(s)

· Map HARQ-ACK to REs across as many symbols within PUSCH (excluding DMRS symbol) as possible in both frequency hops if applicable.

In this contribution, the remaining issue on RE mapping when UCI multiplexing is discussed.
2 Discussion
2.1 RE mapping for CSI 

In NR, two parts CSI reporting is supported where the payload size of the first part of CSI report is known by the gNB, while the payload size of the second part is only known by gNB after successfully decoding the first part of CSI report. As PUSCH data and CSI are multiplexed using rate matching, gNB can only determine the exact REs for PUSCH after successfully decoding the first part of CSI, which may increase the decoding latency of PUSCH. Furthermore, if the first part of CSI decoding fails, both reception of the second part of CSI and PUSCH data would be impacted, e.g. gNB may have to use more hypothesis on payload size of the second part of CSI to decode. Therefore, the latency and reliability of decoding the first part of CSI is important. It is preferred to mapping the first part of CSI on REs around the first DMRS symbol(s) of the PUSCH transmission. 
Proposal 1: The first part of CSI report is mapped to REs around DMRS symbol(s)

In [2] it was proposed that the second part of CSI is mapped to the end of PUSCH data so gNB can decode PUSCH with less blind detection if 1st part of CSI information is not available. The key idea is that the starting position of PUSCH data transmission is determined regardless of the payload size of second part of CSI. However, it may only work if there is one code block in the transport block. In LTE, if there are multiple code blocks in the transport block, when the number of REs can be used by transport block changes, the rate matching output sequence length of each code block will be changed accordingly. Therefore, if there are multiple CBs and the second part of CSI is mapped at the end of PUSCH data, the starting position of CBs except the 1st CB still depends on the payload size of the second part of CSI. 
A simple solution is to map suitable number of bits of second part of CSI in between concatenation of code blocks, such that the summation of the rate matching output sequence length of each CB and the second part of CSI length inserted in the CB is equal to the rate matching output sequence length of that CB when the payload size of the second part of CSI is zero. By this way, gNB can know the starting position of each PUSCH CB independent of the payload size of 2nd part of CSI. And gNB can choose a suitable ending position for each CB to decode without knowing the exact payload size of the part of CSI. An example to illustrate is shown in Figure 1. 

[image: image2.png]CSl partl CB1 CB2 CB3 CB4

CSl partl CS| part2





Figure 1: Example of RE mapping of 2nd part of CSI
Proposal 2: The second part of CSI is mapped to REs across data code blocks such that the starting RE of each data code block is independent of the payload size of second part of CSI
2.2 RE mapping for HARQ-ACK 

In the RAN1 #90bis meeting, it was agreed:

· For grant based UL transmission, use DAI based mechanism similar to LTE to indicate UE the number of ACK bits for ACK piggyback on PUSCH. 

· FFS details of DAI mechanism 

· FFS: how to enhance DAI mechanism to support CBG based transmission
· In Rel-15, do not support the case when DL assignments are later than UL grant mapped to the same time instance for HARQ-ACK transmission on PUSCH 

Therefore, when the UE received UL grant for PUSCH transmission, it can determine the exact number of HARQ-ACK bits to be multiplexed with PUSCH transmission, and can determine whether puncturing or rate matching would be used. If RE puncturing is used, as frequency first RE mapping is agreed for PUSCH transmission, it would be beneficial if HARQ-ACK encoded bits can be mapped across symbols to scatter the impacted REs to multiple CBs. On the other hand, if rate matching is used, mapping to REs around the first DMRS symbol is expected to reduce the latency and improve the HARQ-ACK reliability. As it is already agreed that same mapping rule for HARQ-ACK is used regardless of puncturing or rate matching, mapping to REs across as many as symbols is slightly preferred as it can avoid the worst case that a single CB is severely impacted by HARQ-ACK puncturing. Either time domain first or frequency domain first mapping rule can be used to map the HARQ-ACK to REs across symbols and distributed in PUSCH allocated bandwidth. 
Proposal 3: Mapping HARQ-ACK to REs across as many as symbols within PUSCH (excluding DMRS symbols) as possible in both frequency hops if applicable.
In addition, if HARQ-ACK rate matching is used, HARQ-ACK RE mapping should be performed no later than data and CSI RE mapping; if HARQ-ACK puncturing is used, HARQ-ACK RE mapping should be performed after data and CSI RE mapping. Although the same mapping rule for HARQ-ACK should be used, the region for HARQ-ACK RE mapping can be further restricted if puncturing is used. As decoding failure of the first part of CSI may cause PUSCH retransmission or gNB blind decoding, at least REs mapped by the first part of CSI should be precluded from HARQ-ACK RE puncturing.  
Proposal 4: If puncturing is used for HARQ-ACK, REs belonging to the first part of CSI should be precluded from HARQ-ACK RE mapping.
3 Conclusion
In this contribution, the remaining issue of UCI RE mapping when multiplexing with PUSCH is discussed, and the following proposals are made:
Proposal 1: The 1st part of CSI is mapped to REs around DMRS symbol(s)

Proposal 2: The 2nd part of CSI is mapped to REs across data code blocks such that the starting RE of each data code block is independent of the payload size of 2nd part of CSI

Proposal 3: Mapping HARQ-ACK to REs across as many as symbols within PUSCH (excluding DMRS symbols) as possible in both frequency hops if applicable.
Proposal 4: If puncturing is used for HARQ-ACK, REs belonging to the 1st part of CSI should be precluded from HARQ-ACK RE mapping.
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