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1 Introduction

At the RAN1#91 meeting, the following agreements and working assumption were made with regard to UCI piggybacked on PUSCH [1]:

Agreements:

· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.

· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH

· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.

· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· CSI part 2 is not mapped on the CSI part 1 REs.

Working assumption:

· UCI mapping in frequency domain follows the rules below:

· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:

· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.

· d = floor(number available REs ons i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 

TS38.213 Subclause 6.2.7 includes specifications on data and control multiplexing on PUSCH. The specifications are incomplete and the detailed mapping on reserved HARQ-ACK REs should be further specified. In the contribution, we present our view on reserved HARQ-ACK REs in case of 1 or 2 HARQ-ACK bits on PUSCH and provide text proposal on this aspect.  
2 Discussion on reserved HARQ-ACK REs 
As described in Subclause 6.2.7 in TS38.212 [2] as captured below, the resource allocation on reserved HARQ-ACK REs should be further specified in order for the UE to calculate 
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 in the pseudo code captured from the specification. In this section, we present our view on the reserved HARQ-ACK REs in case of 1 or 2 HARQ-ACK bits on PUSCH. 

=== Start of a capture from 38.213 v15.0.0 Subclause 6.2.7 ===
…

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2
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=== end of a capture from 38.213 v15.0.0 Subclause 6.2.7 ===
2.1 Reserved RE mapping pattern
At the RAN1#91 meeting [1], it was agreed that all UCI types follow a same mapping rule in frequency domain. In particular, modulated UCI symbols are mapped to REs in a distributed manner. Further, reserved REs in case of 1 or 2 HARQ-ACK bits are defined, with the main motivation of avoiding puncturing of CSI part 1 by HARQ-ACK feedback and ensuring robust decoding performance of CSI part 1. 
To simplify the design and minimize implementation effort, it may be more desirable to employ a unified mapping rule for UCI on PUSCH as well as reserved HARQ-ACK REs. More specifically, reserved HARQ-ACK REs are mapped starting from the first non-demodulation reference signal (DM-RS) symbols after the first DM-RS symbol(s). Further, the distance between reserved HARQ-ACK RE is 1 if number of HARQ-ACK reserved REs is greater than or equal to number of available REs in the symbol. In case when number of HARQ-ACK reserved REs is less than number of available REs in the symbol, distance is floor (number of available REs/number of remaining REs for reserved HARQ-ACK).
Figure 1 illustrates one example of reserved HARQ-ACK RE mapping pattern, which follows the same mapping rule in case of HARQ-ACK rate-matching. 
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Figure 1. Reserved HARQ-ACK RE pattern
Proposal 1
· Same UCI mapping rule is applied for reserved HARQ-ACK REs. 

Based on the discussion above, the draft text proposal is described as follows on reserved HARQ-ACK REs: 

=== Start of text proposal for 38.212 Subclause 6.2.7 ===
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=== end of text proposal for 38.212 Subclause 6.2.7 ===
2.2 Number of reserved HARQ-ACK REs
To calculate the number of reserved HARQ-ACK REs, one straightforward solution is to follow the equation of determining the amount of resources for HARQ-ACK on PUSCH with and without UL-SCH. Two options can be considered to derive the number of reserved HARQ-ACK REs: 1) assuming a fixed HARQ-ACK payload size and 2) assuming the number of indicated HARQ-ACK feedback. 

Note that depending on the CSI configuration, CSI part 2 may not be transmitted on PUSCH. In case when HARQ-ACK and CSI part 1 are transmitted on PUSCH without UL-SCH, assuming a fixed HARQ-ACK payload size, e.g., 2 bits may lead to unoccupied REs within the reserved HARQ-ACK RE region. This is not desirable in terms of spectrum efficiency loss and potential power adjustment issue. One approach to address this issue is to repeat the HARQ-ACK or CSI part 1 and map into the unoccupied REs. This solution, however, may complicate the design and implementation. 
In our view, it is more appropriate to employ the number of indicated HARQ-ACK feedback and configured/indicated beta offset to calculate the number of reserved HARQ-ACK REs. 

Proposal 2
· The number of reserved HARQ-ACK REs can be determined based on the existing formulas for UCI on PUSCH with and without UL-SCH, the number of indicated HARQ-ACK feedback and beta offset. 
3 Conclusions

In this contribution, we share our view on reserved HARQ-ACK REs in case of 1 or 2 HARQ-ACK bits on PUSCH and provide draft text propose on this aspect in Section 2. Further, we summarize the proposals as follows:
Proposal 1
· Same UCI mapping rule is applied for reserved HARQ-ACK REs. 

Proposal 2
· The number of reserved HARQ-ACK REs can be determined based on the existing formulas for UCI on PUSCH with and without UL-SCH, the number of indicated HARQ-ACK feedback and beta offset. 
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