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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the previous meeting and email discussion[90-NR-28], UCI multiplexing were discussed and some agreements were achieved [1][2].
Agreements:
· For ACK piggybacked on PUSCH, map ACK to distributed REs across PUSCH allocated RBs 
· Details FFS
· For CSI piggybacked on PUSCH, map CSI to distributed REs across PUSCH allocated RBs 
· Details FFS
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
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, we share our views on the issues related to the UCI multiplexing transmission. And this contribution is an update of R1-1717495.
2. UCI transmission on PUSCH
2.1. ACK mapping 
The same rule is applied for HARQ-ACK bits mapping to REs. For HARQ-ACK, frequency first mapping can helps gNB have more time to process HARQ-ACK feedback and generate PDCCH and PDSCH for a new transmission or retransmission. The mapping around DMRS symbols can obtain better channel estimation performance. For frequency first mapping, the distributed mapping can be considered due to frequency diversity gain. When frequency hopping enables, HARQ-ACK bits can also be mapped around the DMRS per frequency hop, the sequential or interleaving mapping can be FFS. For mapping across as many symbols, the REs far away from DMRS may suffer from worst channel estimation in case of no additional DMRS. 
Proposal 1: It is preferred that map HARQ-ACK to REs around DMRS symbol(s).
2.2. ACK and CSI mapping 
For ACK and CSI, the common mapping principles are beneficial to reduce the implementation complexity. For HARQ-ACK and CSI, the resource should be orthogonally allocated to avoid interference. The position of CSI REs is fixed no matter whether the UE misses the DL assignment. This can avoid changing CSI mapping frequently between with HARQ-ACK and without HARQ-ACK. In MIMO section, the separate encoding of CSI is supported. For separate encoding, 2 CSI parts is encoded independently, e.g. RI/CRI/1stCQI (for first codeword) and PMI/2ndCQI (for second codeword). For separate encoding, first part including RI/CRI is more important since the second part computation is RI/CRI dependant. 
Figure 1 shows an example of separate encoding. In Figure 1, interleaved mapping is adopted among HARQ-ACK and CSI part 1 and CSI part 2, in which each HARQ-ACK tone is equally separated, as well as the CSI part1 and CSI part2. 
For distributed mapping with the less UL resource allocation, sufficient REs should be provided for carrying UCI information. In this case, REs from other OFDM symbols also can be utilized, which can also obtain the time diversity gain. In our opinion, frequency-first mapping does not preclude time-second mapping. Two manners are not contradictory. Figure 2 shows the time-second mapping case.  


Figure.1 Mapping rule for CSI part 1 and CSI part 2


         
Figure 2 Frequency-first and time-second mapping when the few UL resources are allocated
Proposal 2: The interleaved mapping of HARQ-ACK and CSI is preferred, as shown in Figure 1. 
Proposal 3: Mapping rule is frequency-first and time-second mapping
2.3. HARQ-ACK rate-match on PUSCH 
For bundling operation, the missed DL grant may impact HARQ-ACK feedback payload size, which leads to the confusion between gNB and UEs. Similar to LTE, DAI can be used to handle the error case. As shown in Figure 2, a bundling window includes four PDSCHs. Counter DAI in DL grant helps UE determine the missed DL grant. Total DAI in UL grant indicates the number of feedback A/N bits to prevent the last DL grant missing condition. This method is efficient for TB-based transmissions. For CBG-based transmission, the semi-static HARQ-ACK codebook is supported. The counter DAI and total DAI is sufficient for semi-static HARQ-ACK codebook. No additional specification work is required. For dynamic HARQ-ACK codebook, DL grant missing case seems more complicated because UE is not aware about the number of actually transmitted CBG. Signalling design and overhead should be considered. 



Figure 3 counter DAI and total DAI in bundling window
Proposal 4: For TB-based and CBG-based transmission with semi-static HARQ-ACK codebook, counter DAI and total DAI are included in DL grant and UL grant, respectively. It is FFS for CBG-based transmission with dynamic HARQ-ACK codebook.
3. Conclusion
[bookmark: _GoBack]In this document, we discuss UCI transmission on PUSCH of with the following proposals:
Proposal 1: it is preferred that map HARQ-ACK to REs around DMRS symbol(s).
Proposal 2: The interleaved mapping of HARQ-ACK and CSI is preferred, as shown in Figure 1. 
Proposal 3: Frequency first and time second mapping is applied when the few UL resources are allocated
Proposal 4: For TB-based and CBG-based transmission with semi-static HARQ-ACK codebook, counter DAI and total DAI are included in DL grant and UL grant, respectively. It is FFS for CBG-based transmission with dynamic HARQ-ACK codebook.
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