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[bookmark: _Ref465963108]Introduction
On the topic of UCI piggyback on PUSCH, many agreements are made in RAN1 91 [1]. However, there are still some open issues in this area such as UCI can FDM with DMRS or not, how to determine the reserved REs for HARQ-ACK, certain rules for UCI on PUSCH are still missing, UCI piggyback rule on PUSCH in case of CA is not discussed yet, etc.  

In this contribution, remaining issues for multiplexing UCI on PUSCH are discussed. 
[bookmark: _Ref471731770][bookmark: _Ref462669569]Exclude FDM UCI with DMRS
With DFT-S-OFDM based PUSCH, it is obvious that UCI should not FDM with (comb structured) DMRS on DMRS symbols, in order to preserve the single carrier waveform. With CP-OFDM based PUSCH, due to the fact that NR supports many DMRS patterns (two configurations, different number of DMRS ports, different CDM groups), as shown in Figure 1, if UCI FDM with DMRS, then UCI mapping rule will be extremely complicated, in order to work with all DMRS patters NR supports. Furthermore, it leads to different RE mapping rules between CP-OFDM and DFT-S-OFDM waveform. Depends on waveform, both UE and eNB will need to implement two different RE mapping rules, one for DFT-S-OFDM, the other for CP-OFDM. And the rule for CP-OFDM is extremely complicated. 




[bookmark: _Ref471549674]Figure 1: DMRS patterns for PUSCH in NR
To simplify the RE mapping with a unified RE mapping rule between CP-OFDM and DFT-S-OFDM, the solution is very simple. The proposal is not FDMing UCI with DMRS while only TDM UCI with DMRS regardless waveform. This will greatly reduce the complexity to map UCI to REs at UE transmitter. It also greatly simplifies eNB receiver implementation for UCI decoding because the UCI RE extract pattern is very simple. Of course, when UCI is piggyback on PUSCH with UL-SCH, UL-SCH can FDM with DMRS depends on the signalling in the DCI.     
In the light of simplify UCI mapping rule, RAN1 had the following agreements to avoid UCI FDM with DMRS. In RAN1 90, on high level, common mapping rule is agreed for DFT-S-OFDM and CP-OFDM waveform. In RAN 1 91, it is agreed “Map HARQ-ACK to REs around DMRS symbol(s)”, which means HARQ-ACK is mapped around DMRS symbols hence does not FDM with DMRS. For CSI, it is agreed to map to REs “starting on the first available non-DMRS symbol”. It is obvious CSI (including both part 1 and part 2) is not FDMed with front-loaded DMRS. It is natural to keep CSI not FDMing with additional DMRS, if exists. 
Agreements:
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
Agreements:
· Detail UCI mapping rule on PUSCH is as follows:
· Map HARQ-ACK to REs around DMRS symbol(s)
· If PUSCH punctured by HARQ-ACK,
· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 
· FFS reserved HARQ-ACK REs 
· PUSCH can be mapped to reserved REs
· If PUSCH rate matched by HARQ-ACK,
· map HARQ-ACK first, followed by CSI part1. 
· FFS: how to map CSI part 2, e.g.,
· Map CSI part 2 after CSI part 1
· Map CSI part 2 after UL_SCH
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.

In summary, to simply the UCI mapping rule, we have the following proposal
Proposal 1: When UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS. 
[bookmark: _Ref463027406][bookmark: _Ref465963195][bookmark: _Ref466040522][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Reserved REs for HARQ-ACK
In RAN1 91, it was agreed to reserve certain amount REs for HARQ-ACK, in case HARQ-ACK puncture PUSCH. But the details of how many REs and what are the locations of those REs are not agreed. In this section, we will address of the two open issues.
Since the reservation of REs is for the case when HARQ-ACK puncture PUSCH, where the size of HARQ-ACK is up to 2 bits. Therefore, it is reasonable to assume 2 bits HARQ-ACK for RE reservation. The locations of the reserved REs for HARQ-ACK are determined following the same rule defined in RAN1 #91 for mapping modulated HARQ-ACK symbols to REs.
Proposal 2: When HARQ-ACK puncture PUSCH, the amount of reserved REs for HARQ-ACK is calculated assuming 2bits HARQ-ACK.
Proposal 3: Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
UCI on PUSCH in CA 
In the scenario of CA, when there are multiple PUSCHs scheduled on multiple UL CCs, one open issue is that UCI should be piggyback on which CC. In LTE, the solution to this issue is the following
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe

There is misalignment between eNB and UE on UCI piggybacked on which CC, due to UL grant misdetection. One potential enhancement we can consider for NR to solve this issue is adding a field in each UL grant to explicitly signal the CC index that UCI is piggybacked on. But the enhancement only works when simultaneous PUCCH and PUSCH is supported. 
Therefore, for Rel-15, LTE solution can be reused for the scenario of UCI piggyback on PUSCH in CA. The following enhancement can be considered for Rel-16, if simultaneous PUCCH and PUSCH is supported.
· eNB side: 
· In each UL grant, add a field explicitly signaling the CC index for UCI to piggyback on. 
· Denote CC x is the CC that UCI is piggybacked on.
· UE side
· If all UL grants missed, nothing will be transmitted on PUSCH. UCI will be transmitted on PUCCH.
· If at least one UL grant is decoded.
· If the UL grant scheduling PUSCH transmission on CC x is not missing, UCI is piggyback on CC x. 
· If the UL grant scheduling PUSCH transmission on CC x is missing
· If simultaneous PUCCH + PUSCH transmission is not configured/enabled
· Reuse LTE solution
· If simultaneous PUCCH + PUSCH transmission is configured/enabled and PUCCH resource(s) is configured on CC x 
· Send UCI on PUCCH on CC x
Proposal 4: In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe
UCI on PUSCH when PUCCH partially overlap with PUSCH
In Section 9 of [3], it is specified that “If a UE would transmit a PUCCH that has a same first symbol and duration with a PUSCH transmission, the UE multiplexes the UCI in the PUSCH transmission and does not transmit the PUCCH.” In NR, PUCCH and PUSCH can have partial overlap as shown in Figure 2. In case A and B, if PUCCH is piggyback on PUSCH, then UE need to do “look-ahead” for piggyback purpose. This will eat into PUSCH processing timeline. Similarly, in case C, if PUCCH is piggybacked on PUSCH, PUCCH transmission timeline will be impacted. Therefore, without impacting the timeline of either PUSCH or PUCCH transmission, if PUCCH partially overlap with PUSCH, PUCCH should not be piggybacked on PUSCH. Instead, either PUCCH or PUSCH is dropped depends on priority order and on which transmission started first. 


[bookmark: _Ref503452774]Figure 2: Partial overlap PUSCH and PUCCH
Proposal 5: When PUCCH partially overlap with PUSCH, drop either PUSCH or PUCCH depending on priority order and which transmission started first.
· FFS: priority ordering between different UCI type carried on PUCCH and the payload type (e.g. URLLC or eMBB) carried by PUSCH.
Conclusions
For UCI piggyback on long PUSCH, we have the following proposals.
Proposal 1: When UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS. 
Proposal 2: When HARQ-ACK puncture PUSCH, the amount of reserved REs for HARQ-ACK is calculated assuming 2bits HARQ-ACK. 
Proposal 3: Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.
Proposal 4: In scenario of CA, UCI is piggybacked on a single CC based on the follow rule (same as LTE). 
· In case of no aperiodic CSI triggering
· If there is PUSCH on the UL PCC
· UCI is mapped onto the UL PCC
· If there is no PUSCH on the UL PCC
· UCI is mapped onto the UL SCC with the smallest value of carrier index, i.e. SCellIndex-r10, of the associated PUCCH group
· In case of aperiodic CSI triggering
· UCI is mapped onto the PUSCH on the CC indicated by the UL grant containing the aperiodic CSI trigger
Note: UE is not expected to receive more than one positive aperiodic CSI trigger for a given subframe

Proposal 5: When PUCCH partially overlap with PUSCH, drop either PUSCH or PUCCH depending on priority order and which transmission started first.
· [bookmark: _GoBack]FFS: priority ordering between different UCI type carried on PUCCH and the payload type (e.g. URLLC or eMBB) carried by PUSCH.
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Starting position of DMRS is:
- OFDM symbol 2 for system bandwidth > X
- OFDM symbol 3 for system BW < X X is TBD. 
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Config type 2: 2 OFDM symbols
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