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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the previous meeting, UCI multiplexing were discussed and some agreements were achieved [1][2].
· 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
· At least for periodic CSI report configured by RRC and aperiodic CSI report triggered by UL grant, the UL data is rate-matched around the UCI

Working assumptions:
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
· Note: NR ensures sufficiently reliable common understanding on HARQ-ACK bits between gNB and UE. 
In this contribution, we share our views on the issues related to the UCI multiplexing transmission.
2. UCI transmission on PUSCH
2.1. UCI mapping 
For UCI multiplexing, frequency first mapping is agreed and mapping is around DMRS symbols to obtain better channel estimation performance. For NR uplink, common UCI resource mapping principles are utilized. Thus, the distributed mapping in frequency location should be supported considering frequency diversity gain, especially for CP-OFDM case.
Proposal 1: The distributed mapping for UCI is supported, at least for HARQ-ACK/RI. etc.. 
UCI encoding is discussed in MIMO section. RI/CRI and CQI/PMI jointly or separately encoded are proposed. Figure.1 shows the example of two encoding case. For separately encoding as shown in Figure.1(a), the UCI mapping should be suitable for different frequency resource allocation. For resource allocation with the fewer PRBs, sufficient Res should be available for UCI information, while with more PRBs allocation, mapping pattern can be further investigated. A simple method is the interleaving mapping between HARQ-ACK and RI/CRI can be considered. The interval between HARQ-ACK Res (or RI/CRI) can be further studied.
NR supports the different payload sizes of HARQ-ACK and RI/CRI. For CQI/PMI, it should be not influenced by the mapping of HARQ-ACK and RI/CRI to avoid changing CQI/PMI mapping frequently. The location of CQI/PMI should be fixed relatively. Moreover, the mapping should avoid the additional DMRS symbols. If CQI/PMI includes large payload sizes, it can occupy multiple symbols. For joint encoding, the similar mapping also can be applied as shown in Figure.1(b).



(a)RI/CRI encoded separately from PMI/CQI       (b) RI/CRI and PMI/CQI jointly encoded

                                   Figure.1 UCI piggyback on PUSCH
Proposal 2: When RI/CRI encoded separately from PMI/CQI, interleaving mapping of HARQ-ACK and RI/CRI can be considered. CQI/PMI, mapping is from a fixed OFDM symbols and the additional DMRS symbols is avoided
Proposal 3: When RI/CRI and PMI/CQI jointly encoded, the similar method can be applied.
2.2. Common understanding on HARQ-ACK
In NR, a large range of the number of HARQ-ACK bits is introduced. For TB-based feedback, 2bits can be used  for HARQ feedback. In this case, puncture did not lead to severe performance decreasedegradation. Meanwhile, a quick feedback from UE can be achieved due to less processing time. For CBG-based feedback and/or the feedback of multiple PDSCHs, more HARQ bits are required. Rate matching can reduce the negative effects for data.
For rate matching, the condition of missed DL grant should be considered. When DL grant is missed, confusion between gNB and UEs can occur about the number of HARQ bits which is rate matched. Moreover, the understanding on puncture or rate matching also can be different. For example, when gNB deems 3HARQ-ACK bits from UE, actually UE feeds back 2bits due to a missed DL grant. Different understanding on puncture or rate matching occurs.  An indicator fieldion can be included in UL grant the DCI, which inform UE the number of bits for rate matching. How to indicate the number of bits for rate matching The range of HARQ-ACK bits can be discussed after the discussion of CA and multiple PDSCH scheduling.is FFS. For example, higher layer configured a set of numbers and L1 indicates actual number.
Proposal 4：Working assumptions are confirmed. 
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
Proposal 5: An indication can be included in the DCI, which inform UE the number of bits for rate matching.An indicator field can be included in UL grant which informs UE the number of feedback bits. How to indicate the number of bits for rate matching is FFS
3. PUCCH and PUSCH multiplexing
In LTE, simultaneous PUCCH and PUSCH transmissions are introduced for UEs supporting this capacity. In NR, PUCCH format with the different number of symbols are defined. Moreover, the starting position and duration of PUSCH is not determined, which leads to a complicated PUCCH- PUSCH multiplexing. Generally, PUCCH and PUSCH can be multiplexed in a slot based on TDM or FDM manner.
3.1. TDM transmissionmanner
Commonly, PUCCH and PUSCH have independent power control method. One simple manner is TDMed transmission of short PUCCH and PUSCH transmission in a slot. UL control information can be timely reported to gNB in short PUCCH, for example A/N bits, which has less impacts on data transmission. For TDM manner, no PAPR problem arises. Therefore, short PUCCH and PUSCH are TDMed transmission should be supported. 
Proposal 6: TDMed short PUCCH and PUSCH transmissions are supported in NR.
TDMed PUSCH and long PUCCH multiplexing does not reach agreement. Actually, UCI information carried by long PUCCH can be piggybacked on PUSCH. Because long PUCCH format can span 4-14 symbols, the number of symbols of PUSCH also can have a larger range for TDM multiplexing. Signaling overhead would be large.
Proposal 7: TDMed long PUCCH and PUSCH multiplexing is not supported.
3.2. FDM transmissionmanner
(1) PUCCH and PUSCH with the same length
For a UE, FDMed PUCCH and PUSCH multiplexing can lead to PAPR problem in case of DFT-S-OFDM waveform. Some candidate solutions can be considered.   
· PUCCH is located in adjacent resource of PUSCH resource
Generally, PUCCH is located at edge of frequency range of a BWP. However, in this case, adjacent frequency resource of PUSCH can be used for PUCCH transmission in order to reduce PAPR, as shown in Fig. 1(a). For this case, gNB should reserve some adjacent frequency resources for PUCCH of the that UE. UE missed DL grant should be considered. In that case, UE can deem that no PUCCH is transmitted. For avoiding the confusion between gNB and UE, the indication can be required. 
Another problem is whether frequency hopping PUCCH shall be supported. If the scheduled PUSCH resource includes the few RB, the gain of hopping frequency is marginal.  Moreover, when frequency hopping is enabled, how to utilize the empty resource can be further investigated, as shown in Fig.1 (b).


 
(a) w/o frequency hopping			 (b) w/o frequency hopping
Figure.1 PUCCH and PUSCH in adjacent frequency resource
Proposal 8: PUCCH of the same UE can be moved in the adjacent resource of the scheduled PUSCH in case of no hopping frequency. When frequency hopping is enabled, how to utilize the empty resource can be further investigated 
· PUCCH is located inside PUSCH resource
Another design option is to allow PUCCH transmission within the scheduled PUSCH resource. Rate matching or puncture of PUSCH can be considered for PUCCH. For rate matching, code rate of PUSCH might be higher when lots of UCI bits are transmitted. In this case, gNB implementation can be a solution, i.e. to allocate more frequency resources to the scheduled UE. With simultaneous PUCCH and PUSCH transmission, UEs move PUCCH inside the scheduled PUSCH frequency resource based on a known manner. Similarly, puncture operation can also be applied, in which PUSCH performance would be deteriorated when PUCCH comprises a lot of RBs. For this method, PAPR can be maintained at a lower level. Fig. 2 shows an example of PUCCH inside the scheduled PUSCH with frequency hopping.  


Figure.2 PUCCH is put inside the scheduled PUSCH

Proposal 9: PUCCH inside the scheduled PUSCH can be supported for PUCCH-PUSCH multiplexing.
(2) PUCCH and PUSCH with the different length
When PUCCH and PUSCH are FDMed transmission with different number of symbols, firstly, the potential inter-modulation distortion issue of different frequency sub-carries from a UE can lead PAPR increase which requires RAN 4 evaluation. Secondly, PUCCH and PUSCH transmission basically bases on the independent power control method. Power transient of overlapping parts can occur, which influences the channel estimation. For a UE of NR, multiple service types can be supported simultaneously, for example, URLLC and eMBB service. PUCCH and PUSCH are FDMed transmission with the different length becomes a typical scenario. Thus, this case should be supported in NR.


Figure. 3 PUCCH and PUSCH with the different number of symbols
Proposal 10:  FDMed PUCCH and PUSCH with the different number of symbols should be supported.
4. Conclusion
In this document, we discuss UCI transmission on PUSCH of with the following proposals:
Proposal 1: The distributed mapping for UCI is supported, at least for HARQ-ACK/RI etc.. 
Proposal 2: When RI/CRI encoded separately from PMI/CQI, interleaving mapping of HARQ-ACK and RI/CRI can be considered. CQI/PMI, mapping is from a fixed OFDM symbols and the additional DMRS symbols is avoided
Proposal 3: When RI/CRI and PMI/CQI jointly encoded, the similar method can be applied. 
Proposal 4：Working assumptions are confirmed. 
· For slot-based scheduling, for HARQ-ACK with more than 2 bits, PUSCH is rate-matched.
· For slot-based scheduling, for HARQ-ACK with up to 2 bits, PUSCH is punctured.
Proposal 5: An indication can be included in the DCI, which inform UE the number of bits for rate matching. How to indicate the number of bits for rate matching is FFSAn indicator field can be included in UL grant which informs UE the number of feedback bits. 
Proposal 6: TDMed short PUCCH and PUSCH transmissions are supported in NR.
Proposal 7: TDMed long PUCCH and PUSCH multiplexing is not supported.
Proposal 8: PUCCH of the same UE can be moved in the adjacent resource of the scheduled PUSCH in case of no hopping frequency. When frequency hopping is enabled, how to utilize the empty resource can be further investigated
Proposal 9: PUCCH inside the scheduled PUSCH can be supported for PUCCH-PUSCH multiplexing.
Proposal 10:  FDMed PUCCH and PUSCH with the different number of symbols should be supported.
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