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The agreements of previous meetings are summarized in the appendix. In this contribution, we give our views on multiplexing of UCI, including UCI piggyback on PUSCH, the multiplexing between PUCCHs and the multiplexing between PUCCH and PUSCH.
UCI piggyback on PUSCH
Mapping of UCI
[image: ]
HARQ-ACK and CSI Part 1 mapping
As agreed, HARQ-ACK and CSI should be distributed across PUSCH allocated RBs to maximize the diversity gain. HARQ-ACK and CSI part 1 can be distributed in the frequency in an interleaved way with the granularity of RBG within the same symbol, as shown in Figure 1, which is located next to the DMRS. HARQ-ACK and CSI part 1 should be encoded and mapped independently. If the total number of REs for HARQ-ACK and CSI part 1 is larger than the available number of REs in each RBG in one symbol, a second symbol could be utilized. In the frequency, the REs of HARQ-ACK or CSI part 1 follows the similar mapping rule. 
As shown in Figure 1, assuming the PUSCH is scheduled with 4 RBGs and RBG size is two. Then, the HARQ-ACK can be distributed onto RB0 of even RBG indexing number, and the CSI part 1 can be distributed onto RB0 of odd RBG indexing number. If assuming that only RE 0 of RB0 can be utilized, then only two REs are available for the HARQ-ACK, and the third HARQ-ACK symbol should be mapped onto the second symbol. To further enhance the diversity gain, in the second symbol, the available REs for HARQ-ACK and CSI part 1 can be switched. For the number of available REs in one RBG, it can be different considering the length or bandwidth of the PUSCH, e.g., more REs can be allocated for short PUSCH or narrow bandwidth.
Moreover, apart from mapping on distributed REs in frequency and symbols next to the DMRS, the duration of resource for mapping should be configurable, to balance the coverage and latency requirements. That is, the number of symbols for HARQ-ACK and CSI part 1 mapping should be configurable. For power-limited UEs, the bandwidth of PUSCH resource is often limited, and hence the number of symbols for mapping should be large, to provide enough REs as well as power accumulation for HARQ-ACK and CSI part 1 transmission. By contrast, for a DL URLLC service, the HARQ-ACK and CSI part 1 may be delay-sensitive and should be fed back as soon as possible. For example, for the HARQ-ACK and A-CSI originally allocated to transmit on short PUCCH, the symbols for mapping in PUSCH should be no later than the ending symbol of the PUCCH resource. For this end, the number of symbols for mapping should be small to reduce the transmission latency. Then if the available REs for UCI mapping within the configured number of symbols is not enough to contain all HARQ-ACK and CSI part 1 messages, the messages should be truncated, or the mapping density in frequency should be increased accordingly.
Proposal 1: For the mapping of HARQ-ACK and CSI part 1 onto REs in the PUSCH,
· Mapping to REs next to DMRS symbols is supported;
· The mapping in frequency domain is distributed and interleaved with granularity of RBG ; 
· The mapping in time domain could include more than one symbol, and the number of symbols for mapping should be configurable. 
CSI Part 2 mapping
Similar to LTE, CSI Part 2 can be multiplexed with data.  It is agreed that data is frequency first and CSI is frequency first at least for no hopping case. As shown in Figure 1, CSI part 2 is mapped onto symbols near the DMRS and onto REs that are unoccupied by CSI part 1 (and HARQ-ACK if HARQ-ACK is larger than two bits, whereby rate matching is adopted by data). 
Proposal 2：CSI part 2 is mapped onto REs unoccupied by CSI part 1 (and HARQ ACK if more than two bits) in the PUSCH from the symbol located after the DMRS
In addition, to ensure enough time for the UE to prepare the UCI to be transmitted, the time domain position at which the UCI is mapped on to PUSCH should be  that the UE processing time N1[footnoteRef:1] applies to a PUSCH with UCI. So the symbols within PUSCH resource which are used for UCI should be no earlier than the originally allocated PUCCH resources, e.g., considering the case where the starting symbol of PUSCH resource is earlier than the starting symbol of allocated PUCCH resource. [1:  N1 is the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.] 

Proposal 3: The symbols within PUSCH resource that the UCI is mapped to should be no earlier than N1 symbols (i.e., the UE processing time) after the associated DCI containing the UL grant.
Multiplexing with PUSCH frequency hopping
[image: ]
Figure 2 Example of UCI multiplexing on PUSCH with frequency hopping for 11 REs containing HARQ-ACK, 10 REs containing CSI part 1 and X REs containing CSI part 2.
If frequency hopping of PUSCH is supported, to obtain the diversity gain, the mapping can be different. As shown in Figure 2, symbol 0-6 is the first hop and symbol 7-13 is the second hop. In this case half of the HARQ-ACK REs, half of the CSI part 1 REs and half of the CSI part 2 REs can be mapped onto the second hop. Within each hop, HARQ-ACK and CSI part 1 is mapped next to the DMRS symbols and CSI part 2 is mapped onto the unoccupied symbols. To better utilize the frequency diversity of PUSCH hopping, within the available REs of each UCI, the mapping can be time first. 
Proposal 4: If FH is supported, each of HARQ-ACK, CSI part 1 and CSI part 2 are split into two parts, respectively, and the symbols of the first part is mapped to the first hop and the symbols of the second part is mapped to the second hop. 
Mapping with UL MIMO
If UL MIMO is supported, For HARQ-ACK and CSI part 1, it is suggested to repeat it on all layers of data as in LTE to improve its reliability. For CSI part 2, considering the potential large payload, one solution is to multiplex it onto REs of all layers.
Proposal 5: HARQ-ACK and CSI part 1 is repeated onto different layers while CSI part 2 is multiplexed onto all layers.
Number of REs for UCI
In LTE, the available number of REs for CQI/PMI is calculated as follows:

           (1)

In LTE, the number of CQI bits are at most tens of bits for each cell, but in NR, the number of bits will become quite large, e.g., hundreds of bits. In the formula above, if the number of bits for CQI/PMI after adding CRC, which is (O+L), is larger than the number of bits of data before encoding, which is , for most cases, the number of available REs will be the right term of the formula by min operation. In this case, all REs for data will be occupied by the UCIs, and the data will not be allocated with any resource. In LTE, this problem may not be serious due to two reasons:
· 
The number of bits for CQI/PMI is limited, thus the probability of  is low;
· Data may not be transmitted in the initial transmission, and then more resource can be allocated by the retransmission of data.



But in NR, considering the increasing payload of UCI, the probability of  becomes large. And furthermore, it is not desirable to delay the data transmission in some cases, such as URLLC service. Thus, it is important to allocate enough resources with balanced performance for different types of UCI in the initial transmission.  However, the current formula of (1) can not satisfy this requirement. We can see that if , since  is larger than 1,  in the initial transmission,  even more resources are allocated, it will be all allocated to CQI/PMI.

To solve this problem, we propose to adopt the payload ratio of UCI and data as a baseline, as shown in Formula (2), then   can be adopted to lower the coding rate of UCI.

       (2)
[bookmark: OLE_LINK5]Proposal 6: At least for CSI part 2, adopt the payload ratio of UCI and data as a base line to divide the RE resources for UCI and data.
In addition, it is agreed that CSI part 2 can be dropped with quite large payload. The UCI bits here can be the left bits after dropping. The More considerations on how to drop CSI can be found in [10] by our company. For the case of UL MIMO in NR, up to 4 layers are mapped to one codeword. Therefore there is always a single codeword PUSCH transmission scheduled by a PDCCH at least in Rel-15. With multiple layer PUSCH transmission, the receiver at the gNB needs to deal with the inter-layer interference and the choices of receiver is of implementation. Comparing to data TB on PUSCH, UCI on PUSCH mapping to MIMO layers can be significantly different. In addition, PUSCH with higher number of layer and modulation level may be mapped to a relatively small number of PRBs resulting in less frequency diversity comparing to the case with single layer transmission. Furthermore, the receivers for PUSCH data TB and UCI can be different based on gNB decision considering different interference condition and target decoding timeline and BLER. Therefore, for different number of layers of PUSCH transmission, i.e. rank, the difference of the effective channel quality between PUSCH TB and UCI varies with rank. Hence it is desirable to have the beta factor dependent on the rank of PUSCH. For example, one beta factor set for rank=1, and another beta factor set for rank>1. And the beta factor can be determined in an implicit way according to the rank of PUSCH.
Proposal 7: Support the implicit method to select beta factor based on rank of PUSCH.
In addition, it has been agreed that the set of beta-offset values for each respective UCI should use the respective set of values adopted in LTE as a baseline, with the values subject to refinement especially taking into account different UL waveforms, different UCI multiplexing mechanisms (puncturing vs. rate matching), etc. However, the PUSCH may be URLLC service and has a higher reliability than UCI. Therefore, the beta-offset values in LTE should be expanded to at least contain beta-offset < 1, with which less resources will be allocated for UCI transmission while more resources will be allocated for the data transmission to guarantee its high reliability requirements.  
Proposal 8: Extend the set of beta-offset values defined in LTE, at least to contain beta-offset < 1.
Furthermore, adding extra bit in DCI to dynamic indicate beta-offset may be unfriendly to the concept of compact DCI. Compact DCI aims at reducing the payload of DCI as much as possible to improve the DCI reliability, and is of great importance for URLLC service. As a result, the indication bit field for beta-offset in compact DCI should be removed, and the beta-offset value should be determined in an implicit way according to the DCI format, e.g., configure a conservative small beta-offset value with compact UL grant to guarantee the reliability of scheduled PUSCH. Alternatively, a set of beta-offset values is configured for compact DCI, and the specific value is selected adaptively according to the UCI content, the UCI payload size, and or the repetition time of PUSCH if present.
Proposal 9: Support the implicit method to select beta-offset based on DCI format.
Multiplexing between PUCCHs
In RAN1#88bis [4], it has been agreed to support that two short-PUCCHs can be transmitted from one UE on the same slot in TDM manner. The case is that if the UE supports two beams for UL transmission, the UE can transmit the UCI in one short-PUCCH using one beam and transmit the same UCI in the other short-PUCCH using the other beam. This can increase the transmission diversity. As short-PUCCH can occupy one or two OFDM symbol(s), the two short-PUCCHs with multiplexing can have 3 potential patterns, including two for one-symbol short-PUCCH or two for two-symbol short-PUCCH or one for two-symbol short-PUCCH and the other for one-symbol short-PUCCH, as shown in Figure 1. The two short-PUCCHs can transmit the same UCI or different UCIs, for example, one symbol short-PUCCH can transmit the UE’s ACK/NACK, the other two symbols short-PUCCH can transmit UE’s CSI feedback. 


[bookmark: _Ref492317481]Figure 3. The TDM patterns for two short-PUCCHs with 1 or 2 symbols length.
Proposal 10: Two short NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, and the following combinations can be supported at least for 14-symbol slot.
· Both of two short NR-PUCCHs can be one symbol short-PUCCH.
· Both of two short NR-PUCCHs can be two symbols short-PUCCH.
· One of two short NR-PUCCHs can be one symbol short-PUCCH, the other short NR-PUCCH can be two symbol short-PUCCH.
For the case of multi-beam transmission, if a UE supports two beams for UL transmission in one slot, the UE can transmit the UCI in one long-PUCCH using one beam and transmit the same UCI in the other long-PUCCH using the other beam to improve beam diversity. Moreover, for the case of non-slot based scheduling transmission, if a UE supports UL transmission in multiple mini-slots within one slot, the UE can transmit a UCI in one long-PUCCH within one mini-slot and transmit another UCI in the other long-PUCCH within the other mini-slot. Therefore, two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered in RAN1.
Proposal 11: Two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered.
Multiplexing between PUCCH and PUSCH
One possibility to multiplex PUCCH and PUSCH in one slot from a UE’s perspective is TDM manner in different symbols within a slot. There may be two cases since the PUCCH may be short PUCCH or long PUCCH.
· Case 1. TDMed short PUCCH and PUSCH of a single UE
· For DL centric slot, there may be only a few uplink symbols, which can be used to transmit short PUCCH only. But for UL-centric slot or UL-only slot, TDMed short PUCCH and PUSCH should be supported as shown in Figure 4(a), since only a few uplink symbols are used for short PUCCH transmission. The remaining symbols can be used to schedule PUSCH.
· The one or two symbols occupied by short PUCCH can be separate or overlapped with the symbols scheduled for PUSCH for a given UE. If it is overlapped, the UE should puncture or perform rate matching to the PUSCH.
· The short PUCCH may locate before, in the middle of, or after PUSCH. Considering the extra complexity, we do not prefer PUCCH occurring in the middle of PUSCH. The short PUCCH can be either before or after PUSCH.


                       
			                    (a)								                  (b)
[bookmark: _Ref492317600]Figure 4. Possible options for TDM between PUCCH and PUSCH.
· Case 2. TDMed long PUCCH and PUSCH of a single UE
The number of symbols in a slot for long PUCCH transmission may be from 4 to 14. As shown in Figure 4(b), since there are 14 symbols in a slot, TDMed long PUCCH and PUSCH may be further considered.
Proposal 12: TDMed short PUCCH and PUSCH should be supported at least for UL only slot and UL centric slot, if overlapped, either puncturing or rate matching can be adopted. 
Conclusion
Based on the above discussion, we have the following proposals:
Proposal 1: For the mapping of HARQ-ACK and CSI part 1 onto REs in the PUSCH,
· Mapping to REs next to DMRS symbols is supported;
· The mapping in frequency domain is distributed and interleaved with granularity of RBG ; 
· The mapping in time domain could include more than one symbol. 
Proposal 2：CSI part 2 is mapped onto REs unoccupied by CSI part 1 ( and HARQ ACK if more than two bits) in the PUSCH from the symbol located after the DMRS.
Proposal 3: The symbols within PUSCH resource that the UCI is mapped to should be no earlier than N1 symbols (i.e., the UE processing time) after the associated DCI containing the UL grant.
Proposal 4: If FH is supported, each of HARQ-ACK, CSI part 1 and CSI part 2 are split into two parts, respectively, and the symbols of the first part is mapped to the first slot and the symbols of the second part is mapped to the second slot. 
Proposal 5: HARQ-ACK and CSI part 1 is repeated onto different layers while CSI part 2 is multiplexed onto all layers.
Proposal 6: At least for CSI part 2, adopt the payload ratio of UCI and data as a base line to divide the RE resources for UCI and data.
Proposal 7: Support the implicit method to select beta factor based on rank of PUSCH.
Proposal 8: Extend the set of beta-offset values defined in LTE, at least to contain beta-offset < 1.
Proposal 9: Support the implicit method to select beta-offset based on DCI format.
Proposal 10: Two short NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner, and the following combinations can be supported at least for 14-symbol slot.
· Both of two short NR-PUCCHs can be one symbol short-PUCCH.
· Both of two short NR-PUCCHs can be two symbols short-PUCCH.
· One of two short NR-PUCCHs can be one symbol short-PUCCH, the other short NR-PUCCH can be two symbol short-PUCCH.
Proposal 11: Two long-PUCCHs transmitted from one UE on the same slot in TDM manner can be considered.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 12: TDMed short PUCCH and PUSCH should be supported at least for UL only slot and UL centric slot, if overlapped, either puncturing or rate matching can be adopted. 

Appendix
In RAN1 #90bis meeting [1], agreements for UCI multiplexing on PUSCH were as follows:
· 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
· 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)
· 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
· For dynamically scheduled PUSCH transmission, a plurality sets of beta_offset values can be configured by RRC signalling, and PDCCH can dynamically indicate an index to a set. 
· Each set contains a plurality of entries, each corresponding a respective UCI type (including two-part CSI when applicable) 
· FFS the case when the index is not present in DCI
· The beta-offset is used to compute the amount of REs for each respective UCI on PUSCH similar to LTE
· The set of beta-offset values for each respective UCI use the respective set of values as in LTE as a baseline
· The values are subject to refinement especially taking into account different UL waveforms, differen UCI multiplexing mechanisms (puncturing vs. rate matching), etc.
· FFS impact of UL MIMO
· 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.
· Three Beta_offset values are defined as one set, when HARQ-ACK piggyback on PUSCH.
·  Three values are corresponding to the following cases:
· The number of HARQ-ACK bits OACK≤2
· The number of HARQ-ACK bits falls into [ 3]≤OACK≤[11] 
· The number of HARQ-ACK bits OACK>[11] 
· Four Beta_offset values are defined for CSI as one set, when CSI piggyback on PUSCH. 
· Four values are corresponding to the following cases:
· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 1 OCSI_part1>[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2≤[11]
· Regardless CSI type 1 or 2, the number of bits for CSI part 2 OCSI_part2>[11]
Note: According to R1-1715288 and R1-1716901, CSI is always split into CSI part 1 and CSI part 2 when piggyback on PUSCH. (With CSI type 1, CSI part 2 does not exist when there is no PMI and with rank up to 4)
· Semi-static Beta_offset indication is always applied with fallback DCI for UL assignment. 
· The Beta_offset values with semi-static Beta_offset indication could be different from with dynamic Beta_offset indication. 
· Semi-static Beta-offset indication is the default configuration for non-fall back DCI for UL assignment.
· The same sets of Beta_offset with fallback DCI are reused for HARQ-ACK and CSI respectively. 
· If the UE is configured with dynamic Beta_offset and with non-fallback DCI for UL assignment, 4 sets of Beta_offset values are configured for HARQ-ACK and CSI respectively.  
· FFS: how to select one out of 4 sets of Beta_offset values
·  Alt1: 2 bits in the non-fallback DCI to indicate one out of 4 sets of Beta_offset values
·  Alt2: Implicit method to select one set of Beta_offset values based on other parameters signaled in DCI, e.g., MCS and/or rank of PUSCH. 
· One table of Beta_offset values is used for HARQ-ACK in NR. Another table of Beta_offset values is used for both CSI part 1 and CSI part 2 in NR. Both tables contain 32 entries. 
· For the table of Beta_offset values for HARQ-ACK in NR, reuse the 16 entries from table 8.6.3-1 in 36.213. Other unused entries in this table are marked as reserved.
·  For the table of Beta_offset values for both CSI part 1 and CSI part 2 in NR, reuse the 16 entries from table 8.6.3-3 in 36.213. Add the values 8, 10, 12.625, 15.875 and 20 to this table. Other unused entries in this table are marked as reserved.
In RAN1#88 and RAN1#88bis, the following agreements for PUCCH multiplexing in one slot were made in [3] [4].
· Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)
In 3GPP RAN1#87 and NR Ad Hoc meetings [5] [6], uplink control channel design was discussed and the following was agreed:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· For PUCCH  in long-duration
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
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