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1. Introduction
At the previous RAN1 meetings, following agreements/working assumptions/conclusions are made:
	Agreements:
· Confirm that UCI piggyback on PUSCH is supported for both DFT-s-OFDM waveform and CP-OFDM waveform.
· FFS: Whether common UCI piggyback rule for different waveforms.

Agreements:
· For uplink, the first DMRS position of the PUSCH is fixed relative to the start of the scheduled data.
· FFS: Additional possibility of another fixed position relative to the start of slot
· The exact fixed position can be changed depending on the duration of the scheduled data

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
· 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

Agreements:
· Confirm the working assumption:
· 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.

Agreements:
· For UCI on PUSCH, support both dynamic and semi-static  indication
· FFS the applicable case(s) for dynamic vs. semi-static indications


In this contribution, we discuss further details on UCI multiplexing aspects.

2. HARQ-ACK multiplexing on PUSCH
At the RAN1 AH-NR#3 meeting, it was agreed that the HARQ-ACK handling in case of piggyback depends on the number of HARQ-ACK bits. Depending on whether the HARQ-ACK multiplexing uses puncturing or rate-matching, the performance impact of HARQ-ACK multiplexing onto UL data would be different. For rate-matching, HARQ-ACK can be mapped around DMRS, so that HARQ-ACK performance can be prioritized. Impact of rate-matching is averaged over all the CBs in the PUSCH. For puncturing, HARQ-ACK shall avoid puncturing the REs used for DMRS and HARQ-ACK shall be mapped such that the amount of punctured resources is averaged over as many CBs as possible. 
2.1	Slot-based scheduling 
For slot-based scheduling, simple HARQ-ACK mapping rule for puncturing/rate-matching can be defined. Figure 1 illustrates an example where intra-slot frequency-hopping is not enabled. For puncturing, HARQ-ACK resource(s) can be distributed over time and frequency, or can be concentrated around DMRS (Fig.1 (a) or Fig.1 (b)), depending on the performance impact on puncturing data. For rate-matching, HARQ-ACK resource(s) can be mapped around DMRS (Fig.1 (b)).
As we proposed at RAN1 AH-NR#3, intra-slot frequency-hopping should be supported not only for PUSCH with DFT-s-OFDM waveform (already agreed), but also for PUSCH with CP-OFDM waveform; otherwise, coverage of PUSCH with CP-OFDM waveform is significantly compromised. When the intra-slot frequency-hopping is applied to a PUSCH, HARQ-ACK mapping should be such that the HARQ-ACK are mapped on both frequency hops. Other than waveform, all designs can follow intra-slot frequency-hopping for PUSCH with DFT-s-OFDM waveform. Figure 2 illustrates an example.
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(a) Pattern 1							(b) Pattern 2
Fig. 1	HARQ-ACK mapping pattern for PUSCH without intra-slot FH.

[image: ]			[image: ]
(a) Pattern 1							(b) Pattern 2
Fig. 2	HARQ-ACK mapping pattern with intra-slot FH.
Proposal 1:
· Patterns for HARQ-ACK multiplexing on PUSCH are specified such that:
· For puncturing, good balance between performances of HARQ-ACK and UL data can be met. 
· For rate-matching, HARQ-ACK resources are mapped around DMRS.
· For PUSCH with intra-slot frequency-hopping, HARQ-ACK shall be mapped on both frequency hops.
· Support intra-slot frequency-hopping also for CP-OFDM waveform.

Puncturing or rate-matching depends on the number of HARQ-ACK bits. For semi-static HARQ-ACK codebook determination, the number of HARQ-ACK bits is derived from higher-layer signalling. The benefit of puncturing is that whether the UE actually punctures or not does not impact the performance of UL data. Therefore, when the number of HARQ-ACK bits is up to 2, gNB or UE is not required to inform whether/how the HARQ-ACK bit(s) is/are multiplexed. On the other hand, rate-matching requires to have common understanding on whether/how the HARQ-ACK bit(s) is/are multiplexed; otherwise UL data decoding fails. Therefore, when the configured number of HARQ-ACK bits is more than 2, specification shall ensure that gNB or UE informs the pattern/amount of rate-matching resource(s) by L1 signalling. The most reliable way is to indicate the pattern/amount of rate-matching resource(s) for HARQ-ACK by the UL grant scheduling the PUSCH.
For dynamic HARQ-ACK codebook determination, the number of HARQ-ACK bits changes according to data scheduling status over slots, carriers, code words, and CBGs. If the maximum number of HARQ-ACK bits does not exceed 2, i.e., HARQ-ACK codebook may change but still up to 2 bits, UL data can be punctured. If the maximum is more than 2 bits, at least for the case of more than 2 bits due to the results of DL data scheduling rate-matching is necessary. Same as for semi-static HARQ-ACK codebook determination with more than 2 bits, the pattern/amount of rate-matching resource(s) for HARQ-ACK needs to be indicated by the UL grant scheduling the PUSCH. The indication should be available no matter how many HARQ-ACK bits are transmitted as a consequence of DL data scheduling.
Proposal 2:
· For the case where maximum number of HARQ-ACK bits exceeds 2, rate-matching pattern/amount shall be informed to the scheduled UE by L1 signalling.
· The L1 signalling should be able to be UL grant scheduling the PUSCH where the HARQ-ACK is multiplexed.

2.2	Multi-slot scheduling
[bookmark: _Hlk494528887]For multi-slot scheduling over K slots, following options can be considered:
· Opt.1: HARQ-ACK for a PDSCH is multiplexed on all the K slots for which the PUSCH is scheduled.
· Opt.2: HARQ-ACK for a PDSCH is multiplexed on k slot(s) of the K slots for which the PUSCH is scheduled.
· Option 2-1: HARQ-ACK for a PDSCH is multiplexed on kth slot within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
· Option 2-2: HARQ-ACK for a PDSCH is multiplexed on (K-k+1) slots within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
Option 1 is simple, but would be restrictive for some cases. For example, if a UE is scheduled with a PUSCH over K slots, it is not possible to start HARQ-ACK multiplexing on PUSCH from the middle of the K slots; which implies DL data scheduling timing is restricted by PUSCH starting timing. In this case, depending on the UE processing time capability, some slots are not available for DL data scheduling. Therefore, it is preferable to support option 2. 
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Option 1: HARQ-ACK for a PDSCH is multiplexed on all the K slots for which the PUSCH is scheduled.
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Option 2-1: HARQ-ACK for a PDSCH is multiplexed on kth slot within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI.
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Option 2-2: HARQ-ACK for a PDSCH is multiplexed on (K-k+1) slots within the K slots for which the PUSCH is scheduled, where k is derived by the timing indication for HARQ-ACK in DL DCI
Fig. 3	HARQ-ACK on PUSCH for multi-slot scheduling.
As described in [1], RRC configuration or DCI indication of starting position and ending position of HARQ-ACK feedback should be available. This should be independent from the starting position and ending position of PUSCH transmission. This can be realized by allowing different setting for these two fields in DL scheduling DCI and UL scheduling DCI. Note that for multi-slot scheduling, determination of starting position and ending position can be in unit of slot granularity; therefore, HARQ-ACK handling of a slot scheduling (e.g., mapping pattern for HARQ-ACK resource, etc) can be re-used. 
It is noted that unlike slot scheduling, puncturing is more motivated for multi-slot scheduling. As seen in Option 2-1 and option 2-2 of Fig.3, DL data scheduling may occur after the UL grant for PUSCH, where the HARQ-ACK is multiplexed in the PUSCH. For such case, gNB cannot inform the UE of necessary pattern/amount of rate-match resource(s) for HARQ-ACK to the UE. Therefore, it is reasonable to enable puncturing for such multiplexing. 
In [1], we propose a concept of HARQ-ACK feedback window. The HARQ-ACK feedback window can easily be extended to multi-slot scheduling with UCI on PUSCH. Figure 4 shows an example; PUSCH is scheduled over K slots in multi-slot scheduling manner, while HARQ-ACK for DL data occurs at the subset of the K slots. For the DL data scheduled at the same timing as PUSCH over the K slots, it is possible to inform rate-matching pattern/amount by the UL grant. However, if the DL data scheduling is later than the UL grant, gNB cannot inform of the rate-matching pattern/amount. For such case, puncturing should be performed. As seen in Fig. 4, puncturing and rate-matching would be mixed over the PUSCH spanning K slots.
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Fig. 4	Another example of HARQ-ACK on PUSCH for multi-slot scheduling.
[bookmark: _Hlk494528933]Proposal 3:
· For multi-slot scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is re-used.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PUSCH over the K slots, handling is same as for slot-based scheduling.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PUSCH over the K slots, puncturing is carried out.

2.4	Mini-slot-based scheduling
For mini-slot scheduling, similarly to multi-slot scheduling, whether to allow HARQ-ACK timing/duration not aligned with PUSCH timing/duration should be decided. We consider that for mini-slot scheduling, very high flexibility in time-domain scheduling is essential and hence, it should be allowed that the starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
Unlike multi-slot scheduling, for mini-slot scheduling, if the HARQ-ACK timing/duration is not aligned with PUSCH timing/duration, it is not possible to re-use HARQ-ACK handling of a slot scheduling (e.g., puncturing/rate-matching, mapping pattern, etc) cannot be re-used. For example, as shown in Fig. 2, following four cases need to be considered.
· Case 1 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 2 is the transmission timing for UCI is later than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
· Case 3 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is shorter than that of PUSCH.
· Case 4 is the transmission timing for UCI is earlier than that for PUSCH and the transmission duration of the UCI is longer than that of PUSCH.
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Fig. 2	Cases for non-aligned transmission timing and/or duration for UCI and PUSCH

For above four cases, the UCI mapping pattern can be defined for a given combination of following factors:
· PUSCH transmission timing/duration
· UCI transmission timing/duration
· UCI type (HARQ-ACK, CSI, SR, etc)
For case 1 and case 2, the start position for UCI piggyback on PUSCH may be restricted by the transmission timing of PUCCH considering the needed time for UCI processing and the symbols in time domain can be used for UCI transmission is restricted by the transmission duration of PUSCH; for case 3 and case 4, both the start position and transmission duration for UCI piggyback on PUSCH is restricted by the transmission timing and duration of PUSCH. Fig. 3 show examples for possible mapping patterns. 
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Fig. 3 Examples for UCI mapping patterns

Proposal 4:
· For mini-slot-based scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is not re-used, and additional mechanisms shall be considered.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PDSCH, handling either rate-matching or puncturing.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PDSCH, puncturing is carried out. 

2.5	Target BLER adjustment parameter
For LTE, a parameter  is used to adjust coding rates for UL data and HARQ-ACK. For LTE, the value of  is semi-statically configured by higher-layer signaling and is used regardless of how many HARQ-ACK feedback is carried out. However, as agreed as part of channel coding, different coding scheme is used depending on the number of HARQ-ACK bits. Whether/how CRC bits are attached may also be different. Therefore, for dynamic HARQ-ACK codebook adaptation, NR should support dynamic selection of . The exact values should be determined after channel coding details are fixed.
Proposal 5:
· For dynamic HARQ-ACK codebook determination,  is not a fixed parameter and should be able to change dynamically according to the number of HARQ-ACK bits.

3. UCI (other than HARQ-ACK) multiplexing on PUSCH
For UCI other than HARQ-ACK (e.g., CSI), basically UCI should be able to  rate-match the UL data, same as in LTE. This is because P-CSI is configured by higher layer while A-CSI is triggered by the UL grant scheduling the PUSCH and hence, no miss understanding is expected. UCI mapping pattern/amount can be determined similarly to LTE; HARQ-ACK is prioritized over CSI. 
Proposal 6:
· For UCI other than HARQ-ACK;
· RRC-configured CSI report rate-matches UL data in the PUSCH.
· L1-triggreed CSI report should rate-match UL data in the PUSCH if the L1 signalling is equal to the UL grant scheduling the PUSCH.
· HARQ-ACK is prioritized for the mapping over CSI.

4. Conclusion
In this contribution, we discussed UCI multiplexing on PUSCH for both slot-based and non-slot-based scheduling. Following proposals were made:
Proposal 1:
· Patterns for HARQ-ACK multiplexing on PUSCH are specified such that:
· [bookmark: _GoBack]For puncturing, good balance between performances of HARQ-ACK and UL data can be met. 
· For rate-matching, HARQ-ACK resources are mapped around DMRS.
· For PUSCH with intra-slot frequency-hopping, HARQ-ACK shall be mapped on both frequency hops.
· Support intra-slot frequency-hopping also for CP-OFDM waveform.
Proposal 2:
· For the case where maximum number of HARQ-ACK bits exceeds 2, rate-matching pattern/amount shall be informed to the scheduled UE by L1 signalling.
· The L1 signalling should be able to be UL grant scheduling the PUSCH where the HARQ-ACK is multiplexed.
Proposal 3:
· For multi-slot scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is re-used.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PUSCH over the K slots, handling is same as for slot-based scheduling.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PUSCH over the K slots, puncturing is carried out.
Proposal 4:
· For mini-slot-based scheduling, starting position and ending position of HARQ-ACK feedback should be able to be independent from starting position and ending position of a PUSCH transmission.
· For HARQ-ACK handling (e.g., puncturing/rate-matching, mapping pattern, etc), HARQ-ACK piggyback on PUSCH for a slot scheduling is not re-used, and additional mechanisms shall be considered.
· For HARQ-ACK of the DL data scheduled at the same timing as scheduling PDSCH, handling either rate-matching or puncturing.
· For HARQ-ACK of the DL data scheduled after the timing of scheduling PDSCH, puncturing is carried out. 
Proposal 5:
· For dynamic HARQ-ACK codebook determination,  is not a fixed parameter and should be able to change dynamically according to the number of HARQ-ACK bits.
Proposal 6:
· For UCI other than HARQ-ACK;
· RRC-configured CSI report rate-matches UL data in the PUSCH.
· L1-triggreed CSI report should rate-match UL data in the PUSCH if the L1 signalling is equal to the UL grant scheduling the PUSCH.
· HARQ-ACK is prioritized for the mapping over CSI.
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