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1 Introduction
In RAN#92, many of the design of long-PUCCH is completed. However, there are still few remaining issues to be resolved/clarified.

· Reference payload size of CSI part 2
· Partial overlap between PUCCH and PUCCH
· Merge of partially overlapping PUCCH for different UCIs
· PUCCH resource adaptation considering UE processing time
· Avoidance of iterative PUCCH merge
This contribution clarifies/discusses these aspects.

2 Reference payload size of CSI part 2
As already captured in Section 9.2.5.2 of 38.213, when HARQ-ACK and CSI with part2 are transmitted together by the dynamic resource configured for HARQ-ACK, UE selects the minimum number of PRB (upper bounded by higher layer configured PRB) so that the code rate of UCIs is smaller than the code rate configured by higher layer. There is no issue for the procedure in case there is no CSI part 2. However, there is issue of ambiguity of payload size of CSI part 2 when CSI part 2 exists. Payload size of CSI part 2 (OCSI-part2) depends on rank, and rank depends on UE’s calculation. gNB acquires the rank information in the same CSI reporting. If we don’t use reference payload size for CSI part 2, due to different payload sizes of CSI part 2 for different rank, (as shown in Figure 1)
· “different PUCCH resource may be selected” and/or

· “different number of PRB for certain PUCCH resource may be determined”

· “different RE sharing pattern between HARQ-ACK/SR/CSIpart1 and CSIpart2 given the PUCCH resource may happen”
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Figure 1. Ambiguity may happen due to different payload sizes of CSI part 2

To avoid gNB’s decoding of multi-hypotheses and the ambiguity between gNB and UE, one simple mechanism, which is already adopted in UCI on PUSCH of LTE, can be applied. The simple mechanism is always to assume rank=1 for resource calculation. The proposal shall also be applied to UCI on PUSCH, and therefore we have the below proposal:
Proposal #1: 
· When calculating the resource for CSI part 2 on PUCCH or PUSCH, rank 1 is assumed for the reference payload size of CSI part 2. 

· Note : CSI-type related parameters follow higher layer configuration. E.g.

· Type I CSI : CodebookMode follows higher layer configuration

· Type II CSI : NumberOfBeams follows higher layer configuration
3 Partial overlap between PUCCH and PUCCH
Regarding to PUCCH format 2 or 3 or 4 coincides with a SR opportunity, it was agreed that
Agreements:

· When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.

· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.

· Note: when two transmissions coincide, it means they have same starting symbol and duration.

· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

There is FFS for the case when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time. For general speaking, we need to analyse all cases when PUCCHs partially overlap in time. Unlike behaviour in LTE, for NR, UE needs to determine PUCCH for each UCI within a slot at first, and then check if these two PUCCHs are TDMed or fully coincide, or partially overlapped in time, as shown in Figure 2.
· Case 1 : TDMed :  they are transmitted separately.

· Case 2 : fully coincide : to be merged into one PUCCH

· Case 3 : partially overlapped : FFS
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Figure 2. “TDMed”, “fully coincide”, or “partially overlapped” of PUCCHs
The behaviour is much more complicated in NR especially considering quite flexible assignment of slot for transmitting HARQ-ACK. Taking UE processing time further into consideration, it is reasonable to merge UCI into one PUCCH only if NW provides enough UE processing time. As shown in Figure 3(a), UE has to take certain time to decode DCI to know potential HARQ-ACK feedback. It is possible that SR has already been transmitted before the completion of decoding of DCI for the PDSCH. In such case, it is not reasonable to ask UE to merge HARQ-ACK and SR into one PUCCH. As also shown in Figure 3(b), it is even not reasonable to ask UE to merge HARQ-ACK and CSI into one PUCCH since CSI reporting has already started. Therefore, as shown in Figure 3(c), to merge UCIs into one PUCCH, enough UE processing time constraint has to be specified. UE processing time requirement on N2 is for UE to transmit PUSCH. This can be taken as a reasonable UE processing time for UE to determine whether to merge UCIs. Therefore, we have the below proposal :
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Figure 3. Certain UE processing time is required for merge of PUCCHs

Proposal #2: When one periodic PUCCH partially overlaps a dynamic assigned PUCCH resource of HARQ-ACK feedback,

· If the timing gap between the starting of the periodic PUCCH and the ending of the PDCCH (, which assigns the dynamic PUCCH resource) is equal to or larger than the requirement of N2 plus d symbols based on UE processing time capability#1
· FFS d

· If these UCIs are configured to be allowed to be merged into one PUCCH

· UE merges UCIs into one PUCCH
· Else

· UE follows existing dropping rule

· Else 

· UE transmits the PUCCH starting earlier in time and ignore the later PUCCH.
4 Merge of partially overlapping PUCCH for different UCIs
It was agreed @ RAN1#92 that “when AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI”, as shown in the below agreement. These FFS are addressed in this section.
Agreements:

· When AN/SR and CSI PUCCH resources have the same starting symbols, one PUCCH resource is used for transmission of AN/SR and CSI.

· If the UE is configured with more than one PUCCH resource sets, the PUCCH resource set is determined based on the total number of AN/SR and CSI. The PUCCH resource is determined based on ARI.

· FFS on UE assumption on the CSI part 2 is present

· FFS if/how to multiplex CSI and AN/SR in case PUCCH format indicated by ARI for AN/SR and CSI is different from the configured PUCCH format for CSI.

· If the UE is configured with only one PUCCH resource set,

· FSS how to determine the PUCCH resource for transmission of UCI

R1-1803531 summarizes PUCCH format combinations of HARQ-ACK/SR and CSI in case more than one PUCCH resource sets to be configured, and table is duplicated in the upper table of Figure 4 in this contribution. There are two FFS cases in the table

· FFS_1 : When UE support F2 (PUCCH format 2), it is typically that CSI has larger payload so that F3/F4 is configured for CSI. In such scenario, it makes less sense that F2 is still chosen after collecting payload of HARQ-ACK/SR and CSI. Therefore, we think it shall be an error case.
· FFS_2 : The existing procedure of F3/F4 for merge UCI merge can accommodate this scenario. There is no spec impact is necessary to support such scenario.
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Figure 4. Merge of HARQ-ACK and CSI in one PUCCH resource configured for HARQ-ACK feedback

Therefore, we have the below proposals
Proposal #3: When the PUCCH resource, determined based on ARI, is used for transmission of AN/SR and CSI :
· UE does not expect to use PUCCH format 2 to transmit HARQ-ACK and CSI together if CSI is originally configured with PUCCH format 3 or 4

· If PUCCH format 3 or 4 is indicated to transmit HARQ-ACK and CSI together and CSI is originally configured with PUCCH format 2,

· Follow the existing procedure of PUCCH format 3 or 4 to collect UCI all together
In the paragraph, the other FFS is analyzed, which is “FSS how to determine the PUCCH resource for transmission of UCI, if the UE is configured with only one PUCCH resource set”. There are at least two potential solutions :

· Alt1 : HARQ-ACK and CSI are transmitted together by CSI-PUCCH resource

· Alt2 : To transmit HARQ-ACK and to drop CSI

Alt1 seems to make sense since only up to 2 additional HARQ-ACK bits may be transmitted by CSI-PUCCH resource. (It does not make sense that NW asks UE to transmit more than 2bits HARQ-ACK but configures only one PUCCH resource set. Therefore, we may only consider the scenario, where up to 2bits HARQ-ACK are transmitted.) One may worry if miss detection of DL assignment from UE may introduce additional blind decoding for Alt1 to prevent performance loss of HARQ-ACK. However, we have the analysis as in the below Table 1. Since UE may miss DL assignment, and therefore gNB and UE may have different understanding of AN feedback. Different assumption on AN feedback from UE is analyzed in Table 1 and different receiving algorithm/behavior from gNB are analyzed. For NW behavior 1, NW does not care whether UE may miss DL assignment or not, and NW always decode based on NW’s understanding on AN and CSI. Regarding to NW behavior 2, NW may try multi-hypotheses considering potential miss detection of DL assignment from UE.
Table 1. Case analysis to identify the influence for UE missing DL assignment
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Table 2 summarizes the key difference between Alt1 and Alt2 in different NW behavior. If NW prefers advanced receiving/behavior (Behavior 2), Alt1 is better since NW can get “both AN and CSI” or “CSI” compared to what NW can get with Alt2. Even if NW prefers simple receiving/behavior (Behavior 1), Alt1 is still better. 

Table 2. Comparison of Alt1 and Alt2 in different NW behavior
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Therefore, it is proposed to adopt Alt1
Proposal #4: If the UE is configured with only one PUCCH resource set, and if PUCCH resource of HARQ-ACK/SR and PUCCH resource of CSI have the same starting symbol, and if simultaneous HARQ-ACK/SR and CSI is allowed, 
· HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI

5 PUCCH resource adaptation considering UE processing time
The PUCCH resource determination is based on a PUCCH resource indicator field in the last DL assignment. When HARQ-ACKs of different PDSCH of different time instance are to be transmitted within one slot, the PUCCH resource may be updated from UE perspective. As shown in Figure 5, in Slot#n, UE thinks it is scheduled with PUCCH resource 1. However, in Slot#(n+1), UE is re-scheduled to PUCCH resource 2. Adaptation of PUCCH resource may advance the transmission time of PUCCH. However, NW shall anyway provide enough UE processing time. As shown in the example, T2 has to be equal to or larger than 8 symbols, in case of “15KSCS, without additional DMRS”. It is noted in the figure, TA is not considered for simplicity.
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Figure 5. Example of the updated PUCCH resource with advanced timing

Sometime, adaptation of PUCCH resource may postpone the transmission time of PUCCH. However, NW shall also anyway provide enough UE processing time. As shown in Figure 6, T2 has to be equal to or larger than (8+3) symbols, in case of “15KSCS, without additional DMRS”. Additional processing time of 3 symbols are added since the PDSCH in Slot#(n+1) had duration as 4 symbols. It seems fine from UE processing time perspective. However, in the example, to have a valid transmission of PUCCH resource 1, UE may need to start its preparation before UE decode the PDCCH in Slot#(n+1). If UE is assigned an updated PUCCH resource with additional HARQ-ACK bit to be multiplexed together, UE has to give up on-going preparation and change to prepare another PUCCH resource, which introduces UE’s design burden. There is no strong motivation for NR to support such flexibility. Hence, NR shall define a timing threshold that UE is not expected to be scheduled to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by “Timing threshold”. N2 requirement is for PUSCH scheduling, including PDCCH decoding and PUSCH preparation. Although the processing time for PDCCH decoding plus PUCCH preparation may not be exactly the same as N2, N2 is a good reference as the timing threshold. Therefore, we have the proposal :
Proposal #5: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols
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Figure 6. Example of the updated PUCCH resource with postponed timing

6 Avoidance of iterative PUCCH merge
To support many advanced features/functions. NR has quite flexible PUCCH design. However, there is no strong motivation to support certain scenarios. To reduce UE’s design efforts, it is necessary to clarify. As shown in Figure 7, this is an example, where NE is unlikely to schedule in this way. However, such iterative processing for PUCCH adaptation introduces huge burden on UE’s design. In the example, 

· Step 1 : Multi-CSI PUCCH is configured. CSI1 and CSI2 are merge together into “PUCCH of CSI1+CSI2”

· Step 2 : A/N and CSI1+CSI2 are further merged into “PUCCH of A/N + CSI1 + CSI2”
· Step 3 : A/N + CSI1 + CSI2 and CSI3 are further merged into “PUCCH of A/N + CSI1 + CSI2 + CSI3”

· The behavior is not clear yet

· Step 4 : UCI piggybacked on PUSCH is applied so that “A/N + CSI1 + CSI2 + CSI3 are transmitted by PUSCH”
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Figure 7. Example of the updated PUCCH resource with postponed timing

To support many advanced features/functions. NR has quite flexible PUCCH design. However, there is no strong motivation to support certain scenarios. To reduce UE’s design efforts, it is necessary to clarify. As shown in Figure 7, this is an example, where NE is unlikely to schedule in this way. However, such iterative processing for PUCCH adaptation introduces huge burden on UE’s design. In the example, 

Proposal #6: After processing full/partial overlap of PUCCH of HARQ-ACK and PUCCH of P/SP-CSI, one PUCCH resource is determined. UE does not expect the PUCCH resource to overlap with another P/SP-CSI reporting. 
7 DMRS of PUCCH format 2
After RAN1#92, the Section 6.4.1.3.2.1 of 38.211 was updated to:
--------------------------------------------------------------------------------------------------------------

6.4.1.3.2.1
Sequence generation

The reference-signal sequence 
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where the pseudo-random sequence 
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 is given by clause 6.3.2.5.2. The pseudo- random sequence generator shall be initialized with
---------------------------------------------------------------------------------------------------------------

However, the Msymb/3 shall be replaced by Msymb/2, which is explained by the below Figure 8. From the design of PUCCH format 2, as also shown in Figure 8, there are 8 REs per PRB for modulated UCI symbols, and 4 REs per PRB for DMRS. Msymb denotes the total modulated UCI symbols. The total number of RE of DMRS shall be Msymb/2 rather than Msymb/3.
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Figure 8. One PRB of PUCCH format 2

Moreover, the below sentence (38.211 clause 6.4.1.3.2.2) highlighted with yellow color shall be revised to relative to the lowest-numbered resource block assigned for PUCCH transmission rather than the common resource block
--------------------------------------------------------------------------------------------------------------

6.4.1.3.2.2
Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor 
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 in order to conform to the transmit power specified in [5, 38.213] and mapped in sequence starting with 
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where 
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 is defined relative to subcarrier 0 of common resource block 0 and 
[image: image21.wmf](

)

m

,

,

p

l

k

 shall be within the resource blocks assigned for PUCCH transmission according to [5, TS 38.213]. 

--------------------------------------------------------------------------------------------------------------

Therefore, it is proposed to adopt the TP in Section 10.1 to resolve these two spec bugs.
Proposal #7: To adopt the TP in Section 10.1. 
8 Conclusion
The allocation pattern of HARQ-ACK and CSI for “UCI on PUSCH” is discussed in the contribution. After some analysis, we have the below proposals :

Proposal #1: 
· When calculating the resource for CSI part 2 on PUCCH or PUSCH, rank 1 is assumed for the reference payload size of CSI part 2. 

· Note : CSI-type related parameters follow higher layer configuration. E.g.

· Type I CSI : CodebookMode follows higher layer configuration

· Type II CSI : NumberOfBeams follows higher layer configuration
Proposal #2: When one periodic PUCCH partially overlaps a dynamic assigned PUCCH resource of HARQ-ACK feedback,

· If the timing gap between the starting of the periodic PUCCH and the ending of the PDCCH (, which assigns the dynamic PUCCH resource) is equal to or larger than the requirement of N2 plus d symbols based on UE processing time capability#1
· FFS d

· If these UCIs are configured to be allowed to be merged into one PUCCH

· UE merges UCIs into one PUCCH
· Else

· UE follows existing dropping rule

· Else 

· UE transmits the PUCCH starting earlier in time and ignore the later PUCCH.
Proposal #3: When the PUCCH resource, determined based on ARI, is used for transmission of AN/SR and CSI :

· UE does not expect to use PUCCH format 2 to transmit HARQ-ACK and CSI together if CSI is originally configured with PUCCH format 3 or 4

· If PUCCH format 3 or 4 is indicated to transmit HARQ-ACK and CSI together and CSI is originally configured with PUCCH format 2,

· Follow the existing procedure of PUCCH format 3 or 4 to collect UCI all together
Proposal #4: If the UE is configured with only one PUCCH resource set, and if PUCCH resource of HARQ-ACK/SR and PUCCH resource of CSI have the same starting symbol, and if simultaneous HARQ-ACK/SR and CSI is allowed, 

· HARQ-ACK/SR and CSI are transmitted together by PUCCH resource for CSI

Proposal #5: UE is not expected to have additional HARQ-ACK bit to be multiplexed together based on the DCI that is no earlier than the current PUCCH resource by N2 symbols
Proposal #6: After processing full/partial overlap of PUCCH of HARQ-ACK and PUCCH of P/SP-CSI, one PUCCH resource is determined. UE does not expect the PUCCH resource to overlap with another P/SP-CSI reporting. 

Proposal #7: To adopt the TP in Section 10.1. 
9 Reference

10 Text Proposal

10.1 DMRS of PUCCH format 2 
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6.4.1.3.2.1
Sequence generation

The reference-signal sequence 
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6.4.1.3.2.2
Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor 
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