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

· DMRS of PUCCH format 2
· PUCCH resource adaptation considering UE processing time
· HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot

· Avoidance of iterative PUCCH resource adaptation
This contribution clarifies/discusses these aspects.

2 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 
[image: image23.png]Assumption : 15KSCS, N1=8 (without additional DMRS) (TA not considered for simplicity)

Slot#(n+1) Slot#(n+2) Slot#(n+3) &
PUCCH
resource 1 I PDCCH

- I PUCCH
resource 2

T2 > 8 symbols

T1 > 8 symbols

Observation : Adaptation of PUCCH resource may advance transmission time of PUCCH,
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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
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---------------------------------------------------------------------------------------------------------------

However, there is remaining bug for such update. It was agreed (@RAN1 2017AH3) that the generation of DMRS for PUCCH format 2 follows that of PUSCH for PN sequence case, which means PN sequence shall be generated starting from common resource block 0. Depending on the assigned PRB for PUCCH, corresponding partial PN sequences are used for DMRS of PUCCH format 2. Therefore, it is not correct to say m = 0, 1, …, Msymb/3-1, since the generated PN sequences may be quite long and only partial sequences are used for DMRS. The simplest fix is to let upper bound of m unspecified. The corresponding TP is in Section 7.1 for reference.

Proposal #1: To adopt the TP in Section 7.1. 

3 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 1, 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.

[image: image6]
Figure 1. 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 2, 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 #2: 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 2. Example of the updated PUCCH resource with postponed timing

4 HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot
It is not clear what the mechanism is when there are both HARQ-ACK of dynamic PDSCH and HARQ-ACK of SPS-PDSCH. There are potential two alternatives (also described briefly in Figure 3):

When there are both HARQ-ACK of dynamic PDSCH and SPS-PDSCH in the same slot

· Alt1 : All HARQ-ACK bits are transmitted by one PUCCH resource indicated by ARI
· Alt2 : 
· Step 1 : PUCCH#1 is determined by ARI and total number of HARQ-ACK bits of dynamic PDSCH
          PUCCH#2 is determined by RRC for HARQ-ACK of SPS-PDSCH

· Step 2 : If PUCCH#1 and PUCCH#2 overlap in time domain, to use ARI and total number of HARQ-ACK bits (including dynamic PDSCH and SPS-PDSCH) to determine the final PUCCH resource; otherwise, these two PUCCHs are both transmitted individually

[image: image8]
Figure 3. Example of HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot
Alt1 can work well, and the procedure is simpler considering colliding with other UCIs. For example, as shown in below Figure 4, there is one P-CSI colliding with both HARQ-ACK of dynamic PDSCH and HARQ-ACK of SPS-PDSCH. If Alt2 is applied, we need to further determine what the solution is for such scenario. For example, there are at least two potential solutions:
· Sol1 : to transmit all UCI together by PUCCH resource indicated by ARI
· Sol2 : to handle overlap of P-CSI and A/N of dynamic PDSCH at first, and PUCCH#1 is determined. 
· If PUCCH#1 overlaps with “PUCCH for A/N of SPS-PDSCH”, to perform multiplex again, and one final PUCCH is determined
· Otherwise, to transmit both PUCCH individually
It is not preferred to make UCI multiplexing even complicated further. Therefore, our thinking is Alt1 shall be adopted in NR.

Proposal #3: It is clarified that, when there are both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH within a slot, one PUCCH resource is determined based on ARI to transmit all HARQ-ACK bits 

· Note : the payload size takes into account both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH

[image: image9]
Figure 4. Example of P-CSI colliding with HARQ-ACK of dynamic PDSCH and SPS-PDSCH within a slot
5 Avoidance of iterative PUCCH resource adaptation
It was agreed @ RAN1#92

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.
It is noted that, compared to the PUCCH for HARQ-ACK/SR, another PUCCH resource may be determined since the total number of UCI bits is different. This mechanism makes sense since if larger UCI payload is to be transmitted, another PUCCH resource with larger capacity may be necessary. However, iterative PUCCH resource adaptation shall be avoided. For example, as shown in Figure 5, there are many PUCCHs within the slot originally. Following the existing procedure, we may end up with two different cases:

· Case 1 : two TDMed PUCCHs ( there is no issue
· Case 2 : two PUCCHs overlapping ( there is no UE behavior defined yet. One possibility is to multiplex again. However, what if the new PUCCH again overlap with another PUCCH/PUSCH?
It takes much efforts to examine in details all potential overlapping again behavior/procedure. Furthermore, we don’t see system gain to allow such flexibility. Therefore, from UE perspective, it is preferred that Case 2 is an error case.  


[image: image10]
Figure 5. Example of the iterative PUCCH resource adaptation

Figure 6 provides another example for such iterative processing for PUCCH adaptation, which 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 : Since A/N and “CSI1+CSI2” overlap, they are further merged into “PUCCH of A/N + CSI1 + CSI2”
· Step 3 : CSI3 and “A/N + CSI1 + CSI2” overlap. It is not clear what the final solution is for such scenario. One potential solution is to further merged all into “PUCCH of A/N + CSI1 + CSI2 + CSI3”

· The behavior is not clear yet

· Step 4 : Since PUSCH and “A/N + CSI1 + CSI2 + CSI3” overlap, UCI piggybacked on PUSCH is applied. In the end, A/N + CSI1 + CSI2 + CSI3 are transmitted by PUSCH.

[image: image11]
Figure 6. Example of the iterative PUCCH resource adaptation
Therefore, we have the below proposal:

Proposal #4: When one PUCCH resource is determined to carry both AN/SR and CSI based on total number of AN/SR and CSI bits and ARI, UE does not expect the determined PUCCH resource to further overlap with another PUCCH or PUSCH

Proposal #5: When one multi-CSI-PUCCH resource is determined to carry overlapping P/SP-CSI reports, UE does not expect the determined multi-CSI-PUCCH resource to further overlap with another PUCCH of P/SP-CSI

6 Conclusion
After examining some remaining issues, we have the below proposals :

Proposal #1: To adopt the TP in Section 7.1. 

Proposal #2: 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 #3: It is clarified that, when there are both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH within a slot, one PUCCH resource is determined based on ARI to transmit all HARQ-ACK bits 

· Note : the payload size takes into account both HARQ-ACK for dynamic PDSCH and HARQ-ACK for SPS PDSCH
Proposal #4: When one PUCCH resource is determined to carry both AN/SR and CSI based on total number of AN/SR and CSI bits and ARI, UE does not expect the determined PUCCH resource to further overlap with another PUCCH or PUSCH

Proposal #5: When one multi-CSI-PUCCH resource is determined to carry overlapping P/SP-CSI reports, UE does not expect the determined multi-CSI-PUCCH resource to further overlap with another PUCCH of P/SP-CSI

7 Text Proposal

7.1 DMRS of PUCCH format 2 

****************************************** TEXT START *****************************************
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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[image: image16.wmf]symb

M

 is given by clause 6.3.2.5.2. The pseudo-random sequence generator shall be initialized with
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******************************************* TEXT END ******************************************
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Observation : Adaptation of PUCCH resource may postpone transmission time of PUCCH
and NW shall always guarantee UE processing time
However, even UE processing time is guaranteed,
the example shows that UE may know
it is re-scheduled to PUCCH resource 2 (with more HARQ-ACK bits to be multiplexed)
during the preparation of PUCCH resource 1, which introduces UE’s design burden.

Proposal : UE is not expected to have additional HARQ-ACK bit to be multiplexed together
based on the DCl that is no earlier than the current PUCCH resource by N, symbols
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