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1 Introduction
In RAN1 NR2018AH#1, most of the design of long-PUCCH is completed. However, there are still few remaining issues to be resolved/clarified.

· PUCCH encoding related to CSI
· Reference payload size of CSI part 2
· Collection of CSI parts for multiple CSI reporting transmitted on PUCCH or PUSCH
· PUCCH overlapping issue

This contribution clarifies/discusses these aspects.

2 PUCCH encoding related to CSI
2.1 Reference payload size of CSI part 2

From the below two agreements, there is one thing not clear yet, which is 

· When there is CSI part 1 and CSI part 2 in one PUCCH, does CSI part 2 use all the remaining resources in the configured PRB or is resource of CSI part 2 is also bounded by max code rate with a reference payload size of CSI part 2

The section discusses this issue

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

Agreements:

· The number of PRBs used to transmit a PUCCH Format 2 or 3 or 4 is determined by the total number of UCI bits and the configured max coding rate for PUCCH Format 2 or 3 or 4, upper bounded by the configured number of PRBs.
Agreements:

· For simultaneous transmission of HARQ-ACK/SR and CSI report with PUCCH Format 3 or 4

· The HARQ-ACK/SR and CSI Part 1 bits are jointly encoded. CSI Part 2 bits are separately encoded.

· The HARQ-ACK/SR and Part I of CSI reports are jointly encoded with the configured maximum code rate of the PUCCH Format 3 or 4.

· The remaining resources (if any) in the configured PRB are used for encoding of the CSI Part 2 report. Some or all of the CSI Part 2 bits can be dropped using the same priority rules for CSI omission as for CSI on PUSCH.

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

The motivation of the first agreement is that NW may configure UE a PUCCH with large “configured number of PRBs”, however, the number of used PRB depends on total number of UCI bits at that moment and the configured max coding rate. This is flexible from resource allocation point of view and it avoids PRB waste. When CSI part 2 is taken into consideration, there are at least two alternatives :

· Alt1 : CSI part 2 to use all remaining resources in the configured PRB. 

· With this alternative, CSI part 2 could have code rate much smaller than the maximum configured code rate. To avoid waste of PRB resource, NW cannot configure a large configured number of PRBs for flexibility

· Alt2 : CSI part 2 to use resources based on reference CSI part 2 payload size and the configured maximum code rate

· With this alternative, CSI part 2 needs a reference payload size so that NW and UE have the same understanding to calculate how many PRBs to be used for corresponding PUCCH transmission. However, this is more flexible from resource allocation perspective. UE depends on reference CSI part 2 payload size and the configured maximum code rate to determine the resource for CSI part 2. The actual code rate may be little larger or smaller than the configured maximum code rate.
· In addition, such principle can also be applied in scenario of UCI on PUSCH
Proposal #1: When CSI part 2 is transmitted in PUCCH, its resource calculation is based on a reference CSI part 2 payload size and the configured maximum code rate.

From the experience of UCI on PUSCH of LTE, when calculating the resource for CQI/PMI, rank 1 is assumed. The concept can also be applied in NR for both UCI on PUSCH and PUCCH as long as there are two parts CSI transmission.
Proposal #2: 
· When calculating the resource for CSI part 2 on PUCCH or PUSCH, rank 1 is assumed as 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
2.2 Collection of CSI parts for multiple CSI reporting transmitted on PUCCH or PUSCH

It was agreed that NR supports configuring UE for carrying multiple CSI reports

Agreement: (@ RAN1 NR 2018AH#1)
· Support configuring the UE with J>=1 PUCCH resource configuration per UL BWP candidate used for carrying multiple CSI reports (associated with a PUCCH resource config (Format 2/3/4 and its Maximum Code rate))
· In case the PUCCH resources for two or more PUCCH-based CSI reports collide (at least partially overlap in time), the colliding CSI reports with the highest priorities are carried in a multi-CSI PUCCH resource and remaining CSI reports are dropped
· The number of included CSI reports is determined by the configured maximum code rate of the multi-CSI PUCCH resource 
· This applies to CSI only transmission on PUCCH, i.e. not multiplexed with HARQ-ACK
· …
It is noted that there are two different categories of CSI reporting:

· Non-split-CSI : for wideband/partial-band reporting

· Split-CSI partitioned into CSIpart1 and CSIpart2 : for subband reporting

Therefore, a PUCCH carrying multiple CSI reports may include 

· Case 1 : Multiple non-split-CSIs
· Case 2 : Multiple split-CSIs.

· Case 3 : Non-split-CSI and split-CSI.

How to joint encode in such scenario is not discussed yet. 

· Case 1 : Multiple non-split-CSIs

· It is nature to jointly encode all these non-split-CSIs
· Case 2 : Multiple split-CSIs.
· All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case 3 : Non-split-CSI and split-CSI.
· Since the payload size of non-split-CSI is known in advance and it may also include RI information, therefore for simplicity it shall be jointly encoded with CSIpart1 of split-CSI

It is noted that the above proposal is also applicable to scenario that HARQ-ACK and CSI are transmitted together by one PUCCH. It is also noted that the above proposal is also applicable to PUSCH. Therefore, we have the below proposal :

Proposal #3: When PUCCH or PUSCH carries multiple CSI reports

· Case A : Multiple non-split-CSIs ( all non-split-CSIs are jointly encoded together

· Case B : Multiple split-CSIs ( All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case C : Both non-split-CSI and split-CSI ( non-split-CSI and all CSIpart1 of split-CSI are jointly encoded together. All CSIpart2 are jointly encoded together
3 PUCCH overlapping issue
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 1.
· 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 1. “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 2(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 2(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 2(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 2. Certain UE processing time is required for merge of PUCCHs

Proposal #4: 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 baseline UE processing time of slot-based scheduling
· FFS d

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

· UE merge UCIs into one PUCCH
· Else

· UE follows existing dropping rule

· Else 

· UE transmits the PUCCH starting earlier in time and ignore the later PUCCH. If these two PUCCH have the same starting time, to follow the priority : HARQ-ACK > SR > CSI

Figure 3 is another situation we have to pay attention. In the example, there is one periodic CSI reporting and a dynamic scheduled HARQ-ACK feedback. It is reasonable NW to schedule HARQ-ACK feedback with enough UE processing time. However, considering the merge of PUCCH, it is possible to use another PUCCH resource and the new PUCCH resource is a little ahead of the original one. The UE processing time has to take into account the new PUCCH. If it results in violation of N1_requirement, CSI shall be dropped.
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Figure 3. Certain UE processing time is required for merge of PUCCHs

Proposal #5: Considering the new PUCCH resource after UCI merge, if the updated UE processing time violates N1 requirement, UE transmits HARQ-ACK only. 

· Note : UE does not transmit any CSI or SR even if only to include additional few UCI bits may not change the PUCCH resource.
Figure 4 shows another example we have to drop CSI reporting. In the example, the merged PUCCH is little ahead of the PUCCH resource for CSI-only. After the latest CSI-RS, which satisfies the Z_requirement (for CSI calculation), the CSI calculation has already started. If the UE processing time becomes less than the Z_requirement due to the ahead PUCCH resource, UE cannot finish the CSI calculation. There are two alternatives:
· Alt1 : UE to report the previous reported CSI reporting
· Alt2 : UE to drop CSI reporting

NW and UE shall both have the same understanding that UE cannot finish the CSI calculation. Alt1 does not provide any benefit, and waste the radio resource. Therefore, Alt2 is preferred.
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Figure 4. Drop of CSI reporting if updated CSI calculation time is smaller than its requirement
Proposal #6: Considering the new PUCCH resource after UCI merge, if the updated UE processing time violates Z requirement for CSI calculation, UE transmits HARQ-ACK only. 

4 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 CSI part 2 is transmitted in PUCCH, its resource calculation is based on a reference CSI part 2 payload size and the configured maximum code rate.

Proposal #2: 
· When calculating the resource for CSI part 2 on PUCCH or PUSCH, rank 1 is assumed as 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 #3: When PUCCH or PUSCH carries multiple CSI reports

· Case A : Multiple non-split-CSIs ( all non-split-CSIs are jointly encoded together

· Case B : Multiple split-CSIs ( All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case C : Both non-split-CSI and split-CSI ( non-split-CSI and all CSIpart1 of split-CSI are jointly encoded together. All CSIpart2 are jointly encoded together
Proposal #4: 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 baseline UE processing time of slot-based scheduling
· FFS d

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

· UE merge UCIs into one PUCCH
· Else

· UE follows existing dropping rule

· Else 

· UE transmits the PUCCH starting earlier in time and ignore the later PUCCH. If these two PUCCH have the same starting time, to follow the priority : HARQ-ACK > SR > CSI

Proposal #5: Considering the new PUCCH resource after UCI merge, if the updated UE processing time violates N1 requirement, UE transmits HARQ-ACK only. 

· Note : UE does not transmit any CSI or SR even if only to include additional few UCI bits may not change the PUCCH resource.

Proposal #6: Considering the new PUCCH resource after UCI merge, if the updated UE processing time violates Z requirement for CSI calculation, UE transmits HARQ-ACK only. 
5 Reference

[image: image1][image: image5.png]The latest CSI-RS,

satisfying the Z_requirement T1
-+ >
csl Before PUCCH merge
* T1>Z_requirement
Tl
-+ >
=l T After PUCCH merge
- If T1’<Z_requirement,
CSl reporting is dropped

_____ J HARQ-ACK only
AN and CSl reportingis dropped




[image: image6.png]LS HARQ-ACK | Before merge T1>=N1_requirement

[
T If TI’<N1_requirement,

HARQUACK :_ After merge CSl reporting shall be dropped

+ CSI




[image: image7.png]PDSCH

PDCCH

PDSCH

PDCCH

SR

Dynamic
HARQ-ACK

Slot#0 Slot#1

Periodic CSI
reporting

Dynamic

(a)

1
T1 | T1>=N2requirement+d

PDCCH

PDSCH | Dynamic I

| Periodic PUCCH

! HARQ-ACK

sio—"

HARQ-ACK
(b)



