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1	Introduction
During RAN plenary #79, a new version of the release 15 NR specifications was approved. Furthermore, it was agreed that during the second quarter of 2018, RAN1 will continue to focus on closing the open issues within the scope of the December drop. 
In this contribution, we address the remaining open points on long PUCCH. Specifically, we consider the following points:
· Handling multiplexing of partially overlapping UCI transmissions.
· Multiplexing of HARQ-ACK/CSI with multiple SR occasions
2 	Discussion
2.1	Simultaneous transmission of partially overlapping UCI on PUCCH 
In RAN1#92 [2], the following agreement was reached:
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

In this section we discuss the following open points:
1. In case the UE is configured with more than one PUCCH resource set, and the PUCCH format indicated by ARI for HARQ-ACK/SR and CSI are different.
2. In case the UE is configured with one PUCCH resource set.
3. In case the HARQ-ACK/SR and CSI resources partially overlap with different starting symbols.

Based on the agreement from RAN1#92, if the HARQ-ACK/SR PUCCH resource and the CSI PUCCH resource overlap, such that they have the same starting symbol, and the UE is configured with more than one PUCCH resource set, the PUCCH is determined based on the ARI and the total payload of HARQ-ACK+CSI. However, it is open how to handle the case, the PUCCH format indicated by ARI and PUCCH format configured for CSI are different. For example,
1. ARI indicates PUCCH format 2, while CSI is configured with PUCCH format 3/4. In this case, the PUCCH format used for transmission of the combined UCI payload is PUCCH format 2, which has only one CSI part. While the PUCCH format configured for CSI (format 3/4) has CSI part 1 and CSI part 2. Our preference in this case is to drop CSI part 2 and only transmit CSI part 1 on PUCCH format 2. Our less preferred solution is to consider this an error case in release 15.
2. ARI indicates PUCCH format 3/4, while CSI is configured with PUCCH format 2. In this case, the PUCCH format used for transmission of the combined UCI payload is PUCCH format 3/4, which has CSI part 1 and CSI part 2. While the PUCCH format configured for CSI (format 2) has only one CSI part. Our preference in this case is to send no CSI part 2 and only send the CSI payload for PUCCH format 2 as CSI part 1 on PUCCH format 3/4. Our less preferred solution is to consider this an error case in release 15.

Proposal 1: If the HARQ-ACK/SR PUCCH resource and the CSI PUCCH resource overlap, such that they have the same starting symbol, and the UE is configured with more than one PUCCH resource set, and the PUCCH format indicated by ARI and PUCCH format configured for CSI are different, the PUCCH is determined based on the ARI and the total payload of HARQ-ACK/SR+CSI, according to the following:
1. If ARI indicates PUCCH format 2, while CSI is configured with PUCCH format 3/4: CSI part 2 is dropped and only CSI part 1 is transmitted on PUCCH format 2.
2. If ARI indicates PUCCH format 3/4, while CSI is configured with PUCCH format 2: Only CSI part 1 is sent on PUCCH format 3/4.

Now consider the case when the UE is configured with one PUCCH resource set for HARQ-ACK, i.e. the HARQ-ACK payload is up to 2 bits. In this case, it will not be possible to determine the PUCCH resource based on the ARI and the total UCI payload (HARQ-ACK/SR + CSI). It would seem reasonable to append the HARQ-ACK/SR, which is only up to 2 bits + SR bits, to the CSI payload and transmit on the PUCCH resource configured for CSI.
[bookmark: _Hlk510454416]Proposal 2: If the HARQ-ACK/SR PUCCH resource and the CSI PUCCH resource overlap, such that they have the same starting symbol, and the UE is configured with one PUCCH resource set, the HARQ-ACK/SR payload is appended to the CSI payload and is transmitted using the PUCCH resource configured for CSI.
If both PUCCH transmissions are long PUCCH transmissions that partially overlap, and start at different symbols. There are several cases to consider here:
· Case 1a: Long PUCCH for HARQ-ACK and CSI start at different symbols. Both UCI transmissions are on PUCCH format 3 or format 4, and the UE is configured with more than one PUCCH resource set. In this case, the PUCCH is determined based on the ARI and the total payload of HARQ-ACK+CSI. In terms of timing, there should be no issue to multiplex the CSI on the PUCCH resource indicated by the ARI. This is shown in Figure 1.
· Case 1b: Long PUCCH for HARQ-ACK and CSI start at different symbols. HARQ-ACK transmission is on PUCCH format 1 (UE is configured with one PUCCH set resource), and CSI transmission is on PUCCH Format 3/4. In this case the PUCCH resource configured for CSI is used, and the HARQ-ACK bits are appended to the CSI payload. This is shown in Figure 2. The network should ensure that PUCCH resource configured for CSI starts at least N1 symbols after the end of the PDSCH whose HARQ-ACK is multiplexed on PUCCH resource configured for CSI, else the CSI is dropped and HARQ-ACK is transmitted on the HARQ-ACK.
· Case 1c: Long PUCCH for SR and CSI start at different symbols. In this case, the SR is appended to the CSI and the combined payload is transmitted on the CSI configured PUCCH resource. This is shown in Figure 3.
· Case 1d: Long PUCCH for SR and HARQ-ACK using PUCCH format 3 or format 4 start at different symbols. In this case, the SR is appended to the HARQ-ACK payload and the combined payload is transmitted on the PUCCH resource determined based on the ARI and the total payload. This is shown in Figure 4.
· Case 1e: Long PUCCH for SR and HARQ-ACK using PUCCH format 1 start at different symbols (see Figure 5). In case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource determined by the ARI. In case of positive SR, the HARQ-ACK is transmitted on the PUCCH resource configured for SR. The network should ensure that PUCCH resource configured for SR starts at least N1 symbols after the end of the PDSCH whose HARQ-ACK is multiplexed on PUCCH resource configured for SR, else the SR is dropped and HARQ-ACK is transmitted on the HARQ-ACK PUCCH resource.



[bookmark: _Ref506318313]Figure 1: Joint transmission of partially overlapping HARQ-ACK on long PUCCH F3/F4 and CSI on long PUCCH starting at different symbols.



[bookmark: _Ref510453103]Figure 2: Joint transmission of partially overlapping HARQ-ACK on long PUCCH F1 and CSI on long PUCCH starting at different symbols.



[bookmark: _Ref506318338]Figure 3: Joint transmission of partially overlapping SR and CSI on long PUCCH starting at different symbols.



[bookmark: _Ref506318353]Figure 4: Joint transmission of partially overlapping HARQ-ACK on PUCCH format 3 or format 4 and SR on PUCCH format 1 starting at different symbols.



[bookmark: _Ref506318370]Figure 5: Joint transmission of partially overlapping HARQ-ACK on PUCCH format 1 and SR on PUCCH format 1 starting at different symbols.

[bookmark: _Ref510454063]Table 1: Multiplexing Rules for UCI transmissions starting at different symbols.
	UCI1
	UCI2
	PUCCH for combined payload

	HARQ-ACK on PUCCH F3/F4
	CSI
	PUCCH resource determined by ARI and combined UCI payload

	HARQ-ACK on PUCCH F1
	CSI
	PUCCH resource configured for CSI. The network should ensure that the PUCCH resource configured for CSI starts at least N1 symbols after the end of the PDSCH whose HARQ-ACK is multiplexed on PUCCH resource configured for CSI, else the CSI is dropped and HARQ-ACK is transmitted on the HARQ-ACK PUCCH resource.

	SR
	CSI
	PUCCH resource configured for CSI.

	HARQ-ACK on PUCCH F3/F4
	SR
	PUCCH resource determined by ARI and combined UCI payload

	HARQ-ACK on PUCCH F1
	SR
	Negative SR: PUCCH resource determined by ARI. Positive SR: PUCCH resource configured for SR. The network should ensure that the PUCCH resource configured for CSI starts at least N1 symbols after the end of the PDSCH whose HARQ-ACK is multiplexed on PUCCH resource configured for SR, else the SR is dropped and HARQ-ACK is transmitted on the HARQ-ACK PUCCH resource.



[bookmark: _Hlk506318680]Proposal 3: In case of long PUCCH transmission for two UCI transmissions that partially overlap in time, follow the multiplexing rules defined for the case of two overlapping long PUCCH transmissions starting at the same symbol as described in Table 1.

2.2	Multiplexing of HARQ-ACK/CSI with multiple SR occasions
In RAN1 AH 1801 [3], the following agreement was made for SR multiplexing on PUCCH formats 2, 3 and 4:
Agreements:
· If a UCI transmission on a PUCCH form a UE using format 2 or 3 or 4 overlaps in time with K PUCCH resources, each configured for a SR, X bits are used to represent a SR being indicated by the UE and appended to the end of the end of HARQ-ACK followed by CSI.
· Note: X is used to indicated both the presence or absence of SR and which of the K configured SR is embedded.
· FFS : X=ceil(log2(K+1))
· FFS PUCCH formats 0 & 1

Furthermore, the following agreement was made in RAN1#92 [2]:
Agreements:
· If a UCI transmission on a PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources which are overlapped in time, X bits are used to represent an SR being indicated by the UE where 
· All-zero X represents the absence of an SR. Otherwise, X represents the presence of an SR.
· Note: X bits should be considered when the UCI is encoded irrespective of the SR being present of absent.
· X=ceil(log2(K+1)) where K is the number of configured SR PUCCH IDs (schedulingRequestResourceId) that overlap in time with the UCI transmission on PUCCH in the slot.
· The K IDs are ordered according to an increasing number of the corresponding SR IDs. The index of an ordered configured PUCCH resource ID is obtained from X bits when SR is triggered.

These agreements consider the case when PUCCH format 2, 3 or 4 allocation overlaps in time with PUCCH resource allocations for K SR processes. However, it leaves open for further studies the case when PUCCH format 1 or 0 allocations for K SR processes overlap with a PUCCH format 1 allocation for HARQ-ACK feedback. 
If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
Proposal 4: If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
3	Conclusion
In this contribution, we discussed the remaining open issues related to the structure of PUCCH in the long duration. The following proposals were made:
Proposal 1: If the HARQ-ACK/SR PUCCH resource and the CSI PUCCH resource overlap, such that they have the same starting symbol, and the UE is configured with more than one PUCCH resource set, and the PUCCH format indicated by ARI and PUCCH format configured for CSI are different, the PUCCH is determined based on the ARI and the total payload of HARQ-ACK/SR+CSI, according to the following:
1. If ARI indicates PUCCH format 2, while CSI is configured with PUCCH format 3/4: CSI part 2 is dropped and only CSI part 1 is transmitted on PUCCH format 2.
2. If ARI indicates PUCCH format 3/4, while CSI is configured with PUCCH format 2: Only CSI part 1 is sent on PUCCH format 3/4.

Proposal 2: If the HARQ-ACK/SR PUCCH resource and the CSI PUCCH resource overlap, such that they have the same starting symbol, and the UE is configured with one PUCCH resource set, the HARQ-ACK/SR payload is appended to the CSI payload and is transmitted using the PUCCH resource configured for CSI.
Proposal 3: In case of long PUCCH transmission for two UCI transmissions that partially overlap in time, follow the multiplexing rules defined for the case of two overlapping long PUCCH transmissions starting at the same symbol, as described in Table 1..
Proposal 4: If a HARQ-ACK transmission from a UE using PUCCH format 1 overlaps with K SR occasions each using PUCCH format 1, in case of negative SR, the HARQ-ACK is transmitted on the HARQ-ACK resource. In case of positive SR, the HARQ-ACK is transmitted on the SR resource corresponding to the positive SR.
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