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Introduction
In the previous meetings, the following agreements on PUCCH were made [3].
	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.



In this contribution, we discuss the remaining issues for long PUCCH and the sequence reordering issues for CGS.
Sequence grouping for the new generated short sequences
In the previous RAN1meeting, new sequences are adopted for length-12/18/24 base sequences. The new length-12/18/24 sequences will be allocated into a sequence group with other lengths of sequences. Due to the limit time of discussion, the orders of sequences are not well considered. Using on the sequence index of the new NR length-24/18/12 sequences in current spec., Table-1/2/3 shows the number of sequences pair with cross correlation higher than 0.6/0.7/0.8 among different groups with different lengths.
Table-1: Number of sequences pair with Xcorr higher than 0.6 for length-24 sequences before re-grouping.
	
	36
	48

	60
	72,v=0
	72,v=1
	96,v=0

	96,v=1

	24
	6
	0
	5
	6
	5
	5
	4


Table-2: Number of sequences pair with Xcorr higher than 0.7 for length-18 sequences before re-grouping.
	
	24
	36
	48

	60
	72,v=0
	72,v=1
	96,v=0

	96,v=1

	18
	8
	7
	3
	6
	5
	5
	1
	6


Table-3: Number of sequences pair with Xcorr higher than 0.8 for length-12 sequences before re-grouping.
	
	18
	24
	36
	48

	60
	72,v=0
	72,v=1
	96,v=0

	96,v=1

	12
	17
	8
	9
	7
	10
	9
	6
	10
	5



From Table-1/2/3, we can find that significant number of pairs of sequence groups with different lengths will have high cross correlation. Those may have higher interference especially for the shorter sequences. In order to mitigate the inter-cell interference, sequence grouping for the new length-12/18/24 sequences should be supported together with grouping function of sequences >= 3 PRBs. Therefore, we can re-order the new length-12/18/24 sequences into sequence groups based on the cross correlation among different lengths. 
In the joint proposal [5], significant improvement of CGS orders are given.

Multiplexing of PUCCH
SR multiplexed with A/N on PUCCH format 1
In the previous meetings, when UCI transmission with PUCCH format 2 or 3 or 4 overlaps with multiple SRs transmission and the SRs transmission from one UE have the same first symbol as A/N transmission with PUCCH format 2 or 3 or 4, the agreements have been made. For the case of UCI transmission with PUCCH format 0 or 1 overlaps with multiple SRs, no conclusion reached. 
In the section 2.2 of the contribution [4], we analyze the advantages and disadvantages of the existing schemes for the case of a UCI transmission of format 1 (that is a UCI with 1-2 A/N bits) overlaps with multiple configured SR PUCCH resources in time. From the perspective of unifying and simplifying the multiplexing rules, option2 is better than option 1. However, option2 needs an ARI dynamically indicating the format and resource of PUCCH. In case of semi-static scheduling, it doesn’t work because of ARI absence. Therefore, we provide some new rules to improve the option 2. The details are in the contribution [4].
Proposal 1: If A/N transmission on a PUCCH for a UE using format 1 fully overlaps in time with K(K>1) PUCCH resources, the UE can determine the PUCCH resource using the following rules:
If the ARI is absence:
The UE can determine the corresponding PUCCH set according to the total number of HARQ-ACK and X bits, wherein, X=ceil(log2(K+1)), K is the number of overlapping SRs.
· If this PUCCH set is present, then first resource of PUCCH format 3 or 4 that has the same number of symbols as the PUCCH format 1 in this PUCCH set is used.
· If the required PUCCH Format 3 or 4 resources are obtained, HARQ-ACK and X bits are transmitted through PUCCH Format 3 or 4 resources.
· Else, HARQ-ACK is only transmitted through the resource of PUCCH format 1 and all SRs are dropped.
Else, the PUCCH resource that used to transmit HARQ-ACK+X bits is determined based on the ARI indication.

Partial overlap of HARQ-ACK and SR
In the contribution [4], we also discuss the transmission schemes of HARQ-ACK and SR for the case of partial overlapping of SR and HARQ-ACK. We categorize the partial overlapping issue into four cases, and provide the solutions for each case as summary of this issue.
Proposal 2: In case of partial overlap between A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1, the PUCCH resource for transmission of A/N/SR is the A/N PUCCH resource. 1 bit is appended to A/N for SR (0 if SR negative, 1 if SR positive).  
· If multiple SR occasions of one SR configuration partially overlap with one A/N transmission, only one bit is appended to A/N for SR. 
· If multiple A/N transmissions partially overlap with one SR occasions, one bit for SR is only appended to the first A/N transmission occasion. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK8]Proposal 3: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 0, 
· On the overlapping symbols: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of A/N incremented by one is used.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: For SR with PUCCH Format 0, the PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
[bookmark: OLE_LINK12]Proposal 4: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 1, 
· [bookmark: OLE_LINK9]On the overlapping symbols: If SR is negative, the CS of A/N is used in the A/N PUCCH resource. If SR is positive, the CS of A/N+SR is used in the SR PUCCH resource.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· [bookmark: OLE_LINK10]On the non-overlapping SR symbols: The PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Proposal 5: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 0, RAN 1 down-select between the following two alternatives: 
· Alt 1. SR is prioritized. For A/N transmission, the hop contains overlapping symbols is dropped.
· Alt 2. The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of SR is used.
Proposal 6: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 1
· For SR transmission, a UE shall drop the hop that containing overlapping symbols, and the hop without a collision could still be transmitted for SR.

The number of PUCCHs in one slot for one UE
[bookmark: OLE_LINK29]In the 3GPP RAN1 #88bis meeting, the following agreements were made: 
	Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)



Base on the agreements, two PUCCHs can be transmitted from one UE on the same slot in TDM manner. Considering that it is very possible that two PUCCHs are long-PUCCCHs in order to meet certain coverage requirements. Therefore, we propose the two PUCCHs can be long-PUCCH + long-PUCCH. Regarding the number of the PUCCHs if more than 2 PUCCHs, it depends on the system implementation. More than 2 NR-PUCCHs should also be supported.
Proposal 7: Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
-The two NR-PUCCHs can be long-PUCCH + long-PUCCH
-In case that more than 2 NR-PUCCHs in one slot are used for UE, the number of the PUCCHs depends on the system configurability.

SR overlaps with multiple slots PUCCH with A/N on PUCCH format 3/4
In the previous meeting, if a UCI transmission on PUCCH from a UE in a slot using format 2 or 3 or 4 overlaps in time with K configured PUCCH SR resources, X= bits representing a SR transmission occasion, in ascending order of SR IDs, are appended to the AN bits. An all-zero value for X bits represents a negative SR value across all K SR transmission occasions. 
[bookmark: _GoBack]If the transmission scheme above is reused for the PUCCH format 3 or 4 transmission across multiple slots  (i.e. UCI repetition), then X bits will be considered to be appended to the UCI bits only in overlapping slots in which PUCCH transmission for UCI overlaps with one or more configured SR resources. Non-overlapping slots are not included. In this case, joint decoding for UCI is unfeasible among 2 parts. Therefore, transmission scheme above will degrade the UCI reliability.
The question is: if one or more configured SR resources overlap with the PUCCH format 3 or 4 in partial slots for PUCCH transmission across multiple slots, how to keep the joint coding and convey the SR.  
We consider this solution: for each overlapping slot in which PUCCH transmission for UCI with format 3 or 4 overlaps with one or more configured SR resources, the PUCCH transmission for UCI with format 3 or 4 is punctured. The punctured REs are used for transmitting X bits information. Where X= bits are used to represent an SR being indicated by the UE for each overlapping slot, K is the number of configured SR resources in each overlapping slot. K may be different for different overlapping slots. In this way, it can make the encoding of UCI information remain the same in every slot, PUCCH format 3 or 4 across multiple slots can be combined from each slot for decoding.
One example is shown in Figure 1. For PUCCH format 3 or 4 for UCI, one UE is configured  slots for a PUCCH transmission. Where one SR resource (SR ID0: positive SR) overlaps with PUCCH transmission for UCI with format 3 or 4 in the first slot; Two SR resources (SR ID1: negative SR, SR ID2: positive SR) overlaps with PUCCH transmission for A/N with format 3 or 4 in the third slot. Therefore, K is equal to 1 or 2 for the first slot or the third slot respectively.


Figure1 one or more SR resources overlapped with PUCCH transmission for A/N with format 3/4 in slots
Proposal 8: For the SRs multiplexed with the PUCCH transmission across multiple slots for A/N with format 3 or 4, the PUCCH transmission for A/N with format 3 or 4 is punctured for each overlapped slot that overlaps with one or more configured SR resources. 
-The punctured REs are used for transmitting X bits information in each overlapped slot. Where X= bits are used to represent an SR being indicated by the UE for each overlapping slot , K is the number of configured SR resources in each overlapping slot.
Conclusion
In this contribution, based on the discussion, we made following proposals:
Proposal 1: If A/N transmission on a PUCCH for a UE using format 1 fully overlaps in time with K(K>1) PUCCH resources, the UE can determine the PUCCH resource using the following rules:
If the ARI is absence:
The UE can determine the corresponding PUCCH set according to the total number of HARQ-ACK and X bits, wherein, X=ceil(log2(K+1)), K is the number of overlapping SRs.
· If this PUCCH set is present, then first resource of PUCCH format 3 or 4 that has the same number of symbols as the PUCCH format 1 in this PUCCH set is used.
· If the required PUCCH Format 3 or 4 resources are obtained, HARQ-ACK and X bits are transmitted through PUCCH Format 3 or 4 resources.
· Else, HARQ-ACK is only transmitted through the resource of PUCCH format 1 and all SRs are dropped.
Else, the PUCCH resource that used to transmit HARQ-ACK+X bits is determined based on the ARI indication.
Proposal 2: In case of partial overlap between A/N with PUCCH Format 2/3/4 and SR with PUCCH Format 0/1, the PUCCH resource for transmission of A/N/SR is the A/N PUCCH resource. 1 bit is appended to A/N for SR (0 if SR negative, 1 if SR positive).  
· If multiple SR occasions of one SR configuration partially overlap with one A/N transmission, only one bit is appended to A/N for SR. 
· If multiple A/N transmissions partially overlap with one SR occasions, one bit for SR is only appended to the first A/N transmission occasion. 
Proposal 3: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 0, 
· On the overlapping symbols: The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used. If SR is positive, the CS of A/N incremented by one is used.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: For SR with PUCCH Format 0, the PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Proposal 4: In case of partial overlap between A/N with PUCCH Format 0 and SR with PUCCH Format 1, 
· On the overlapping symbols: If SR is negative, the CS of A/N is used in the A/N PUCCH resource. If SR is positive, the CS of A/N+SR is used in the SR PUCCH resource.
· On the non-overlapping A/N symbol: The PUCCH resource for transmission of A/N is the A/N PUCCH resource. 
· On the non-overlapping SR symbols: The PUCCH resource for transmission of SR is the SR PUCCH resource, and the CS for SR is transmitted.
Proposal 5: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 0, RAN 1 down-select between the following two alternatives: 
· Alt 1. SR is prioritized. For A/N transmission, the hop contains overlapping symbols is dropped.
· Alt 2. The PUCCH resource for transmission of A/N and SR is the A/N PUCCH resource. If SR is negative, the CS of A/N is used for all symbols. If SR is positive, for the overlapping symbols, the CS of SR is used.
Proposal 6: In case of partial overlap between A/N with PUCCH Format 1 and SR with PUCCH Format 1
· For SR transmission, a UE shall drop the hop that containing overlapping symbols, and the hop without a collision could still be transmitted for SR.
Proposal 7: Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
-The two NR-PUCCHs can be long-PUCCH + long-PUCCH
-In case that more than 2 NR-PUCCHs in one slot are used for UE, the number of the PUCCHs depends on the system configurability.
Proposal 8: For the SRs multiplexed with the PUCCH transmission across multiple slots for A/N with format 3 or 4, the PUCCH transmission for A/N with format 3 or 4 is punctured for each overlapped slot that overlaps with one or more configured SR resources. 
-The punctured REs are used for transmitting X bits information in each overlapped slot. Where X= bits are used to represent an SR being indicated by the UE for each overlapping slot , K is the number of configured SR resources in each overlapping slot.
References
[1] [bookmark: _Ref427157992]Chairman's Notes RAN1_88bis
[2] Chairman's Notes RAN1 201801 AdHoc 
[3] Chairman's Notes RAN1_92_final
[4] [bookmark: OLE_LINK14]R1-1803795, “Remaining issues on short PUCCH”, 3GPP RAN1#92bis, ZTE, Sanechips.
[5] R1-1804433, “On CGS ordering for NR”, Huawei, HiSilicon, ZTE, Sanechips

8

oleObject1.bin
SR ID0:positive SR


SR ID1:positive SR


AN


AN


AN


Format 3 or 4


AN


SR ID2:negative SR



image1.emf
AN AN AN AN

SR ID0:positive SR

SR ID1:positive SR

SR ID2:negative SR

Format 3 or 4


