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Introduction
In the previous meetings, the following agreements on PUCCHwere made [1][2][3].
	[bookmark: OLE_LINK7]Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· [bookmark: OLE_LINK3]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)
Agreements:
· [bookmark: OLE_LINK6]For PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused
· FFS details especially regarding slot indexing considering the difference between NR and LTE
· Slot-level base sequence hopping for PUCCH format 3 and 4 is a function at least based on a configurable ID,  similarly as agreed for PUCCH format 0 and 1.
· Note that: the configurable ID is already agreed for PUCCH base sequence hopping
· FFS: whether and how to support symbol-level base sequence hopping
Agreements:
For inter-slot hopping pattern for long PUCCH over multiple slots, the following options can be down-selected
· A first PRB for PUCCH transmission is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission is provided by higher layer parameter PUCCH-2nd-hop-PRB (already agreed)
· After long PUCCH over multiple slot starts, the first PRB is used for PUCCH transmssion in the even slot, the second PRB is used for PUCCH transmssion in the odd slot. 
· The slot index is counted after long PUCCH starts regardless if it is actually used for long PUCCH transmssion over multiple slots



In this contribution, we present several points and text proposals related to long PUCCH in the form of ‘Text Proposal’, based on the latest specifications [4]. We also discussed the sequence reordering issues for CGS.
Base sequence hopping within the slot 
Analysis
[bookmark: OLE_LINK19][bookmark: OLE_LINK23][bookmark: OLE_LINK27]In the RAN1 # 91 meeting, it was agreed that for PUCCH formats 0, 1, 3 & 4, slot-level base sequence hopping as in LTE is reused. However, how to support symbol-level base sequence hopping is still FFS. Considering symbol level CS hopping is already supported, symbol level base sequence hopping may be not needed unless performance gain can be justified. On the other hand, since frequency hopping can be configured for PUCCH format 0, 1, 3 & 4, base sequence hopping can be considered together with frequency hopping, which is similar to the slot-level base sequence hopping in LTE.
Figure-1 shows the performance comparison of PUCCH with or without intra-slot base sequence hopping. In the simulation, it is assumed that there is one UE in each neighboring cell, which is transmitted in the same PRB. Even with the CS hopping, performance improvement can be achieved by intra-slot base sequence hopping. The performance benefits mainly come from that the interference between neighboring cells be reduced by avoiding using same base sequence with strong cross correlation consistently. It can be observed there is about 0.5dB gain for ACK missing @ 1% and about 1dB for NACK-to-ACK @0.1%.
[image: ]
Figure1 Performance comparison between case of w/o and w/ base sequence hopping by each intra-slot frequency hop
As discussed above, base sequence hopping should be supported in a granularity of each hop for PUCCH 0/1/3/4. The possible ways are provided as follows:
Alt1: The index of the first symbol of each hop is used to calculate the base sequence.

[bookmark: OLE_LINK2][bookmark: OLE_LINK13][bookmark: OLE_LINK22]Relative to LTE, the definition of base sequence hopping shall be changed accordingly. It can define a number for each frequency hop of the PUCCH within slot, and then obtain the base sequence together with the slot index. The number for each hop is defined as the index of the first symbol within each hop in the slot, and is denoted as . N is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot (It applies to Equations 2, 4 and 6). For example, in a slot, if one UE has one PUCCH with frequency hopping, then for the first hop and the second hop, respectively determine the base sequence, then the number N = 2. If one UE has 2 PUCCHs with frequency hopping, then 4 base sequences need to be respectively determined as 4 hops (2 hops of the first PUCCH + 2 hops of the second PUCCH), then the number of times N = 4. N can ensure that the pseudo-random sequence is not overlapped in each slot.
[bookmark: OLE_LINK4]The base sequence can be obtained by

                                            (Eq.1)

(Eq.2)


[bookmark: OLE_LINK9]where  is the slot index. For example, a PUCCH is configured using symbol 3~12 in a slot. The first hop uses symbol 3~7, and the second hop uses symbol 8~12. Then, for the first and second hop is 3 and 8 respectively. 
Alt2: A count number is used for each hop to calculate the base sequence in a slot.
In NR, multiple PUCCHs can be configured as TDMs within a slot for one UE. Short and long PUCCH can be configured in one slot. In some extreme cases, up to 14 short PUCCHs with one OFDM can be configured with one UE in a slot.
If all these PUCCHs in one slot are hopped, then each hop of these PUCCHs needs to be numbered.
2 methods are provided for the hop number, for example:
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Alt2-1: Each hop of multiple PUCCHs for one UE in a slot is consecutively numbered. For example, two hops of the first PUCCH in time are respectively recorded as num=0 and num=1. Two hops of the second PUCCH in time are sequentially recorded as num=2 and num=3, and so on.
Alt2-2: Each hop of multiple PUCCHs for one UE in a slot is repeatedly numbered. For example, two hops of the first PUCCH are respectively recorded as num=0 and num=1, and two hops of the second PUCCH are also repeated num=0 and num=1, and so on.
Both Alt2-1 and 2-2 base sequence can be obtained by

                                            (Eq.5)

(Eq.6)
Analysis between Alt1, Alt2-1 and Alt2-2
[bookmark: OLE_LINK11]In Alt1, the index corresponding to the first symbol of each hop of each PUCCH is used and then it realizes the alignment of base sequences for each hop of PUCCH between different cells. Alt2-1 and Alt2-2 use relative to the index for each hop, which is not ideal to the realization of different cell UE understanding. Each cell can have its own number. For example, in cell 1, PUCCHs of UE1 use symbols 3 to 12 and are frequency hopped. In adjacent cell 2, PUCCHs of UE2 use symbols 2 to 11 and are frequency hopped. The two PUCCHs for UE1 and UE2 have different start symbols and frequency hopping symbols. If the base sequence for each hop is determined in the manner of Alt1, the base sequence of PUCCH for UE1 and UE2 in both cells will not collide. Alt2-1 and Alt2-2 may result in conflict of base sequences because the relative numbers for each hop are the same. Alt2-1 would be better than Alt2-2 because it is a natural cumulative hop number. 
Therefore, we recommend that one absolute parameter (all cells have a consistent understanding) should be given priority as a parameter in order to calculate the base sequence for each hop of PUCCH. So, Alt1 should be used to get the base sequence for each hop.
[bookmark: OLE_LINK29][bookmark: OLE_LINK16][bookmark: OLE_LINK15]Proposal 1: Hop-level base sequence hopping should be supported in NR.
· 
[bookmark: OLE_LINK26][bookmark: OLE_LINK21][bookmark: OLE_LINK28][bookmark: OLE_LINK24]The base sequence is calculated for each hop according to parameterand N, by following equations,          

                                            (Eq.1)

(Eq.2)

where is the index of the first symbol within each hop in the slot and parameterand N is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.
Proposed change for the issue
Based on the above, the following the proposal for Section 6.3.2.2.1 of 38.211(R1-1801291 CR 38.211r2 after AH1801)
[bookmark: OLE_LINK1]-------------------------------------------Text Proposal for 6.3.2.2.1 in TS 38.211-------------------------
	

The sequence group  and the sequence number  within the group depends on the higher-layer parameter PUCCH-GroupHopping:
[bookmark: OLE_LINK17]-	if PUCCH-GroupHopping equals ‘neither’



	where  is given by [5, TS 38.213].
-	if PUCCH-GroupHopping equals ‘enabled’ 







	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213].WhereN is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.is the index of the first symbol within each hop in the slot.
-	if PUCCH-GroupHopping equals ‘disabled’





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by [5, TS 38.213].




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. The correlation among different groups should be minimized as much as possible for inter-cell interference mitigation. Thus, sequences with high cross correlation for different lengths shall be grouped into the same sequence group. 
Proposal 2: Sequences of different lengths with high cross correlation shall be grouped into the same sequence group as possible. 
Based 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 the sequences with different lengths from the same sequence group will have high cross correlation. In order to mitigate the inter-cell interference, sequence grouping for the new length-12 sequences should be supported together with grouping function of sequences >= 3 PRBs. Therefore, we can re-allocate the new length-12/18/24 sequences into sequence groups based on the cross correlation among different lengths. The length-24 should be allocated firstly, considering the cross correlation with sequences of length-36/48/60/72, and then followed by length-18. When allocating the new length-18 sequences, the new length-24 sequences after re-grouping should also be taken into account in addition to length-36/48/60/72. Similar procedure is applied for length-12. That is, when allocating the new length-12 sequences, the existing sequences with length 36,48,60,72 and and the new length-24/18 sequences after re-grouping are considered. Table-4/5/6 shows the number of sequences pair with cross correlation higher than 0.6/0.7/0.8 for different lengths of sequences after re-grouping and Table 7~9 show the new length-24/18/12 sequences after re-grouping. 
Table-4: Number of sequences pair with Xcorr higher than 0.6 for length-24 sequences after re-grouping.
	
	36
	48

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

	96,v=1

	24
	1
	
	2
	1
	2
	1
	1


Table-5: Number of sequences pair with Xcorr higher than 0.7 for length-18 sequences after re-grouping.
	
	24
	36
	48

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

	96,v=1

	18
	2
	2
	0
	2
	1
	2
	0
	2


Table-6:Number of sequences pair with Xcorr higher than 0.8 for length-12 sequences after re-grouping.
	
	18
	24
	36
	48

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

	96,v=1

	12
	9
	3
	1
	2
	2
	1
	4
	1
	4





Table-7. Definition of  for.
[image: ]


Table-8. Definition of  for.
[image: ]


Table-9. Definition of  for.
[image: ]
Proposal 3: Table 7~9 are proposed for assigning the group indexes for length-12/18/24 CGS sequences. 

Conclusion
In this contribution, we discussed several remaining issues of long PUCCH format. We proposed several changes text to capture the proposal:
Proposal 1: Hop-level base sequence hopping should be supported in NR.
· 
The base sequence is calculated for each hop according to parameterand N, by following equations,          

                                            (Eq.1)

(Eq.2)

where is the index of the first symbol within each hop in the slot and parameterand N is equal to the number of base sequences that need to be determined for all PUCCHs that are one UE in a slot.
Proposal 2: Sequences of different lengths with high cross correlation shall be grouped into the same sequence group as possible. 
Proposal 3: Table 7~9 are proposed for assigning the group indexes for length-12/18/24 CGS sequences. 
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Appendix 1 – Simulation Parameter
Simulation Parameter for intra-slot sequence grouphopping
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	4GHz

	Waveform
	SC-OFDMA

	Numerology
	15 kHz

	Payload 
	1bits

	Tx-Rx antenna configuration
	1x2

	Channel estimation
	LMMSE

	Channel model
	TDL-C 30ns

	FH
	Enable

	UE Speed
	3km/h

	Number of symbols
	7(RURU/RUR)

	Number of PRB
	1

	CS hopping
	enable

	Number of cells
	2(1 UE per cell)
CellID1 = 100
CellID2 = 484
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