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Introduction
In the previous meetings, the following agreements on PUCCH were made [1]. 
	[bookmark: OLE_LINK7]Agreements:
· For long PUCCH over multiple slots
· The number of slots configured for a long PUCCH over multiple slot are  (1, 2, 4, 8)
· Inter-slot hopping is performed on every slot
· For intra-slot hopping or inter-slot hopping, the 1st hop and 2nd hop are performed on the frequency resources indicated by PUCCH resource allocations
Agreements:
· Value range of starting symbol in a slot is 0 -13 for PUCCH Format 0 and 2.
· FFS: Not all values can be configured for a UE.
· The index of initial cyclic shift for DMRS for PUCCH format 3 is 0.
· The index of initial cyclic shift for DMRS for PUCCH format 4 can be 0, 3, 6, 9 which is determined by index of pre-DFT OCC.
· FFS: the cyclic shift hopping (no RRC impact)
· For 1-PRB, the same set of length-of-12 sequences as in Format 0 are used for DMRS in Format 3 and 4.
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



In this contribution, we present several change requests related to long PUCCH in the form of ‘Text Proposal’, based on the latest specifications [2][3].
[bookmark: OLE_LINK28] Cross-slot PUCCH 
Analysis
In Section 9.2.6 of the existing TS38.213, it seems the description of cross-slot PUCCH hopping was very ambiguous. For example, there could be more than 2 PRBs used for transmission if the PUCCH crosses over more than 2 slots. If the frequency hopping between slots is enabled, the frequency domain resources for PUCCH are the same in even slots in the UCI repeating slots and the frequency domain resources for the PUCCH are the same in odd slots in the UCI repeating slots. Therefore, we propose to revise the description as follows. 
Proposed change for the issue 
The following is the text proposal for Section 9.2.6 of TS 38.213.
---------------------------------------Text Proposal for Section 9.2.6 TS 38.213------------------------------------------
	[bookmark: OLE_LINK29][bookmark: OLE_LINK4]-	the UE is configured by higher layer parameter PUCCH-F1-F3-F4-interslot-FH whether or not to perform frequency hopping for PUCCH transmissions in different slots. If PUCCH-F1-F3-F4-interslot-FH = ON, a first PRB for PUCCH transmission in the even slot in the UCI repeating slots is provided by higher layer parameter PUCCH-starting-PRB and a second PRB for PUCCH transmission in the odd slot in the UCI repeating slots is provided by higher layer parameter PUCCH-2nd-hop-PRB.
-	If the UE is configured to perform frequency hopping for PUCCH transmissions in different slots, 
-	the UE performs frequency hopping per slot;
-	the UE is not expected to be configured to perform frequency hopping for a PUCCH transmission within a slot.


Sequence group hopping within the slot 
Analysis
[bookmark: _GoBack][bookmark: OLE_LINK19][bookmark: OLE_LINK27][bookmark: OLE_LINK23]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, whether and 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 the fact the interference between neighboring cells may be reduced by avoiding using same base sequence with strong cross correlation consistently with a slot. 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 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 .  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. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Proposal 1: Hop-level base sequence hopping should be supported in NR.
· 
[bookmark: OLE_LINK21]The base sequence is calculated for each hop according to parameter which is the index of the first symbol within each hop in the slot, by following equations,          






Also in Section 6.3.2.2.1, the group and sequence hopping for PUCCH is defined, where a pseudo-random sequence  is used when group hopping or sequence hopping is enabled. However, the initialization of is not given. Considering it was agreed to reuse LTE mechanism, we also add the initialization method in the following text proposal. 
Proposed change for the issue 
Based on the above, the following the proposal for Section 6.3.2.2.1 of 38.211
[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 hopping mode:
-	if neither group, nor sequence hopping shall be used


	where  is given by [5, TS 38.213].
-	if group hopping but not sequence hopping shall be used.



where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame, and parameter  is the index of the first symbol of the intra-slot frequency hop of the PUCCH in the slot where  is given by [5, TS 38.213].
-	if sequence hopping but not group hopping shall be used





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized with  at the beginning of each radio frame where. 
where   if no value for is configured by higher layers, otherwise, .	where  is given by [5, TS 38.213].



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 parameter which is the index of the first symbol within each hop in the slot, by following equations,          
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Appendix 1 – Simulation Parameter
Simulation Parameter for intra-slot sequence group hopping
	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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