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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At RAN1#90bis, it was agreed that[1]:
Agreements:
· For long PUCCH for UCI of up to 2 bits and long PUCCH for UCI of more than 2 bits: for duration of 4-14 symbols, frequency-hopping is enabled/disabled by RRC UE-specifically
Agreements:
· For long-PUCCH for UCI of up to 2 bits, if frequency hopping is disabled, OCC multiplexing capacity of 2,3,4,5,6,7 are supported.
· For each duration of long PUCCH for UCI of up to 2 bits, there is only one OCC multiplexing capacity
Agreements:
· OCC multiplexing capacity for each long PUCCH duration for long-PUCCH for UCI of up to 2 bits is given as follows:
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	4
	1
	2

	5
	1
	2

	6
	1
	3

	7
	[1]
	3

	8
	2
	4

	9
	2
	4

	10
	2
	5

	11
	[2]  
	5

	12
	3
	6

	13
	3
	6

	14
	3
	7


 Agreements:
· For long PUCCH for up to 2 UCI bits, the base sequence can be hopped for transmission of PUCCH in different slots
· The base sequence hopping can be enabled or disabled by cell-specific RRC parameters via RMSI
· Note this parameter for hopping is the same as the one used for short PUCCH for up to 2 UCI bits
· Hopping pattern is at least based on a configurable ID
· FFS on details of the hopping pattern
· The ID has a bitwidth of [10] bits
· FFS on cyclic shift hopping
· No RRC signaling impact
Agreements:
· If frequency hopping is enabled for long PUCCH for UCI of up to 2 bits and more than 2 bits, hopping boundary is determined by long PUCCH duration/start symbol of long PUCCH
· No RRC configuration is involved in determining the hopping boundary
Agreements:
· For long PUCCH, reuse LTE OCC code for OCC length =2,3,4,5
· FFS OCC code for OCC length =6,7
· Note: For long PUCCH for UCI of up to 2 bits,  
· If FH is enabled, support OCC length on DMRS  = number of DMRS symbol in each hop, support OCC length on UCI  = number of UCI symbol in each hop
· If FH is disabled, support OCC length on DMRS  = number of DMRS symbol in the long PUCCH, support OCC length on UCI  = number of UCI symbol in the long PUCCH
In this document, we continue to discuss remaining issues for long PUCCH with 1~2 bits of UCI, including: frequency hopping position, base sequence and CS.
1. Discussion
1. [bookmark: OLE_LINK193]Frequency hopping position 
4 alternatives are evaluated to further select based on the performances. Since the DMRS will be always in the first symbols, the number hopping patterns for each alternative can be given and compared.
Table 1: Different frequency hopping patterns for each Alt
	Number of symbols
	4
	5
	6
	7
	8
	9
	10

	Alt1
	RU/RU
	RU/RUR
	RUR/URU
	RUR/URUR
	RURU/RURU
	RURU/RURUR
	RURUR/URURU

	Alt2
	RU/RU
	RUR/UR
	RUR/URU
	RURU/RUR
	RURU/RURU
	RURUR/URUR
	RURUR/URURU

	Alt3
	RU/RU
	RU/RUR
	RU/RURU
	RUR/URUR
	RURU/RURU
	RURU/RURUR
	RURU/RURURU

	Alt4
	RU/RU
	RU/RUR
	RU/RURU
	RURU/RUR
	RURU/RURU
	RURU/RURUR
	RURU/RURURU



	Number of symbols
	11
	12
	13
	14

	Alt1
	RURUR/URURUR
	RURURU/RURURU
	RURURU/RURURUR
	RURURUR/URURURU

	Alt2
	RURURU/RURUR
	RURURU/RURURU
	RURURUR/URURUR
	RURURUR/URURURU

	Alt3
	RURUR/URURUR
	RURURU/RURURU
	RURURU/RURURUR
	RURURU/RURURURU

	Alt4
	RURURU/RURUR
	RURURU/RURURU
	RURURU/RURURUR
	RURURU/RURURURU



In Table 1, the frequency hopping pattern is given for each alternative. There are limited possibilities of hoping point. Different alternatives can generate same patterns. In Table 1, for each length of long PUCCH, the back font stands for the “common” hopping patterns. When the long PUCCH length is 4/8/12, the FH patterns of all alternatives are the same. When the long PUCCH length is 6/10/14, Alt1 is same as Alt2 and Alt3 is same as Alt4.  
The simulation results of different lengths with above four alternatives are given in Appendix.
For long PUCCH of 4~14 symbols, four alternatives have similar performance except 6 symbols.
For long PUCCH of 6 symbols, the FH pattern of Alt1 and Alt2 is RUR/URU while the FH pattern of A1t3 and Alt4 is RU/RURU. In very high speed scenarios (eg.500km/h), the Alt3 and Alt4 have greater gain about 1 dB than Alt1 and Alt2.
Observation 1: All Alt1~4 have close performance in almost all the number of symbols (4 ~ 14), except that the number of symbols is 6.
[bookmark: OLE_LINK199][bookmark: OLE_LINK200]Observation 2: When the number of symbols is 6 for long PUCCH, Alt3 and Alt4 are significantly better than Alt1 and Alt2 in very high speed scenarios.
1. Multiplexing for long PUCCH with 1~2bits UCI
It was agreed that for long PUCCH for UCI of up to 2 bits, DM-RS is located in all the even symbols, where the symbol is indexed from the start of the long PUCCH of value 0. We think the same DMRS rules should be used for each hop for long PUCCH. So, the processing of each hop will be uniform with the entire long PUCCH. 
Further, we can find the following difference from Table 1: In Alt4, DMRS is always located in the first symbol in each hop for the all number of symbols. In this way, each hop can maintain the same structure as the long PUCCH. However, in Alt1 ~ 3, for some of the PUCCH lengths, DMRS is located at the second symbol in the second hop.
PUCCH multiplexing capacity should be enhanced as much as possible for this format. Various types of PUCCH multiplexing should be encouraged to support, e.g., between different lengths of PUCCHs, including a PUCCH with no frequency hopping and a hop from another PUCCH. These multiplexing cases are reasonable due to the flexible number of symbols and the starting position can be supported for long PUCCH. The PUCCH multiplexing capability can be used as possible and the resources can be fully utilized in a slot.
Based on the above principles, we consider Alt4 to be more appropriate to support flexible multiplexing.
Proposal 1: If long PUCCH with 1~2bits UCI is enabled for frequency hopping, DM-RS is located in all the even symbols in each hop, where the symbol is indexed from the start of the hop of value 0.
Proposal 2: For 1~2 bits PUCCH format with different lengths, various types of multiplexing should be encouraged to study in order to enhance PUCCH multiplexing capability and make full use of resources.
In conjunction with the analysis of sections 2.1 and 2.2, we recommend that Alt4 should be selected as the frequency hopping for long PUCCH with 1 to 2 bits UCI. It is better in both performance and OCC multiplexing capability.
Proposal 3: Floor(Ceiling (N/2)/2) × 2(Alt4) should be selected as the frequency hopping point determination function for long PUCCH with 1 to 2 bits UCI.
1. Base sequence and CS for long PUCCH with 1~2bits UCI
On base sequence hopping
Base sequence hopping should be supported for each hopping of PUCCH. It reduces interference by avoiding same sequence or a set of base sequences with strong correlation consistently used between neighboring cells. 
In NR, cell deployment will become denser, and the number of UEs will also be increased in one cell. For long PUCCH with 1 ~ 2bit UCI, it can support up to 12 UEs for multiplexing through CS. If the PUCCHs of 12 UEs are multiplexed in the same resource of each neighboring cell, CSs used by PUCCHs of different UEs will collide with each symbol. 
CS hopping can reduce the interference between PUCCHs of neighboring cells. The base sequence should also hop. A an natural design, base sequences should be hopped within slot.
Following method can be used to determine the base sequence for each hopping.


The base sequence is calculated for each hopping according to the index of the first symbol of each hopping of the PUCCH in the slot. The base sequence can be obtained by Equation 1 and Equation 2, which is based on the formula in LTE. The use of the parameter  is the index of slot. It also introduces  to reflect the starting symbol of each hop.







For example, a PUCCH is configured using symbol 3~12 in a slot. The first hopping uses symbol 3~8. The first hop will have = 3. The second hopp uses symbol 9~12, corresponding to = 9. Then, the base sequence is computed for the first hopping by 3 for the remaining of the first hop and the base sequence is calculated for the second hopping by 9 for the remaining of the second hop. is the number of symbols per slot.

  Equation 1

 Equation 2
On cyclic shift hopping

For cyclic shift hopping of PUCCH, a similar method can be used continuously. Equation 3 and Equation 4 can be used to calculate CS for each symbol of PUCCH.  is configured by the gNB for a PUCCH. The use of the other parameters in the equation is also the same as above. 
[bookmark: OLE_LINK22]The PUCCH cyclic shift hopping is also per hop based as the procedure for base sequence hopping.


 Equation 3

 Equation 4
A simulation results is shown in Fig1. In the simulation, it is assumed that there is one UE in each neighboring cell, which are multiplexed in the same PRB. Even with the cyclic shift hopping, performance improvement can be added by base sequence hopping in a slot. For the BER (1%) of ACK-missed, about 0.5dB gain is observed. For the BER (0.1%) of NACK-to-ACK, about 1dB gain can be reached, which is quite significant. 

[image: ]
Fig1 performance comparison between case of w/o and w/ base sequence hopping 
Proposal 4: 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Base sequence hopping for each hopping of PUCCH should be supported in NR.
· The base sequence is calculated for each hop according to the index of the first symbol of the hop of the PUCCH in the slot.
· Equation 1 and Equation 2 are applied.
· 
  Equation 1
· 
 Equation 2

Proposal 5: 
Cyclic shift hopping for each symbol of each hopping of PUCCH should be supported in NR.
· Equation 3 and Equation 4 are applied.
· 
 Equation 3
· 
 Equation 4

1. Conclusion
In conjunction with the analysis of sections 2.1 and 2.2, we recommend the function in 2.3 should be selected as the frequency hopping for long PUCCH with 1 to 2 bits UCI. The proposed design will has better performance and OCC multiplexing capability. In summary, we have the following proposals:
Observation 1: All Alt1~4 have close performance in almost all the number of symbols (4 ~ 14), except that the number of symbols is 6.
Observation 2: When the number of symbols is 6 for long PUCCH, Alt3 and Alt4 are significantly better than Alt1 and Alt2 in very high speed scenarios.
Proposal 1: If long PUCCH with 1~2bits UCI is enabled for frequency hopping, DM-RS is located in all the even symbols in each hop, where the symbol is indexed from the start of the hop of value 0.
Proposal 2: For 1~2 bits PUCCH format with different lengths, various types of multiplexing should be encouraged to study in order to enhance PUCCH multiplexing capability and make full use of resources.
Proposal 3: Floor(Ceiling (N/2)/2) × 2(Alt4) should be selected as the frequency hopping point determination function for long PUCCH with 1 to 2 bits UCI.
Proposal 4: 
Base sequence hopping for each hopping of PUCCH should be supported in NR.
· The base sequence is calculated for each hop according to the index of the first symbol of the hop of the PUCCH in the slot.
· Equation 1 and Equation 2 are applied.
· 
  Equation 1
· 
 Equation 2

Proposal 5: 
Cyclic shift hopping for each symbol of each hopping of PUCCH should be supported in NR.
· Equation 3 and Equation 4 are applied.
· 
 Equation 3
· 
 Equation 4

1. Reference
[1] 3GPP Chairman's Notes RAN1_90bisb.

Appendix 1 – Simulation Parameter
	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 1000ns

	FH
	Enable

	UE Speed
	3km/h、120km/h、500km/h

	Number of symbols
	14、10、6
13、11、9、7、5

	Number of PRB
	1



Simulation Parameter for sequence 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



Appendix 2 – Simulation Results
	Pr1
	ACK-miss detection probability 

	Pr2
	NACK-to-ACK error probability 

	Pr3
	DTX-to-ACK probability 

	v1
	3km/h

	v2
	120km/h

	v3
	500km/h

	Pr3 is for all cases with a same long PUCCH length.
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