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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
At RAN1#90 and NR#3 meeting, it was agreed that[1][2]:
· For a long-PUCCH,
· Frequency-hopping is enabled/disabled by RRC signaling.
· FFS: if frequency-hopping is always enabled for a long-PUCCH with larger than a certain duration
· For long-PUCCH for UCI up to 2 bits, up to 3 OCC multiplexing capacity are supported with frequency hopping
· FFS: OCC multiplexing capacity values without frequency hopping.
· FFS: whether to have the same multiplexing capacity w/ and w/o frequency hopping for a given duration of long PUCCH.
· OCC multiplexing capacity for each long PUCCH duration (including FFS values) as listed in the following table 
· FFS on OCC length
· Note: It doesn’t imply that the OCC multiplexing capacity for DMRS and UCI are the same
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping FFS

	4
	1
	FFS [2]

	5
	1
	FFS[2]

	6
	1
	FFS[2]

	7
	FFS [1 or 2]  
	FFS[2]

	8
	2
	FFS[3-4]

	9
	2
	FFS[3-4]

	10
	2
	FFS[3-5]

	11
	FFS [2 or 3]  
	FFS[3-5]

	12
	3
	FFS[3-6]

	13
	3
	FFS[3-6]

	14
	3
	FFS[3-7]


Conclusion:
· Study further frequency hopping boundary for long PUCCH of up to 2 bits with N symbols focusing on the following options:
· Floor (N/2) 
· Ceiling (N/2) 
· N/2-1 where mod(N,4)=2; floor(N/2) otherwise
· Floor(Ceiling (N/2)/2) × 2
· Starting symbol driven frequency hopping boundary
· Companies are encouraged to perform further evaluations and analysis, also considering alignment (if necessary) of PUCCH of different durations
In this document, we continue to discuss legacy issues for long PUCCH with 1~2 bits of UCI, including: frequency hopping position and OCC length.
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. Remaining open issues for long PUCCH with 1~2bits UCI
[bookmark: _Toc491878708]The long PUCCH length is 4~14. Different coverage requirements can be met with different lengths. When the UE is closer to the gNB, it just needs to be allocated smaller symbols. At the same time, it has been agreed that resource allocation for PUCCH includes the start position and the duration. In such way, the long PUCCH can be allocated in a slot flexibly. For example, in the UL-only slot of 14 symbols, the start position can be allocated on the 1st to 11th symbol. What’s more, more long PUCCHs can be multiplexed by TDM, as described in Fig1.


Fig1. TDM of two long PUCCHs
Proposal 1: The duration of long PUCCH can be smaller than the available UL symbols in a slot.
In [3], it was proposed that the FH should be configurable. When the channel information is received, the FH is not necessary to get frequency diversity. It is also possible that PUCCH is transmitted over a frequency non-selective channel or the gNB obtains sufficient diversity through other ways. In such cases PUCCH resources are allocated in channels with good quality resources, and it is verified that significant gains can be explored depending on use cases [4]. 
Proposal 2: The frequency hopping should be configurable.
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 3: 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 4: 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 5: 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. Conclusion
In conjunction with the analysis of sections 2.1 and 2.2, we recommend that should be selected as the frequency hopping for long PUCCH with 1 to 2 bits UCI because it has better performance and OCC multiplexing capability. Based on the analysis given above, 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: The duration of long PUCCH can be smaller than the available UL symbols in a slot.
Proposal 2: The frequency hopping should be configurable.
Proposal 3: 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 4: 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 5: 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.
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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


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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