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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 NR-AH#3, following agreements had been made on long-PUCCH for UCI of up to 2 bits [1].
Agreements:
· 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.

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.

Agreements:
· 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]



This contribution discusses details on channel structure of long-PUCCH for UCI of up to 2 bits.
Note: This is contribution is revised from R1-1716120 [2].
Discussion
Frequency-hopping boundary
For frequency hopping boundary in the long-PUCCH, following options were discussed in the previous meeting.
· Option 1: Floor (N/2)
· Option 2: Ceiling (N/2)
· Option 3: N/2-1 where mod (N,4)=2; floor(N/2) otherwise
· Option 4: Floor(Ceiling (N/2)/2) × 2
· Option 5: Starting symbol driven frequency hopping boundary
It was mentioned in [3] that optimal DMRS and UCI ratio cannot be kept in Option 1/2. For example, for long-PUCCH with 6 symbols, first hop has 2 DMRS symbols and 1 UCI symbol, while second hop has 1 DMRS symbol and 2 UCI symbols. Option 3 tries to achieve the DMRS and data ratio equal as much as possible within each hop instead of equal number of symbols in each hop. The motivation of Option 4 would also be the same as Option 4 ensures that the base unit (1 DMRS and 1 UCI) is not split [4]. The performance degradation of Option 1/2 over Option 3 was shown [3]. Considering performance improvement of each hop of Option 3, it might be better option, but if the frequency hopping boundary for the long-PUCCH for more than 2 bits is Option 1/2, aligned timing would be better choice even Option 3 can achieve better link level performance assuming the performance improvement is around or less than 1dB. We expect that for the long-PUCCH for more than 2 bits, for 6-symbol long PUCCH, 3:3 separation of DMRS and UCI ratio would provide better performance than 2:4 separation. Therefore, comparing Option 1/2 and Option 3/4 on frequency-hopping, our preference is Option 1/2.
On the other hand, the other options could also be considered; that is hopping boundary depends on slot type and number of UL symbols per slot or is configurable by gNB. If different length of long-PUCCH wants to be multiplexed in the same slot, it would be beneficial to align the hopping boundary among different length of long PUCCH. In addition, hopping boundary would be better to be common for different PUCCH format such as PUCCH with large number of UCI payload size and also for PUSCH. If the intra-slot hopping is separately designed between long-PUCCH and PUSCH, in order to align the hopping boundary, it would be better hopping boundary can be separately configured by gNB. gNB will consider hopping boundary taking slot type, number of symbols per slot and PUSCH to be FDMed. Considering above discussion, we propose following.
Proposal 1: For intra-slot frequency hopping boundary of long-PUCCH for UCI of up to 2 bits, either of following alternatives is supported.
· Alternative 1: For the long-PUCCH with N symbols in a slot, frequency hopping occurs after first floor (N/2) or ceiling (N.2) symbol.
· Alternative 2: Intra-slot frequency hopping boundary could be determined by slot type and number of UL symbols per slot.
· Alternative 3: Intra-slot frequency hopping boundary could be configurable by gNB.
Proposal 2: If alternative 1 and 2 is supported, this hopping boundary should also be used for long-PUCCH for UCI more than 2 bits and PUSCH.

Frequency-hopping bandwidth
The frequency hopping bandwidth or gap should be configurable considering multiplexing of different BW capable UEs. When different BW capable UEs are multiplexed in the same carrier, different BW capable UEs use different control channel region usage causes more resource fragmentation. For example, if 100 MHz is available, only edge of 5 or 10 MHz is used for the control region (with diversity within 5 or 10 MHz) but the remaining 90 MHz is fully utilized for the data could be more efficient than control is fragmented anywhere of 100 MHz. Such operation can be up to gNB implementation. 
For message 4 ACK/NACK, frequency hopping should occur within initial active UL bandwidth part. The frequency-hopping configuration such as enabling/disabling, hopping bandwidth, and hopping boundary (if it is configurable) should be signalled by RACH configurations or message 4.
Proposal 3: The frequency hopping bandwidth is configurable by RRC signalling. 
Proposal 4: The frequency hopping configuration for message 4 ACK/NACK is signalled by RACH configurations or message 4.

[bookmark: _GoBack]Conclusion
In this contribution, we discussed design of long-PUCCH for UCI of up to 2 bits. We have the following proposals:
Proposal 1: For intra-slot frequency hopping boundary of long-PUCCH for UCI of up to 2 bits, either of following alternatives is supported.
· Alternative 1: For the long-PUCCH with N symbols in a slot, frequency hopping occurs after first floor (N/2) or ceiling (N.2) symbol.
· Alternative 2: Intra-slot frequency hopping boundary could be determined by slot type and number of UL symbols per slot.
· Alternative 3: Intra-slot frequency hopping boundary could be configurable by gNB.
Proposal 2: If alternative 1 and 2 is supported, this hopping boundary should also be used for long-PUCCH for UCI more than 2 bits and PUSCH.
Proposal 3: The frequency hopping bandwidth is configurable by RRC signalling. 
Proposal 4: The frequency hopping configuration for message 4 ACK/NACK is signalled by RACH configurations or message 4.
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