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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the previous meeting, long PUCCH with up to 2 bits were discussed and some agreements were achieved [1].
· 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
· 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
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In this contribution we share our views on long PUCCH with up to 2 bits.
2. Long PUCCH with up to 2bits 
2.1. Multiplexing capacity
(1) With frequency hopping 
DMRS pattern for long PUCCH up to 2-bit is shown in Figure 1. The multiplexing capacity of long PUCCH depends on the supported cyclic shift values in frequency domain and OCC lengths in time domain. Generally, the multiplexing capacity of long PUCCH is varied for different number of symbols within one PRB. When frequency hopping is enabled, the number of symbols of DMRS and UCI can be different within a frequency hop or between frequency hops. Thus, the different   and OCC multiplexing capacity for DMRS and UCI can be used to provide more robustness performance and higher multiplexing capacity. Taking long PUCCH format with 7 symbols as an example, for the second frequency hop, OCC = 2 for DMRS can be used. In this case,  of DMRS can be set to twice than  of UCI. The larger  is benificial for reducing interference from other UEs and obtaining better channel estimation performance. Similar situation can be observed for 11 symbols PUCCH 
For PUCCH format with 7 and 11 symbols, OCC multiplexing capacity for DMRS and UCI are separately derived as follows.
Table 1 OCC Multiplexing capacity of long PUCCH
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	DMRS
	UCI

	7
	 2 
	1

	11
	3
	2



Proposal 1: Different  can be configured for DMRS and UCI for long PUCCH for UCI of up to 2 bits.



Figure 1. DMRS pattern for long PUCCH up to 2-bit
(2) Without frequency hopping 
Alt 1: separate design for w/ FH and w/o FH
When frequency hopping is not applied, multiplexing capacity of PUCCH can increase by the longer OCC lengths. Especially for long PUCCH with 4~6 symbols, the available DMRS symbols are fewer. Time domain OCC can improve the multiplexing capacity without frequency hopping. Therefore, for PUCCH with 4~6 symbols, OCC is supported without frequency hopping.
For PUCCH with 7~14 symbols, the longer OOC length is sensitive to time-varying channel. The orthogonality of the different symbols can be deteriorated, especially for high speed scenario (Alt 1a). 
Hence, another alternative is to achieve similar multiplexing capacity by using shorter OCC length (Alt 1b). Thus, Table 1 is preferred.  
Table 2 Multiplexing capacity of long PUCCH (Alt 1a and Alt 1b)
	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	Alt 1a: without hopping
	Alt 1b: without hopping

	
	DMRS
	UCI
	DMRS
	UCI
	DMRS
	UCI

	4
	1
	1
	2
	2
	2
	2

	5
	1
	1
	3
	2
	3
	2

	6
	1
	1
	3
	3
	3
	3

	7
	 2
	 1
	4
	3
	3
	3

	8
	2
	2
	4
	4
	3
	3

	9
	2
	2
	5
	4
	3
	3

	10
	2
	2
	5
	5
	3
	3

	11
	3 
	2
	6
	5
	3
	3

	12
	3
	3
	6
	6
	3
	3

	13
	3
	3
	7
	6
	3
	3

	14
	3
	3
	7
	7
	3
	3


Alt 2: single design for w/ FH and w/o FH
Irrespective of hopping is enabled or not, LTE adopts a single design in terms of OCC multiplexing capacity and OCC length.  Such principle can be used to reduce the design complexity. 

Hence, we propose the following alternatives can be considered for OCC multiplexing capacity for hopping cases and non-hopping cases,

Proposal 2: the following alternatives can be considered for OCC multiplexing capacity for hopping cases and non-hopping,
· Alt 1a: maximized OCC multiplexing capacity
· Alt 1b: maximized OCC multiplexing capacity with limitation to 3
· Alt 2: same OCC multiplexing capacity with and without frequency hopping
The detailed values are as follows,

	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	
	
	Alt 1a
	Alt 1b
	Alt 2

	
	DMRS
	UCI
	DMRS
	UCI
	DMRS
	UCI
	DMRS
	UCI

	4
	1
	1
	2
	2
	2
	2
	1
	1

	5
	1
	1
	3
	2
	3
	2
	1
	1

	6
	1
	1
	3
	3
	3
	3
	1
	1

	7
	2
	1
	4
	3
	3
	3
	2
	1

	8
	2
	2
	4
	4
	3
	3
	2
	2

	9
	2
	2
	5
	4
	3
	3
	2
	2

	10
	2
	2
	5
	5
	3
	3
	2
	2

	11
	3
	2
	6
	5
	3
	3
	3
	2

	12
	3
	3
	6
	6
	3
	3
	3
	3

	13
	3
	3
	7
	6
	3
	3
	3
	3

	14
	3
	3
	7
	7
	3
	3
	3
	3



3. Frequency hopping for long PUCCH
3.1. Frequency hopping boundary
In RAN1#AH3 meeting, some alternatives are proposed for frequency hopping boundary. For hopping boundary around the middle of PUCCH, alignment of PUCCH of different durations can be not achieved. For starting symbol driven frequency hopping boundary, it leads to the different number of symbols of each frequency hopping. Multiplexing capacity is restricted because OCC length is limited by the shorter frequency hopping segment.
In the following section, we propose a method which can solve problems above mentioned.   
3.2. Gap between two PUCCH frequency hops
For long PUCCH, intra-slot hopping shall consider the frequency tuning issue. If reception of PUCCH OFDM symbols is deteriorated due to frequency tuning, PUCCH performance can be greatly impacted. It is a critical problem especially to cell edge users. Usually, if two frequency hops are consecutive in time domain, UE only have several us (within CP length) to tune onto another frequency. This is not practical for all UEs.
Based on these characteristics, several cases of long PUCCH format shall be considered as follows,
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	Case 1: w/o TDM, w/o hopping
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	Case 2a: w/o TDM, w/ hopping
	Case 2b: w/o TDM, w/ hopping
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	Case 3: w/ TDM, w/o hopping
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	Case 4a: w/ TDM, w/ hopping
	Case 4b: w/ TDM, w/ hopping


Figure 2. Cases for long PUCCH transmission with or without TDM and hopping
Case 2b/4b support PUCCH are transmitted in two frequency hops with a gap between two hops. The gap can be used a retuning time if the UE only transmits the narrow band for each PUCCH hop without opening the large RF bandwidth covering the hopping range. Such operation is beneficial from UE power saving perspective thus should be supported in NR. Figure 3 illustrates how two PUCCHs are TDM multiplexed. Note that such operation can be also applied to long PUCCH format with more than 2-bits.
[image: ]
Figure 3. PUCCH are transmitted in two frequency hops with a transition period between two hops
Proposal 3: NR supports PUCCH transmitted in two frequency hops allowing a retuning time by using a gap. 
When only one long PUCCH is configured in a slot, case 1 and 2a/2b can be supported. When two long PUCCHs from different UE are TDMed in a PRB, case 3 and 4b is preferred. However whether case 4a is supported can be FFS.
3.3. Frequency hopping point
Hopping point are aligned or flexible?
Basically two alternatives are discussed in the last RAN1 meeting, the fixed hopping point and flexible hopping point respectively (Figure 4).
[image: ][image: ]
Figure 4. Hopping point 
· Alternative 1: the FH point is very flexible, and the hopping point for is relative to each PUCCH.
· Alternative 2: the FH point is fixed location relative to slot.
Alternative 1 is very flexible, especially when multiplexed with short PUCCH and SRS. In that case, the end point of PUCCH is not fixed, which requires the FH point to be dynamically determined. In this alternative, the long PUCCH performance can be guaranteed by using an optimal hopping point for each long PUCCH transmission, with possibly different starting /ending symbol and transmission duration. 
However, from the network perspective, the PUCCH resource management may be difficult. Since the hopping point for a PUCCH is very flexible, additional indication of the hopping point is beneficial. In order to save overhead, RRC configures a set of hopping points and DCI indicates the actual hopping point is preferred as shown in Figure 5.
[image: ]      [image: ]
(a) PUCCHs aligned to the ending OS of UL part     		(b) PUCCH aligned to starting OS of UL part
Figure 5. Flexible FH point
Alternative 2 is much simpler than alternative 1 and reuses LTE concept where the hopping point is common across all the UEs within the slot. However, it has restriction on the PUCCH resource allocation in time domain, e.g. a PUCCH transmission starts later than the common hoping point cannot enjoy the hoping gain. Therefore it is also beneficial to configure a set of hopping points by RRC and DCI indicates the actual hopping point. Alternatively, UE could determine the actual hopping point among the RRC configured set of hopping points, according to a specified rule, e.g. select the hopping point which is closest to the middle of long PUCCH transmission. Table 2 shows the set of hopping points.
Table 2: the set of hopping points
	The number of UL symbols in a slot
	the set of hopping points,

	4
	

	5
	

	6
	,-1

	7
	,-1

	8
	,-1

	9
	,-1

	10
	,-1

	11
	,-1,-2

	12
	,-1,-2

	13
	,-1,-2

	14
	-1,-2


Notes:: starting symbol of the PUCCH region. : ending symbol of the PUCCH region
Proposal 4: For long PUCCH with frequency hopping, it is propose that RRC configures a set of hopping points relative to the slot and UE determines the actual hopping point according to the DCI indication or a specified rule. 
4. Conclusion
In this document, we discuss the long PUCCH with up to 2 bits with the following proposals:
Proposal 1: Different  can be configured for DMRS and UCI for long PUCCH for UCI of up to 2 bits.
Proposal 2: the following alternatives can be considered for OCC multiplexing capacity for hopping cases and non-hopping,
· Alt 1a: maximized OCC multiplexing capacity
· Alt 1b: maximized OCC multiplexing capacity with limitation to 3
· Alt 2: same OCC multiplexing capacity with and without frequency hopping
The detailed values are as follows,

	Long-PUCCH duration N
	OCC Multiplexing capacity M

	
	with hopping
	without hopping

	
	
	Alt 1a
	Alt 1b
	Alt 2

	
	DMRS
	UCI
	DMRS
	UCI
	DMRS
	UCI
	DMRS
	UCI

	4
	1
	1
	2
	2
	2
	2
	1
	1

	5
	1
	1
	3
	2
	3
	2
	1
	1

	6
	1
	1
	3
	3
	3
	3
	1
	1

	7
	2
	1
	4
	3
	3
	3
	2
	1

	8
	2
	2
	4
	4
	3
	3
	2
	2

	9
	2
	2
	5
	4
	3
	3
	2
	2

	10
	2
	2
	5
	5
	3
	3
	2
	2

	11
	3
	2
	6
	5
	3
	3
	3
	2

	12
	3
	3
	6
	6
	3
	3
	3
	3

	13
	3
	3
	7
	6
	3
	3
	3
	3

	14
	3
	3
	7
	7
	3
	3
	3
	3


Proposal 3: NR supports PUCCH transmitted in two frequency hops allowing a retuning time by using a gap. 
Proposal 4: For long PUCCH with frequency hopping, it is propose that RRC configures a set of hopping points relative to the slot and UE determines the actual hopping point according to the DCI indication or a specified rule. 
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