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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 a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
Regarding to the PUCCH hopping, it was agreed that,
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details
· For a PUCCH format for UCI with large payload with no multiplexing capacity within a slot:
· The DMRS and UCI are mapped to different symbols.
· For intra-slot frequency-hopping, one or two DMRS symbol(s) is/are mapped on each frequency-hop of the long-PUCCH.
· Opt.1: one DMRS per frequency-hop
· The location is around the middle of the frequency-hop 
· Opt.2: one or two DMRS per frequency-hop
· FFS: the location of the DMRS symbol(s)
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain.
· Working assumption:
· The symbols carrying UCI are formed as follows:
· The UCI bits are encoded and scrambled, QPSK modulated and DFT pre-coded and mapped to the REs for the symbols carrying UCI of the long PUCCH
In this contribution we share our views on long PUCCH with up to 2 bits.
2. Long PUCCH with up to 2bits 
2.1. DMRS
For long PUCCH with up to 2 bits, DMRS density is almost 50% considering the tradeoff of multiplexing capacity and overhead. There is a working assumption about DMRS position in the last meeting, i.e. DMRS located in every other symbols. Figure 1 provides two alternatives. The DMRS is mapped to either even or odd symbols respectively. Two patterns have the similar performance. Generally, the same multiplexing capacity can be observed for PUCCH format with even number of symbols. Since UCI mapped to odd symbols and DMRS mapped to even symbols can support more users multiplexed in case of 7 symbols, DMRS located in even symbols is preferred. 
Proposal 1: DMRS always occurs in every other symbols in the long PUCCH. DMRS is mapped to even symbols (i.e., 0, 2 ...) and UCI is mapped to odd symbols (i.e., 1, 3 …) relative to PUCCH. 
2.2. Multiplexing capacity
(1) With frequency hopping 
The multiplexing capacity of long PUCCH depends on supportable cyclic shift values in frequency domain and OCC length in time domain. Generally, the multiplexing capacity of long PUCCH is varied for different number of symbols within one PRB.   
Table 1 shows the multiplexing capacity per PRB with frequency hopping. When the number of PUCCH symbols is less than 7, the multiplexing capacity per PRB is 12 considering   (every  cyclic shift is for one UE). When the number of symbols equals to or is larger than 7, OCC can be utilized to obtain more multiplexing capacity.


 
(a) DMRS in even symbols                                 (b) DMRS in odd symbols
Figure 1. DMRS pattern for long PUCCH up to 2-bit
Table 1 multiplexing capacity of long PUCCH with up to 2bits (= 1)
	PUCCH length
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Mux. capacity
	12
	12
	12
	24
	24
	24
	24
	36
	36
	36
	36



(2) Without frequency hopping 
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 symbol of DMRS is 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. It should be further studied whether to support longer OOC length for PUCCH with 7~14 symbols.

Proposal 2: For PUCCH with 4~6 symbols, OCC is supported without frequency hopping. FFS longer OOC length for PUCCH with 7-14 symbols. 
3. Starting, ending and hopping position of long PUCCH
3.1. Gap between two PUCCH hops
Long PUCCH shall have the following characteristics
· Indicate the ending position of long PUCCH
· According to the agreement [RAN1#86bis], short PUCCH is around the last transmitted UL symbol(s) of a slot. In order to support TDM between long and short PUCCH among different UEs, the ending position of long PUCCH cannot be assumed as the last OFDM symbol in a slot. The long PUCCH shall be explicit/implicit indicated the ending position.
· TDM between two long PUCCH in one slot is preferred
· The benefit of such operation is that resource utilization of PUCCH resource is more efficient. 
· Intra-slot hopping shall consider the frequency tuning issue
· If reception of PUCCH OFDM symbols are deteriorated due to frequency tuning, the PUCCH performance can be greatly impact. It is a critical problem especially to cell edge users. Usually, if two 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 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

	[image: ]

	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 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 with more than 2-bits.
[image: ]
Figure 3. PUCCH are transmitted in two hops with a transition period between two hops
Considering the long PUCCH length and slot length, it is proposed that at most 2 long PUCCHs can be TDMed in a PRB.
Proposal 3: NR supports PUCCH transmitted in two frequency hops allowing a retuning time by using a gap. 
[bookmark: _GoBack]Proposal 4: NR supports at most two long PUCCHs that are TDMed in a PRB.
When only one long PUCCH is configured in a slot, the starting position of long PUCCH in a slot can be aligned with the starting position of UL symbols of the slot. The ending position of a long PUCCH in a slot depends on whether there is short PUCCH or SRS symbols at the end of the slot. Case 1 and 2a/ab 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.
3.2. Frequency hopping point
Hopping point are aligned or flexible?
Basically two alternatives are discussed in the last RAN1 meeting, Fixed hopping point and flexible hopping point respectively (Figure 5).
[image: ][image: ]
Figure 5. 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. 
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. 
Considering both alternatives has clear pros and cons, it is difficult to simply down select between them. More studies are needed. 
Proposal 5: Further study on flexible FH point and fixed FH point relative to slot.
In both alternatives above, a UE transmits a long PUCCH needs to determine a set of parameters, as follows
· : end position of the PUCCH region
· : start position of the PUCCH region
· : hopping point position of the PUCCH
· : time duration of the PUCCH in terms of OFDM symbols
Figure 4 illustrates the parameters related to long PUCCH location and hopping. The remaining parts provide further details on how to determine , and  for these two alternatives.
[image: ]
3.2.1. Figure 4. , and Alternative 1: flexible FH point
: start position of the long PUCCH 
It can be indicated in the DL grant, i.e. the PDSCH to HARQ-ACK timing indication. : hopping point position of the long PUCCH
· 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 (see Figure 6).
[image: ]      [image: ]
(a) PUCCHs aligned to the ending OS of UL part     		(b) PUCCH aligned to starting OS of UL part
Figure 6. Flexible FH point
: end position of the long PUCCH
· The end position of a long PUCCH  should be flexible in order allow short PUCCH and/or SRS being transmitted at the last OFDM(s). 
: time duration of the PUCCH in terms of OFDM symbols
· The duration of a long PUCCH should be flexible considering the starting and ending position as well as the PUCCH coverage requirement
The determination of  and 
· If a long PUCCH transmission does NOT require a gap between the two frequency hops, then  and   can be mutually derived if either one is determined. Either  or  can be configured by the gNB, e.g. DCI or RRC. 
· If a long PUCCH transmission does require a gap between the two frequency hops, e.g. for retuning, the gap period should be considered additionally. 
3.2.2. Alternative 2: Fixed FH point
: start position of the long PUCCH
· It can be indicated in the DL grant, i.e. the PDSCH to HARQ-ACK timing indication. 
: hopping point position of the PUCCH
· As the hopping point is fixed relative to the slot, i.e. not dependent on the PUCCH starting and ending position. can be either implicitly derived, or configured by the network. 
: end position of the PUCCH region
· The end position of the PUCCH region should be flexible in order allow short PUCCH and/or SRS being transmitted at the last OFDM(s). 
: time duration of the PUCCH in terms of OFDM symbols
· The duration of a long PUCCH should be flexible considering the starting and ending position as well as the PUCCH coverage requirement
The determination of  and 
· If a long PUCCH transmission does NOT require a gap between the two frequency hops, then  and   can be mutually derived if either one is determined. Either  or  can be configured by the gNB, e.g. DCI or RRC. 
· If a long PUCCH transmission does require a gap between the two frequency hops, e.g. for retuning, the gap period should be considered additionally.
3.2.3. Summary of Alternative 1 and 2
Here we have a summarize of the required signaling for alternative 1 and 2, it can be seen that both alternatives largely share the common signaling design thus can be supported by a unified signaling approach. 
Alternative 1: flexible FH point,
	
	Description
	How?

	
	Starting symbol of a long PUCCH transmission 
	Explicitly indicated by DL grant, i.e. K1, from a set of RRC configured values

	
	hopping point position of the PUCCH
	RRC configures a set of hopping points and DCI indicates the actual hopping point

	
	time duration of the PUCCH in terms of OFDM symbols 
	One of  and  is indicated by DCI

	
	End position of the PUCCH region
	



Alternative 2: Fixed FH point
	
	Description
	How?

	
	Starting symbol of a long PUCCH transmission 
	Explicitly indicated by DL grant, i.e. K1, from a set of RRC configured values

	
	hopping point position of the PUCCH
	Implicitly derived based on the slot structure, or 
Configured by RRC or DCI

	
	time duration of the PUCCH in terms of OFDM symbols 
	One of  and  is indicated by DCI

	
	End position of the PUCCH region
	



4. Conclusion
In this document, we discuss long PUCCH with up to 2 bits with the following proposals:
Proposal 1: DMRS always occurs in every other symbols in the long PUCCH. DMRS is mapped to even symbols (i.e., 0, 2 ...) and UCI is mapped to odd symbols (i.e., 1, 3 …) relative to PUCCH. 
Proposal 2: For PUCCH with 4~6 symbols, OCC is supported without frequency hopping. FFS longer OOC length for PUCCH with 7-14 symbols. 
Proposal 3: NR supports PUCCH transmitted in two frequency hops allowing a retuning time in between by using a gap. 
Proposal 4: NR supports at most two long PUCCHs that are TDMed in a PRB.
Proposal 5: Consider a unified signaling approach to support flexible FH point and fixed FH point relative to slot.
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