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Introduction
During previous RAN1 meetings, the following agreements had been made on support of NR-PUCCH in long duration over multiple slots [1-5].
RAN1 #87
Agreements:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots
· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases
· FFS the numbers of the slots

RAN1 NR Ad-Hoc#1
Agreements:
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

RAN1 #88
Agreement: Both TDM and FDM between short duration PUCCH and long duration PUCCH are supported at least for different UEs in one slot
Agreement:
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values
Agreements:
· For PUCCH in long duration, 
· At least for 1 or 2 UCI bits, the UCI can be repeated within N slots (N>1)
· The N slots may or may not be adjacent in slots where PUCCH in long duration is allowed
· Details are FFS, including repetition scheme including same or different formats, the possible value(s) N, the mechanism to determine the value of N, etc.
· FFS for >2 UCI bits
· FFS the case of within a slot

RAN1 #88bis
Agreements:
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

RAN1 NR Ad-Hoc#2
Agreements:
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
· FFS: details

In this contribution, we discuss some open design issues for long-PUCCH transmission over multiple slots.
Discussion
Structure of long-PUCCH over multiple slots
[bookmark: OLE_LINK11]In order to support similar coverage as LTE and combat against UL resource shortage, NR-PUCCH transmission across multiple slots is supported. In previous RAN1 meetings (i.e., RAN1 NR Ad-Hoc#1 and RAN1 #88), it was agreed that NR-PUCCH in long-duration is supported for both UL-only slot and a slot with only partial UL symbols, and a minimum of 4 UL symbols in a given slot shall be available. One of the issues is whether all or part of UL symbols in such slots could be used for PUCCH in long-duration.
For long-PUCCH transmission over multiple slots, one approach is that the same number of UL symbols within each aggregated slot is assigned to the long-PUCCH transmission. However, the number of available UL symbols may be different among slots, depending on slot format, short-PUCCH duration and whether SRS in the corresponding slot exists. Thus, this approach may cause resource waste or unwanted latency in some cases. Figure 1 gives an example when 60 kHz subcarrier spacing is employed and 4 consecutive slots are allocated for the transmission of long-PUCCH.
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Figure 1.  8+8+8+8 for a long-PUCCH over 4 slots, where each slot contributes the same number (i.e., 8) of UL symbols.
[bookmark: OLE_LINK20]Another approach is that all available UL symbols of multiple slots are fully utilized for long-PUCCH transmission. In other words, the time resource allocation for a long-PUCCH is defined based on an integer number of aggregated slots where each slot contributes all of its available UL symbols. When the required number of symbols is less than the total assigned number of symbols for long-PUCCH transmission, this approach will cause excessive resource utilization. Figure 2 illustrates that the total assigned number of UL symbols (i.e., 8+8+10+11=37) is 5 more than the required number of UL symbols (i.e., 32).
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[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Figure 2.  8+8+10+11 for a long-PUCCH over 4 slots, where each slot contributes all of its available UL symbols.
Considering the coverage requirement, different number of UL symbols over slots and symbols availability, the design of long-PUCCH over multiple slots can be on a per symbol basis sequentially until the required number of UL symbols is achieved. An example is shown in Figure 3. It is noted that the last several symbols in the last slot is not used in this long-PUCCH and if they can be allocated for other purposes such as other PUCCHs, then the overall PUCCH overhead is saved. This approach is more flexible at the cost of increased signalling overhead.
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Figure 3.  8+8+10+6 for a long-PUCCH over 4 slots, where the design is on a per symbol basis sequentially.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Proposal 1: For the structure of long-PUCCH over multiple slots, the time resource allocation should be defined considering the following cases:
· Case 1: Each slot contributes the same number of UL symbols.
· Case 2: Each slot contributes all of its available UL symbols.
· Case 3: The design is on a per symbol basis sequentially.
Frequency hopping for long-PUCCH over multiple slots
In RAN1 NR Ad-Hoc#1, it was already agreed that intra-slot frequency-hopping is supported for PUCCH in long-duration. Furthermore, RAN1 NR Ad-Hoc#2 agreed that for a long PUCCH in a slot, at most one hop for the long-PUCCH is supported. More details need to be studied on how to perform frequency-hopping for a long-PUCCH over multiple slots. 
To further improve the link budget for coverage limited UEs, inter-slot frequency hopping can be employed for long-PUCCH transmission over multiple slots. With considerations of channel estimation quality and frequency diversity, especially for UEs located at cell edge, frequency hopping pattern needs to be carefully investigated. Table 1 gives an example of supported frequency hopping pattern for 15 kHz and 30 kHz subcarrier spacing respectively. In Table 1, the duration of long-PUCCH transmission across multiple slots is assumed to be 1 ms. The red dotted line denotes the slot division line. 
Table 1. An example of supported frequency hopping pattern
	Subcarrier spacing
	Number of symbols per slot


	Number of slots per subframe


	[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Frequency hopping
	Frequency hopping pattern
(with 1 ms duration)

	[bookmark: OLE_LINK31][bookmark: OLE_LINK32]15 kHz
	14
	1
	[bookmark: OLE_LINK12][bookmark: OLE_LINK13]intra-slot hopping
	

	
	7
	2
	[bookmark: OLE_LINK14]inter-slot hopping
	

	30 kHz
	14
	2
	[bookmark: OLE_LINK15]intra-slot hopping and inter-slot hopping with same pattern
	

	
	
	
	[bookmark: OLE_LINK16]intra-slot hopping with swapped pattern
	

	
	7
	4
	[bookmark: OLE_LINK17]inter-slot hopping
	


[bookmark: OLE_LINK30]
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Actually, when the length of long-PUCCH expressed as a number of symbols (N) is not an integer multiple of the number of frequency hopping parts (x), i.e., N % x != 0, the length of each frequency hopping part may not be equal, which is unlike the frequency hopping pattern depicted in Table 1. Take 15 kHz subcarrier spacing as an example, Figure 4 shows that the length of long-PUCCH N is 9, and the length of two frequency hopping parts are 4 and 5 symbols respectively. 
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[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Figure 4.  An example of unequal length of each frequency hopping part for a long-PUCCH. 
Proposal 2: In addition to intra-slot frequency-hopping, inter-slot frequency-hopping should also be supported for NR-PUCCH in long-duration over multiple slots.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we made the following proposals.
Proposal 1: For the structure of long-PUCCH over multiple slots, the time resource allocation should be defined considering the following cases:
· Case 1: Each slot contributes the same number of UL symbols.
· Case 2: Each slot contributes all of its available UL symbols.
· Case 3: The design is on a per symbol basis sequentially.

Proposal 2: In addition to intra-slot frequency-hopping, inter-slot frequency-hopping should also be supported for NR-PUCCH in long-duration over multiple slots.
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