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1 Introduction
RAN1 agreed to support PUCCH transmission over multiple slots using a long duration PUCCH format. 
At the RAN1 #90bis meeting, the following agreements were reached on the multi-slot PUCCH transmission [1]:
Agreements:

· For long PUCCH over multiple slots, at least support the case that the duration of long PUCCH in each slot is the same

· FFS the case of different durations in different slots 
Agreements:

· For long PUCCH over multiple slots, inter-slot hopping is supported by configuration

· FFS details

· For long PUCCH over multiple slots, the intra-slot hopping and inter-slot hopping are not enabled at the same time for a UE

Agreements:

· Each slot in the multiple slots for long-PUCCH over multiple slots is always contained with a slot

· For long PUCCH with more than 2 bits over multiple slots, all UCI bits are encoded and transmitted in each slot

Agreements:

· For long PUCCH over multi-slots, for the case duration of long PUCCH in each slot is the same, the number of slots with long PUCCH transmission is configurable in a UE-specific manner

· Up to 4 possible RRC configured numbers, detailed values FFS

In this contribution, we discuss the open design issues regarding of long duration PUCCH transmission over multiple slots.  
2 Discussion

PUCCH resource indication

As a baseline case it was agreed to at least support the case that the PUCCH duration is the same in each slot of a multi-slot PUCCH transmission. This means that the UL region of each slot is at least as long as the PUCCH duration but it is not clear whether the starting symbol is necessarily the same in each slot. If it is the same starting symbol, explicit signaling of the PUCCH resource in the DL DCI may indicate a single PUCCH resource, where the resource configuration also includes the starting symbol. More generally, a set of PUCCH resources, one for each constituent slot in the multi-slot sequence can be indicated by the DL DCI. This would work for the case where the starting symbol may be different in each slot even though the duration is the same. 

Proposal 1: The single slot PUCCH resource indication method can be reused for multi-slot transmission by using the same PUCCH resource in each aggregated slot or by using a separate starting symbol indication for each slot within the multi-slot in each configured PUCCH resource set.
Proposal 2: The UE does not expect to have unmatched resource between slot structure and PUCCH resource allocation in each aggregated slot.
According to current numerology definition in 38.211, there will be different number of slots per subframe due to different sub-carrier spacing values.  To achieve UL coverage equivalent to 1ms subframe in LTE, the number of slots for multi-slot PUCCH transmission should be aligned with the number of slots per subframe as shown in Table 1. A UE-specific number of slots can be configured by higher layer signaling from the range shown in Table 1 where the largest number is no greater than the maximum number for a given SCS. Two example configurations are shown in Table 2. For Alt 1, one common set with up to 4 possible values. For Alt 2, there could be a restriction in the possible values which is defined by the specified step size. Considering that Alt 1 is simple and requires less signaling overhead, we slightly prefer Alt 1.
Table 1: Number of slot per subframe, 
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	0
	15
	14
	1

	1
	30
	14
	2

	2
	60
	14
	4

	3
	120
	14
	8

	4
	240
	14
	16

	5
	480
	14
	32


Table 2: Number of slots definition for multi-slot PUCCH transmission
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	Max number of slot
	Alt 1: Set of number of slots
	Alt 2: Set of number of slots

	0
	1
	[1,reserved, reserved, reserved]
	[1,reserved, reserved, reserved]

	1
	2
	[1, 2, reserved, reserved]
	[1, 2, reserved, reserved]

	2
	4
	[1, 2, 3, 4]
	[1, 2, 3, 4]

	3
	8
	[1, 2, 4, 8]
	[1~8 with step size of 1]

	4
	16
	[1, 4, 8, 16]
	[1~16 with step size of 1 or 2]

	5
	32
	[1, 8, 16, 32]
	[1~32 with step size of 1 or 2]


Proposal 3: {1, 2, 4, 8, 16, 32} should be defined as the maximum number of slots for multi-slot PUCCH transmission.
Proposal 4: The following set of number of slots for multi-slot PUCCH transmission should be defined per numerology in the specification.
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	Set of number of slots

	0
	[1,reserved, reserved, reserved]

	1
	[1, 2, reserved, reserved]

	2
	[1, 2, 3, 4]

	3
	[1, 2, 4, 8]

	4
	[1, 4, 8, 16]

	5
	[1, 8, 16, 32]


Frequency hopping
When inter-slot frequency hopping is configured, the frequency hopping mechanism for intra-slot frequency hopping can be largely reused, including at least the determining of frequency hopping band and the RB resource for the second hop. However, whether we can reuse the same method to determine the frequency hopping boundary for inter-slot frequency hopping should be further studied since different UEs may have different starting slots which may result in resource collision if the frequency hopping boundary is UE-specific. A cell-specific frequency hopping boundary with a frequency hopping granularity in time domain can be defined so as to align the frequency hopping boundary of UEs with different starting slots.  As shown in Figure 1, assuming the cell-specific frequency hopping boundary is defined from the absolute first slot index in the first radio frame, no matter a UE is scheduled to start a multi-slot PUCCH transmission in any slot from slot 0~3, the frequency hopping boundary is always at the beginning of slot 4.

Proposal 5: The mechanism for intra-slot frequency hopping can be a starting point for inter-slot frequency hopping. 
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Figure 1: Inter-slot frequency hopping for multi-slot PUCCH transmission
3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: The single slot PUCCH resource indication method can be reused for multi-slot transmission by using the same PUCCH resource in each aggregated slot or by using a separate starting symbol indication for each slot within the multi-slot in each configured PUCCH resource set.

Proposal 2: The UE does not expect to have unmatched resource between slot structure and PUCCH resource allocation in each aggregated slot.
Proposal 3: {1, 2, 4, 8, 16, 32} should be defined as the maximal number of slots for multi-slot PUCCH transmission.
Proposal 4: The following set of number of slots for multi-slot PUCCH transmission should be defined per numerology in the specification.
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	Set of number of slots

	0
	[1,reserved, reserved, reserved]

	1
	[1, 2, reserved, reserved]

	2
	[1, 2, 3, 4]

	3
	[1, 2, 4, 8]

	4
	[1, 4, 8, 16]

	5
	[1, 8, 16, 32]


Proposal 5: The mechanism for intra-slot frequency hopping can be a starting point for inter-slot frequency hopping. 
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