[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting 90bis						      R1-1718212
Prague, CZ, 9th – 13th, October 2017

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Long-PUCCH over multiple slots
[bookmark: Source]Agenda Item:	7.3.2.2.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the previous RAN1 meeting, following agreements were made [1]:
	Agreements of RAN1#87:
· 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
Agreements of RAN1 NR#3:
· For long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot can be down-selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different


In this contribution, long-PUCCH over multiple slots is discussed. The PUCCH resource is discussed on our companion contribution [2].
2. The duration of long PUCCH in each slot
At the RAN1 NR#3 meeting, for long PUCCH over multiple slots, the duration(s) of long PUCCH in each slot was agreed to be down selected from following alternatives:
· Alt1: The duration of long PUCCH in each slot is the same
· Alt2: The duration(s) of long PUCCH in each slot could be different.
Alt 1 has low flexibility on PUCCH resource allocation; however, it can reduce signaling overhead of PUCCH resource allocation since the duration of long PUCCH in each slot is the same. The definition of PUCCH resource for each PUCCH format is proposed in our companion contribution [2]. On the other hand, if Alt 2 is supported, how to signaling PUCCH resource of long PUCCH in each slot should be considered and it leads to increase the signaling overhead of PUCCH resource.

Proposal 1:
· For long PUCCH over multiple slots, the duration of long PUCCH in each slot is the same (Alt 1 of agreement of RAN1 NR #3)

3. Inter-slot frequency hopping for multiple slot long PUCCH
At the previous RAN1 meeting, it is supported the long PUCCH with and without intra-slot frequency hopping. Assuming the long PUCCH of one slot, the advantage of enabling intra-slot FH is that it can obtain frequency diversity gain. On the other hand, the advantage of disabling intra-slot FH is following:
· UE Multiplexing capacity (for PUCCH format 1)
· Since PUCCH format 1 adopts time domain OCC, by disabling intra-slot frequency hopping, the larger length of time domain OCC can be used and the larger number of UE multiplexing capacity can be obtained than enabling intra-slot frequency hopping.
· Less DMRS density (for PUCCH format 3/4)
· Since at least one DMRS is necessary for each frequency hop, for the case of the smaller number of symbols of long PUCCH, DMRS overhead can be higher and coding gain becomes lower. However, for the case of w/o intra-slot frequency hopping, the smaller number of DMRS can be used and higher coding gain can be obtained.
· Less resource fragmentation within one slot
Based on the above, we propose to support both intra-slot FH and inter-slot FH, and we also propose that both intra-slot and inter-slot FH should be configurable.

Proposal 2:
· Both intra-slot and inter-slot FH is supported for long PUCCH.
· Both intra-slot and inter-slot FH for long PUCCH should be configurable.

4. Conclusion
In this contribution, we discussed the long-PUCCH over multiple slots and following proposals were made:
Proposal 1:
· For long PUCCH over multiple slots, the duration of long PUCCH in each slot is the same (Alt 1 of agreement of RAN1 NR #3)
Proposal 2:
· Both intra-slot and inter-slot FH is supported for long PUCCH.
· Both intra-slot and inter-slot FH for long PUCCH should be configurable.
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