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In RAN1 NR Ad Hoc 3 [2], the following agreements were made for long PUCCH over multiple slots.

Agreements:
· 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 RAN1 90bis [3], the following further agreements were made for long PUCCH over multiple slots.

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 remaining open issues for long PUCCH over aggregated multiple slots.
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[bookmark: _Ref485146649]Figure 1: Structure of long PUCCH over aggregated slots
In RAN1 90bis [3], it was agreed that the same duration of long PUCCH in each slot is supported. It is for further study that whether different duration should be supported or not. Since the main use case for long PUCCH over multiple slot is for coverage enhancement purpose to make sure NR has at least the same PUCCH coverage as LTE. Therefore, the need to have flexible slot structure in this case is not strong. On the other hand, keeping the same slot structure will greatly simply the design and implementation of long PUCCH with slot aggregation. 
Furthermore, given the same slot structure, it also makes sense to repeat the same UCI over the aggregated slots. In other words, we prefer UCI encoded based on resources available in a single slot and the same encoded UCI is repeated cross all available slots. Another advantage of repetition of encoded UCI is that eNB can terminate the aggregation of PUCCH early by a DCI signaling if it can decode the UCI early.  
With repeated slot structure, the DMRS pattern can also be repeated over aggregated slots. 
The only difference between different slots should be PUCCH resource index. In this case, eNB can just configure/signal multiple PUCCH resource indices for a UE with slot aggregation, with one resource index for one slot. Inter-slot frequency hopping is implicated supported if different RBs are configured for different slots. 
Proposal 1: In Rel 15, do not support different duration cross multiple slots for long PUCCH. 
Proposal 2: DMRS pattern are repeated over aggregated slots for long PUCCH over multiple slots. 
Proposal 3: PUCCH resource index is configured/signalled separately for different slot. 
Beam sweep for long PUCCH over aggregated slots
If multi-beam PUCCH transmission is configured, then similar to the motivation for allowing frequency hopping across the multiple slots, there is also motivation for allowing transmission over possibly different beams on each of the aggregated slots. The beam for each of the slots may be separately configured, or to reduce the configuration overhead, some fixed beam-cycling pattern may be configured, for example, alternating between the primary and the secondary beam with each successive slot among the aggregated slots.  
Proposal 4: For long PUCCH with aggregated multiple slots, if multi-beam operation is configured, enable inter-slot beam cycling.
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We have the following proposals for design of long PUCCH with aggregated multiple slots.

Proposal 1: In Rel 15, do not support different duration cross multiple slots for long PUCCH. 
Proposal 2: DMRS pattern are repeated over aggregated slots for long PUCCH over multiple slots. 
Proposal 3: PUCCH resource index is configured/signalled separately for different slot. 
Proposal 4: For long PUCCH with aggregated multiple slots, if multi-beam operation is configured, enable inter-slot beam cycling.
[bookmark: _Ref457730460][bookmark: _Ref450735844][bookmark: _Ref450342757]References
[1] [bookmark: _Ref485145791][bookmark: _Ref461383190]3GPP TSG RAN WG1 Meeting #89, “RAN1 Chairman’s Notes,” Hangzhou, P.R. China 15th – 19th May 2017.
[2] [bookmark: _Ref494403582][bookmark: _Ref458672262]3GPP TSG RAN WG1 Meeting NR#3, “RAN1 Chairman’s Notes,” Nagoya, Japan, 18th – 21st, September 2017.
[3] [bookmark: _Ref498623474]3GPP TSG RAN WG1 Meeting 90bis, “RAN1 Chairman’s Notes,” Prague, CZ, 9th – 13th, October 2017.



3/3
image1.emf
0

1

2

3 4 5 6

7

8

9

10 11 12 13

P

D

C

C

H

G

A

P

0

1

2

3 4 5 6

7

8

9

10 11 12 13

Slot 0 Slot 1

Long PUCCH Short PUCCH or PUSCH

P

D

C

C

H

G

A

P


oleObject1.bin
Text�

Text


￼

text


PDCCH


0


1


2


3


4


5


6


7


8


9


10


11


12


13


PDCCH


GAP


0


1


2


3


4


5


6


7


8


9


10


11


12


13



