3GPP TSG RAN WG1 Meeting #88bis
R1-1704256
Spokane, USA, 3rd - 7th April 2017
Agenda Item:
7.2.1.1.1
Source:
Huawei, HiSilicon

Title:
Handling collisions between n+4 and n+3
Document for:
Discussion and decision 

1 Introduction

In last meeting [1][2], the agreements of processing time reduction for 1ms TTI are as follows. 
Agreement
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing
Agreement:
For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe

Agreement:
Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 

· The UE is not expected to receive conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier

· Note: If the UE receives conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier, the UE behavior is left up to UE implementation.

Agreement:
· For FS1, the UE is not expected to be able to receive UL grants with N+3 and N+4 timing in the same subframe and carrier

· Note: This might not imply specification changes

Agreement:
· For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times (e.g., n+3 and n+4) in a subframe for a given carrier. 

This contribution discusses the handling of PUCCH collision between different UEs for 1ms.
2 PUCCH collision between different UEs
Since the agreements on the PUCCH collisions for the same UE were achieved in the last meeting, in the section, we discuss the potential PUCCH collisions between different UEs when reduced processing time is configured.
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Figure 1. Multiple PDSCHs that are linked to the same PUCCH format 1a/1b resource
As shown in Figure 1, the HARQ feedbacks of both a PDSCH transmitted in subframe i-4 with n+4 processing time for UE 1 and a PDSCH transmitted in subframe i-3 with n+3 processing time for UE 2 are transmitted in subframe i. Then if the two PDSCHs are scheduled with the same lowest CCE index, UE 1 and UE2 have to use the same PUCCH resource for HARQ feedback, and thus a collision happens. To avoid such PUCCH resource collision, several options are discussed as follows.
· Opt.1: Collision avoidance by eNB implementation
In the Opt.1, the current implicit PUCCH resource allocation is reused. As depicted in Figure 1, eNB needs to avoid the resource collision by carefully allocating PDCCHs to appropriate CCEs. Although there is no specification work, there would be strong scheduling restriction on PDCCH allocation.
· Opt.2: UE-specific starting offset [image: image2.wmf](1)
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In the Opt.2, a UE-specific PUCCH offset is introduced, and different UEs are configured with different PUCCH offset to avoid PUCCH collision.
For example, for a PDSCH transmission scheduled in subframe n-3, the UE shall use 
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 as a UE-specific configuration is configured by higher layer.
Although it can provide more flexibility than option 1, it cannot avoid PUCCH collision dynamically.
· Opt.3: UE-specific starting offset [image: image7.wmf](1)
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In this option, the PUCCH resource allocation scheme for PDSCH scheduled by EPDCCH is re-used, i.e., the PUCCH resource is determined by lowest CCE index, a UE-specific starting offset and HARQ-ACK resource offset field in the DCI format.

For example: for a PDSCH transmission scheduled in subframe n-3, the UE shall use 
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 is determined from the HARQ-ACK resource offset field in the DCI of the corresponding PDCCH, 
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 as a UE-specific configuration is configured by higher layer.
By re-using the PUCCH resource allocation scheme for EPDCCH, the eNB has more flexibility to avoid the PUCCH resource collision dynamically.

· Opt.4: 2-bit ARI in DCI to indicate one of the four HARQ resources configured by higher layer.

In this option, the PUCCH format 3 resource indication method is re-used, i.e., one of the four PUCCH resources can be indicated by DCI, where the four PUCCH resources are configured by higher layer. 

Although this option can avoid PUCCH resource collision, the semi-static four PUCCH resources may limit the flexibility of PUCCH resource usage since the four resources cannot be dynamically changed. 
· Opt.5: Introduce a timing-dependent implicit PUCCH resource offset.

In this option, an additional offsets for different processing times are introduced to avoid PUCCH resource collision.

For example: for a PDSCH transmission scheduled by a PDCCH in subframe n-3/4 with n+3/4 processing time, the UE shall use 
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 is configured by higher layer and cell-specific configuration, and offset is related with PUCCH timing offset. As an example, offset can be 2 for n+3 processing time and 0 for n+4 processing time.
Although this option can avoid PUCCH resource collision between PDSCH of different timing for the same UE, the PUCCH resource collision between different UEs cannot be fully avoided, which would still impose restrictions on PDCCH allocation.

From the above discussions, option 3 and option 4 are preferred due to high flexibility and little standard efforts.
Proposal 1: For ACKNACK to n+3 1ms PDSCH, PUCCH resource allocation should be down-selected between Option 3 and Option 4

· Opt.3: UE-specific starting offset [image: image17.wmf](1)
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 together with 2-bit ARO in DCI.

· Opt.4: 2-bit ARI in DCI to indicate one of the four HARQ resources configured by higher layer.
3 Conclusion
In this contribution, the PUCCH resource collision between different UEs are discussed, with following proposal:
Proposal 1: For ACKNACK to n+3 1ms PDSCH, PUCCH resource allocation should be down-selected between Option 3 and Option 4

· Opt.3: UE-specific starting offset [image: image18.wmf](1)
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· Opt.4: 2-bit ARI in DCI to indicate one of the four HARQ resources configured by higher layer.
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