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1 Introduction

In RAN1#87 [1], 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
This contribution discusses the handling PUCCH collision, PUSCH collision and DCI collision for 1ms.
2 PUCCH collision
In the section, we discuss the impact of reduced minimum timing to the HARQ-ACK feedback procedures. Two collision cases are considered: one is the PUCCH collision between different UEs, and the other is the PUCCH collision for the same UE.
2.1 PUCCH collision between different UEs
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Figure 2. Multiple PDSCHs to same PUCCH format 1a/1b resource
As shown in Figure 2, 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 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 the PUCCH resource collision, several options about PUCCH collision for different UEs 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 Figure2, 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 and high scheduling complexity.
· 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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The PUCCH resource allocation scheme for PDSCH scheduled by EPDCCH can be 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 format 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.

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

The way of PUCCH format 3 resource indication can be re-used, i.e., one of the four PUCCH resources can be indicated by DCI, and 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.

The option would introduce additional offsets for different processing times to avoid PUCCH resource collision.

For example: for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n-3, 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 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 1ms TTI 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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· Opt.4: 2-bit ARI in DCI to indicate one of the four HARQ resources configured by higher layer.
2.2 PUCCH collision for the same UE
Besides, the HARQ feedbacks of a PDSCH transmitted in subframe i-4 with n+4 processing time and a PDSCH transmitted in subframe i-3 with n+3 processing time for the same UE are transmitted in subframe i. A straightforward way is to transmit simultaneously two PUCCHs in PUCCH resources determined in proposal 1. However, the two PUCCH transmissions in the same subframe may not guarantee single carrier uplink transmission. There can be several alternatives to avoid such a PUCCH collision:
· Alt.1: Collision avoidance by eNB implementation

In the Alt.1, if the eNB schedules a PDSCH in subframe i-4 with n+4 processing time, then it will not schedule a PDSCH in subframe i-3 with n+3 processing time to the same UE, so that there is no PUCCH collision for the UE. Although there is no specification work, there would be strong scheduling restriction and the benefit of latency reduction cannot be exploited if a latency sensitive packet arrives in subframe i-4.
· Alt.2: Report HARQ feedback for only one of the PDSCHs.

This alternative is to report HARQ feedback for only one of the PDSCHs.  For example, it provides HARQ feedback only for the n+4 operation and drop the HARQ of n+3 operation. Furthermore, the eNB should assume the PDSCH of n+3 operation is NACK in this case.
· Alt.3: Reports HARQ feedback of all PDSCHs in a single PUCCH.

This alternative is to perform the HARQ feedback to all the PDSCHs of n+3 operation and n+4 operation. For example, the ACK/NACK of the n+4 operation and the n+3 operation can be bundled together if they are transmitted in the same subframe, such as operation of logical AND, then the bundled ACK/NACK is reported on the mapped PUCCH resource, where the PUCCH resource for the PDSCH with reduced processing time is preferred. As another way, the ACK/NACK of the n+4 operation and the n+3 operation can be transmitted in the same subframe by PUCH format 3.
Proposal 2: For the same UE, if ACKNACK to a PDSCH of n+4 processing time and a PDSCH of n+3 processing time are to be transmitted in the same subframe, the ACKNACK feedback scheme is down-selected between
· Alt.2: HARQ feedback for only one of the PDSCHs.

· Alt.3: HARQ feedback to all PDSCHs in a single PUCCH.

3 PUSCH collision
When the minimum timing between UL grant to UL data is reduced to 3ms, the UE may be indicated to transmit two PUSCHs with different processing time in one subframe, for example, it receives a UL grant with n+4 processing time in subframe i-4 and a UL grant with n+3 processing time in subframe i-3. One reason for this case is that a critical packet arrives at eNB when a n+4 PUSCH is just scheduled. As two PUSCH transmissions in the same subframe cannot guarantee single carrier uplink transmission. Then, it is reasonable that UE follows the scheduling information based on DCI with reduced processing time if the UE has no ability to transmit the two PUSCH in the same subframe. 
Proposal 3: If a PUSCH scheduled by n+3 DCI and a PUSCH scheduled by n+4 DCI are to be transmitted in the same subframe for a UE, the UE drops the PUSCH transmission scheduled by n+4 DCI.
4 DL DCI collision
When the UE is configured with shortened processing time, the UE needs to perform blind decoding for the DCI with different processing time in different search spaces. It looks not reasonable to have two DL DCIs with different processing time in one carrier. Only if the false alarm of DCI happens, this case will occur. Two or more DCIs for the same carrier in one subframe detected by false alarm also may occur in the legacy system, but the UE behaviour is not defined. For the similar case, the UE should not expect to receive multiple DL DCIs with different processing time for the same DL carrier in the same DL subframe.
Proposal 4: UE does not expect to receive multiple DL DCIs scheduling unicast PDSCHs with different processing time for the same DL carrier in the same DL subframe.
5 Conclusion
In this contribution, the PUCCH resource collision, PUSCH resource collision and DCI resource are discussed, the following proposals are given:
Proposal 1: For ACKNACK to 1ms TTI 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.

Proposal 2: For the same UE, if ACKNACK to a PDSCH of n+4 processing time and a PDSCH of n+3 processing time are to be transmitted in the same subframe, the ACKNACK feedback scheme is down-selected between

· Alt.2: HARQ feedback for only one of the PDSCHs.

· Alt.3: HARQ feedback to all PDSCHs in a single PUCCH.

Proposal 3: If a PUSCH scheduled by n+3 DCI and a PUSCH scheduled by n+4 DCI are to be transmitted in the same subframe for a UE, the UE drops the PUSCH transmission scheduled by n+4 DCI.
Proposal 4: UE does not expect to receive multiple DL DCIs scheduling unicast PDSCHs with different processing time for the same DL carrier in the same DL subframe.
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