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1. Introduction
According to the new WI RP-161299[1], RAN1 will specify support for a reduced minimum timing compared to legacy operation between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, and reuse the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design. This contribution provides our view on the HARQ impact.
2. Discussion
2.1. Flexible shortened processing time
In the current LTE, the UE should send HARQ feedback/UL transmission in subframe n+k (k>=4) according to downlink control information in subframe n. The processing time is fixed and cannot be changed between UL grant and UL data and between DL data and DL HARQ feedback. In order to achieve lower latency, shortened processing time is an effective solution, which requires processing time less than 3ms such as 2ms or 1ms. To apply shortened processing time, both the eNB and the UE should enhance processing capability. The requirement of different processing time means different cost of the eNB and the UE. One direct solution is to reuse the current fixed shortened processing time for example 2ms. Once the eNB configures the UE to apply the shorted processing time, the UE can know the processing sequence and apply the fixed processing time. 
But this solution is short of flexibility. In fact, different UEs and the eNBs may have different processing capabilities. Some UEs have the fastest processing capability and some UEs have middle processing capability due to cost. Fixed processing time cannot fit in with different UE capabilities. If the network can support flexible shortened processing time, not only the network has more freedom on scheduling, but it can make best use of the different UE capabilities to meet future service requirement. 
Proposal 1: Introduce flexible shortened processing time for different UEs.
2.2. HARQ feedback

2.2.1. DL HARQ feedback

In subframe n, PUCCH is used to send HARQ feedback for downlink transmission in subframe n-k (K>=4). If one legacy UE is scheduled by (E)PDCCH, PUCCH resource is determined according to the current mechanism. The PUCCH resource assignment for HARQ feedback is jointly determined by the lowest CCE index and the semi-static boundary index configured by higher-layer signaling. The resource index
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 for dynamic ACK/NACK in the form of UCI formats 1/1a/1b is implicitly derived from, where
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 is the number of the first CCE (i.e. lowest CCE index used to construct the DCI) used for transmission of the corresponding DCI assignment and 
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is the boundary index configured by higher layers.

For the enhanced UE with short processing time (it is assumed that 2ms processing time is applicable), if it is scheduled to receive data in subframe n-k+1, this UE should send HARQ feedback in subframe n. In order to acquire PUCCH resource to send HARQ feedback, other PUCCH resources not used by legacy UE need to be allocated. There are different alternatives to allocate PUCCH resource for the scheduled UE with short processing time:
· Alternative 1: Assign different boundary index for the scheduled UE with short processing time. For example, the eNB can assign 
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 for this UE. And the UE utilizes the implicitly mechanism to derive PUCCH resource from 
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. As we know, when UE is scheduled by EPDCCH, one boundary [image: image7.wmf](e1)
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is used to derive PUCCH resource for HARQ feedback [2]. Here independent boundary index for short processing time needs to be introduced.
· Alternative 2: Introduce one additional offset to determine PUCCH resource for the scheduled UE with short processing time. The UE derives PUCCH resource from 
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· Alternative 3: Similar to the feedback in SPS, the eNB assigns the detailed PUCCH resource in RRC for the UE. Once the UE is scheduled with short processing time, the UE uses the assigned PUCCH resource directly.
The alternative 3 is explicitly and static solution, while the realistic schedule is dynamic. This solution may cause PUCCH resource allocation not higher efficient. Both alternative 1 and alternative 2 are implicitly and dynamic solutions, which can accommodate the eNB dynamic schedule.
Proposal 2: For DL HARQ feedback, implicitly solution is preferred. New boundary index or offset can be introduced to determine PUCCH resource.
2.2.2. UL HARQ feedback

Now for normal UE, once it is scheduled to transmit UL data to the eNB in subframe n-k(k>=4), it is expected to receive HARQ feedback in PHICH in subframe n. For enhanced UE with short processing time (it is assumed that 2ms processing time is applicable), if this UE is scheduled to transmit UL data to the eNB in subframe n-k+1 and synchronous HARQ mechanism is reused, it is expected to receive HARQ feedback in subframe n. If PHICH is reused to carry HARQ feedback for the enhanced UE, it may cause collision due to the same UL PRB index used between this enhanced UE and other legacy UE. In fact, asynchronous HARQ mechanism has been introduced for MTC and NB IoT UEs. It is better to reuse this mechanism to realize UL HARQ feedback.
Proposal 3: Reuse asynchronous HARQ mechanism in UL for UE scheduled with short processing time.
3. Conclusion
In this contribution we analyze the shortened processing time impact on HARQ design, and make the following proposals:
Proposal 1: Introduce flexible shortened processing time for different UEs.
Proposal 2: For DL HARQ feedback, implicitly solution is preferred. New boundary index or offset can be introduced to determine PUCCH resource.
Proposal 3: Reuse asynchronous HARQ mechanism in UL for UE scheduled with short processing time.
References
[1] RP-161299, New Work Item on shortened TTI and processing time for LTE, Ericsson.
[2] TS36.213, E-TRAN Physical layer procedure.

[3] R1-165214, Views on processing time reduction and related procedures, NTT DOCOMO, INC.
[4] R1-164067, Processing time reduction for short TTI, Huawei, HiSilicon.
- 2/2 -

_1381729312.unknown

_1381729452.unknown

_1531579134.unknown

_1531579234.unknown

_1531579111.unknown

_1381729358.unknown

_1381729223.unknown

