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1. Introduction
At the RAN1#84 and 84bis meeting, SI on latency reduction techniques for LTE [1] was discussed and reached the following agreements [2][3]: 
· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· TTI length for DL and UL can be different
· sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.

· Each short TTI on DL may contain sPDCCH decoding candidates
Besides, Two-level DCI can be studied for sTTI scheduling. When UE is scheduled with short TTI, solution for downlink transmission feedback is required, and this contribution provides our considerations for this issue.

2. HARQ feedback for downlink transmission
After sTTI is introduced, there can be legacy PDCCH and sPDCCH within one subframe. When both legacy PDCCH and sPDCCH are used to schedule downlink transmission for different UEs, these UEs need to transmit feedback in the specific subframe. In FDD, for downlink transmission by PDCCH scheduling in subframe n, the UE needs to send PUCCH feedback in subframe n+4. For UE scheduled by sPDCCH in subframe n, whether to transmit feedback in subframe n+4 is FFS. As sTTI scheduling aims to reduce latency and the UE has high processing capability, it is reasonable to permit UE using sTTI scheduling to transmit feedback earlier. RAN1 has agreed to reduce HARQ processing time [3]. For example, the UE using sTTI scheduling may send feedback in subframe in n+3 corresponding to downlink transmission in subframe n. Please note, whether or not to permit sTTI scheduling to transmit feedback earlier does not have negative impact on the following considerations.
Two scenarios are considered for feedback of downlink transmission by sTTI scheduling because the agreement indicates that TTI length for DL and UL can be different. 

· Scenario 1: PUCCH with 1ms is used to transmit feedback of downlink transmission by sTTI scheduling
· Scenario 2: PUCCH with less than 1ms (i.e. sPUCCH) is used to transmit feedback of downlink transmission by sTTI scheduling
2.1. Scenario 1: 1ms PUCCH for feedback of sTTI scheduling
In subframe n, PUCCH is used to send HARQ feedback for downlink transmission. If the UE is scheduled by legacy 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.

The following figure 1 illustrates the current PUCCH mapping. The grey region is utilized for PUCCH, and the other region is utilized for PUSCH. In the PUCCH region, the resource at the edges of the total available bandwidth is for PUCCH format 2/2a/2b, and the remaining PUCCH region is used for PUCCH format 1/1a/1b. If there is UE scheduled by sTTI, and the UE needs to send HARQ feedback in subframe n, more PUCCH resource needs to be allocated to avoid influence to the current PUCCH resource mapping. 
Similar to PUCCH resource allocated by EPDCCH, we can reuse this implicit mechanism to determine PUCCH resource for sTTI scheduling. It is assumed that sDCI is constructed of sCCE, PUCCH resource assignment for HARQ feedback in sTTI scheduling is jointly determined by the lowest sCCE index and different boundary index configured by higher-layer signaling (such as 
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). If Two-level DCI is introduced, the lowest sCCE here belongs to fast DCI.
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                Figure 1 Current PUCCH resource mapping   
If there is only one sTTI within one subframe, the above implicit mechanism can work well. But if there is more than one sTTI within one subframe, the above implicit mechanism may cause collision. The following figure 2 illustrates this collision. It is assumed that there are two sTTIs within one subframe, sTTI1 and sTTI2. If UE1 and UE2 are scheduled respectively in sTTI1 and sTTI2, and these two UEs needs to send A/N within one subframe, the same sCCE index and the same boundary index will result in PUCCH resource collision. To deal with this collision, these two alternative solutions could be considered:
· Alternative 1: Assign different boundary index for different sTTI within one subframe.

· Alternative 2: Introduce one additional offset to determine PUCCH resource when UE is scheduled in sTTI2.
Both of these two alternatives can meet the requirement of the A/N resource allocation when one subframe includes more than one sTTI.
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Figure 2 PUCCH resource collision

From above, we have the following proposals:
Proposal 1: Reuse the implicit mechanism to determine PUCCH resource of HARQ feedback in sTTI scheduling, and different boundary index is configured by higher-layer signaling.

Proposal 2: If there is more than one sTTI within one subframe, PUCCH resource collision needs to be solved.
2.2. Scenario 2: sPUCCH for feedback of sTTI scheduling
If less than 1ms PUCCH (sPUCCH) is introduced for HARQ feedback, the format of sPUCCH will change significantly from the legacy PUCCH and coverage limitation may occur due to short PUCCH. Different sTTI length between sPDSCH and sPUCCH may be applicable, and then HARQ feedback to DL transmissions in different sTTI can be multiplexed in the same sPUCCH region, which may produce the same sPUCCH collision as figure 2. When determining the sPUCCH resources for HARQ feedback, the implicit mechanism and the similar solution to solve the collision can be reused.
Proposal 3: If sPUCCH is introduced for HARQ feedback, the implicit mechanism is reused to determine sPUCCH resource.
3. Conclusion
In this contribution we provide our views on feedback design in short-TTI schedule, and make the following proposals:
When 1ms PUCCH is used for feedback,

Proposal 1: Reuse the implicit mechanism to determine PUCCH resource of HARQ feedback in sTTI scheduling, and different boundary index is configured by higher-layer signaling.
Proposal 2: If there is more than one sTTI within one subframe, PUCCH resource collision needs to be solved.
When sPUCCH is used for feedback,
Proposal 3: The implicit mechanism is reused to determine sPUCCH resource.
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