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1 Introduction

In RAN#72 the new WI on short TTI and reduced processing [1] was agreed. Among others, the following objectives were defined:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

In this paper we discuss how the UE is expected to handle collisions between multiple scheduling grants or assignments within the same subframe.
2 Discussion

2.1 Collision between physical data channels of legacy TTI and short TTI

A short TTI UE should be prepared to receive UL grants and DL assignments in both PDCCH and sPDCCH within the same subframe. This means that even if DCI messages for 1ms TTI were received in PDCCH the UE should continue searching for potential short TTI related DCI messages in this subframe. 
If a DL assignment is received in PDCCH the UE will naturally proceed to decode PDSCH. In parallel, it should search in sPDCCH for fast DCI. If a fast DL DCI is received, the UE can, depending on capability, either stop receiving PDSCH and receive sPDSCH instead, or receive both sPDSCH and PDSCH.

Proposal 1

A short TTI UE should be able to receive PDSCH while also searching for fast DCI in sPDCCH.

For UL, this means that a fast UL DCI can be received later in the same subframe or several subframes after a UL DCI was received in PDCCH. If a fast UL DCI and a legacy UL DCI are valid in the same subframe, the latest sent DCI should have priority since it may be delay critical, and the legacy TTI UL transmission should be dropped. A general rule as follows can be formulated:
Proposal 2

The latest DCI should have priority for reception and transmission: sPDSCH/sPUSCH should have priority over PDSCH/PUSCH in the same subframe.
2.2 Collision between legacy and short TTI involving one or more UL physical control channels
When a UE has received DCI for different TTI lengths it is possible that collisions in UL will occur between 
1. PUCCH and sPUCCH in the same SF,
2. PUSCH and sPUCCH in the same SF,
3. PUCCH and sPUSCH in the same SF. 
Rules are needed to handle these cases in order to keep the single carrier property. 
For case 1, dropping either PUCCH or sPUCCH when they both contain HARQ feedback would negatively affect the DL performance of the associated DL channel. Therefore, it should be considered to bundle the HARQ A/N contained in sPUCCH and PUCCH and transmit them together over sPUCCH. Indeed, to ensure fast HARQ feedback transmission for sPDSCH transmissions, it appears more appropriate to carry the bundled HARQ feedbacks on sPUCCH instead of PUCCH. If only one UL control channel out of PUCCH and sPUCCH contains HARQ feedback and the other contains CQI reports, the transmission of HARQ feedback should be prioritized over CQI report as it is more critical for proper operation.

Proposal 3

Consider bundling/multiplexing of PUCCH and sPUCCH HARQ feedback on sPUCCH.
Proposal 4

Ensure prioritization of HARQ feedback transmission when defining rules for handling collisions between short TTI and legacy control channels in UL.

For case 2 the control information of sPUCCH could be punctured onto the data transmission in PUSCH. However, mapping of sPUCCH UCI to PUSCH resource could introduce additional delay. An alternative would be to prioritize the delay-sensitive service and transmit sPUCCH while dropping the PUSCH transmission. This however would negatively affect the UL performance of legacy TTI operation. In particular, PUSCH may be carrying UCI in which case both UL and DL performance of legacy TTI operation would be affected. So, the feasibility of a mapping of sPUCCH to PUSCH allowing reduced latency should be studied. Here the case of sPUCCH carrying HARQ feedback is of particular interest. If sPUCCH only carries CSI feedback, dropping sPUCCH in favour of PUSCH can be allowed. The mapping of HARQ feedback on PUSCH that exists in case of PUCCH/PUSCH collision can be reused. Figure 1 depicts the existing UCI mapping on PUSCH and the sPUCCH pattern proposed in [3]. It can be seen that if the HARQ feedback for a sPDSCH is expected to be sent in the last sPUCCH sTTI of a subframe it is not possible to reuse exactly the existing UCI mapping on PUSCH as is. The HARQ feedback for sPDSCH may not be ready to be sent in SC-FDMA symbol 2. However, in this example the HARQ feedback for sPDSCH could be mapped to the ACK/NACK positions in SC-FDMA symbols 11 of PUSCH. 

Observation 1 
Reusing the existing UCI mapping on PUSCH with small changes may be possible in case of sPUCCH/PUSCH collision
Proposal 5

Study further a suitable mapping of UCI from sPUCCH on PUSCH under latency considerations in case of sPUCCH/PUSCH collisions.
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Figure 1. Time relationship between UCI mapping on PUSCH and a candidate sPUCCH pattern
For case 3, the control information of PUCCH, at least for HARQ feedback of PDSCH, could be punctured onto the data transmission in sPUSCH. The HARQ feedback carried in PUCCH is available at the subframe boundary and could be mapped to the earliest scheduled sPUSCH.
Proposal 6

Consider mapping UCI from PUCCH on sPUSCH in case of sPUSCH/PUCCH collisions.
3 Conclusion

In section 2 we made the following observations:
Observation 1 
Reusing the existing UCI mapping on PUSCH with small changes may be possible in case of sPUCCH/PUSCH collision
Based on the discussion in section 2 we propose the following: 

Proposal 1

A short TTI UE should be able to receive PDSCH while also searching for fast DCI in sPDCCH.

Proposal 2

The latest DCI should have priority for reception and transmission: sPDSCH/sPUSCH should have priority over PDSCH/PUSCH in the same subframe.
Proposal 3

Consider bundling/multiplexing of PUCCH and sPUCCH HARQ feedback on sPUCCH.

Proposal 4

Ensure prioritization of HARQ feedback transmission when defining rules for handling collisions between short TTI and legacy control channels in UL.

Proposal 5

Study further a suitable mapping of UCI from sPUCCH on PUSCH under latency considerations in case of sPUCCH/PUSCH collisions.

Proposal 6

Consider mapping UCI from PUCCH on sPUSCH in case of sPUSCH/PUCCH collisions.
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