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Introduction
In RAN#73 the new WI on shortened TTI and reduced processing [1] was agreed. In RAN1#87, an agreement was made on how to handle collisions between multiple DL assignments within the same subframe.
In this paper we discuss how the UE is expected to handle collisions between multiple UL scheduling grants within the same subframe.
[bookmark: _Ref178064866]Discussion
Collision of PUSCH/sPUSCH
A short TTI UE should be prepared to receive UL grants 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. 
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 pointing to the same UL subframe, the latest sent DCI should have priority since this reflects the latest scheduling decision by the eNB and may be associated with delay critical communication. In this case, the legacy TTI UL transmission should be dropped. A general rule as follows can be formulated:
[bookmark: _Toc474161114][bookmark: _Toc474161201][bookmark: _Toc477960812][bookmark: _Toc478022554][bookmark: _Toc478132288][bookmark: _Toc478148861][bookmark: _Toc478148887][bookmark: _Toc478149589][bookmark: _Toc478149698][bookmark: _Toc478149785]The latest DCI should have priority for transmission: sPUSCH should have priority over PUSCH scheduled in the same subframe.
If there are PDSCH HARQ-ACK planned to be transmitted on PUSCH, dropping PUSCH would have negatively impact on DL performance. To prevent this, it is proposed to map the PDSCH HARQ-ACK on sPUSCH instead. The detail on how to map 1ms legacy HARQ-ACK on sPUSCH is discussed in [3]. 
[bookmark: _Toc477960813][bookmark: _Toc478022555][bookmark: _Toc478132289][bookmark: _Toc478148862][bookmark: _Toc478148888][bookmark: _Toc478149590][bookmark: _Toc478149699][bookmark: _Toc478149786]Consider mapping PDSCH HARQ-ACK on sPUSCH when collision happens between PUSCH and sPUSCH. 
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. 
PUCCH and sPUCCH
For case 1, 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.
[bookmark: _Toc478132290][bookmark: _Toc478148863][bookmark: _Toc478148889][bookmark: _Toc478149591][bookmark: _Toc478149700][bookmark: _Toc478149787]In case of PUCCH and sPUCCH collision, and one of them contains only CSI feedback, drop the other transmission.
In case both sPUCCH and PUCCH carry HARQ feedback, to ensure fast HARQ feedback transmission for sPDSCH transmissions, and to not impact DL performance of the associated DL channel, it is more appropriate to carry the PUCCH HARQ feedbacks on sPUCCH and drop other PUCCH UCI if there are any. This principle applies also for other channels
This principle works well in case UE is configured with PUCCH format 2/4/5. For PUCCH format 1/3, stopping an already started PUCCH transmission may remove the orthogonality property of these PUCCH formats and create interference to PUCCH transmission of multiplexed users. 
[bookmark: _Toc474161115][bookmark: _Toc474161202][bookmark: _Toc477960814][bookmark: _Toc478022556][bookmark: _Toc478132291][bookmark: _Toc478148864][bookmark: _Toc478148890][bookmark: _Toc478149592][bookmark: _Toc478149701][bookmark: _Toc478149788]For PUCCH format 2/4/5, consider bundling/multiplexing of PUCCH and sPUCCH HARQ feedback on sPUCCH, drop other PUCCH UCI.
[bookmark: _Toc474161116][bookmark: _Toc474161203][bookmark: _Toc477960815][bookmark: _Toc478022557][bookmark: _Toc478132292][bookmark: _Toc478148865][bookmark: _Toc478148891][bookmark: _Toc478149593][bookmark: _Toc478149702][bookmark: _Toc478149789]Ensure prioritization of HARQ feedback transmission when defining rules for handling collisions between short TTI and legacy control channels in UL.
For PUCCH format 1/3, the loss of orthogonality can be avoided if the UE does not start transmitting PUCCH in the slot where the collision with sPUCCH will occur. To do so, the UE must be able to detect fast enough a DL assignment so as to identify the collision. Figure 1 depicts the worst case in terms of UE reaction time for identifying the collision. A n+4 timing is assumed for the HARQ feedback delay. In that case, the time available for the UE to identify the collision is the duration of a 2os sTTI - TA. To be sure that there is effectively a risk of loss of orthogonality of PUCCH format1/3 if a UE drops PUCCH to send sPUCCH instead, the minimum time to decode sPDCCH and cancel 1 ms transmission should be known. This type of timing requirement is under RAN4 responsibility, and hence it is proposed to request their expertise on the matter.
[bookmark: _Toc478132293][bookmark: _Toc478148866][bookmark: _Toc478148892][bookmark: _Toc478149594][bookmark: _Toc478149703][bookmark: _Toc478149790]Send an LS to RAN4 to obtain information about the minimum time to decode sPDCCH and cancel PUCCH transmission if overlapping with sTTI
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[bookmark: _Ref478130419]Figure 1: Timing of PUCCH slot cancellation
PUSCH and sPUCCH
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 would carry CSI feedback only, dropping sPUCCH in favour of PUSCH could be allowed. 
[bookmark: _Toc478132296][bookmark: _Toc478148868][bookmark: _Toc478148894][bookmark: _Toc478149595][bookmark: _Toc478149704][bookmark: _Toc478149791]In case of sPUCCH/PUSCH collision where sPUCCH only carries CSI, drop sPUCCH
The mapping of HARQ feedback on PUSCH that exists in case of PUCCH/PUSCH collision could be consider to be reused. Figure 2 depicts the existing UCI mapping on PUSCH and the agreed sPUCCH pattern. 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. Therefore, some changes of the existing UCI mapping on PUSCH might be required. 
If a sPUCCH carrying SR collides with PUSCH, sPUCCH should not be dropped. SR sent on sPUCCH indicates the presence of latency critical traffic in UL that needs to be scheduled on sTTI. If SR is converted in a BSR on PUSCH, the processing delay associated to PUSCH makes this conversion inappropriate. 
[bookmark: _Toc474161110][bookmark: _Toc474161197][bookmark: _Toc477960837][bookmark: _Toc478132287][bookmark: _Toc478148859]Reusing the existing UCI mapping on PUSCH with small changes may be possible in case of sPUCCH/PUSCH collision.
[bookmark: _Toc474161118][bookmark: _Toc474161205][bookmark: _Toc477960817][bookmark: _Toc478022560][bookmark: _Toc478132297][bookmark: _Toc478148869][bookmark: _Toc478148895][bookmark: _Toc478149596][bookmark: _Toc478149705][bookmark: _Toc478149792]Study a suitable mapping of UCI from sPUCCH on PUSCH under latency considerations in case of sPUCCH/PUSCH collisions.
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Figure 2. Time relationship between UCI mapping on PUSCH and the sPUCCH pattern
PUCCH and sPUSCH
For case 3, if using PUCCH format 2/4/5, the control information of PUCCH, at least for HARQ feedback of PDSCH, could be mapped on sPUSCH. How to map both legacy TTI and sTTI HARQ feedback on sPUSCH is discussed in [3]. The HARQ feedback carried in PUCCH is available at the subframe boundary and could be mapped to the earliest scheduled sPUSCH.
[bookmark: _Toc474161119][bookmark: _Toc474161206][bookmark: _Toc477960818][bookmark: _Toc478022561][bookmark: _Toc478132298][bookmark: _Toc478148870][bookmark: _Toc478148896][bookmark: _Toc478149597][bookmark: _Toc478149706][bookmark: _Toc478149793]For PUCCH format 2/4/5, consider mapping UCI from PUCCH on sPUSCH in case of sPUSCH/PUCCH collisions.
For PUCCH format 1/3, one could consider the similar solution as for the PUCCH/sPUCCH collision case (described in section 2.2.1). The difference is to map HARQ on sPUSCH instead of sPUCCH, if PUCCH transmission is decided to be stopped.
[bookmark: _Toc478022562][bookmark: _Toc478132299][bookmark: _Toc478148871][bookmark: _Toc478148897][bookmark: _Toc478149598][bookmark: _Toc478149707][bookmark: _Toc478149794][bookmark: _Toc478132300][bookmark: _Toc478132301][bookmark: _Toc478132302][bookmark: _Toc478132303][bookmark: _Toc478132304][bookmark: _Toc478132305][bookmark: _Toc478132306][bookmark: _Toc478132307][bookmark: _Toc478132308][bookmark: _Toc478132309][bookmark: _Toc478132310][bookmark: _Toc478132311][bookmark: _Toc478132312][bookmark: _Toc478132313]For PUCCH format 1/3, consider apply the same rules for the sPUSCH/PUCCH collision as for the sPUCCH/PUCCH collision.
Conclusion
[bookmark: _In-sequence_SDU_delivery]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	The latest DCI should have priority for transmission: sPUSCH should have priority over PUSCH scheduled in the same subframe.
Proposal 2	Consider mapping PDSCH HARQ-ACK on sPUSCH when collision happens between PUSCH and sPUSCH.
Proposal 3	In case of PUCCH and sPUCCH collision, and one of them contains only CSI feedback, drop the other transmission.
Proposal 4	For PUCCH format 2/4/5, consider bundling/multiplexing of PUCCH and sPUCCH HARQ feedback on sPUCCH, drop other PUCCH UCI.
Proposal 5	Ensure prioritization of HARQ feedback transmission when defining rules for handling collisions between short TTI and legacy control channels in UL.
Proposal 6	Send an LS to RAN4 to obtain information about the minimum time to decode sPDCCH and cancel PUCCH transmission if overlapping with sTTI
Proposal 7	In case of sPUCCH/PUSCH collision where sPUCCH only carries CSI, drop sPUCCH
Proposal 8	Study a suitable mapping of UCI from sPUCCH on PUSCH under latency considerations in case of sPUCCH/PUSCH collisions.
Proposal 9	For PUCCH format 2/4/5, consider mapping UCI from PUCCH on sPUSCH in case of sPUSCH/PUCCH collisions.
Proposal 10	For PUCCH format 1/3, consider apply the same rules for the sPUSCH/PUCCH collision as for the sPUCCH/PUCCH collision.
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