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1 Introduction
In RAN #72 meeting, a new work item on Shortened TTI and processing time for LTE were made [1]. In this contribution, we discuss the issues of simultaneous transmission and reception between legacy channel and short TTI channel.
2 Simultaneous transmission 
PUSCH & sPUSCH

During SI of latency reduction, there were following agreements for simultaneous transmission of sPUSCH and PUSCH:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)

· Dropping/prioritization rules (if any) are FFS 
If UE has the ability of simultaneous transmission of PUSCH and sPUSCH, both channels can be transmitted in different PRBs; otherwise, there can be some alternatives.

Alt. 1: Only one channel can be transmitted. Because the sPUSCH has higher latency requirement, PUSCH should be dropped.
Alt. 2: sPUSCH is fully transmitted by puncturing PUSCH. To preserve single carrier property, one puncturing method is that the puncturing is per symbol basis. That is, as long as sPUSCH and PUSCH share a symbol, all subcarriers on that symbol for PUSCH allocation are punctured. For this method, it could be difficult to decode PUSCH if the code rate of PUSCH after puncturing is too high.
Alt. 1 is preferable because it is simpler and its processing complexity is lower than Alt. 2. For Alt.1, if there is HARQ-ACK on PUSCH, it can lead to waste of resource due to dropping PUSCH. To solve this problem, the HARQ-ACK scheduled on PUSCH can be transmitted on sPUSCH.
Proposal 1: If UE has the ability of simultaneous transmission of PUSCH and sPUSCH, both channels can be transmitted; otherwise, sPUSCH is transmitted in priority.
· The HARQ-ACK on the dropped PUSCH can be transmitted on sPUSCH.
Since a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH (PDSCH) and/or sPUSCH (sPDSCH), the following channels may appear in same subframe.
· PUSCH & sPUCCH
· sPUSCH & PUCCH

· sPUCCH & PUCCH
PUSCH & sPUCCH

In current specification, whether to transmit PUSCH and PUCCH simultaneously is configured. If it is configured simultaneous transmission, both channels are transmitted. If not, UCI of sPUCCH piggybacks on PUSCH. If similar way is used, in order not to increase latency of sTTI, UCI of sPUCCH can be written into the symbols corresponding to sPUCCH. But it may still increase latency if DMRS of PUSCH is later than the written symbols. Alternatively, sPUCCH can puncture PUSCH. Unlike downlink of puncturing some REs, two symbols of PUSCH should be replaced by sPUCCH of 2-symbol TTI. Whether PUSCH can be decoded depending on the code rate,
Another simple way is transmitting sPUCCH in priority, and PUSCH is abandoned. If there is HARQ-ACK on PUSCH, it should be transmitted in sPUCCH to avoid resource waste.
Proposal 2: If it is configured for simultaneous sPUCCH and PUSCH transmissions, both channels are transmitted; otherwise, sPUCCH is transmitted in priority.
· HARQ-ACK on the dropped PUSCH can be transmitted on sPUCCH.
sPUSCH & PUCCH

Similar to the discussion above, whether to transmit sPUSCH and PUCCH simultaneously can be configured. If it is configured simultaneous transmission, both channels are transmitted. If not, sPUSCH puncturing PUCCH is not feasible in that it will destroy the orthogonality of the PUCCHs multiplexing in the same PRB. It can be considered that UCI on PUCCH are transmitted on sPUSCH while PUCCH is dropped. In addition, in order to avoid affecting the sPUSCH transmission as possible, only HACK-ACK on PUCCH is transmitted on sPUSCH.
Proposal 3: If it is configured for simultaneous sPUSCH and PUCCH transmissions, both channels are transmitted; otherwise, sPUSCH is transmitted in priority
· HACK-ACK on the dropped PUCCH is transmitted on sPUSCH.

sPUCCH & PUCCH

Similar to the discussion above, sPUCCH puncturing PUCCH is not feasible. In order not to increase the latency of sTTI, UCI on PUCCH can be transmitted on sPUCCH while PUCCH is dropped. To guarantee the performance of sPUCCH, only HACK-ACK on PUCCH is transmitted on sPUCCH.
Proposal 4: If sPUCCH and PUCCH collide in a same subframe, sPUCCH is transmitted in priority.

· HACK-ACK on the dropped PUCCH is transmitted on sPUCCH.
3 Simultaneous reception
In order to meet the latency requirement of short TTI traffic, UE should detect sPDCCH of DL grant when UE is receiving PDSCH. If UE has the ability of simultaneous reception of both channels, both sPDSCH and PDSCH can be received. Otherwise, sPDSCH should be received in priority. The reason is, if eNB schedules sPDSCH when transmitting PDSCH, it means that the priority of sPDSCH is higher. Otherwise, eNB can postpone scheduling sPDSCH. When there is overlap between the allocated resources of PDSCH and sPDSCH, PDSCH is punctured by sPDSCH.

Proposal 5：If UE has the ability of simultaneous reception of PDSCH and sPDSCH, both channels can be received; otherwise, sPDSCH is received in priority.

4 Conclusion

As the summary of this contribution, we propose the following: 
Proposal 1: If UE has the ability of simultaneous transmission of PUSCH and sPUSCH, both channels can be transmitted; otherwise,  sPUSCH is transmitted in priority.

· The HARQ-ACK scheduled on the dropped PUSCH can be transmitted on sPUSCH.
Proposal 2: If it is configured for simultaneous sPUCCH and PUSCH transmission, both channels are transmitted; otherwise, sPUCCH is transmitted in priority.

· HARQ-ACK on the dropped PUSCH can be transmitted on sPUCCH.
Proposal 3: If it is configured for simultaneous sPUSCH and PUCCH transmissions, both channels are transmitted; otherwise, sPUSCH is transmitted in priority

· HACK-ACK on the dropped PUCCH is transmitted on sPUSCH.

Proposal 4: If sPUCCH and PUCCH collide in the same subframe, sPUCCH is transmitted in priority.

· HACK-ACK on the dropped PUCCH is transmitted on sPUCCH.
Proposal 5：If UE has the ability of simultaneous reception of PDSCH and sPDSCH, both channels can be received; otherwise, sPDSCH is received in priority.
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