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1. Introduction

In RAN#73, the revised WID of an LTE work item on shortened TTI and processing time was approved as follows [1]. 

	· Complete the following objectives (including striving to complete the corresponding ASN.1) by RAN#76, with further discussions on which release to include the following objectives in future RAN meetings 

· Processing time reduction for legacy 1ms TTI, for FS1/2/3

· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on

· 2-symbol for sPDCCH/sPDSCH

· 2-symbol for sPUSCH/sPUCCH

· CRS based and DMRS based sPDCCH/sPDSCH for FS1

· DL CA and UL non-CA for FS1

· The other objectives will be completed by RAN#77 as currently planned, and will be discussed in WG meetings before RAN#76


In this contribution, we discuss several aspects on collisions between TTI and sTTI channels. 
2. Collisions between TTI and sTTI
2.1. PUSCH & sPUSCH
It was agreed that a UE is not expected to transmit PUSCH and sPUSCH simultaneously on the same REs (i.e., superposition). For a given UE, if valid UL grants are detected based on C/SPS-RNTI in (E)PDCCH for PUSCH and (s)PDCCH for sPUSCH to be transmitted in the same subframe for a given carrier, UE behavior needs to be addressed. In such a case, to maintain the single carrier property and circumvent complex power control mechanism, it would be preferable to drop/stop one of UL channels and transmit the other UL channel. Specifically, in order to give higher priority to sPUSCH which will likely carry lower latency traffic, dropping/stopping transmission of PUSCH can be considered. If dropping/stopping of whole PUSCH is too restrictive or inefficient, other mechanisms can be further considered such as puncturing or simultaneous transmission of PUSCH and sPUSCH in different PRBs in order to prevent dropping/stopping of whole PUSCH. However, it would be necessary to further investigate the impact on UL power control such as power transient and Pcmax derivation, particularly in a single carrier case. Furthermore, in case of puncturing, the performance loss would be unavoidable if the large portion of PUSCH is overlapped with one or multiple sPUSCH(s) within a subframe. In this sense, dropping/stopping transmission of PUSCH is preferred in case of collision between PUSCH and sPUSCH. In this case, at least HARQ-ACK and SR (if any) from PUSCH can be piggybacked onto sPUSCH. 
Proposal 1: For a given UE, if valid UL grants are detected based on C/SPS-RNTI in (E)PDCCH for PUSCH and (s)PDCCH for sPUSCH to be transmitted in the same subframe for a given carrier, the UE should drop/stop PUSCH transmission and transmit sPUSCH. 
2.2. PUCCH & sPUCCH
Analogous to collision between PUSCH and sPUSCH within the same PUCCH group, in order to maintain the single carrier property and circumvent complicated power control mechanism, it would be preferable to drop/stop PUCCH and transmit sPUCCH. If PUCCH transmission is on-going via PUCCH format 1/1a/1b/3, it may induce interference on other UEs’ transmissions multiplexed on the same resource. However, the network brings up such situation by itself and thus it should be able to handle or put up with the situation. If not, such collision should be anyhow avoided by the network. 
One consideration point is how to carry UCI of PUCCH via sPUCCH. Depending on UCI type and payload size, HARQ-ACK aggregation/bundling, channel selection, and/or dropping some UCI (e.g., periodic CSI for PUCCH) can be considered to carry UCI of PUCCH. 
Proposal 2: In case of collision between PUCCH and sPUCCH, dropping/stopping PUCCH and sPUCCH transmission with UCI of PUCCH should be considered. 
2.3. PUCCH & sPUSCH / sPUCCH & PUSCH
In case of collisions between PUCCH and sPUSCH and between sPUCCH and PUSCH within the same PUCCH group, it would be also preferable to drop/stop legacy TTI UL channels and transmit the short TTI UL channel. For both cases, how to carry UCI is an essential issue. For collision between PUCCH and sPUSCH, some of UCI of PUCCH can be piggybacked onto sPUSCH by following the legacy rule as much as possible. 
On the other hand, for collision between sPUCCH and PUSCH, UCI on PUSCH may be large payload so some UCI transmission on sPUCCH can be considered not to cause a significant performance degradation of sPUCCH (e.g., HARQ-ACK and SR, if any, to be transmitted via PUSCH), and other UCI (e.g., CSI) can be dropped. 
Similar to PUCCH/PUSCH simultaneous transmission, it is considerable to allow PUCCH and sPUSCH or sPUCCH and PUSCH within the same PUCCH group if a UE supports. For power transient period particularly for a single carrier, some handling could be necessary to mitigate performance degradation if this is supported. Also, power control method to support simultaneous transmission of PUCCH and sPUSCH or sPUCCH and PUSCH should be also taken into account. One solution is to configure a guaranteed power for short TTI channel and to follow the similar power allocation as dual connectivity case. Nonetheless, simultaneous PUCCH and PUSCH transmission would be UE capability, and thus handling of UEs not supporting simultaneous PUCCH and PUSCH transmissions needs to be specified. Unless collision between channels is avoided by scheduling, some UCI piggybacking rule between 1msec TTI and sTTI seems necessary. For example, UCI from shorter TTI length channel can have higher priority for UCI mapping when 1ms TTI and sTTI UL channel collide and both have UCI to be transmitted. Depending on UCI type and payload size, HARQ-ACK aggregation/bundling, channel selection, and/or dropping some UCI (e.g., CSI) can be considered as well.
Proposal 3: In case of collisions between PUCCH and sPUSCH and between sPUCCH and PUSCH, at least dropping 1ms TTI channel and sTTI channel transmission should be considered. 
2.4. Collision handling more than two UL channels
It is worthwhile to consider how to handle collision case among more than three UL channels. The basic rule will be based on higher priority in terms of latency and UCI protection. For example, in case PUSCH, PUCCH, sPUSCH, and sPUCCH are collided, the priority rule can be sPUSCH > sPUCCH > PUSCH > PUCCH. Depending on UE capability of simultaneous transmission, some of collided UL channels may be dropped according to the pre-defined priority rule. Further study seems to be needed on how to carry UCI in case of collision case among more than two UL channels. 
Meanwhile, for simultaneous transmission of TTI and sTTI, whether or how to define power transient period should be carefully investigated. 
Proposal 4: In case of collision case among more than two UL channels, channels to be transmitted or not can be determined by priority rule based on latency and UCI protection. Further study seems to be needed on how to carry UCI in case of collision case among more than two UL channels.
3. Conclusions

In this contribution, we discussed several aspects on collisions between TTI and sTTI channels. Based on the above discussions, our proposals are given as follows:
Proposal 1: For a given UE, if valid UL grants are detected based on C/SPS-RNTI in (E)PDCCH for PUSCH and (s)PDCCH for sPUSCH to be transmitted in the same subframe for a given carrier, the UE should drop/stop PUSCH transmission and transmit sPUSCH. 
Proposal 2: In case of collision between PUCCH and sPUCCH, dropping/stopping PUCCH and sPUCCH transmission with UCI of PUCCH should be considered. 
Proposal 3: In case of collisions between PUCCH and sPUSCH and between sPUCCH and PUSCH, dropping 1ms TTI channel and sTTI channel transmission should be considered. 
Proposal 4: In case of collision case among more than two UL channels, channels to be transmitted or not can be determined by priority rule based on latency and UCI protection. Further study seems to be needed on how to carry UCI in case of collision case among more than two UL channels.
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