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1. Introduction

In RAN1#88bis, agreements related to UL collision handling between 1ms TTI and sTTI were made as follows [1]:

	Agreement:
· Simultaneous transmission of sPUSCH and PUSCH is not supported within the same carrier

· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE shall stop/drop the transmission of PUSCH

· FFS: If stopping/dropping is partial or full

· FFS on whether/how to transmit UCI(s) of PUSCH if the PUSCH carries the UCI(s)


In this contribution, we discuss several aspects on collisions between TTI and sTTI channels. 
2. Collisions between TTI and sTTI
2.1. PUSCH & sPUSCH
As noted in Section 1, the agreement on the collision handling between PUSCH and sPUSCH in the same subframe on a given carrier was made and still further discussion is needed on how to deal with PUSCH and UCI of PUSCH (if any), and on how to handle CA case. In case of collision between PUSCH and sPUSCH in a carrier, the transmission of PUSCH needs to be stopped/dropped partially or fully. If partially stopping/dropping is considered (i.e., puncturing), it may provide lower latency of legacy transmission as well, however, the performance loss would be unavoidable if the large portion of PUSCH is overlapped with one or multiple sPUSCH(s) within a subframe or sPUSCH is overlapped with DM-RS of PUSCH. On the other hand, if fully stopping/dropping is considered, it would be possible to circumvent complex power control mechanism while it will induce more retransmission for PUSCH and thus increase the latency. Our preference is to fully drop/stop the transmission of PUSCH in case of collision between PUSCH and sPUSCH in the same subframe on a given carrier. Alternatively, one different possible approach is to stop/drop only overlapped slot of PUSCH transmission. Configuration between partial and full stopping/dropping can be also considered, which may allow higher flexibility at the expense of higher implementation complexity. At least HARQ-ACK from PUSCH should be piggybacked onto sPUSCH. 
For CA case, further consideration is needed on whether to allow PUSCH and sPUSCH within the same PUCCH group. If simultaneous transmission of PUSCH and sPUSCH is configured and in case of non-power-limited case, UE transmits PUSCH and sPUSCH simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). Alternatively, regardless of whether PUSCH and sPUSCH are overlapped on a carrier or on different carriers within the same subframe, UE can follow single-carrier handling, which implies that no simultaneous transmission of PUSCH and sPUSCH is allowed within a PUCCH group. However, if sTTI operation is configured per carrier, this approach could lead excessive dropping of PUSCH on carrier(s) where sTTI operation is not configured. In this sense, it would be beneficial to allow simultaneous transmission of PUSCH and sPUSCH at least for different carriers if configured. 

Further discussion is also needed on how to handle collision between PUSCH and multiple sPUSCH within the same subframe. For 2/3-symbol case, considering dynamic DMRS insertion aspect for sPUSCH, it would be desirable to allow UCI piggyback onto sPUSCH in which DMRS is present.
Proposal 1: In case of collision between PUSCH and sPUSCH within the same subframe, stopping/dropping PUSCH for subframe or slot basis is preferred for a given carrier. For CA case, if simultaneous transmission of PUSCH and sPUSCH is configured and in case of non-power-limited case, UE transmits PUSCH and sPUSCH simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). 
2.2. PUCCH & sPUCCH
In case of collision between PUCCH and sPUCCH, 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 for subframe or slot basis 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, firstly, the following approaches on handling of collision in the same carrier can be considered:
(1) Approach 1: PUCCH & sPUSCH or sPUCCH & PUSCH simultaneous transmission can follow the network configuration if the UE supports simultaneous transmission between them. To support this, either a UE should also support PUCCH & sPUSCH or sPUCCH & PUSCH simultaneous transmission when it supports PUSCH & PUCCH simultaneous transmission or separate UE capabilities can be considered. Based on UE capabilities, the network may configure simultaneous transmission between PUSCH and PUCCH across different TTI lengths. The configuration if configured would be applied to simultaneous transmission of PUCCH & sPUSCH and/or of sPUCCH & PUSCH in the same carrier or across carriers as similar to current CA configuration. 

(2) Approach 2: In a single carrier, simultaneous transmission of UL channels having different TTI length is not allowed. In this case, collision needs to be handled similarly to sPUCCH & PUCCH and sPUSCH & PUSCH collision cases. In this case, it would be also preferable to drop/stop legacy TTI UL channels and transmit the short TTI UL channel. Alternatively, one different possible approach is to stop/drop only overlapped slot of legacy TTI UL channels. 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. 
Main benefit of approach 2 is that it can avoid potential performance degradation on PUCCH or PUSCH when there is partially overlapped sPUSCH or sPUCCH transmission due to power transient period before and after short TTI transmission in the middle of legacy TTI transmission. On the other hand, approach 2 can lead dropping of UCI (at least periodic CSI) and PUSCH. 
For CA case, it is considerable to allow simultaneous transmission of PUCCH and sPUSCH or sPUCCH and PUSCH within the same PUCCH group if a UE supports. This can be necessary particularly for sPUCCH and PUSCH to minimize dropping of PUSCH considering that short TTI operation may not be configured to all UL carriers in the PUCCH group. Power control method to support simultaneous transmission of PUCCH and sPUSCH or sPUCCH and PUSCH should be taken into account. Analogous to PUSCH and sPUSCH collision case, if simultaneous transmission of PUCCH and sPUSCH or sPUCCH and PUSCH is configured and in case of non-power-limited case, UE transmits PUCCH and sPUSCH or sPUCCH and PUSCH simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). The reason that PUCCH or PUSCH is dropped instead of power scaling in case of power limited is to avoid power change during PUCCH or PUSCH transmission. Alternatively, regardless of whether PUCCH and sPUSCH or sPUCCH and PUSCH are overlapped on a carrier or on different carriers within the same subframe, UE can follow single-carrier handling, which implies that no simultaneous transmission of PUCCH and sPUSCH or sPUCCH and PUSCH is allowed within a PUCCH group. 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.
The overall handling of sPUSCH & PUCCH and PUCCH & sPUSCH within a carrier group can have the following three alternatives as in Table 1. 

Table 1. Possible approaches for collision handling of PUCCH & sPUSCH and of sPUCCH & PUSCH
	
	In a single carrier
	Across carriers within a PUCCH group

	Approach 1
	Simultaneous transmission is allowed if configured
	Simultaneous transmission is allowed if configured

	Approach 2
	Simultaneous transmission is not allowed
	Simultaneous transmission is allowed if configured

	Approach 3
	Simultaneous transmission is not allowed
	Simultaneous transmission is not allowed


Correspondingly, Table 2 summarizes potential benefits and drawbacks of each approach. 

Table 2. Potential benefits and drawbacks of each approach in Table 1
	
	Benefits
	Drawbacks

	Approach 1
	Dropping can be minimized (periodic CSI & PUSCH)
	Potential performance impact from power transient period in the middle of PUSCH or PUCCH transmission needs to be addressed

	Approach 2
	Dropping of PUSCH can be minimized
Power transient issue in the single carrier can be mitigated
	UE capability & configuration for simultaneous transmission across carriers need to be addressed

	Approach 3
	Power control can be simpler compared to other approaches
	Potentially frequent dropping of periodic CSI and PUSCH can happen


For simplicity and potential benefits, we propose to adopt approach 2. 
Proposal 3: In case of collision between PUCCH and sPUSCH or sPUCCH and PUSCH within the same subframe, stopping/dropping legacy TTI UL channel for subframe or slot basis is preferred for a given carrier. For CA case, if simultaneous transmission is configured and in case of non-power-limited case, UE transmits 1ms TTI and sTTI channels simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). At least HARQ-ACK from legacy TTI UL channel should be piggybacked onto sTTI UL channel. 
2.4. Collision handling for more than two UL channels
It is worthwhile to consider how to handle collision case among more than two UL channels. One approach is to handle per TTI length first and then different TTI length case. For example, let us consider the case where PUSCH and sPUCCH on CC1 and sPUSCH on CC2 are collided in the same subframe and simultaneous transmission of sPUSCH & sPUCCH is not configured. For sTTI, sPUSCH is prioritized over sPUCCH. Then, both PUSCH on CC1 and sPUSCH on CC2 will be transmitted if simultaneous transmission of PUSCH and sPUSCH is configured and in case of non-power-limited case, otherwise only sPUSCH on CC2 will be transmitted.
Another approach is to handle per CC first and then different carrier case. For example, let us consider the case where PUSCH and sPUCCH on CC1 and sPUSCH on CC2 are collided in the same subframe and simultaneous transmission of sPUSCH & sPUCCH is not configured. For CC 1, sPUCCH can be prioritized over PUSCH. Then, only sPUSCH on CC2 will be transmitted. For either approach, UCI of dropped channel(s) will be carried by transmitted channel(s). Note that UCI may be transmitted by different channel depending on approach. Further details on UCI piggyback should be investigated.
Overall, further investigation is needed how to handle collision case among more than two UL channels and how to transmit UCI of dropped channel(s). At least for the priority rule, TTI length, UE power status, and capability/configuration of simultaneous transmission should be taken into account. 
Proposal 4: At least for a given carrier, it would be preferable not to allow simultaneous transmission of 1ms TTI and sTTI UL channels in order to preserve single-carrier property. For different carriers, simultaneous transmission of 1ms TTI and sTTI UL channels may depend on UE capability.
Proposal 5: Further investigation is needed on how to handle collision case among more than two UL channels and how to transmit UCI of dropped channel(s). At least for the priority rule, TTI length, UE power status, and capability/configuration of simultaneous transmission should be taken into account.
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: In case of collision between PUSCH and sPUSCH within the same subframe, stopping/dropping PUSCH for subframe or slot basis is preferred for a given carrier. For CA case, if simultaneous transmission of PUSCH and sPUSCH is configured and in case of non-power-limited case, UE transmits PUSCH and sPUSCH simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). 
Proposal 2: In case of collision between PUCCH and sPUCCH, dropping/stopping PUCCH for subframe or slot basis and sPUCCH transmission with UCI of PUCCH should be considered. 
Proposal 3: In case of collision between PUCCH and sPUSCH or sPUCCH and PUSCH within the same subframe, stopping/dropping legacy TTI UL channel for subframe or slot basis is preferred for a given carrier. For CA case, if simultaneous transmission is configured and in case of non-power-limited case, UE transmits 1ms TTI and sTTI channels simultaneously, and otherwise UE will follow single-carrier handling (e.g., stopping/dropping or puncturing). At least HARQ-ACK from legacy TTI UL channel should be piggybacked onto sTTI UL channel. 
Proposal 4: At least for a given carrier, it would be preferable not to allow simultaneous transmission of 1ms TTI and sTTI UL channels in order to preserve single-carrier property. For different carriers, simultaneous transmission of 1ms TTI and sTTI UL channels may depend on UE capability.
Proposal 5: Further investigation is needed on how to handle collision case among more than two UL channels and how to transmit UCI of dropped channel(s). At least for the priority rule, TTI length, UE power status, and capability/configuration of simultaneous transmission should be taken into account.
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