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1. Introduction

In this contribution, we discuss several aspects related to interaction between different TTI lengths. Specifically, the following aspects will be discussed:

· UL collision handling for single carrier case
· UL collision handling for multiple carrier case
2. Collisions between different TTI lengths
2.1. Single carrier case
PUSCH & sPUCCH collision
In case of collision between PUSCH and sPUCCH in the same subframe on a given carrier, there has been some related discussions but no decision was made. So far, two approaches for collision between PUSCH and sPUCCH are on the table as follows:

· Option 1: The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

· Option 2: The UE shall drop sPUCCH and shall transmit PUSCH.

Considering that collision handling for other cases are already agreed, it would be more desirable to have the common collision handling for simple UE implementation. If option 2 is supported, some inconsistent UE behavior can be found. For example, if there is another sPUSCH scheduling within the same subframe but at the different sTTI from sPUCCH on top of collision between PUSCH & sPUCCH, anyhow PUSCH needs to be dropped by following the collision handling of PUSCH & sPUSCH.
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Figure 1. Example of UL collision between different TTI lengths, where sPUSCH and sPUCCH are in different sTTI
Moreover, if there is another sPUSCH scheduling within the same sTTI with sPUCCH, then which collision handling is prioritized seems ambiguous and the corresponding outcome will be different. For example, if collision handling of PUSCH & sPUSCH is applied firstly (case 1 in Figure 2), then we will have sPUSCH and sPUCCH. On the other hand, if collision handling of PUSCH & sPUCCH is applied firstly (case 2 in Figure 2), then sPUCCH will be dropped firstly and thus we will have only sPUSCH in the end even though the UE is capable of simultaneous transmission of sPUSCH and sPUCCH.
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Figure 2. Example of UL collision between different TTI lengths, where sPUSCH and sPUCCH are in the same sTTI
Considering the above aspects, our proposal is to stop/drop PUSCH and transmit sPUCCH when PUSCH and sPUCCH are collided within the same subframe on a given carrier. 
Proposal 1: The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

Remaining issues
When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, two approaches can be taken into account: one is joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH and another is separate coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH. For better reliability, it would be preferable to support joint coding in this case. Also, the concatenation of UCI needs to be addressed. For providing more reliability to HARQ-ACK for sPDSCH, the feedback on sPUSCH would consist of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index). Similar rule can be considered for the case of collision between PUCCH and sPUCCH.
Proposal 2: When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUSCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Proposal 3: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, similar rules as for the case of collision between PUCCH and sPUCCH can be considered. 
Proposal 4: When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK for PDSCH before mapping onto sPUSCH is supported. 

· For 7-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied when configured.

· For 2/3-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied. 
If the above proposal 1 is agreed, then similar rule can be also applied to collision between PUSCH and sPUCCH. 
Proposal 5: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUSCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Proposal 6: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUSCH and sPUCCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK for PDSCH before mapping onto sPUCCH is supported. 

· For 7-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied when configured.

· For 2/3-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied.
2.2. Multiple carrier case
Whether or not to allow simultaneous transmission of different TTI lengths across different carriers is highly dependent on UE’s RF structure. In case channels of different TTI lengths share the same RF chain, simultaneous transmission of those channels seems infeasible to maintain UL transmit power of longer TTI channel. On the other hand, in case the UE has multiple RF chains corresponding to different TTI lengths, then simultaneous transmission of those channels seems feasible. Since RAN1 specification typically does not describe UE’s RF structure or CA scenario (e.g., intra-band or inter-band), it would be beneficial/helpful to define UE capability on simultaneous transmission of different TTI lengths across different carriers.
Proposal 7: In case of UL collision between 1ms TTI and sTTI or between 7-OS sTTI and 2/3-OS sTTI for different carriers, simultaneous transmission of different TTI lengths across different carriers are allowed only if a UE reports the capability.
As pointed out above, simultaneous transmission of different TTI lengths is related to UE’s RF structure or CA scenario and thus there seems no difference between different TTI length combinations for the UE capability. Moreover, this UE capability should be defined per band/band combination. And there is no need to separate the UE capability per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH}).
Proposal 8: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, and if a UE reports the capability, all combinations of simultaneous transmission of different TTI lengths across different carriers are allowed/capable at least if the UE is non-power-limited.
Proposal 9: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, the capability is defined per band/band combination. 
Proposal 10: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, there is no need to separate the UE capability per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH}).
In case a UE is capable of simultaneous transmission of different TTI lengths across different carriers but the UE is power limited, a UE behavior needs to be still addressed. As noted in the related email discussion [90-12], five options can be considered as follows:
· Option 1: A guaranteed power for each TTI length is reserved. The power of the earlier transmission (e.g., longer TTI) can be at most {Pcmax – the guaranteed power of the later transmission} and the power of the later overlapped transmission (e.g., shorter TTI) is determined by {Pcmax – the required power of the earlier transmission}. (like PCM2 in DC)

· Option 2: In case a UE is power-limited, the power of collided TTI channel(s) is scaled down until the condition that the UE becomes non-power-limited is met.

· Option 3: In case a UE is power-limited, the power of TTI channel(s) with lower priority (e.g., longer TTI) is(are) reduced until the condition that the UE becomes non-power-limited is met.

· Option 4: In case a UE is power-limited, TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met.

· Option 5: In case a UE is power-limited, simultaneous transmission of different TTI lengths across different carriers are not allowed and TTI channel(s) with lower priority is(are) dropped/stopped.

In case most of power is reserved for shorter TTI, then longer TTI would be transmitted erroneously, and vice versa. Thus, the power reservation of option 1 would not be necessarily efficient unless scheduling of shorter TTI is priory known. For option 2, there would be an impact on the performance of shorter TTI. The power reduction of option 3 for longer TTI seem not feasible since a UE cannot foresee whether shorter TTI will be scheduled or not when longer TTI channel starts. In this sense, our preference is option 4. Option 5 is also fine with us but it might induce too many dropping cases. If option 4 is supported, then the priority among multiple UL channels can be determined considering the TTI length (e.g., shorter TTI > longer TTI), channel type (e.g., PUCCH > PUSCH with UCI > PUSCH without UCI), UCI type (e.g., HARQ-ACK/SR> CSI> data > SRS), DMRS presence (e.g., sPUSCH with DMRS > sPUSCH without DMRS), and cell index (e.g., lower cell index > higher cell index). 
Proposal 11: In case a UE is capable of simultaneous transmission of different TTI lengths across different carriers but the UE is power limited, TTI channel(s) with lower priority is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met.
· The priority among multiple UL channels can be determined considering the TTI length (e.g., shorter TTI > longer TTI), channel type (e.g., PUCCH > PUSCH with UCI > PUSCH without UCI), UCI type (e.g., HARQ-ACK/SR> CSI> data > SRS), DMRS presence (e.g., sPUSCH with DMRS > sPUSCH without DMRS), and cell index (e.g., lower cell index > higher cell index).
If a UE is not capable of simultaneous transmission of different TTI lengths across different carriers, then the above priority determination rule can be also applied. The difference is that, in this case all of the longer TTI channel(s) will be dropped/stopped for a given band combination. 
Proposal 12: In case a UE is not capable of simultaneous transmission of different TTI lengths across different carriers, all of the longer TTI channel(s) is(are) dropped/stopped.

3. Conclusions

In this contribution, we discussed several aspects related to interaction between different TTI lengths. Based on the above discussions, our proposals are given as follows:
Proposal 1: The UE should attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH and shall transmit sPUCCH. The UE shall not resume the dropped/stopped transmission.

Proposal 2: When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUSCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Proposal 3: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUCCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Proposal 4: When HARQ-ACK for PDSCH is transmitted on sPUSCH due to collision between PUSCH and sPUSCH or between PUCCH and sPUSCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK for PDSCH before mapping onto sPUSCH is supported. 

· For 7-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied when configured.

· For 2/3-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied. 
Proposal 5: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUSCH and sPUCCH in the same subframe on a given carrier, joint coding of HARQ-ACK for PDSCH and sHARQ-ACK for sPDSCH is supported.

· The feedback on sPUCCH consists of the concatenation of sHARQ-ACK (from one with the lowest cell index) prior to HARQ-ACK (from one with the lowest cell index).

Proposal 6: When HARQ-ACK for PDSCH is transmitted on sPUCCH due to collision between PUSCH and sPUCCH in the same subframe on a given carrier, spatial bundling for HARQ-ACK for PDSCH before mapping onto sPUCCH is supported. 

· For 7-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied when configured.

· For 2/3-OS sPUSCH, spatial bundling of HARQ-ACK for PDSCH is applied.
Proposal 7: In case of UL collision between 1ms TTI and sTTI or between 7-OS sTTI and 2/3-OS sTTI for different carriers, simultaneous transmission of different TTI lengths across different carriers are allowed only if a UE reports the capability.

Proposal 8: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, and if a UE reports the capability, all combinations of simultaneous transmission of different TTI lengths across different carriers are allowed/capable at least if the UE is non-power-limited.
Proposal 9: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, the capability is defined per band/band combination. 
Proposal 10: If a capability on simultaneous transmission of different TTI lengths across different carriers is defined, there is no need to separate the UE capability per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH}).

Proposal 11: In case a UE is capable of simultaneous transmission of different TTI lengths across different carriers but the UE is power limited, TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met.
· The priority among multiple UL channels can be determined considering the TTI length (e.g., shorter TTI > longer TTI), channel type (e.g., PUCCH > PUSCH with UCI > PUSCH without UCI), UCI type (e.g., HARQ-ACK/SR> CSI> data > SRS), DMRS presence (e.g., sPUSCH with DMRS > sPUSCH without DMRS), and cell index (e.g., lower cell index > higher cell index).
Proposal 12: In case a UE is not capable of simultaneous transmission of different TTI lengths across different carriers, all of the longer TTI channel(s) is(are) dropped/stopped.
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