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1
Introduction
In a legacy LTE system, the transmission of PUCCH and PUSCH in a given subframe depends on the UE capability. In particular, if a UE is capable of performing parallel transmission, both control and data can be sent concurrently. On the other hand, if UE is not capable, then certain rules should be applied.

With the introduction of sTTI operation, there might be instances that not only PUSCH and PUCCH should be sent, but also a UE has to send sPUSCH as well as sPUCCH. In such scenarios, given the disparity in the TTI length of the two operations, enabling parallel transmission becomes more challenging.

In this contribution paper, we overview the collision between the 1ms and sTTI traffics in the uplink.  
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Collision Handling in the UL
In general, since sTTI traffic has a tight turnaround time, and is delay sensitive, it should take precedence over the 1ms TTI. In other words, to the extent possible, the sTTI transmission should not be interrupted. Over a single cell, the following cases may happen:

1) When sPUSCH/sPUCCH collides with a PUCCH.

a. PUCCH transmission has not yet started.

b. PUCCH transmission is ongoing.

2) When sPUSCH/sPUCCH collides with a PUSCH.

a. PUSCH transmission has not yet started.

b. PUSCH transmission is ongoing.

In case of (1-a), a UE has to stop processing the PUCCH, e.g., ACK/NAK preparation, encoding, etc. Instead, at least some contents of the UCI, e.g., ACK/NAK bits, can be multiplexed with the shortened UCI, and sent over sPUCCH/sPUSCH. This could be configured based on the UL sTTI length as well as the sPUCCH format.
In case (1-b), sPUSCH/sPUCCH may collide with PUCCH. If PUCCH format 1/1a/1b or 3 are configured, puncturing a subset of the PUCCH symbols incurs interference across different UL transmissions since the received signals may no longer be orthogonal. On the other hand, if PUCCH transmission is ongoing, but is discontinued, i.e., PUCCH is dropped, it imposes interference on other transmissions multiplexed on the same resource. Hence, in this case, sPUCCH/sPUSCH should be dropped. If PUCCH format 2, 4, or 5 are configured, puncturing the overlapping symbols is possible. However, from implementation point of view, resuming the PUCCH transmission after sPUCCH/sPUSCH is sent is challenging. Hence, it would be preferred to drop the 1ms transmission.

Proposal 1: If sPUSCH/sPUCCH and PUCCH collide in a given subframe, and PUCCH transmission is not initiated, PUCCH can be dropped, and its contents can be piggybacked on sPUSCH/sPUCCH.

Proposal 2: If sPUSCH/sPUCCH and PUCCH format 1/1a/1b or 3 collide, while the 1ms transmission is ongoing, the sPUSCH/sPUCCH transmissions may be dropped.
Proposal 3: If sPUSCH/sPUCCH and PUCCH format 2/4/5 collide, while the 1ms transmission is ongoing, the PUCCH transmission may be dropped.

In case of (2-a), it may be possible to drop the PUSCH transmission once the UL sTTI grant indicates that the two services will collide in a given subframe. However, since the upper-layer preparations are already started, the possibility of adopting this approach should further be studied. If this is feasible, and PUSCH contains UCI, some contents of UCI may be piggybacked on sPUSCH/sPUCCH.
In case of (2-b), similar to (1-b), the 1ms resources overlapping with the sTTI UL transmission can be punctured. However, similar to (1-b), resuming the transmission after a while is a challenge from the implementation perspective.
Proposal 4: If sPUSCH/sPUCCH and PUSCH collide in a given subframe, and PUSCH transmission is not initiated, further study the possibility of dropping PUSCH. 
Proposal 5: If sPUSCH/sPUCCH and PUSCH collide, while the 1ms transmission is ongoing, the PUSCH transmission may be dropped.
Under the CA operation, defining the priority rules becomes more challenging. This is because in this case, up to two PUCCH groups can be defined, where UCI and sUCI of each group can be sent over PCC/PSCC. Further, both PUSCH and sPUSCH may be scheduled over each CC. Hence, power splitting across multiple transmissions/CCs is complicated. In this case, if the UL channels are of the same sTTI length, and a UE is capable of performing parallel transmission, sPUSCH/sPUCCH can be sent simultaneously. In this case, if a UE is not capable of parallel transmission, the legacy rules should be applied.
Proposal 6: At least within each PUCCH group, consider configuring only one sTTI length for both sPUSCH and sPUCCH. Otherwise, the legacy priority rules can be adopted.
Across two PUCCH groups, if transmissions via different sTTI lengths are allowed, the power splitting mechanism should be further studied.

Proposal 7: Further study the possibility of allowing transmissions with different sTTI lengths across two PUCCH groups.
3
Conclusions 
Proposal 1: If sPUSCH/sPUCCH and PUCCH collide in a given subframe, and PUCCH transmission is not initiated, PUCCH can be dropped, and its contents can be piggybacked on sPUSCH/sPUCCH.

Proposal 2: If sPUSCH/sPUCCH and PUCCH format 1/1a/1b or 3 collide, while the 1ms transmission is ongoing, the sPUSCH/sPUCCH transmissions may be dropped.
Proposal 3: If sPUSCH/sPUCCH and PUCCH format 2/4/5 collide, while the 1ms transmission is ongoing, the PUCCH transmission may be dropped.
Proposal 4: If sPUSCH/sPUCCH and PUSCH collide in a given subframe, and PUSCH transmission is not initiated, further study the possibility of dropping PUSCH. 
Proposal 5: If sPUSCH/sPUCCH and PUSCH collide, while the 1ms transmission is ongoing, the PUSCH transmission may be dropped.
Proposal 6: At least within each PUCCH group, consider configuring only one sTTI length for both sPUSCH and sPUCCH. Otherwise, the legacy priority rules can be adopted.
Proposal 7: Further study the possibility of allowing transmissions with different sTTI lengths across two PUCCH groups.
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