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1
Introduction
In RAN1 #88, #88b and #89, the following agreements were reached:

Agreement:
· In case of collision between sPUSCH and sPUCCH in the same sTTI on a given carrier for a UE
· The UE transmits both sPUSCH and sPUCCH if the UE is indicating the capability of and is configured with simultaneous transmission of sPUSCH and sPUCCH
· Otherwise, the UE transmits only sPUSCH including UCI of sPUCCH
· FFS whether some priority rule applies for inclusion of UCI from sPUCCH.
· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· FFS whether different sTTI combination can be configured for different PUCCH group.
Agreement:

· Simultaneous transmission of sPUSCH and PUSCH is not supported within the same carrier.
Agreement:
· 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)
Agreement:
· Simultaneous transmission of TTI and sTTI UL channels is not allowed within the same carrier on overlapped symbols

· PUSCH and sPUSCH (already agreed)

· PUCCH and sPUCCH

· PUSCH and sPUCCH

· PUCCH and sPUSCH

· FFS in case of different carriers

· FFS on non-overlapping symbols
Agreement:
· In case of collision between PUSCH and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission

· FFS: HARQ-ACK of PUSCH is transmitted on sPUSCH

· FFS on how to map HARQ-ACK of PUSCH to sPUSCH

· FFS on whether CSI of PUSCH is dropped or not

· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted

Agreement:
· In case of collision between PUCCH format 2/4/5 and sPUCCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUCCH

· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission

· FFS: HARQ-ACK of PUCCH is transmitted on sPUCCH

· FFS on how to map HARQ-ACK of PUCCH to sPUCCH

· CSI of PUCCH is dropped 

· FFS if a requirement on the time of dropping prior to sPUCCH transmission is adopted

· FFS for other PUCCH formats

Agreement:
· In case of collision between PUCCH format 2/4/5 and sPUSCH in the same subframe on a given carrier for a UE

· The UE shall transmit sPUSCH

· The UE shall attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUCCH format 2/4/5 without resuming the transmission

· FFS: If HARQ-ACK of PUCCH is transmitted 

· FFS on whether CSI of PUCCH is dropped or not

· FFS if a requirement on the time of dropping prior to sPUSCH transmission is adopted

· FFS for other PUCCH formats

In this paper, we present more details regarding the collision handling between 1ms TTI and sTTI in the UL both over the same or different carriers.

2
Simultaneous sTTI Transmission in the UL
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 can perform 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. To set the operating points independently, it would be beneficial to define two separate capabilities: One for simultaneous transmission of PUCCH and PUSCH and the other one for simultaneous transmission of sPUCCH and sPUSCH.
Proposal 1: Consider two independent UE capabilities for enabling simultaneous transmission of PUSCH and PUCCH as well as sPUSCH and sPUCCH. 
In addition, with the introduction of sTTI operation, there might be instances that not only PUSCH and PUCCH should be sent, but also a UE should 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 the remainder of this contribution paper, we present some design details regarding the collision handling between the 1ms and sTTI traffics in the uplink. 
3
Collision Handling on the Same CC

PUSCH and sPUSCH collision: It is agreed that when PUSCH and sPUSCH collide over a subframe of a given carrier, the UE shall attempt to drop/stop as soon as possible (up to UE implementation) the whole/remaining transmission of PUSCH without resuming the transmission. In such a case, from UE’s processing complexity point of view, there should not be any requirement on the time of dropping prior to sPUSCH transmission. In particular, as agreed, the dropping timeline is up to the UE implementation.

Proposal 2: When PUSCH and sPUSCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUSCH dropping timeline. It is left to the UE implementation.
Further, in a scenario where PUSCH carries UCI, there are two possibilities: (1) UCI of PUSCH is dropped, and (2) UCI of PUSCH is sent over sPUSCH. It should be noted that piggybacking the 1ms UCI on sPUSCH can degrade the UL sTTI performance. Hence, the 1ms UCI should be dropped.

Proposal 3: When PUSCH and sPUSCH collide over a subframe of a given carrier and PUSCH carries UCI, the UCI should be dropped.    
PUCCH FMT 2/4/5 and sPUCCH collision: Similar to the previous case, in this case as well, there should not be any specific timeline on the dropping of the PUCCH.

Proposal 4: When PUCCH FMT 2/4/5 and sPUCCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUCCH dropping timeline. It is left to the UE implementation.

In the case of collision between PUCCH FMT 1a/1b/3 with an sPUCCH over a subframe of a given carrier, the collision handling mechanisms have not been decided yet. The reason is the use of orthogonal cover codes across the symbols of these PUCCH formats; if a symbol is punctured or some portion of the subframe is dropped, other users multiplexed over the same resource experience additional interference. The alternative approach could be to drop the sPUCCH; however, since sTTI is, in general, used for supporting delay-sensitive services, this might not be desirable. Hence, the first approach is preferable. Nonetheless, the impact of partially dropping PUCCH on other legacy users should be carefully considered.
Proposal 5: When PUCCH FMT 1a/1b/3 and sPUCCH collide over a subframe of a given carrier, further study the impact of dropping PUCCH on other legacy users multiplexed over the same PUCCH resource. 

PUCCH FMT 2/4/5 and sPUSCH collision: Based on the above arguments, for this case as well, we have that:
Proposal 6: When PUCCH FMT 2/4/5 and sPUSCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUSCH dropping timeline. It is left to the UE implementation.
Proposal 7: When PUCCH FMT 2/4/5 and sPUSCH collide over a subframe of a given carrier and PUSCH carries UCI, the UCI should be dropped.    
Proposal 8: When PUCCH FMT 1a/1b/3 and sPUSCH collide over a subframe of a given carrier, further study the impact of dropping PUCCH on other legacy users multiplexed over the same PUCCH resource. 

4
Collision Handling across Different CCs

Whether a simultaneous transmission of different TTI lengths across different CCs is feasible is directly dependent on whether/under what conditions power sharing/splitting can be efficiently employed. In this regard, two scenarios should be looked at separately: (1) the simultaneous transmission of different TTI lengths across contiguous intra-band CCs, and (2) the simultaneous transmission of different TTI lengths across inter-band or non-contiguous intra-band CCs. For the first case, a UE uses a single RF chains. For the second case, a UE uses multiple RF chains.

In the first case, since a single RF chain is used, in case different TTI lengths are scheduled over different CCs, the phase continuity over the longer CC cannot be maintained. Hence, we have that:

Proposal 9: Simultaneous transmission of UL TTIs with different lengths across contiguous intra-band CCs is not supported.

Hence, like the case of the simultaneous transmission over the single CC, some dropping rules should be defined.

In the second scenario, if TTIs of different lengths are scheduled over different CCs, since separate RF chains are used, the phase continuity over the larger TTI length(s) can be preserved. 

Proposal 10: Simultaneous transmission of UL TTIs with different lengths across inter-band CCs and non-contiguous intra-band CCs is supported. 
One important aspect to consider here is the issue of power sharing across different TTI lengths. This can be done in two different ways. 

Approach 1: One promising way for UL power sharing across different TTI lengths under the second scenario is as follows: the eNB scheduler can semi-statically, e.g., via a RRC signalling, allocate a fraction of the total power to each of the supported TTI lengths. As an example, for a user that supports both 2-symbol and 1-slot sTTIs, the [image: image2.png]


portion of the total power can be allocated to the 1ms TTI, the[image: image4.png]


 portion of the total power can be allocated to the 1-slot sTTI, and the[image: image6.png]


 portion of the total power can be allocated to the 2-symbol sTTI, where [image: image8.png]
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 is the amount of power reserved for the operation of the [image: image12.png]R



 TTI length over all activated CCs. 

If the power reserved for the longer (s)TTIs is not used (in case 1ms TTI and/or 1-slot sTTI are not scheduled), then the all power is assigned to the shortest sTTI (e.g., the 2-symbol sTTI.) Further, if in any transmission stance, the required transmit power for the [image: image14.png]R



 TTI length is above [image: image16.png]a;Proe



, the UE has to scale down its transmit power allocated to the [image: image18.png]


 TTI over all CCs. This can be done by defining some priority rules similar to the ones adopted for legacy LTE when the UE, in CA mode, is power-limited. As an example, the priority rule can be defined as (s)PUCCH > (s)PUSCH with UCI > (s)PUSCH.

Approach 2: In the second approach, the power assignment decisions are made more dynamically through the UL grant. As an example, for a UE that supports both the 1-slot and 2-symbol sTTIs, the UL power for the 1ms TTI [image: image20.png]


 is indicated first since the 1ms UL grant is sent earlier. The amount of power remained for the 2-symbol and 1-slot operations is then [image: image22.png]Pior — P,



. Next, the UL power for the 1-slot sTTI [image: image24.png]


is indicated, and finally, the 2-symbol sTTI is assigned the residual power [image: image26.png]


. By properly determining the values of [image: image28.png]
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, the eNB can prioritize the transmission of a certain TTI length.

Proposal 11: When UL TTIs with different lengths are scheduled over inter-band or non-contiguous intra-band CCs, adopt either Approach 1 or Approach 2 for UL power assignment.
5
Conclusions 
Proposal 1: Consider two independent UE capabilities for enabling simultaneous transmission of PUSCH and PUCCH as well as sPUSCH and sPUCCH. 

Proposal 2: When PUSCH and sPUSCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUSCH dropping timeline. It is left to the UE implementation.
Proposal 3: When PUSCH and sPUSCH collide over a subframe of a given carrier and PUSCH carries UCI, the UCI should be dropped.    

Proposal 4: When PUCCH FMT 2/4/5 and sPUCCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUCCH dropping timeline. It is left to the UE implementation.
Proposal 5: When PUCCH FMT 1a/1b/3 and sPUCCH collide over a subframe of a given carrier, further study the impact of dropping PUCCH on other legacy users multiplexed over the same PUCCH resource. 
Proposal 6: When PUCCH FMT 2/4/5 and sPUSCH collide over a subframe of a given carrier, no requirement needs to be specified for the PUSCH dropping timeline. It is left to the UE implementation.
Proposal 7: When PUCCH FMT 2/4/5 and sPUSCH collide over a subframe of a given carrier and PUSCH carries UCI, the UCI should be dropped.    
Proposal 8: When PUCCH FMT 1a/1b/3 and sPUSCH collide over a subframe of a given carrier, further study the impact of dropping PUCCH on other legacy users multiplexed over the same PUCCH resource. 

Proposal 9: Simultaneous transmission of UL TTIs with different lengths across contiguous intra-band CCs is not supported.

Proposal 10: Simultaneous transmission of UL TTIs with different lengths across inter-band CCs and non-contiguous intra-band CCs is supported. 
Proposal 11: When UL TTIs with different lengths are scheduled over inter-band or non-contiguous intra-band CCs, adopt either Approach 1 or Approach 2 for UL power assignment.
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