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1 Introduction
Simultaneous transmission of TTI and sTTI UL channels within the same carrier was not be supported to avoid phase discontinuity and power transient period. Most of collision issues have been addressed with agreements in RAN1 #90bis and post-meeting email discussions [1]. In this contribution, we discuss remaining issues due to switching between 1 ms TTI and shortened TTI operations. 
2. Discussion
2.1 Collision between PUSCH/PUCCH and sPUCCH
Two alternatives exist to solve the collision between PUSCH and sPUCCH: 
1. Transmitting sPUCCH while dropping PUSCH transmission. The HARQ-ACK on PUSCH can be piggyback on the sPUCCH and CSI can be dropped to avoid impacts on sPUCCH performance.  

2. Dropping sPUCCH and transmit PUSCH to make the resource usage more efficient. If the sHARQ-ACK is carried on sPUCCH, it can be on the sPUSCH. 

Generally, each option has its own pros and cons. Alt.1 prioritizes the delay sensitive service by allowing sTTI transmission, but it causes PUSCH performance degradation. While, Alt.2 would require standardization of new rules to timely map sHARQ-ACK on PUSCH in various cases, e.g. with and without legacy UCI transmissions. It may be difficult to achieve within the Rel-15 time-frame. Furthermore, Alt.1 would allow for a simple receiver design with implementing a single solution to handle all collision cases and therefore minimizes it complexity. We therefore propose:     
Proposal 1: 

· In case of PUSCH collision with sPUCCH, the UE should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUSCH and transmit sPUCCH. In the case PDSCH HARQ-ACK carried on PUSCH, piggyback it on sPUCCH.
Another FFS aspect that needs to be addressed is how to handle SR transmission on PUCCH in case of collision between sPUCCH and PUCCH. It is desirable to transmit SR on the prioritized sPUCCH so as to avoid additional delay on resource allocation for BSR report. 

When PUCCH is colliding with more than one sPUCCHs and HARQ-ACK is transmitted on PUCCH, a rule needs to be specified for carrying HARQ-ACK transmission on sPUCCH(s). We slightly prefer to transmit HARQ-ACK on the first sPUCCH for simplicity purpose.  

Proposal 2: 
· Postive SR is transmitted on sPUCCH in case of collision between PUCCH and sPUCCH.
· Transmit HARQ-ACK on the first sPUCCH when PUCCH is collides with multiple sPUCCH within a PUCCH group.   
In RAN1 #90Bis, how to bundle HARQ-ACK of PDSCH before mapping on the sPUCCH has been raised and remains open. In our view, spatial bundling is sufficient to reduce the HARQ-ACK payload. CC-domain bundling is less attractive due to less channel correlation and therefore larger DL performance loss. Considering these collisions are not supposed to occur frequently, it is preferred to support spatial bundling only and leave up to eNB scheduler to properly select a sPUCCH resource in accordance with the anticipated HARQ-ACK payload.

Proposal 3: 
· CC-domain bundling is not supported for mapping HARQ-ACK of PDSCH on sPUCCH.   
2.2 ACK/NACK bits determination on sPUCCH 

Following proposal 1 to jointly encode HARQ-ACK bits and sHARQ-ACK bits on the sPUCCH if both are present. One relevant question is whether there is any ambigurity issue at eNB when DL DCI is missed. If it occurs, there will have mismatch on the number of ACK/NACK bits between eNB and UE and impacts both sPDSCH and PDSCH performance. 

In LTE, two HARQ-ACK codebook determination are supported for PDSCH transmissions, i.e. semi-static and dynamic methods. In the former method, HARQ-ACK codebook size is fixed based on configured CC numbers and transmission modes. While in the dynamic method, 2-bit total DAI was introduced in DCI format to explicitly indicate the total number of scheduled PDSCH or PDCCH indicating SPS release. Hence, the risk of mismatch on the total ACK/NACK of PDSCH and sPDSCH is negligible. In our view, it is sufficient to leave this risk to eNB scheduler to handle e.g. scheduling proper number of legacy PDSCHs in case of dynamic HARQ-ACK codebook configuration as in eCA. We do not see a strong motivation to introduce a new mechanism to handle this issue.  

Proposal 4:        
· When concatenating the HARQ-ACK bits and sHARQ-ACK on the sPUCCH in case of collision, legacy mechanisms are followed to determine the HARQ-ACK bits: 
· HARQ-ACK bits number are determined based on the configured CC numbers, HARQ-ACK bundling windows and DL transmission mode in case of semi-static HARQ-ACK codebook configuration. 
· Otherwise, determined based on the legacy DAI mechanisms. 
2.3. UL carrier aggregation with different TTI lengths cross CCs 
2.3.1 Power splitting across CCs 
It was agreed in [2] to allow for different UL sTTI lengths to be configured for the serving cells across different PUCCH groups. In case of sTTI/sTTI or sTTI/TTI transmission overlapping and assuming UE is not aware of the transmission power of overlapped later allocation, how to split the transmission power needs to be discussed. 
Two potential alternatives were identified in RAN1#90Bis [1] as follows: 

	· Alt 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)

· Alt 1a: A guaranteed power for each TTI length is reserved, in case the TTI is scheduled. 

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 scheduled earlier transmission}

· Alt 2: 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.

Consider 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), and cell index (e.g., lower cell index > higher cell index


In case of sTTI/TTI overlapping and power limited, the sTTI transmission should be considered of higher prioritity due to latency sensitive scheduling. One conern raised on the Alt.1 and 1a is that it prevents eNB to allocate a full power for legacy UL transmissions as long as sTTI is configured on one CC and hence reduces the coverage. Unlike in DC, one eNB would in control of the sTTI and TTI scheduling on CCs and hence is typically able to properly schedule UL transmissions on CCs for a UE to avoid power-limited situation by leveraging the PHR reports. Alt.2 is a simple solution by stoping/discarding the remaining transmission of longer TTI without impact on legacy coverage and therefore is perferrable. 

Proposal 5:        

· In case of simutanous TTI and sTTI transmission and in power limited, longer TTI transmission with lower priorities are dropped/stopped until the UE becomes non-power-limited. 
2.3.2 PHR 

As already agreed TTI length is configured per UL CC. With the possible simultaneous UL transmissions with different durations across CCs, the eNB needs to know the pathloss and TPC status of a non-scheduled CC in order to properly schedule subsequent sTTI and TTI transmissions properly. Hence, PHR on sPUSCH should be transmitted for all active UL CCs as in legacy system even they have no PUSCH grant.

Such a report would provide the eNB with some knowledge on the UE transmit power which the eNB can use for the furture UE link adaptation and scheduling across CCs. Considering all UL CCs may share a same output power, it would be beneficial for the eNB to always get a PHR report for all active UL CCs at the same time  regardingless of TTI length configurations. Like in curret LTE, a actual PHR is computed and reported for the sTTI if sPUSCH/sPUCCH is transmitted; Otherwise, a reference format can be used to derive the PHR for that UL CC. 

Proposal 6:        

· PHR is reported for all active UL CCs. 
· Actual PHR is reported for an active UL CC, if there is actual transmission; Otherwise, a virtual PHR based on a reference format is derived and reported.      
3. Conclusions
This contribution discusses the remaining aspects related to interaction between different TTI lengths. The following is proposed:
Proposal 1: 

· In case of PUSCH collision with sPUCCH, the UE should attempt to drop/stop as soon as possible (up to UE implementation) whole/remaining transmission of PUSCH and transmit sPUCCH. In the case PDSCH HARQ-ACK carried on PUSCH, piggyback it on sPUCCH.
Proposal 2: 
· Postive SR is transmitted on sPUCCH in case of collision between PUCCH and sPUCCH.
· Transmit HARQ-ACK on the first sPUCCH when PUCCH is collides with multiple sPUCCH within a PUCCH group
Proposal 3: 
· CC-domain bundling is not supported for mapping HARQ-ACK of PDSCH on sPUCCH.   

Proposal 4:        

· When concatenating the HARQ-ACK bits and sHARQ-ACK on the sPUCCH in case of collision, legacy mechanisms are followed to determine the HARQ-ACK bits: 
· HARQ-ACK bits number are determined based on the configured CC numbers, HARQ-ACK bundling windows and DL transmission mode in case of semi-static HARQ-ACK codebook configuration. 
· Otherwise, determined based on the legacy DAI mechanisms. 
Proposal 5:        

· In case of simutanous TTI and sTTI transmission and in power limited, longer TTI transmission with lower priorities are dropped/stopped until the UE becomes non-power-limited
Proposal 6:        

· PHR is reported for all active UL CCs. 
· Actual PHR is reported for an active UL CC, if there is actual transmission; Otherwise, a virtual PHR based on a reference format is derived and reported.      
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