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1 Introduction


In RAN#72, the new work item for latency reduction (LaR) was approved [1], where 1ms TTI and short TTIs are on the work scope. The objectives of LaR operations with short TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

The work item should also specify base station and UE core requirements to support the above features [RAN4]

Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item



During the SI in RAN1, some issues for coexistence between subframe TTI and sTTI have been discussed. This contribution considers the coexistence issues.

2 Discussions 
2.1 DL coexistence issue
Coexistence between PDSCH and sPDSCH

UEs supporting sTTI operations are assumed to be capable of receiving PDSCH for non-unicast and unicast as well. During the SI, RAN1 discussed this issue and had some conclusions in TR36.881 [2]. 

	· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)


During the SI, RAN1 discussed briefly without conclusions for the following alternatives.
	· Alt 1: A UE is not expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier

· Alt 2: If the UE is scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier, then it may skip the decoding of one of them (FFS rules for determining which one)

· Alt 3: A UE is expected to receive legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously on one carrier



The above issues about receiving unicast PDSCH and unicast sPDSCH can be illustrated as shown in the next figure. 
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(a) Cases corresponding to Alt 1.

(b) Cases corresponding to Alt 2 and Alt 3.


Figure 1: Receiving unicast PDSCH and unicast sPDSCH for an sTTI UE

For Alt 1, once a certain sTTI UE is scheduled with unicast PDSCH in Subframe n, it would not expect to receive unicast sPDSCH in the same subframe. In other words, the sTTI UE expects unicast sPDSCH in the subframes only where unicast PDSCH is not expected to be received. This is shown in Figure 1-(a). One advantage of this alternative is that the sTTI UE does not have to try to decode sPDCCH and/or sPDSCH in the subframe where unicast PDSCH is transmitted. This could make the short-TTI UE less complex and less power consuming. 


For Alt 2 and Alt 3, PDSCH and sPDSCH can be transmitted in the same subframe. The difference is whether the short-TTI UE would try to decode both PDSCH and sPDSCH. Of course, when the performance aspect is considered, Alt 3 may be better than Alt 2 because resources for PDSCH and sPDSCH would not be utilized at the same time in case of Alt 2. However, in order to get the performance benefit, decoding both PDSCH and sPDSCH may become severe burden to the sTTI UE since two independent processors for decoding would be required. Moreover, the extent of the performance benefit by using Alt 3 is determined by how the collisions of unicast PDSCH and unicast sPDSCH frequently happen. If the cases corresponding to simultaneous transmission of PDSCH and sPDSCH rarely occur, the performance gain by using Alt 3 would be negligible compared to Alt 2. On the contrary to this, if simultaneous transmissions of PDSCH and sPDSCH occur quite often, the performance gain by using Alt 3 would become larger compared to when using Alt 2. Compared to Alt 1, these approaches result in more power consumption for sTTI UEs.
Observation 1: Decoding both PDSCH and sPDSCH may become severe burden to the sTTI UE since two independent processors for decoding would be required.

Proposal 1: RAN1 discusses the coexistence issue of sPDSCH and PDSCH.   
2.2 UL coexistence issue
Coexistence between PUSCH and sPUSCH

Similar to DL, the issue of coexistence between sPUSCH and PUSCH is going to be discussed. 
During the SI, RAN1 discussed this issue and had some conclusions in TR36.881 [2].
	· A UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH

· A UE is not expected to transmit PUSCH and short TTI sPUSCH simultaneously on the same REs, i.e. by superposition 


During the SI, RAN1 discussed briefly for the following issues, but they remained as FFS for the SI. 
	· whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH

· whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s) 
· Dropping/prioritization rules (if any) 



The above issues for transmitting PUSCH and sPUSCH simultaneously can be illustrated in the following figure. It is going to be discussed how to deal with PUSCH and sPUSCH in the same subframe.
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Figure 2: Simultaneous transmission of PUSCH and sPUSCH

The main issue is for the case of simultaneous transmission of PUSCH and sPUSCH as shown in Figure 3. 
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Figure 3: Example of slot-TTI sPUSCH and PUSCH transmission

Once the UL grant for sPUSCH is received after the UL grant for PUSCH is received, there is a possibility for the short-TTI UE to have both PUSCH and sPUSCH to be transmitted at the same time as illustrated in Figure 3. Considering this issue, three alternatives can be considered as follows.

	Alt 1. Transmit PUSCH only
Alt 2. Transmit sPUSCH only
Alt 3. Transmit both PUSCH and sPUSCH by puncturing PUSCH in case that the same REs are scheduled for both.



For Alt 1, if the eNB does not need sPUSCH, then the eNB would not schedule sPUSCH after scheduling PUSCH. In this regards, transmitting PUSCH only can be precluded. RAN1 can consider one of Alt 2 and Alt 3 in case of PUSCH and sPUSCH scheduled to be transmitted simultaneously. 
Observation 2: Once the UL grant for sPUSCH is received after the UL grant for PUSCH is received, there is a possibility for the short-TTI UE to have both PUSCH and sPUSCH to be transmitted at the same time.

Proposal 2: Alt 1 that transmits PUSCH only when sPUSCH and PUSCH in the same subframe are scheduled is precluded.
3 Conclusions
In this contribution, coexistence issues of sTTI operations for DL and UL are discussed. It can be summarized as below. 

Observation 1: Decoding both PDSCH and sPDSCH may become severe burden to the sTTI UE since two independent processors for decoding would be required.
Observation 2: Once the UL grant for sPUSCH is received after the UL grant for PUSCH is received, there is a possibility for the short-TTI UE to have both PUSCH and sPUSCH to be transmitted at the same time.
Proposal 1: RAN1 discusses the coexistence issue of sPDSCH and PDSCH.
Proposal 2: Alt 1 of transmitting PUSCH only when UL grants for sPUSCH and PUSCH in the same subframe are received is precluded.
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