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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Regarding multiplexing between sTTI and TTI in the same subframe, following agreements were achieved in RAN1#84bis meeting [1], 
Agreements:
· 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)
· FFS between:
· 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
· FFS UE behaviour in case of being scheduled with legacy TTI unicast PDSCH and short TTI unicast PDSCH simultaneously with legacy TTI non-unicast PDSCH (except FFS for SC-PTM) on the same carrier 
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or (depends on outcome of FFS above) short TTI PDSCH unicast

Agreements:
· 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
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in the same subframe on one carrier by puncturing PUSCH
· FFS whether a UE may transmit PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s)
· Dropping/prioritization rules (if any) are FFS 

Multiplexing issues were not so discussed in RAN1#85 and RAN1#86 meeting. Therefore, this document will continue to discuss some of above FFS issues.
Discussion
Multiplexing issue is highly related with whether dedicated Tx/Rx chain is assumed or not for shortened TTI. If no dedicated chain, it would be difficult to simultaneously receive/transmit sTTI and TTI in the same subframe. In this case, Alt.1 may be more reasonable. But on the other hand, in our view, dedicated chain makes the interaction/dependency between sTTI and TTI is less and the system design simplified.  So we propose 
Proposal 1: It is desirable to assume dedicated chain for shortened TTI. 

Based on proposal 1, Alt.3 would be feasible for DL reception. For UL transmission, UE could also transmit PUSCH and sPUSCH simultaneously. In this case, it is better that PUSCH and sPUSCH are in different PRBs if PAPR is not a problem. To puncture PUSCH for sPUSCH may impact the performance of PUSCH much especially if sTTI length is large. To allow multiplexing of sTTI and TTI in the same subframe could realize flexible scheduling. Transmission/reception of normal TTI is also not impacted. So we propose 

Proposal 2: It is desirable that UE transmits PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s).

For CA or DC capable UE, one Tx/Rx chain used for a carrier could be reused for processing sTTI. So there is no additional cost for this UE but supported carrier number for normal TTI will be reduced by one. The basic concept is illustrated as Fig.1. Tx/Rx chain for carrier 3 is reused for sTTI in carrier 2. Supported carrier number is reduced from 3 to 2.
[image: ]
Figure 1 Tx/Rx chain reusing for CA capable UE

UE capable of three carries for normal TTI is operated as two carriers for normal TTI and one carrier for sTTI.  The carrier used for sTTI can be the same frequency as other carrier like carrier 2. In addition, which carrier is scheduled for sTTI can be scheduled by eNB by reusing cross-carrier scheduling mechanism, e.g. a CIF index could indicate sTTI on a specific carrier. For uplink, the tight interaction between PUSCH/PUCCH and sPUSCH/sPUCCH could be avoided. It would make UE implementation much simpler. Which baseband modules of sTTI and TTI are shared or totally dedicated is up to UE implementation. 
In case of multiplexing sTTI and TTI in the same subframe in uplink, the power control mechanism specified for carrier aggregation or dual connectivity could be reused. Some details could refer to [2]. 
In case of multiplexing sTTI and TTI in the same subframe in downlink, UEs’ blind decoding times could also be increased in the same subframe. The eNB dynamically chooses to transmit sTTI or TTI on this carrier. 
Proposal 3: For CA or DC capable UE, one Tx/Rx chain used for one carrier could be used for shortened TTI. 

Following table is the summary on comparison between shared Tx/Rx chain and separate Tx/Rx chain,
Table 1 Comparison between shared Tx/Rx chain and separate Tx/Rx chain
	
	Shared Tx/Rx chain of TTI and sTTI
	Separate Tx/Rx chain of TTI and sTTI

	Feasibility to support multiplexing sTTI and TTI in different PRBs
	Difficult 
	Easy

	Feasibility to support multiplexing sTTI and TTI in same PRBs (e.g., piggybacked manner)
	Easy
	Difficult

	System design complexity 
	Larger 
Has to handle multiple unicast channels in the same subframe, so software/coding/programming would become more complex.
Might have additional impact on the specification to handle multiple unicasts.
	smaller
Many functions and specification realized by CA or DC could be reused



Conclusion
In this contribution we discussed multiplexing between sTTI and TTI in the same subframe. In our view it is highly related with assumption on dedicated Tx/Rx chain. We propose 
Proposal 1: It is desirable to assume dedicated chain for shortened TTI. 
Proposal 2: It is desirable that UE transmits PUSCH and short TTI sPUSCH in different PRBs on the same symbol(s).
Proposal 3: For CA or DC capable UE, one Tx/Rx chain used for one carrier could be used for shortened TTI. 
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