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1 Introduction

In previous meeting (RAN1#84), the following agreements related to multiplexing of non-sTTI and sTTI in the same carrier were concluded based on initial evaluations for FTP services [1].
Agreements:
· Following design assumptions are used for the study

· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features
Furthermore, there are diverse services listed in the SI [2]:
Going into the future, there will be a number of new applications that will be more and more delay critical. Examples include remote control/driving of vehicles, augmented reality applications in e.g. smart glasses, or specific machine communications requiring low latency as well as critical communications.  
In this contribution we discuss the possible approaches of multiplexing of non-sTTI and sTTI for UE with low latency and critical communications.
2 Low latency and critical communications
A number of existing applications can benefit from short TTI, for example, TCP based application such as ftp service which is widely discussed in previous meetings. The main improvement for TCP based application is reduction the time of TCP slow start phase. In addition, low latency and critical communications, e.g. remote control/driving of vehicles, augmented reality applications which are listed in the SI [2], also require latency reduction. According to TR 38.913, latency requirements for next generation access technologies become increasingly critical, such as 0.5ms user plane latency target for Ultra-Reliable and Low Latency Communications (URLLC) [3]. 
3 Multiplexing of non-sTTI and sTTI 
Note that cell edge UEs which have large file size to transmit would suffer a degraded performance due to larger overhead by sTTI, UEs support sTTI operation should coexist with non-sTTI operation. Therefore, UEs in the network can be divided into three types:
· Legacy non-sTTI UE: Legacy UE not supporting latency reduction features and using non-sTTI 
· New sTTI UE: New UE supporting latency reduction features and using sTTI
· New non-sTTI UE: New UE using existing non-sTTI, which supports or is aware of latency reduction features
3.1 Multiplexing legacy non-sTTI UE with new sTTI UE or new non-sTTI UE
Multiplexing legacy non-sTTI UE with new sTTI UE
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Figure 1 FDM manner between legacy non-sTTI UE and new sTTI UE
It’s straightforward that legacy non-sTTI UE and new sTTI UE can be multiplexed in a FDM manner in the same carrier, as depicted in Figure 1. The FDM manner can be further divided into semi-static FDM and dynamic FDM. In semi-static FDM, a certain number of RBs for new sTTI UE are semi-statically reserved. In dynamic FDM, RBs can be dynamically shared by legacy non-sTTI UE and new sTTI UE.
In semi-static FDM, in order to meet the reliability requirement of low latency and critical communications, large bandwidth resources should be reserved for the case that packets of multiple new sTTI UEs arrive at the same time. However, since the probability of that case is relatively low, many reserved resources are wasted for most of the time, leading to low bandwidth utilization ratio.
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Figure 2 Timing of eNB scheduling and data transmission
When packets arrive during TTI or sTTI n-2, eNB would perform resource allocation to those packets at TTI or sTTI n-1, and due to eNB processing delay, the packets will be sent at TTI or sTTI n. In dynamic FDM, as illustrated in Figure 2, since the length of non-sTTI is larger than that of sTTI, when eNB schedules new sTTI UE at sTTI n-1, partial resources have been allocated to legacy non-sTTI UE by the scheduling decision at TTI n-1, resulting that new sTTI UE can’t be allocated sufficient resources to meet the delay requirement when packets arriving. 
As discussed above, both semi-static FDM and dynamic FDM may not sufficiently support low latency and critical communications.
Multiplexing legacy non-sTTI UE with new non-sTTI UE
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Figure 3 Multiplexing legacy non-sTTI UE with new non-sTTI UE
As shown in Figure 3, since TTI length of legacy non-sTTI UE and new non-sTTI UE are the same, there is no specification impact to the multiplexing manner. 
3.2 Multiplexing new non-sTTI UE with new sTTI UE 
It’s clear that new non-sTTI UE and new sTTI UE can be multiplexed in a FDM manner, which is similar to the manner shown in Figure 1. However, FDM manner may not sufficiently support low latency and critical communications, which has been discussed in Section 3.1.
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Figure 4 Embedded manner between new non-sTTI UE and new sTTI UE
Another approach to multiplex new non-sTTI UE with new sTTI UE in the same carrier is the embedded manner. As depicted in Figure 4, in order to reduce the latency of new sTTI UE, eNB could puncture the PDSCH of new non-sTTI UE and re-allocate the resources to the new sTTI UE. In the embedded manner, no bandwidth needs to be reserved for new sTTI UE and all bandwidth can be dynamically shared by new sTTI UE to meet the latency requirement. Therefore, the BW utilization ratio is significantly improved by the embedded manner, which is theoretically up to 100%.
Furthermore, approaches to improve the performance of victim new non-sTTI UE should be studied. For example, eNB could puncture REs carrying parity bits of the data of new non-sTTI UE, and inform the locations of the punctured REs to the victim new non-sTTI UEs so as to help decoding at UE side. The puncture information of a subframe could be carried by sPDCCH within this subframe or PDCCH in the next subframes. Another approach could be achieved by receiver enhancements, in which new non-sTTI UE could be able to blindly detect the possible puncturing of the PDSCH REs [4]. 
Proposal 1: The embedded manner can be considered for multiplexing new non-sTTI UE and new sTTI UE in the same carrier.
4 Conclusions
In this contribution we discuss the possible approaches of multiplexing of non-sTTI and sTTI for UE with low latency and critical communications, we propose that:
Proposal 1: The embedded manner can be considered for multiplexing new non-sTTI UE and new sTTI UE in the same carrier.
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