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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
FDM manner may not sufficiently support low latency and critical communications, which has been discussed in [2], so we consider using puncture manner to multiplex legacy non-sTTI UE with new sTTI UE。
In this contribution we discuss the possible approaches and provide performance results of multiplexing of non-sTTI and sTTI in embedded manner.
2 Multiplexing of non-sTTI and sTTI in puncture manner
In [2], we have discussed that 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.
As shown in the figure 1, the scheduling start point of non-sTTI UEs is different from that of sTTI UEs, so it’s difficult to reserve appropriate resource for sTTI UEs because eNB don’t know how many sTTI data will arrive in the following TTI when it schedules non-sTTI UEs. 
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Figure 1 Timing of eNB scheduling and data transmission
As shown in the figure 2, for FDM manner, if little resource is reserved, the latency requirement of sTTI UE may not be met; else if too much resource is reserved, the resource will be wasted.
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Figure 2 FDM manner between legacy non-sTTI UE and new sTTI UE
So introducing embedded manner can be considered to support dynamic resource sharing between new non-sTTI UEs and sTTI UEs. As shown in Figure 3, eNB could allocate all reserved resource to new non-sTTI UE, and then puncture the PDSCH of new non-sTTI UE and re-allocate the resources to the new sTTI UE when sTTI data arrives. In the embedded manner, no bandwidth needs to be reserved for new sTTI UE, Therefore, the BW utilization ratio is significantly improved by the embedded manner, which is theoretically up to 100%.
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Figure 3 Puncture manner between new non-sTTI UE and new sTTI UE
On the other hand, as described in [3], eNB may allocate the reserved resource to a sTTI UE with the uncritical services by two-level DCI scheme, and the resource also can be punctured by a critical new sTTI service data. In this case, eNB may notify sTTI UE with the uncritical services the previous scheduling grant is cancelled or changed by fast DCI.

Embedded manner could be used between the same UE and different UEs, it depends on the UE capacity. The sTTI service could be embedded in the non-sTTI service for the same UE If UE can receive non-sTTI and sTTI simultaneously, else the sTTI service could be embedded in the non-sTTI service of another UE to reduce latency.
2.1 Simulation scenario
The link-level simulation is used to evaluate the performance of FDM and embedded manner. The throughput of non-sTTI UE in reserved bandwidth is compared for two manners. For FDM manner, non-sTTI UE can’t use the resource of reserved bandwidth, the throughput is zero; for embedded manner, non-sTTI UEs is scheduled all the PDSCH REs in each non-sTTI as shown in figure 3. If  the puncture location is not notified to legacy or new non-sTTI UE, the LLRs received in the punctured REs will be used at UE receiver to decode and HARQ combination even if the data is retransmitted. It’s similar to a strong burst interference to non-sTTI UE; else if the puncture location is notified to new non-sTTI UE, the LLRs received in the punctured REs can be removed before decoding to improve the performance.
In the simulation, new sTTI UE follows Poisson arrive with the arrive rate equal to 1/ms. It’s assumed to puncture X PRBs (refer to table 1) when it arrives. 
2.2 Simulation result
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Figure 4 gain from the puncture manner

For FDM manner, non-sTTI UE can’t use the reserved bandwidth which will get 0 additional throughput. 
For embedded manner, non-sTTI UE can use the reserved 10MHz bandwidth which will get additional throughput up to 19.96Mb when SNR=20. And by informing the new non-sTTI UE the punctured RE location the throughput is improved up to 92.5% compared with not informing. The simulation results show puncture manner will lead to a large gain in throughput for non-sTTI UE, so we proposal:

 Proposal 1: embedded manner should be considered for multiplexing new non-sTTI UE with new sTTI UE.
3 Conclusions
In this contribution we discuss the possible approaches and performance of multiplexing of non-sTTI and sTTI in embedded manner, we propose that:
Proposal 1: embedded manner should be considered for multiplexing new non-sTTI UE with new sTTI UE.
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Appendix
Table 1:Simulation assumptions

	SNR
	0 to 20  step: 5

	Subcarrier-spacing(kHz)
	15

	Simulation bandwidth(MHz)
	10

	Antenna
	2

	non-sTTI(ms)
	1

	sTTI
	2 symbol

	RB number
	100

	No. of symbols / subframe
	14

	Tx mode
	LTE TM2, rank=1

	Channel Model
	EVA

	AMC
	On

	puncture ratio
	36 RB in a sTTI（Note1）


Note1: 36 PRB is assumed to be punctured in a sTTI when it arrives. Here 36 PRB is assumed to transmit 1024 bits in the case SNR=10dB in order to meet the 99.999% reliabilities within 1ms.
92.5%








