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1. Introduction
During the RAN1#84 following design assumptions on multiplexing the short TTI with legacy TTI were agreed:
· 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

In this contribution we discuss other multiplexing techniques considered in the previous meeting. Puncturing has been discussed in [1] and multi-user MIMO and multi-user superposition transmission (MUST) have been considered in [2][3].  
2. Puncturing of TTI data by sTTI
With shorter TTI size, larger frequency allocations are expected if the TBSs of sTTI users would be kept of similar size as those of legacy users. Table 1 shows two examples of legacy allocations and corresponding allocation sizes with shorter TTI. It may be observed that 6PRB with legacy TTI would require almost whole 10MHz BW in case of 2-symbol sTTI, while only a quarter of 10MHz BW in case of 7-symbol sTTI. Therefore, the need for puncturing of 1-ms TTI PDSCH arises only for very short TTIs. 
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	14s TTI
	2s TTI
	3/4s TTI
	7s TTI

	1PRB
	7PRB
	4PRB
	2PRB

	6PRB
	42PRB
	24PRB
	12PRB



Observation 1: Need for puncturing of 1-ms TTI PDSCH arises only for very short TTIs. 
Puncturing in LTE has been adopted for example in Release 10, where CSI-RS puncture the Release 8/9 UE’s data. Older studies from Release 10 concluded that puncturing of several REs could be tolerated by legacy UEs. It this case, 2 CSI-RS ports puncture only 2REs per PRB with at most 5ms periodicity. However, puncturing of whole OFDM symbol(s), blindly to a victim UE, would not be well tolerated. 
Observation 2: Blind puncturing of 1ms TTI PDSCH by sTTI would result in poor performance of a victim 1ms TTI UE. 
Dynamic signaling of punctured resource to a victim UE would be in principle possible. However this would require a victim UE listening to a sTTI control while receiving TTI transmission. Therefore, overall complexity and overhead would be increased. Alternatively, as suggested in [2], sTTI presence within TTI resource could be blind-detected, again at the expense of increased complexity. Note that processing time reduction is the key element in shortening the RTT.
Finally, even if a TTI UE would detect the sTTI presence, and would set corresponding LLRs of punctured resources to 0, this assisted puncturing would increase the coding rate, which could result in NACK for the TTI UE. As a consequence, eNB would need to preventively lower the MCS and the stability of link adaptation would be impacted. 
Observation 3: Assisted puncturing of 1-ms TTI PDSCH introduces additional complexity.
Observation 4: Assisted puncturing of 1-ms TTI PDSCH would impact the stability of link adaptation.
Proposal 1: Puncturing could be performed blindly, but should not be the main design aspect of sTTI operation.
3. Multi-user multiplexing of TTI and sTTI
MU-MIMO is supported by LTE since Release 8 operating on CRS (TM5) and since Release 10 operating on DMRS (TM9). The limitations of TM5 are wideband paring and no possibility to change the PMI at the transmitter. Both of these restrictions can be overcome by more sophisticated receiver. However, enhanced CRS based MU-MIMO with non-linear receiver operation is currently under study in MUST WID [4]. Therefore, at the moment multi-user MIMO would be applicable only to DM-RS modes and only assuming that TTI’s DM-RS pattern collides with sTTI DM-RS pattern, to guarantee quality of the channel estimates for each layer. In addition, spatial separation is required between multiplexed UEs. 
Observation 5: Applicability of MU-MIMO for multiplexing is currently limited to DM-RS based transmission modes only.
Observation 6: DM-RS for sTTI would need to collide with DMRS of TTI to support MU-MIMO multiplexing.
MUST LTE feature is under standardization in MUST WI [4] which was endorsed by plenary in previous RAN meeting. MUST superposes two users (near and far users) on the same beam/transmission scheme in power/bit domain. The capacity gain of MUST is a function of CQI imbalance between the near and far UE. When CQIs are equal, Shannon capacity of MUST is equal to that of FDM/TDM. However, with imperfections such as EVM and limited set of MCSs even losses were observed. 
MUST has been studied during Release 13. MUST study item [5] concluded that gains of MUST, operating on the same beam, are observed only for 2Tx. System simulations on 4Tx were scarce, however results in [6] show that MUST gains with the same beam restriction are half compared to 2Tx case. This is due to very low probability that two users report the same PMI. In addition, sTTI is expected to operate in low/moderate RU, where probability of finding a pair is really low. 
[bookmark: _GoBack]Setting a sTTI UE to the MUST near-UE implies increased complexity and therefore increased processing time at the UE. This is a clear disadvantage in sTTI context. In addition, MUST will require interference blind detection or signaling to provide scheduling flexibility. Again, complexity of blind-detection and/or signaling overhead are clear disadvantages of MUST in sTTI context. Note again that shorter processing time and low control overhead are the key enablers of reduced latency.   
A sTTI UE as far UE in QPSK could operate transparently to MUST. However, the sTTI benefits for far UEs were not yet observed in system level low latency studies. 
Observations 7: MUST is not suitable for sTTI operation.   
 
4. Summary
In this contribution we discussed alternative multiplexing methods to FDM, i.e. puncturing and multi-user multiplexing including MU-MIMO and MUST. We summarize observations and proposal:
Observation 1: Need for puncturing of 1-ms TTI PDSCH arises only for very short TTIs.
Observation 2: Blind puncturing of 1ms TTI PDSCH by sTTI would result in poor performance of a victim 1ms TTI UE. 
Observation 3: Assisted puncturing of 1-ms TTI PDSCH introduces additional complexity.
Observation 4: Assisted puncturing of 1-ms TTI PDSCH would impact the stability of link adaptation.
Proposal: Puncturing could be performed blindly, but should not be the main design aspect of sTTI operation.
Observation 5: Applicability of MU-MIMO for multiplexing is currently limited to DM-RS based transmission modes only.
Observation 6: DM-RS for sTTI would need to collide with DMRS of TTI to support MU-MIMO multiplexing.
Observations 7: MUST is not suitable for sTTI operation.   
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