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1 Introduction
The study item on latency reduction techniques for LTE has been approved in RAN#67 [1]. One of the main approaches to reduce the packet latency over the LTE Uu air interface, considered by 3GPP, is support of the short transmission time interval (TTI). Most likely such enhancement will be specified in Rel-13 and for the practical LTE networks proper co-existence and multiplexing mechanisms between the legacy 1ms TTI and short TTI should be considered. In this paper we discuss the possible approaches of supporting TTIs of different length and the potential related enhancements that should be considered in the future work of 3GPP.
2 Discussion on possible multiplexing approaches 
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Figure 1: Possible multiplexing approaches or PDSCH with different TTIs
In principle the following approaches can be considered to support multiplexing of the TTIs of different length:

· Frequency division multiplexing between the legacy and short TTIs without overlapping
· Puncturing of the PDSCH with legacy TTI by the PDSCH with short TTI

· Dynamic RE mapping of the PDSCH with legacy TTI around of PDSCH with short TTI 

· Multi-user transmission and/or superposition PDSCH with legacy TTI around of PDSCH with short TTI
The approaches above are illustrated in Figure 1 in more details. 
In the first approach the collision between legacy and short TTI PDSCH transmission are fully avoided by using different physical resource blocks. It should be noted that due to limited amount of the REs in time domain the resource allocation of the short TTI is likely to be wideband. Since the resource scheduling decisions for legacy TTI (i.e. 1ms) and S-TTIs within the legacy TTI were made at different time points, strictly limiting the allowed RBs for S-TTIs (i.e. non-overlapping RBs with the corresponding legacy TTI length) may influence the scheduling flexibility and increase the packet latency. 
In principle some collisions between the PDSCH corresponding to the legacy and short TTI can be allowed to provide better flexibility to the scheduling and to improve the resource utilization. However the corresponding collision handling approaches between PDSCH should be considered. For example, in accordance to the second approach the collision handling can be addressed by the puncturing of the PDSCH with legacy TTI by the PDSCH with short TTI. In this case several enhancements should be considered for the victim PDSCH with legacy TTI to improve the performance. In particular, the PDSCH performance can be improved via receiver enhancements, which would be able to blindly detect with minimum signalling assistance the possible puncturing of the PDSCH REs. The LLRs received in the possibly punctured REs for such receivers can be nulled at the UE receiver prior to the decoding to improve the performance. In this approach the PDSCH performance can be also improved by enhancing the PDSCH structure itself. For example, the PDSCH RE mapping can be designed to avoid puncturing of the significant portions of the systematic bits or the reference signals.

Another approach of the collision handling relies on the dynamic indication of the PDSCH RE mapping pattern for PDSCH with normal TTI. Such approach of supporting PDSCH multiplexing might be useful for the eNB performing PDSCH scheduling on the 1ms subframe boundaries. To minimize the amount of the punctured REs the zero-power REs on the possible overlapping REs can be indicated. For example, the existing TM10 framework of ZP CSI-RS resource indication can be extended by configuring multiple PDSCH RE mapping set with zero power REs corresponding to the possible PDSCH transmissions with short TTI. The DCI scheduling the PDSCH allocation can avoid or minimize the PDSCH collision by indication of the most appropriate zero power pattern among multiple configured.
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Figure 2: Illustration of the uniform and non-uniform interference within a PRB for inter-cell interference scenarios
The last approach of PDSCH multiplexing mentioned above relies on the superposition and/or multi-user transmission between PDSCH of different length either in power or spatial domain. In this case the several enhancement to PDSCH may be also considered. For example, the reference signal design of the PDSCH with normal TTI should provide the framework of the more accurate interference measurements from the co-scheduled PDSCH to facilitate operation of the interference suppression and cancellation receivers. Such PDSCH enhancement might be also useful to also improve the PDSCH performance in the scenarios with inter-cell interference, where the conventional DM-RS and the existing receiver assumptions becomes not be valid for efficient interference suppression from PDSCH with short TTI. More specifically, in most of the cases the interference within the received PDSCH with legacy TTI is typically assumed as uniform by the existing receivers. However, in the new scenarios such assumption may no longer be valid as illustrated in the Figure 2. 
3 Summary

In this paper we discuss the possible approaches of supporting TTIs of different length and the potential enhancements that should be considered in the future work of 3GPP.
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