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1 Introduction

In RAN#67, SI on latency reduction techniques for LTE was approved [1]. Based on [1], RAN1 should assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signalling while keeping backward compatibility.
In the last meeting, following agreements were made regarding sPDSCH [2]. 
	Working Assumption: 

· 1-OFDM-symbol sTTI length will not be further studied

Agreements:
· Both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission

· No change for CRS definition

· FFS: Supporting more than 2 layers for sPDSCHs

· Further study is needed about DMRS design(s) for sPDSCH demodulation

· For a certain TTI length, increased PRB bundling sizes may be necessary to achieve sufficient channel estimation accuracy. 

· FFS: the number of DMRS antenna ports that can be supported for a given short-TTI length.

· For a certain TTI length, new DMRS design(s) may be needed

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


In this contribution, we discuss about sPDSCH transmission for latency reduction.
2 sPDSCH resource
PRB resource of sPDSCH can be configured flexibly by DCI similar to legacy PDSCH. To achieve full scheduling flexibility and frequency diversity gain, sPDSCH can be allocated within the entire system bandwidth. On the other hand, for explicit FDM among non-sTTI and sTTI, the available PRB resource for sPDSCH transmission can be restricted cell-specifically or UE-specifically. In this case, eNodeB can schedule sPDSCH with restricted flexibility, but DCI overhead for resource allocation can be reduced. For additional DCI overhead reduction, schemes to reduce resource allocation field could be considered such as higher scheduling granularity.

On the other hand, within a sTTI, unused resource for sPDCCH transmission within sPDCCH OFDM symbol(s) needs to be utilized for sPDSCH transmission especially when sTTI has a few OFDM symbols. Then, within an OFDM symbol, multiplexing of sPDCCH and sPDSCH at least with PRB granularity needs be considered. For effective multiplexing between sPDCCH and sPDSCH, if we assume that sPDCCH and sPDSCH can be multiplexed using different PRBs, transmission of sPDCCH for other UEs could be prohibited in scheduled sPDSCH PRB resource except PRBs used for scheduling sPDCCH transmission. If sPDCCHs for other UEs can be transmitted within scheduled sPDSCH PRBs which are not occupied by scheduling sPDCCH, a UE cannot utilize sPDCCH OFDM symbols for sPDSCH reception since the UE cannot determine resources not used for sPDCCH transmission. If multiplexing of multiple sPDCCHs within a PRB is not permitted, only a sPDCCH which schedules a sPDSCH can be allocated within the sPDSCH PRB resource. To accomplish this, for example, sPDSCH PRB resource can be determined based on scheduling sPDCCH resource. Or, other techniques to utilize sPDCCH OFDM symbol(s) for sPDSCH transmission needs to be further investigated
Proposal 1: sPDSCH resource needs to be determined considering sPDCCH and sPDSCH multiplexing within sPDCCH OFDM symbol(s).
3 sPDSCH demodulation reference signal

In this section, we provide some examples and considerations on DMRS for sPDSCH.
If TDM between sPDCCH and sPDSCH, i.e., sPDCCH is placed in the first one or two OFDM symbols of each sTTI, is considered and DMRS for sPDCCH and DMRS sPDSCH are defined separately, it is general to allocate DMRS for sPDSCH within OFDM symbols only for sPDSCH transmission. In other word, sPDSCH DMRS cannot be allocated in OFDM symbol(s) which sPDCCH can be transmitted in. For example, DMRS can be located in the first two OFDM symbols after sPDCCH OFDM symbol region as illustrated in Figure 1.(a). Or, as shown in Figure 1.(b), DMRS REs can be located in the first OFDM symbol after sPDCCH OFDM symbol region to reduce channel estimation latency as much as possible. To reduce DMRS overhead, CDM of DMRS for multiple antenna ports can be adopted.
DMRS sharing with sPDCCH also can be considered to reduce DMRS overhead. To share DMRS among sPDCCH and sPDSCH, DMRS antenna ports used for sPDCCH needs to be allocated within sPDCCH OFDM symbol(s). For example, let’s assume that antenna ports n and n+1 are used for sPDCCH and antenna ports n, n+1, n+2, and n+3 are used for sPDSCH. Then, DMRS for antenna ports n and n+1 which are shared by sPDCCH and sPDSCH can be located in sPDCCH OFDM symbol(s), and DMRS for antenna ports only for sPDSCH can be located after sPDCCH OFDM symbol(s). DMRS sharing can reduce DMRS overhead, but many issues should be studied further such as DMRS OFDM symbol location, antenna port(s) allocation, impacts on sPDCCH/sPDSCH performance, etc.
Proposal 2: sPDSCH DMRS pattern needs to be designed considering DMRS overhead and sPDSCH performance.
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Figure 1. Examples of sPDSCH DMRS pattern within sPDSCH OFDM symbols
4 Simultaneous reception in a single carrier

In the last meeting, simultaneous reception of legacy unicast PDSCH (i.e., unicast PDSCH) and sTTI unicast PDSCH (i.e., unicast sPDSCH) was discussed and remained as FFS point.
Since we do not see a motivation that requires data reception using both of legacy TTI and shortened TTI simultaneously in the same carrier, we prefer to adopt simple UE behaviour without increasing UE capability. Therefore, we propose that a UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier. If decoding unicast PDSCH and unicast sPDSCH are collided, decoding sPDSCH should be prioritized and decoding of unicast PDSCH can be dropped. If simultaneous decoding of unicast PDSCH and sPDSCH is necessary, unicast PDSCH and unicast sPDSCH can be carried on different carriers. 

Proposal 3: A UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier.

5 Conclusion 

In this contribution, we discussed on sPDSCH transmission and provided our views as following.
Proposal 1: sPDSCH resource needs to be determined considering sPDCCH and sPDSCH multiplexing within sPDCCH OFDM symbol(s).

Proposal 2: sPDSCH DMRS pattern needs to be designed considering DMRS overhead and sPDSCH performance.

Proposal 3: A UE is not required to decode unicast PDSCH and unicast sPDSCH simultaneously on one carrier.
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