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1
Introduction
The shortened TTI WI [1] has been approved with following objectives:

For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
In relation to the sPDSCH design, the followings have been agreed during the sTTI study item phase:

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

· 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 on the design consideration for sPDSCH.
2
sPDSCH Design Considerations
As described in WID [1], two sTTI lengths (2 symbols and 7 symbols) are supported for sPDSCH transmission. Therefore, it should be determined whether the sTTI length will be configured either dynamically or semi-statically from a UE perspective. A potential benefit from dynamic sTTI length adaptation could be reduced control channel overhead and reference signal overhead when a larger transport block needs to be transmitted for a UE. On the other hand, HARQ operation becomes complicated if the sTTI length can be changed from a subframe to another for a UE especially if an associated uplink sTTI length for HARQ (e.g., sPUCCH) is different from the downlink sTTI length, thus requiring higher standard efforts to handle the cases. Moreover, the potential benefit of dynamic adaptation may be also achieved with a semi-static adaptation of sTTI by optimizing control channel and reference signal overhead with multiple sTTI transmission. Therefore, the use of a semi-static sTTI length configuration seems to be a proper choice as an sTTI length adaptation.
Proposal-1: sTTI length for sPDSCH can be semi-statically configured in a UE-specific manner
It has been agreed that both CRS based and DM-RS based transmission modes are studied. One of the main benefits of supporting CRS based transmission mode could be the constant reference signal overhead with reliable channel estimation performance since the legacy CRS can be used and its channel estimation performance is the same irrespective of the sTTI length. On the other hand, the CRS based transmission mode may have a scheduling restriction in an MBSFN subframe and limited MIMO scheme to use as advanced MIMO transmission schemes using DM-RS are not supported.
A tailored reference signal design may be required for DMRS based sPDSCH transmission according to the sTTI length since the DM-RS should be located within sPDSCH region unless a DM-RS in subframe is shared with multiple sPDSCH regions. To exploit UE-specific beamformed reference signal gain, it is better not to share a DM-RS in subframe across sPDSCHs in different sTTI resources. Also, it may increase the delay to share DM-RS since a UE may need to wait until the end of subframe to receive the shared DM-RS.
Proposal-2: DM-RS for an sPDSCH is located within the sPDSCH region and used in a UE-specific manner
A UE with a latency reduction capability may be configured to receive either sPDSCH or PDSCH in each subframe. In this case, the UE may need to buffer sPDSCH HARQ processes on top of 8 PDSCH HARQ processes which may require to increase the maximum soft buffer size.
Increasing maximum soft buffer size or implementing a separate soft buffer for sPDSCH requires additional memory at a UE receiver which may result in increased device cost. To address this issue, the soft buffer sharing between sPDSCH and PDSCH can be considered when a UE is configured to receive both sPDSCH and PDSCH, or dynamically switched between sPDSCH and PDSCH.
Proposal-3: consider soft buffer sharing between sPDSCH and PDSCH when a UE is configured to receive both sPDSCH and PDSCH
It seems to be straightforward that a UE configured with sTTI mode of operation monitors PDCCH search spaces (at least a subset of search spaces) on top of sPDCCH search spaces, therefore the eNB scheduler can determine TTI length dynamically per subframe which provides higher scheduling flexibility. In addition, PDCCH can be also used as a fallback control channel considering that the coverage of legacy PDCCH is better than that of sPDCCH.

Although a UE monitors both legacy PDCCH and sPDCCH search spaces, it would be better not to transmit both PDSCH and sPDSCH in the same subframe as it may require to address a lot of issues including HARQ-ACK multiplexing for PDSCH and sPDSCH, increased maximum soft buffer size, collision handling, and so on. However, if one type of TTI length is only supported in a subframe, a UE receiver complexity can be reduced and much less standard efforts required.

Therefore, it is recommended not to support the simultaneous reception of PDSCH and sPDSCH at least for unicast traffic unless there is a significant benefit which can justify the standard efforts and increased UE implementation complexity.
Proposal-4: simultaneous reception of PDSCH and sPDSCH at least for unicast traffic is not supported in Rel-14
3
Summary
In this contribution, we discussed on the design consideration sPDSCH. From the discussions, we propose the followings:

Proposal-1: sTTI length for sPDSCH can be semi-statically configured in a UE-specific manner

Proposal-2: DM-RS for an sPDSCH is located within the sPDSCH region and used in a UE-specific manner

Proposal-3: consider soft buffer sharing between sPDSCH and PDSCH when a UE is configured to receive both sPDSCH and PDSCH
Proposal-4: simultaneous reception of PDSCH and sPDSCH at least for unicast traffic is not supported in Rel-14
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