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1
Introduction
In RAN1 #84, the followings have been agreed for sTTI physical channel design [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

Agreements:
· Following design assumptions are considered:

· No shortened TTI spans over subframe boundary

· At least for SIBs and paging, PDCCH and legacy PDSCH are used for scheduling

· The potential specific impacts for the followings are studied 

· UE is expected to receive a sPDSCH at least for downlink unicast 

· sPDSCH refers PDSCH carrying data in a short TTI

· UE is expected to receive PDSCH for downlink unicast

· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously

· FFS: The number of supported short TTIs

· If the number of supported short TTIs is more than one,

· The length of short TTI can be variable

· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously

· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit

· TTI length for DL and UL can be different 

In this contribution, we discuss on the design consideration for short-TTI design for PDSCH.
2
Considerations on sPDSCH
The sTTI length candidates (e.g., 0.5ms, 3(4) symbols, and 1 symbol) and support multiple sTTI lengths have been discussed for sPDSCH. A shorter sTTI length may provide less processing time as well as shorter HARQ RTT. However, downlink control signalling overhead can be increased as each sTTI may need its associated DL control channel for dynamic scheduling. On the other hand, a longer sTTI length may not have a significant issue for the control signalling overhead but the gain from using sTTI would be lower in terms of latency reduction.

Hence, allowing multiple sTTI lengths for sPDSCH transmission and adapting the sTTI length for an sPDSCH transmission according to the traffic loading and/or channel condition seem to be appropriate as eNB scheduler can optimize the trade-off between control signalling overhead and latency reduction based on the situation.
Proposal-1: support multiple sTTI length for sPDSCH
If multiple sTTI lengths are supported, an sTTI length of an sPDSCH transmission can be dynamically indicated in an associated DCI which may provide full flexibility at the eNB scheduler. On the other hand, the coverage of sPDCCH may be degraded due to its increased DCI size. Alternatively, one or more sTTI resources can be semi-statically configured with its associated sTTI length and an indicator may be used to dynamically inform a UE the sTTI resource used. In this case, the sTTI length for sPDSCH is sTTI resource specific. For instance, multiple sTTI resources may be configured via higher layer with a different sTTI length in a subframe and an indicator may be used in a legacy PDCCH region to indicate the presence of the sTTI resource and which sTTI resource (e.g., sTTI length) needs to be used.
Proposal-2: sTTI length for sPDSCH can be dynamically indicated
So far, several transmission schemes have been introduced to optimize the performance of control and/or data channel based on the channel condition and/or system environment. For example, a CRS based open-loop transmission scheme is robust to the high mobility channel condition while a DM-RS based closed-loop transmission scheme provides better beamforming gain as fully flexible beamforming can be implemented at the transmitter in a UE transparent manner.
From a specification impact perspective, a CRS based transmission scheme may require lower standard efforts as the legacy CRS can be reused while the channel estimation performance still remained same as legacy transmission scheme. Note that CRS based transmission scheme may have a scheduling restriction in an MBSFN subframe. On the other hand, a DM-RS based transmission scheme may require to introduce new reference signal within a sTTI region to allow a UE-specific beamforming capability, thus requiring higher standard efforts.
Considering that latency reduction may be required for applications used irrespective of the UE channel condition, both CRS and DM-RS based transmission schemes can be supported for sPDSCH transmission.
Proposal-3: both CRS and DM-RS based transmission schemes are supported for sPDSCH
Assuming that sTTI length of an sPDSCH in a subframe is determined in a subframe level by using a dynamic indication, it should be allowed that a UE may receive multiple sPDSCHs in the same subframe. Since the PRBs used as a sTTI resource may not be shared with legacy UE, allowing multiple sPDSCHs transmission for a single UE may minimize the resource waste in a subframe due to unused sTTI resource.
Proposal-4: a UE may receive multiple sPDSCHs in a subframe
It should be supported that a UE configured with a sTTI operation mode should monitor legacy PDCCH and sPDCCH in a same subframe so that an eNB can dynamically determine to use legacy PDSCH or sPDSCH and the legacy PDCCH can be used as a fallback operation. 
However, supporting the simultaneous reception of legacy PDSCH and sPDSCH seems to have a lot of issues needs to be addressed including HARQ-ACK multiplexing for legacy PDSCH and sPDSCH, soft buffer size increment, collision handling and so forth. On the other hand, if a UE only expect to receive either legacy PDSCH or sPDSCH in a subframe, the search space definition for legacy PDCCH and sPDCCH seems to be the only issue addressed and a reasonable specification impact is expected. 
Therefore, the simultaneous reception of legacy PDSCH and sPDSCH should not be supported unless there is a significant benefit which can justify the standard impacts. 
Proposal-5: a UE configured with reduced latency operation mode expects to receive either sPDSCH or PDSCH in a subframe
3
Summary
In this contribution, we discussed on the design consideration sPDSCH. From the discussions, we propose the followings:

Proposal-1: support multiple sTTI length for sPDSCH
Proposal-2: sTTI length for sPDSCH can be dynamically indicated
Proposal-3: both CRS and DM-RS based transmission schemes are supported for sPDSCH

Proposal-4: a UE may receive multiple sPDSCHs in a subframe

Proposal-5: a UE configured with reduced latency operation mode expects to receive either sPDSCH or PDSCH in a subframe
References

[1] RAN1 #84 chairman’s note.
