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1
Introduction
In RAN1 #84, the followings have been agreed for sTTI physical channel design [1]:
Agreements:
· In this study, following aspects are assumed in RAN1.

· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.

· Following aspects are further studied in the next RAN1 meeting

· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ

· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case

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 shortened sTTI design for PUSCH.
2
Considerations on sPUSCH
For a given transport block size, shortening TTI length for PUSCH transmission might result in the performance degradation as the energy per bit gets lower. Therefore, the adaptation of sTTI length of sPUSCH based on a UE coverage level seems to be beneficial as eNB scheduler can determine an appropriate sTTI length for sPUSCH transmission according to the TBS and a UE coverage level. In addition, the control signaling overhead for a UL grant can be handled by adapting sTTI length for sPUSCH based on the traffic loading in a cell.

Therefore, the sTTI length for an sPUSCH may be configured in a UE-specific manner based on the UE uplink coverage levels and/or traffic loading in a cell. It can be further studied whether the sTTI length adaptation should be configurable dynamically or semi-statically.
Proposal-1: support multiple sTTI length for sPUSCH and configured in a UE-specific manner
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Figure 1. Example of an association between sPDCCH and sPUSCH with different sTTI length

Given that the sTTI length for sPUSCH is configured in a UE-specific manner based on a UE coverage level while the sTTI length for sPDCCH can be determined in a cell-specific manner or a UE group specific manner, the sTTI length for sPUSCH and sPDCCH can be different. The figure 1 shows an example of the association between sPDCCH and sPUSCH with different sTTI length.
If sTTI length of sPDCCH is shorter than that of sPUSCH, multiple sPDCCHs can be associated with a sPUSCH region. In order to reduce unnecessary blind decoding complexity for sPUSCH scheduling, a subset of sPDCCH regions associated with a sPUSCH can be monitored by a UE for UL grant. The subset of sPDCCH regions can be determined in a UE-specific manner to minimize blocking probability so that the UE-specific search spaces for UL grant can be distributed over the multiple sPDCCH regions.
Proposal-2: different sTTI length for sPDCCH and sPUSCH is supported
It has been discussed that if a DM-RS symbol can be shared with two sTTIs. Up to 8 orthogonal DM-RS are supported in a DM-RS symbol with cyclic shifts as far as the number of PRB allocated is the same. Sharing a DM-RS symbol in two consecutive sTTIs implies that the PRB allocation for the two consecutive sTTIs should be the same to keep the orthogonality for the reference signals between two consecutive sTTIs.

If a subset of PRBs are configured as an sTTI resource for sPUSCH transmission and same for a group of UEs, the UEs may be scheduled in the same set of PRBs and two consecutive sTTIs may share a DM-RS symbol. However, in many case, a UE coverage level may determine the number of PRBs allocated as a UE is power limited situation. Therefore, the scheduling flexibility of the number of PRBs allocated for a UE should be kept as before. In order to keep the scheduling flexibility, the DM-RS for a sPUSCH should be located within a sTTI.
Proposal-3: DM-RS for a sPUSCH should be located within a sTTI
3
Summary
In this contribution, we discussed on the design consideration sPUSCH. From the discussions, we propose the followings:

Proposal-1: support multiple sTTI length for sPUSCH and configured in a UE-specific manner
Proposal-2: different sTTI length for sPDCCH and sPUSCH is supported

Proposal-3: DM-RS for a sPUSCH should be located within a sTTI
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