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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. The objectives of shortened TTI are as below.

	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)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

Follow the recommendation made in [2] when specifying for support of transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI.

The work item should also specify base station and UE core requirements to support the above features [RAN4]

Note: The specified solutions shall preserve backwards compatibility, thus allowing operation of pre-Rel-14 UEs on the same carrier.
Note: There is no change to the system information, paging and random access procedure by this work item



Regarding the shortened TTI, the updated WID was approved in RAN#73 [2], where 2-symbol TTI for DL and UL was decided to be firstly standardized before RAN#76. This contribution considers sPUSCH issues for 2-symbol, 4-symbol and slot sTTI.

2 Discussions 

In RAN1#86, the following agreements are made for UL DMRS of shortened TTI.

	UL DMRS
· At least for 2-symbol based sTTI, UL DMRS position for sPUSCH is indicated by eNB

· FFS how to indicate UL DMRS position

· FFS whether or not to support fixed UL DMRS position

· For 1-slot sTTI, self-contained UL DMRS for sPUSCH is supported

· Support at least the legacy DMRS structure, where DMRS is located in the fourth symbol of the slot


sPUSCH design for 2-symbol sTTI
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Figure 1: Example of sPUSCH and DMRS for sPUSCH in case of 2-symbol sTTI

With preserving single-carrier property for LTE UL, sPUSCH and DMRS for sPUSCH need to use two SC-FDMA symbols separately in 2-symbol sTTI. As shown in Figure 1-(a), once a subframe is divided into 7 sTTI with each having 2 symbols and one symbol is used for DMRS, then the overhead for DMRS becomes 50% of the scheduled resource. To avoid this too high overhead, DMRS sharing can be considered between different UEs or between contiguous sTTI’s of a given UE. Moreover, when a certain UE receives UL grant with contiguous sTTI’s, some DMRS can be omitted to reduce DMRS overhead. Like this, if 2-symbol sTTI for UL is adopted for sTTI operations, RAN1 should consider how to reduce the DMRS overhead. 
Observation 1: UL DMRS overhead could be too high for 2-symbol sTTI. 
Proposal 1: If 2-symbol sTTI for UL is adopted for sTTI operations, RAN1 should consider how to reduce the DMRS overhead in addition to DMRS sharing.
sPUSCH design for 4-symbol sTTI
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Figure 2: Design of sPUSCH and DMRS for sPUSCH in case of 4-symbol sTTI

As illustrated in Figure 2, the legacy DMRS structure can be reused for 4-symbol sPUSCH. In this case, one DMRS is shared by different UEs that transmit sPUSCH in contiguous sTTI’s in each slot. 
Proposal 2: For 4-symbol sTTI, DMRS in a slot is shared by two contiguous sTTI’s in the slot.

For 2-symbol and 4-symbol sTTI, it may not be needed to have both 2-symbol and 4-symbol sTTI for sPUSCH. It is preferred that related-sPDCCH/sPDSCH/sPUCCH/sPUSCH use 2-symbol sTTI for sPDCCH/sPDSCH and only one between 2-symbol and 4-symbol for sPUCCH/sPUSCH. So, it can be considered to down-select one of 2-symbol and 4-symbol sTTI for UL. 
Proposal 3: It is preferred to down-select one of 2-symbol and 4-symbol sTTI for UL.
sPUSCH design for slot sTTI
[image: image3.emf]sTTI for slot TTI
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Figure 3: Design of sPUSCH and DMRS for sPUSCH in case of slot sTTI
During the SI, RAN1 considered reusing the legacy DMRS structure for slot sTTI as shown in Figure 3. Therefore, if sPUSCH for slot sTTI follows the legacy PUSCH structure, the sPUSCH for slot sTTI would be simple to be designed. One issue is how to schedule UL grant for sPUSCH transmission for slot sTTI. It is better for slot sTTI to have the same sTTI for related sPDCCH/sPDSCH/sPUCCH/sPUSCH. With this reason, it is preferred that sPUSCH for slot sTTI is normally scheduled by sPDCCH for slot sTTI.
Proposal 4: It is preferred that sPUSCH for slot sTTI is scheduled by sPDCCH for slot sTTI.
3 Conclusions
In this contribution, sPUSCH-related issues are discussed. It can be summarized as below. 
Observation 1: UL DMRS overhead could be too high for 2-symbol sTTI.
Proposal 1: If 2-symbol sTTI for UL is adopted for sTTI operations, RAN1 should consider how to reduce the DMRS overhead in addition to DMRS sharing.
Proposal 2: For 4-symbol sTTI, DMRS in a slot is shared by two contiguous sTTI’s in the slot.
Proposal 3: It is preferred to down-select one of 2-symbol and 4-symbol sTTI for UL.
Proposal 4: It is preferred that sPUSCH for slot sTTI is scheduled by sPDCCH for slot sTTI.
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