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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]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. 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)


This contribution considers the aspects of sTTI scheduling.
2 Discussions 

RAN1 has had email discussion on sTTI scheduling after RAN1#87. In following, the further details are discussed for each question in the email discussion.
Question 1: is sPDSCH/sPUSCH scheduled by a UE-specific sDCI? (sDCI1)

Since it is already agreed that UE handles short TTI unicast PDSCH, it is natural that UE-specific sDCI schedules sPDSCH/sPUSCH. The legacy DCI contents can be a starting point of this discussion. If any other fields are necessary to support sTTI operations, then new fields can be added into the legacy one.
Question2: does the UE-specific sDCI, i.e, sDCI1, schedule a single sTTI, or multiple sTTIs?

Multiple sTTI scheduling needs further study. With already having dynamic scheduling between sTTI and 1ms TTI, multiple sTTI scheduling is less motivated.

During the SI phase of sTTI operations, a lot of evaluation results have been provided. As the result of discussion based on the evaluation results, RAN1 decided to support 2-symbol and slot sTTI because system-level evaluation showed sTTI provides better performance in many cases.


Similarly, to decide whether to support multi-sTTI scheduling, it should be carefully discussed how UPT performance can be improved.

Question 3: which option is supported for indicating sPDCCH search space? 

•
Option 1: sPDCCH search space is configured by higher layer.

•
Option 2: sPDCCH search space is indicated by an sDCI transmitted in PDCCH region (sDCI2), among an sPDCCH search space set configured by higher layer or predefined in the specification.

Between the above options, Option 1 is preferred. For Option 2, the additional control overhead is needed. Also, introducing sDCI2 results in the additional average delay of 0.5 ms. Regarding the BD reduction, UE needs another BD for sDCI2 so that it cannot be easily said that sDCI2 will reduce BD numbers.

For sDCI2 to be able to reduce sPDCCH blind decodes and to avoid large sPDCCH blocking probability, UE should monitor sDCI2 in every subframe and should not miss the sDCI2. 
Question 4: which option is supported for indicating sPDCCH frequency resource? 
•
Option 1: sPDCCH frequency resource is configured by higher layer.

•
Option 2: sPDCCH frequency resource is indicated by an sDCI transmitted in PDCCH region (sDCI2), among an sPDCCH frequency resource set configured by higher layer or predefined in the specification.

Similar to Question 3, for sDCI2 to be able to reduce sPDCCH blind decodes and to avoid large sPDCCH blocking probability, UE should monitor sDCI2 in every subframe and should not miss the sDCI2.
Question5: whether an “activation/deactivation information of sDCI1 monitoring” is needed in sDCI2 transmitted in PDCCH region? 

The sTTI operations are configured by RRC signaling. Upon this configuration, it is less motivated to introduce activation/deactivation functionality by L1 signaling. This functionality should be carefully discussed, especially for miss detection case. Also, RAN2 already deals with similar mechanism of (de)activation. There is no need for L1 signaling to perform (de)activation, where MAC CE can do it with higher reliability.
Question 6: if sDCI2 is used, which option is supported for sDCI2 transmission?

•
Option 1: sDCI2 is transmitted in every DL subframe.
•
Option 2: sDCI2 is transmited periodically in every X DL subframe(s), where the value of X (X>=1) can be configured by higher layer.

•
Option3: In which DL subframe sDCI2 is transmitted is determined by eNB, while the UE blindly detects sDCI2 in every PDCCH in non-DRX subframes.

•
Option 4: UE blindly detects sDCI2 in PDCCH every X subframe where the subframe is meanwhile non-DRX subframe and X (X>=1) can be configured by higher layer. Whether the sDCI2 is indeed transmitted in the subframe when the UE blindly detects is determined by eNB.

Among the above options, Options 2 and 4 make similar UE behaviors while Options 1 and 3. There are concerns of high control overhead in Option 1 and additional delay in Option 2, respectively. 
Question 7: if sDCI2 is used, what would be the UE behavior if the UE does not detect sDCI2, e.g. the sDCI2 is missed.

In our view, if a UE misses to detect sDCI2, the UE should miss sDCI1. If specification and pre-configuration are used for the case that sDCI2 is missed, there may be mismatch between information the UE is aware of and information the eNB is aware of. If the sTTI scheduling mechanism is designed in that sDCI2 can be correctly decoded even if sDCI1 is missed, the reduction of sPDCCH blind decoding for UEs cannot be obtained. It is because UE needs to always prepare for miss detection cases.
Question 8: if sDCI2 is used, is the sDCI2 UE-specific, group-specific or cell-specific?

It seems that cell-specific sDCI2 does not help BD reduction while UE-specific sDCI2 will increase control overhead.
RAN1 needs to analysis and discuss the control overhead in case of UE-specific, group-specific and cell-specific sDCI2. 

3 Conclusions
In this contribution, the aspects of sTTI scheduling mechanism are discussed. The proposal is as below.

Proposal 1: Single-level DCI is supported. Two-level DCI is FFS.
References

[1] RP-161299, “New Work Item on shortened TTI and processing time for LTE,” RAN#72, June 2016.
[2] RP-161922, “New Work Item on shortened TTI and processing time for LTE,” RAN#73, Sept. 2016.
[3] Email discussion on sTTI scheduling, [87-24]
Page 3

