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1. Introduction

In RAN1#84b, the following working assumption and agreements were made [1]:
In this contribution, analysis on the sTTI length and consideration of short control channel design are discussed.
2. sTTI length
Although the short TTI lengths of 0.5ms, 3/4, 2 and 1 OFDM symbol(OS) are within the scope of the latency reduction SI, to which extend the TTI length should be reduced to needs to be carefully examined, in order to balance among the standard effort, the latency reduction gain and the overhead that potentially be introduced by control signalling and RS.
With shorter sTTI length, the overhead of control signalling and RSs becomes more and more severe, which may become the bottleneck for user-experienced throughput and the transmission efficiency. If sTTI length is of 1 OS, assuming 2 CRS port, then only 12REs and 8 REs per 12 subcarriers are left for control and data transmission for OFDM symbols without CRS and with CRS, respectively. To serve one UE with 8 CCEs control overhead, 288REs (36*8) is required for control information transmission. For simplicity of notation, we denote a ‘sRB’ as a scheduling unit in frequency domain with 12 subcarriers and in time domain with sTTI length, then 24 sRBs or 36 sRBs should be reserved for control channel transmission for 1OS-sTTIs under cases without CRS or with CRS. When low latency transmission is FDM with legacy UEs, REs left for sTTI data transmission is quite limited. In other words, overhead will be too high for sTTI length of 1OS.
Proposal 1 : Confirm the working assumption that 1-OFDM-symbol sTTI length will not be further studied.
3. Discussion on DL control channel design for reduced TTI
It is agreed that sPDCCH needs to be introduced in sTTI, and different sPDCCH designs may involve different control overhead, which will affect throughput gains for sTTI.
As discussed in Rel-11 EPDCCH design, different resource mapping methods result different control channel performance. For UE-specific control channel transmission, with reliable channel state information (CSI) reported from the UE, frequency scheduling gain together with beamforming can provide better control channel performance than legacy PDCCH [2]. Thus localized resource mapping for sPDCCH transmission can be considered to provide good control performance. In other words, a better decoding performance means to reach same control channel coverage, less resource may be consumed, which indicates lower control overhead.
However, for some sTTI common control information transmission, UE-specific frequency scheduling and beamforming cannot be used. In addition, in some cases, CSI feedback is not accurate due to high mobility or poor channel condition, or with only wideband CSI feedback, distributed resource mapping for sPDCCH transmission by achieving frequency diversity as well as interference diversity gain is necessary from the perspective of robustness. 
Proposal 2 : Both localized and distributed resource mapping for sPDCCH transmission can be considered for sTTI.
Another issue is how to design the sPDCCH so as to achieve efficiency and flexibility in terms of control overhead.  Two design alternatives can be considered, which are 1) fixed control overhead and region, and 2) dynamic control overhead and region. If fixed control overhead and region is considered, scheduling restriction (e.g., number of scheduled UEs per (s)TTI in FDM) is imposed, but the signaling overhead for indicating control region is saved.  In addition, the control overhead needs to be reserved by assuming UEs with poorest coverage. If control overhead and region is dynamic, the control overhead increases in proportion to the number of scheduled UEs, and can be varies every sTTI according to the scheduling decisions. But how to inform UEs the dynamic control region need to be studied.
In the following, we will provide a preliminary discussion on the control overhead when fixed control region and overhead scheme is considered. Specifically, suppose a fixed control overhead, the reserved resources shall ensure that poor UEs can decode reliably. To provide comparable coverage performance with legacy UEs, it is possible that more control REs are required than legacy (E)PDCCH, since the diversity or frequency scheduling gain will be less with a partial bandwidth (if FDM with legacy UE) than the full bandwidth. Table.1 gives an example of how many sRBs are needed for a control overhead of 8 CCEs and 16 CCEs. It is supposed that there are 2 CRS antenna ports and 1 OFDM symbols for legacy PDCCH. The first sTTI in every 1ms subframe can use legacy PDCCH for control information, so no RB number is provided for the first sTTI in table.1. It can be seen that 12 or 15 RBs are required for 2OS sTTI, in case of low latency services take 50% bandwidth of whole 20MHz, 50RBs are available for sTTI data transmission. 12 RB and 15 RB means 24%, 30% control overhead respectively, and in the left RBs, CRS overhead outside PDCCH region is 7.14%. 
Considering that in most cases, UEs do not need the highest aggregation level to transmit PDCCH or sPDCCH, thus for fixed control overhead and region scheme, it is quite inefficient to reserve a fixed control overhead up to 30%, which only aims to satisfying the performance requirements of UEs with poorest coverage.

For dynamic control overhead design, it is possible to vary the control overhead according to the number of scheduled UEs, and the required aggregation level of the scheduled UEs, thus seems to be promising for reducing overhead. Nonetheless, it may be necessary to introduce signaling to inform UEs the dynamic control region. The specific design and the possible involved overhead needs to be well studied to avoid too much overhead and UE’s blind decoding complexity.
Proposal 3 : Transmission of sPDCCH with dynamic control overhead is suggested to be further studied so as to reduce the overhead that introduced by sPDCCH. 
Table 1. Example of control overhead for fixed control overhead of different sTTI length. 
	sTTI length
	sTTI index
	16CCEs (576REs)
	8CCE (288REs)

	
	
	No. of sRBs
	Percentage of overhead per sTTI
	No. of sRBs
	Percentage of overhead per sTTI

	7OS
	sTTI0（68RE）
	-
	-
	-
	-

	
	sTTI1（76RE）
	8 sRBs
	16%
	4 sRB
	8%

	4/3OS
	sTTI0（36RE）
	-
	-
	-
	-

	
	sTTI1（32RE）
	18 sRBs
	36%
	9 sRB
	18%

	
	sTTI2（44RE）
	14 sRBs
	28%
	7 sRB
	14%

	
	sTTI3（32RE）
	18 sRBs
	36%
	9 sRB
	18%

	2OS
	sTTI0（12RE）
	-
	
	-
	

	
	sTTI1（24RE）
	24 sRBs
	48%
	12 sRB
	24%

	
	sTTI2（20RE）
	29 sRBs
	58%
	15 sRB
	30%

	
	sTTI3（20RE）
	29 sRBs
	58%
	15 sRB
	30%

	
	sTTI4（24RE）
	24 sRBs
	48%
	12 sRB
	24%

	
	sTTI5（20RE）
	29 sRBs
	58%
	15 sRB
	30%

	
	sTTI6（24RE）
	24 sRBs
	48%
	12 sRB
	24%

	Note1: ‘sRB’ denotes a scheduling unit in frequency domain with 12 subcarriers and in time domain with sTTI length;
Note2: For the calculation of overhead percentage, it is assumed that low latency services take 50% bandwidth of whole 20MHz, i.e., 50 sRBs are available for sTTI data transmission in a sTTI.


4. Conclusions
In this contribution, we provide some discussion on sTTI length and short control channel design. The following proposals are made:
Proposal 1 : Confirm the working assumption that 1-OFDM-symbol sTTI length will not be further studied.

Proposal 2 : Both localized and distributed resource mapping for sPDCCH transmission can be considered for sTTI.
Proposal 3 : Transmission of sPDCCH with dynamic control overhead is suggested to be further studied so as to reduce the overhead that introduced by sPDCCH. 
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Working Assumption: 


1-OFDM-symbol sTTI length will not be further studied.


For DL control channels


Agreement:


sPDCCH (PDCCH for short TTI) needs to be introduced for short TTI.


Each short TTI on DL may contain sPDCCH decoding candidates.


Working Assumption:


CRS-based sPDCCH is recommended to be supported 


FFS whether CRS-based sPDCCH can be transmitted in the legacy PDCCH region 


DMRS-based sPDCCH is recommended to be supported 


Design of both CRS-based sPDCCH and DMRS-based sPDCCH will be studied further.
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