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1 Introduction

In RANP meeting #72 [1], “New Work Item on shortened TTI and processing time for LTE” was agreed and one objective of the WID is:
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

In RAN1 meeting #85, the following agreements regarding transmission modes or DL RS were reached:

Agreement:

· For sPDSCH based on a CRS based transmission scheme the maximum number of supported layers is 4

· For sPDSCH based on a DM-RS based transmission scheme shall be down-selected among the following options

· the maximum number of supported layers is 2

· the maximum number of supported layers is 4

· the maximum number of supported layers is 8

· FFS for sPDSCH based on a DM-RS based transmission scheme it is recommended to increased PRB bundling size compared to PDSCH for at least sTTI lengths shorter than 1-slot

In this contribution, two candidate DMRS patterns for sTTI transmission are discussed and the corresponding evaluation results are provided. In addition, CRS configuration for sTTI and non-sTTI are discussed. The observations and proposals can be found in the end of this contribution.
2 DL DMRS
DMRS based transmission modes should be supported at least for MBSFN subframes. Considering that both small packets and large packets could benefit from latency reduction, multiple-layer transmission is an important scenario for sTTI. The maximum number of transmission layers of DMRS based TMs for sTTI should be as large as legacy layer number if the DMRS overhead is acceptable. 
For TTI length smaller than or equal to 4OS, new DMRS design may be needed. Currently two candidate DMRS patterns are proposed for sTTI transmission, one is reusing legacy DMRS pattern where multiple layers are CDMed in time domain with the possible change that DMRSs are placed in earlier symbols of one sTTI, the other is our proposed DMRS pattern that DMRS is placed in the first symbol of sTTI and multiple layers are CDMed in frequency domain [2] [3]. Figure 1 shows the example of pattern of 2OS sTTI. The maximum layer number of the legacy pattern is 2 while the proposed pattern can support 4 layers multiplexing. Therefore more sets of DMRS are required to support more layers for both legacy and proposed patterns. Table 1 provides the overhead of candidate DMRS patterns in one TTI.
Table 1: Overhead of candidate DMRS patterns with different length of TTI
	Layer number
	2 OS TTI
	1 ms TTI

	
	Legacy pattern
	Proposed pattern
	

	2
	6 REs
	4 REs
	12 REs

	4
	12 REs
	4 REs
	24 REs

	8
	Not supported
	8 REs
	24 REs


From Table 1, it is observed that the proposed DMRS pattern can support up to 8-layer transmission with the acceptable overhead. 
Proposal 1: DMRS can be designed to support up to 8-layer transmission with acceptable overhead for sTTI.
Here we evaluate the performance of the two DMRS patterns. In the simulation, TTI length is 2OS and one target sTTI in one subframe is considered. As shown in Figure 1, the target sTTI includes symbol 12 and 13 for legacy DMRS pattern, while symbol 2 and 3 are evaluated for the proposed DMRS pattern.
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Figure 1: Two candidate DMRS patterns for 2OS TTI

EPA 3kmph and ETU 60kmph with Rank 1 and Rank 2 are simulated, and the same TBS and PRB bundling size are applied to compare the two patterns. Other simulation assumptions are listed in Table 3 and Table 4 in Appendix. Simulation results are shown in Figure 2.
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Figure 2: Performance comparison of two DMRS patterns for 2OS TTI

The required SNRs for all the evaluated scenarios to achieve 10% BLER are summarized in Table 2. 
Table 2: Required SNR at 10% BLER for difference scenarios

	Scenario
	QPSK
	16QAM
	64QAM

	
	Proposed
	Legacy
	Proposed
	Legacy
	Proposed
	Legacy

	EPA 3kmph
	Rank 1
	0.1
	0.3
	11.1
	12.4
	18.5
	20.7

	
	Rank 2
	5.7
	5.9
	20.6
	22
	29.9
	32.1

	ETU 60kmph
	Rank 1
	-0.7
	-0.6
	10.6
	11.6
	18.1
	19.9

	
	Rank 2
	4.6
	4.5
	20.7
	22.1
	N/A
	N/A


Note: 1) BLER cannot achieve 10% in the case of ETU 60 kmph with 64 QAM 5/6 and Rank 2 for both cases.
2) Averaged BLER of two codewords is provided for Rank 2.

From the simulation results, it is observed:

Observation:

· For QPSK scenario, the legacy pattern and the proposed pattern share similar performance.

· For 16QAM and 64QAM scenarios, the proposed pattern obviously outperforms the legacy pattern due to the comparable channel estimation performance and the lower RS overhead.

A larger PRB bundling size can be applied to achieve sufficient channel estimation accuracy. In addition, the proposed DMRS pattern can achieve comparable BLER performance as low as the result in [3] with the parameter 1ms TTI and legacy DMRS pattern.
Based on the above discussions, it is proposed:
Proposal 2: The CDM in frequency domain should be considered to design the DMRS pattern for sTTI. 
3 DL CRS
For non-sTTI transmission, both CRS based TMs and DMRS based TMs are supported. Since existing non-sTTI and sTTI can be FDMed in the same subframe and the same carrier from eNB perspective, the transmission efficiency of non-sTTI UE will be impacted due to the unnecessary CRS overhead if one sTTI UE is configured with 4-layer CRS based transmission and one non-sTTI UE is configured with 8-layer DMRS based transmission. Therefore, it is beneficial to configure CRS ports for sTTI and 1ms TTI independently, e.g., CRS port 0-1 for non-sTTI and CRS port 0-3 for sTTI, to reduce the unnecessary CRS overhead for legacy transmission.

Proposal 3: CRS ports for sTTI and 1ms TTI should be configured independently. 
4 Conclusion
In this contribution, two candidate DMRS patterns for DMRS based sTTI transmission are discussed and evaluation results are provided. In addition, CRS configuration for sTTI and non-sTTI are discussed. The following observations are made:

Observation:

· For QPSK scenario, the legacy pattern and the proposed pattern share similar performance.

· For 16QAM and 64QAM scenarios, the proposed pattern obviously outperforms the legacy pattern due to the comparable channel estimation performance and the lower RS overhead.

The following proposals are made:

Proposal 1: DMRS can be designed to support up to 8-layer transmission with acceptable overhead for sTTI.
Proposal 2: The CDM in frequency domain should be considered to design the DMRS pattern for sTTI. 
Proposal 3: CRS ports for sTTI and 1ms TTI should be configured independently. 
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Appendix: 
Table 3: Simulation assumptions of DMRS based sTTI
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 OS 

	Allocated bandwidth
	30 PRBs

	Channel model and UE velocity
	EPA 3km/h, ETU 60km/h

	Antenna configuration
	2Tx(eNB), 2Rx(UE)

	Antenna correlation 
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9

	PRB bundling
	3 RBs

	RS configuration
	See Figure 1

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank

	Link adaptation
	Disabled

	MCS and TBS 
	See Table 3

	Precoding codebook 
	Fixed

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER


Table 4: TBS and code rate (CR) of sTTI

	
	TBS
	CR of legacy pattern
	CR of proposed pattern

	QPSK
	336
	0.33
	0.3

	16QAM
	1596
	0.75
	0.675

	64QAM
	2676
	0.83
	0.75
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