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1 Introduction

In the RAN#73 meeting, the revised Work Item on shortened TTI and processing time for LTE was approved [1]. According to [1], 2-symbol sPDCCH needs to be completed by RAN#76, including both CRS based and DMRS based sPDSCH for FS1.
This contribution mainly discusses DL RS related issues, which including suggested maximum number of supported layers for DMRS based sPDSCH for both 2-symbol and 1-slot sTTI, performance evaluation for 2-symbol sTTI, and the comparison of the two candidate DMRS patterns. 

2 DL DMRS
With TTI length being shortened, new DMRS pattern is needed to support sTTI transmission. To achieve high peak data rate and spectral efficiency, multiple spatial layer transmission is preferred. However, large number of spatial layers introduces large DMRS overhead. For tradeoff between spectral efficiency and DMRS overhead, at least up to 4-layer transmission is preferred for 2-symbol sTTI, and up to 8-layer transmission is preferred for 1-slot sTTI. 
Proposal 1:

· At least up to 4-layer transmission is supported for 2-symbol sTTI.
· Up to 8-layer transmission is supported for 1-slot sTTI.
Two candidates of DMRS patterns are discussed in this section, where pattern 1 is that multiple-layer DMRS are CDMed in frequency domain and pattern 2 is that multiple-layer DMRS are CDMed in time domain. The examples of both DMRS patterns for 2-symbol and 1-slot sTTI are shown in Figure 1 and Figure 2, respectively. The example of 2-symbol sTTI is based on {3, 2, 2, 2, 2, 3} sTTI structure. For 2-symbol sTTI, pattern 1 DMRS is placed in the first symbol of each sTTI to reduce processing delay, and pattern 2 DMRS is placed across 2 symbols of each sTTI. For 1-slot sTTI, DMRS of both candidates is placed equally in both time domain and frequency domain to achieve better channel estimation. 
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Figure 1: Two candidate DMRS patterns for 2-symbol sTTI
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Figure 2: Two candidate DMRS patterns for 1-slot sTTI

Table 1 provides the overhead of candidate DMRS patterns when supporting 2-layer, 4-layer, and 8-layer transmission in one TTI/sTTI.
Table 1: Overhead of candidate DMRS patterns with different length of TTI
	Layer number
	2-symbol sTTI
	1-slot sTTI

	
	pattern 1
	pattern 2
	pattern 1
	pattern 2

	2
	4 REs
	4 REs
	8 REs
	8 REs

	4
	4 REs
	8 REs
	8 REs
	8 REs

	8
	8 REs
	-
	16 REs
	16 REs


From Table 1, it is observed that both pattern 1 and pattern 2 have the same overhead to support 2-layer transmission for 2-symbol and 1-slot sTTI, and to support 4-layer transmission for 1-slot sTTI. However, if pattern 2 wants to support 4-layer transmission in 2-symbol sTTI, the overhead will be doubled compared to pattern 1. Furthermore, pattern 1 can support up to 8-layer transmission with an acceptable overhead even for 2-symbol sTTI. 
The performance of pattern 1 and pattern 2 for 2-symbol sTTI is provided where the target sTTIs for evaluation are marked in Figure 1. Evaluation cases include EPA and ETU channel with a UE velocity of 3kmph or 60kmph, MCSs are QPSK 1/3, 16QAM 3/4, and 64QAM 5/6. For pattern 1, rank is fixed to 1, 2, or 4 while for pattern 2, rank is fixed to 1 or 2. That is to say, DMRS overhead is the same for all the evaluated cases. Detailed simulation assumptions can be found in Table 4 and Table 5 in Appendix. 
Simulation results are shown in Figure 3 and Figure 4 in Appendix. Note that for 2 codeword (CW) cases, the averaged BLER of CW0 and CW1 are provided. The required SNRs for all the evaluated cases to achieve 10% BLER are summarized in Table 2.
Table 2: Required SNR at 10% BLER for evaluated cases
	Scenario
	QPSK
	16QAM
	64QAM

	
	pattern 1 (2x2)
	pattern 2 (2x2)
	pattern 1 (4x4)
	pattern 1 (2x2)
	pattern 2 (2x2)
	pattern 1 (4x4)
	pattern 1 (2x2)
	pattern 2 (2x2)
	pattern 1 (4x4)

	1CW
	EPA 3kmph
	1
	1
	N/A
	12.5
	12.5
	N/A
	21.2
	21.2
	N/A

	
	EPA 60kmph
	1.4
	1.4
	N/A
	13
	13
	N/A
	22.2
	21.9
	N/A

	
	ETU 3kmph
	0
	0
	N/A
	11.7
	11.7
	N/A
	20.8
	20.8
	N/A

	
	ETU 60kmph
	0
	0
	N/A
	11.8
	11.8
	N/A
	21.1
	20.9
	N/A

	2CW
	EPA 3kmph
	7.3
	7.3
	1.6
	22.5
	22.5
	13.4
	32.4
	32.4
	21.7

	
	EPA 60kmph
	7.3
	7.3
	1.7
	23.1
	23
	13.6
	N/A
	N/A
	22.4

	
	ETU 3kmph
	5.3
	5.3
	N/A
	22
	21
	N/A
	N/A
	N/A
	N/A

	
	ETU 60kmph
	5.4
	5.4
	N/A
	22.6
	21.6
	N/A
	N/A
	N/A
	N/A


From Figure 3 and Figure 4, the following observations are made:
Observation:

· For 2CW transmission in ETU channel with high MCS (16QAM 3/4 or 64QAM 5/6), pattern 2 outperforms pattern 1, e.g., pattern 2 can obtain about 1dB performance gain than pattern 1 for 16QAM 3/4 transmission; for other cases, pattern 1 and pattern 2 share similar performance.

· In low frequency-selective fading channel with small delay spread cases, pattern 1 can support 4-layer transmission while keep low DMRS overhead, hence pattern 1 with rank 4 transmission requires smaller SNR than pattern 2 for the same MCS, e.g., the performance gains are about 5dB for QPSK 1/3, 9dB for 16QAM 3/4, and at least 10dB for 64QAM 5/6. 
In low frequency-selective fading channel with small delay spread, data transmission in high rank can improve peak data rate if the SNR is high, or improve transmission efficiency if the SNR is low. Moreover, supporting a large number of DMRS antenna ports is beneficial to the multiplexing of DMRS based sPDCCH and sPDSCH in 2-symbol sTTI. 
The comparison of design considerations between DMRS pattern 1 and pattern 2 for sPDCCH and sPDSCH are summarized in Table 3. 
Table 3: Comparison between DMRS pattern 1 and pattern 2 
	Design consideration
	Pattern 1: CDM in F-domain
	Pattern 2: CDM in T-domain

	Overhead
	· Low DMRS overhead to support up to 4-layer in 2-symbol sTTI and 8-layer in 1-slot sTTI
	· Low DMRS overhead to support up to 2-layer in 2-symbol sTTI and 8-layer in 1-slot sTTI

· high DMRS overhead to support up to 4-layer in 2-symbol sTTI

	Latency impact
	· Place DMRS in the first symbol of the sTTI is beneficial to fast demodulation, especially in 2-symbol sTTI 
	· A longer HARQ processing time by using pattern 2 than pattern 1 will be expected

	Performance
	· The same performance with pattern 2 for sPDCCH demodulation

· Better performance in low frequency-selective fading channel than pattern 2 in 2CW with the same MCS transmission cases due to rank 4 transmission for 2-symbol sTTI
	· The same performance with pattern 1 for sPDCCH demodulation

· Better performance in ETU channel than pattern 1 in 2CW and high MCS transmission cases for 2-symbol sTTI


DMRS pattern should be designed to obtain a trade-off among overhead (which can impact the available resource), latency (which can impact the HARQ processing time) and performance (which can impact the throughput). Therefore, it is preferred to design DMRS pattern based on CDM in frequency domain.
Proposal 2: DMRS based on CDM in frequency domain is adopted for sPDCCH and sPDSCH. 
3 Conclusion
This contribution mainly discusses DL RS related issues, which including suggested maximum number of supported layers for DMRS based sPDSCH for both 2-symbol and 1-slot sTTI, performance evaluation for 2-symbol sTTI, and the comparison of the two candidate DMRS patterns. The following proposals are made:

Proposal 1:

· At least up to 4-layer transmission is supported for 2-symbol sTTI.
· Up to 8-layer transmission is supported for 1-slot sTTI.
Proposal 2: DMRS based on CDM in frequency domain is adopted for sPDCCH and sPDSCH. 
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Appendix
A: Simulation assumptions 
Table 4: Simulation assumptions of 2-symbol sTTI
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2 OS 

	Allocated bandwidth
	30 PRBs

	Antenna configuration
	2x2, 4x4

	Antenna correlation 
	Uncorrelated

	Transmission mode
	TM9

	PRB bundling
	3 RBs

	RS configuration
	Pattern 1 and pattern 2 in Figure 1

	Receiver type
	MMSE

	Channel model
	EPA, ETU

	UE velocity
	3kmph, 60kmph

	Channel estimation
	Practical

	Rank adaptation
	2x2, fixed rank 1 or 2;

4x4, fixed rank 4

	Link adaptation
	Disabled

	Modulation order and TBS 
	See Table 5

	Precoding 
	Codebook index 0 for 2x2 rank 1;

Codebook index 1 for 2x2 rank 2;

Codebook index 7 for 4x4 rank 4

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER


Table 5: TBS and code rate of sTTI
	Modulation order
	TBS

	QPSK
	376

	16QAM
	1736

	64QAM
	2984


B: Simulation results for 1 codeword 
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Figure 3: Performance comparison of two DMRS patterns for 1 codeword
C: Simulation results for 2 codewords
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Figure 4: Performance comparison of two DMRS patterns for 2 codewords
