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1 Introduction

In RAN#67, SI on latency reduction techniques for LTE was approved [1]. Based on [1], RAN1 should assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signalling while keeping backward compatibility.
In RAN1#83 and RAN1#84 meeting, it is agreed that evaluation methodology for latency reduction including link-level simulation assumption [2][3]. Based on the evaluation assumption, we provide our link-level evaluation results and relevant observations/proposals on RS for sPDSCH demodulation.
2 CRS for sPDSCH demodulation
Regarding demodulation RS of sPDSCH, it is natural to consider to use CRS since it does not require additional RS overhead and sufficient channel estimation accuracy is expected. 

In legacy TTI, a UE can utilize CRS in a subframe for channel estimation. For antenna port 0 and 1, there are 8 CRS REs per antenna port within a PRB. However, less CRS REs are existed within a sTTI. For example, in Figure 1, there are only 2 CRS REs per antenna port within a sTTI. 
However, a UE can utilize CRS REs transmitted in previous sTTI(s) in addition to CRS within a sTTI. Therefore, it is expected that there is no significant loss on channel estimation accuracy even if sTTI length becomes short.

In addition, in high SNR region, a UE would achieve enough channel estimation performance with small number of CRS REs. Also, when UE speed is high, only CRS REs near data REs may be useful for channel estimation.
Therefore, we consider that utilizing legacy CRS only seems enough for CRS based channel estimation unless significant gains are demonstrated with CRS enhancement.
Proposal 1: Enhancement of CRS pattern is not prioritized for latency reduction study.
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Figure 1. An example of sTTI structure with 3/4 symbols
3 DMRS for sPDSCH demodulation

3.1 DMRS density

In this section, the performance of sPDSCH based on TM9 depending on various DMRS densities is evaluated.

Regarding DMRS of sPDSCH, four DMRS RE numbers within a PRB are considered.

· DMRS density
· 2 REs per PRB per antenna port
· 4 REs per PRB per antenna port
· 6 REs per PRB per antenna port

· 8 REs per PRB per antenna port
Similar to legacy DMRS pattern, we assumed that DMRS is allocated within two adjacent OFDM symbols within a sTTI. In one OFDM symbol, DMRS is transmitted using N/2 REs where N is the total number of DMRS REs. For CDM of DMRS of 2 antenna ports, the same frequency locations are used to transmit DMRS for two OFDM symbols. An example of DMRS patterns for 3 symbols sTTI is illustrated in Figure 2.
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Figure 2. An example of DMRS patterns for 3 symbols sTTI with 2, 4, 6, and 8 REs/PRB density
We obtained BLER performance of sPDSCH with TM9 with various DMRS density as shown Figure 3 and 4.
For the evaluation, 25 PRBs are scheduled per each sPDSCH and the all OFDM symbols within a sTTI length are utilized for sPDSCH (i.e., no control channel overhead is assumed). sPDSCH is transmitted using single antenna port transmission with precoding based on CSI feedback. The main goal of the evaluation is to evaluate the performance with various DMRS density.

In the evaluation, three combinations of modulation order and TB size are used as shown in Table 1. Three TB sizes for evaluation are obtained by targeting 1/3, 3/4, and 5/6 code rate when the maximum RS overhead is assumed (i.e., CRS and DMRS with 8 REs/PRB). Therefore, if DMRS overhead is reduced, effective code rate for sPDSCH transmission is reduced. It is to reflect the effect of DMRS overhead on sPDSCH performance.

Regarding channel estimation, DMRS within sTTI and allocated PRBs for sPDSCH are utilized. Also, DMRS bundling with size 3 PRBs is applied.

Detailed evaluation assumptions are summarized in Table 3 in Annex.
Table 1. Effective code rate depending on RS overhead

	sTTI length
	3 symbols
	7 symbols

	Modulation order
	QPSK
	16QAM
	64 QAM
	QPSK
	16QAM
	64 QAM

	TBS
	408
	1800
	2984
	1128
	5160
	8504

	RS overhead
	CRS + DMRS with 2 RE/PRB
	0.27
	0.60
	0.66
	0.30
	0.70
	0.77

	
	CRS + DMRS with 4 RE/PRB
	0.29
	0.64
	0.71
	0.31
	0.72
	0.79

	
	CRS + DMRS with 6 RE/PRB
	0.31
	0.69
	0.77
	0.32
	0.74
	0.81

	
	CRS + DMRS with 8 RE/PRB
	0.34
	0.75
	0.83
	0.33
	0.76
	0.83
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(a) EPA 3km/h
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(b) ETU 60km/h

Figure 3. sPDSCH performance with 3 symbols sTTI length
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(b) ETU 60km/h

Figure 4. sPDSCH performance with 7 symbols sTTI length
According to the evaluation results shown in Figure 3 and 4, the optimal numbers of DMRS REs per PRB are summarized in Table 2. In this table, DMRS RE number which shows the best performance is marked for each combination of sTTI lengths and MCSs. 

Table 2. Optimal DMRS RE number per PRB

(a) EPA 3km/h
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(b) ETU 60km/h
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Based on the results, we can see that the optimal numbers of DMRS REs per PRB depends on following aspects.

· Operation SNR range
In general, if operating SNR range is low, larger amount of DMRS REs shows the better performance, since it can estimate channel environment more accurate. However, if operating SNR range is high, enough channel estimation quality could be obtained with smaller amount of DMRS REs. Then, sPDCCH performance with smaller DMRS overhead could be better since the amount of resource for sPDCCH transmission is increased.
· sTTI symbol length
Even if the same number of DMRS REs is allocated within a PRB, the RS density becomes different depending on sPDCCH OFDM symbol length. Therefore, the optimal number of DMRS REs would depend on sPDCCH symbol length.

· Channel fluctuation in frequency domain
The amount of channel fluctuation in frequency domain also effects to the optimal DMRS RE number. In ETU channel, if DMRS is allocated sparsely in frequency domain, channel estimation result may not reflect channel fluctuation in frequency domain accurately. Therefore, in our simulation results, sPDSCH with 2REs/PRB DMRS overhead does not show enough performance in ETU channel.
Observation 1: Optimal DMRS RE number for sPDSCH demodulation depends on operating SNR range, sPDCCH symbol length, and channel environment.

Observation 2: DMRS with 2 REs per PRB does not achieve enough channel estimation performance in ETU channel.
3.2 DMRS location for 7 symbols sTTI

In case of 7 symbols sTTI, legacy DMRS pattern can be reused unless some significant problem is shown. To check the performance of legacy DMRS pattern for 7 symbols sTTI, we evaluated following two DMRS patterns, DMRS pattern A and B. DMRS pattern A in Figure 5.(a) shows legacy DMRS pattern in downlink subframe. DMRS pattern B in Figure 5.(b) is time-domain shifted version of DMRS pattern A to be located in the center of sTTI region. DMRS pattern B is same with the DMRS pattern in special subframe.
sPDSCH performance for these two DMRS patterns are shown in Figure 6. When UE mobility is low (i.e., EPA 3km/h case in Figure 6.(a)), DMRS time-domain location does not effect to channel estimation performance so two DMRS patterns show same performance in all SNR region. When UE speed is high (i.e., ETU 60km/h and 120km/h case in Figure 6.(b) and (c)), DMRS pattern A which is located is the edge of sTTI OFDM symbols have lower performance compared to DMRS pattern B in high SNR region. However, in low SNR region, two patterns acquire similar performance.
Even if DMRS pattern B has better performance in some cases, DMRS pattern for 7 symbols sTTI should be determined considering other aspects also such as specification impact, collision with other signals (e.g., CSI-RS). Particularly, many CSI-RS configurations would be affected by shifting DM-RS pattern of short TTI to Pattern B. Furthermore, it is already determined by LAA to utilize the Pattern A in the starting subframe with 1 slot duration. Overall, it is our preference to keep Pattern A for 7 symbols sTTI DM-RS pattern.
Observation 3: In case of 7 symbols sTTI, in low UE speed or low SNR region, DMRS location in OFDM symbols #5/#6 achieves similar performance to DMRS location in OFDM symbols #2/#3. In high UE speed with high SNR region, DMRS location in OFDM symbols #5/#6 has worse performance to DMRS location in OFDM symbols #2/#3.
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(a) DMRS pattern A                   (b) DMRS pattern B

Figure 5. Two DMRS patterns with different OFDM symbol location for 7 symbols sTTI
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(b) ETU 60km/h
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(c) ETU 120km/h
Figure 6. sPDSCH performance 7 symbols sTTI length
4 Conclusion 

In this contribution, we provide our link-level evaluation results and obtained relevant observations and proposals on RS for sPDCCH demodulation as follows.
Observation 1: Optimal DMRS RE number for sPDSCH demodulation depends on operating SNR range, sPDCCH symbol length, and channel environment.

Observation 2: DMRS with 2 REs per PRB does not achieve enough channel estimation performance in ETU channel.
Observation 3: In case of 7 symbols sTTI, in low UE speed or low SNR region, DMRS location in OFDM symbols #5/#6 achieves similar performance to DMRS location in OFDM symbols #2/#3. In high UE speed with high SNR region, DMRS location in OFDM symbols #5/#6 has worse performance to DMRS location in OFDM symbols #2/#3.
Proposal 1: Enhancement of CRS pattern is not prioritized for latency reduction study.
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Annex

Table 3. Evaluation assumptions on PDSCH with TTI shortening
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	3/7 symbols

	Allocated bandwidth
	25 PRBs

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

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

	Antenna correlation
	Uncorrelated

	CP length
	Normal

	Transmission mode
	TM9 

	RS configuration
	TM9: 2 CRS ports

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank to 1

	Link adaptation
	Disabled

	Modulation and code rate
	64QAM 5/6, 16QAM 3/4, QPSK 1/3

	Precoding codebook
	Based on CSI feedback

	CSI feedback
	5msec period, 3msec delay

	TBS determination
	Scale TBS size with TTI length

	HARQ retransmission
	Disabled

	Performance metrics
	BLER



9/9


