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1 Introduction

The new SI of “Study on Latency reduction techniques for LTE” [1] was agreed and the potential gains for TTI shortening in terms of increased download throughput and reduction of download time for reduced latency in LTE has been performed and evaluated in RAN2 [2]. From RAN1 perspective, additional L1 overhead e.g. RS, DCI, UCI, which will to some extent impact on the user throughput gain due to the shortened TTI length should be considered. In last RAN1 meeting, the following agreements were reached:

Agreements:
· Following design assumptions are used for the study

· From eNB perspective, existing non-sTTI and sTTI can be FDMed in the same subframe in the same carrier

· FFS: Other multiplexing method(s) with existing non-sTTI for UE supporting latency reduction features
Agreements:
· In this study, following aspects are assumed in RAN1.

· PSS/SSS, PBCH, PCFICH and PRACH, Random access, SIB and Paging procedures are not modified.

· Following aspects are further studied in the next RAN1 meeting

· Note: But the study is not limited to them.

· Design of sPUSCH DM-RS

· Alt.1: DM-RS symbol shared by multiple short-TTIs within the same subframe

· Alt.2: DM-RS contained in each sPUSCH

· HARQ for sPUSCH

· Whether/how to realize asynchronous and/or synchronous HARQ
· sTTI operation for Pcell and/or SCells by (e)CA in addition to non-(e)CA case
This contribution mainly discusses the DL DMRS design for short TTI transmission.
2 DL DMRS
For DL, both CRS and DMRS based TMs are supported in existing non-sTTI transmission. Supporting CRS based TMs for sTTI is straightforward. For DMRS based TMs, there is no PMI/RI signalling involved and it facilitates the eNB perform beamforming with self-choosing precoding matrix. Also, DMRS based TMs are beneficial to improve throughput especially in low velocity scenarios if the overhead is acceptable. In addition, DMRS based multi-user multiplexing is transparent to UEs. So DMRS based TMs could be considered by sTTI. For 0.5 ms TTI, legacy DMRS may be reused. As discussed in [3], 4(3) OS and 2 OS TTI achieve the best performance in most cases, so 4(3) OS and 2 OS TTI could also be the candidate TTI length. In this section, candidate DMRS patterns for 4(3) OS and 2 OS TTI are discussed.
2.1 Candidate DMRS patterns for sTTI

Considering backward compatibility, the transmission of sTTI DMRS should not occupy any resource that used for PDCCH or CRS transmission. To help quickly estimate channel information and reduce the processing delay, it is preferred to place DMRS at the beginning of each sTTI. Multiple layers or users may share the same DMRS resource so transparent multi-user MIMO could be supported. Overhead issue should be considered for DMRS pattern design since normally each scheduled TTI should be associated with a DMRS and TTI number increases if the TTI length is short. 
Figure 1 gives candidate DMRS patterns for 4(3) OS and 2 OS sTTI. From time domain perspective, each sTTI contains a DMRS for 4(3) OS TTI, while two neighbor sTTIs share one DMRS for 2 OS sTTI. Since TTI length is shortened in time domain, the minimum scheduling unit can be enlarged to a group of PRBs to ensure there is enough resource for sTTI transmission. So from frequency domain perspective, the bandwidth for sTTI transmission can be divided into several scheduling units and each scheduling unit contains several PRBs, e.g., 5 PRB as shown in Figure 1. The DMRS sequences for different layers or users within the scheduling unit are orthogonalized in CDM manner. UE may be scheduled with one or several scheduling units. Then UE may assume the same precoding applies to PRBs in each scheduling unit and use multiple PRBs to improve the performance of channel estimation.
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Figure 1: DMRS patterns for 4(3) OS and 2 OS TTI
Assume maximum 4 layers are supported for sTTI with the above DMRS pattern, the DMRS overheads are 16 REs and 12 REs per PRB pair for 4(3) OS and 2 OS TTI respectively. In legacy 1ms TTI, the DMRS overhead is 12 REs per PRB pair if the maximum layer number is 4. Note that if 8 layers are transmitted for one UE in continuous sTTIs, one more DMRS supporting 4 layers should be configured. The overhead of 2 OS TTI is the same to 1 ms TTI for 8-layer transmission. Therefore, the overheads of new DMRS patterns seem acceptable. 
2.2 Performance of DMRS based TM for sTTI

The evaluations of new DMRS patterns in Figure 1 for 4(3) OS and 2 OS TTI as well as 1ms DMRS pattern are provided in this section. The size of scheduling unit is 5 PRBs or 10 PRBs in frequency domain, and the corresponding allocated bandwidth is 25 PRBs or 30 PRBs. Other simulation assumptions which are listed in Table 2 in Appendix are aligned with the assumptions in [4]. 
Figure 2 shows the results comparison of DMRS based rank 1 transmission for 4(3) OS, 2 OS TTI and 1ms TTI in ETU channel with a UE speed of 60 kmph and 3 kmph. From Figure 2, it is observed that:
· In 60kmph case, the performance of 4(3) OS TTI slightly outperforms 2 OS TTI, both of which have almost 0.8 dB performance gain compared to 1 ms TTI at 10% BLER. This is because the RS REs distributed in time domain for short TTI is denser than legacy 1 ms TTI.

· In 3kmph case, the performance loss of 4(3) OS TTI and 2 OS TTI compared to 1 ms TTI is about 0.3 dB at 10% BLER. This is because the RS REs distributed in frequency domain for legacy 1 ms TTI is denser than short TTI.
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Figure 2: Performance of DMRS based TMs for 4(3) OS and 2 OS TTI (rank 1)
Figure 3 shows the results comparison of DMRS based rank 2 transmission for 4(3) OS, 2 OS TTI and 1ms TTI in EPA and ETU channels. Considering that normally multiple layer transmission is supported in low speed scenarios, 3 kmph is assumed in this evaluation. From Figure 3, it is observed that:

· In EPA 3 kmph case, 1 ms TTI, 4(3) OS TTI, and 2 OS TTI share similar performance. 
· In ETU 3 kmph case, the performance loss of 4(3) OS TTI and 2 OS TTI compared to 1 ms TTI is about 0.8 dB at 10% BLER.
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Figure 3: Performance of DMRS based TMs for 4(3) OS and 2 OS TTI (rank 2)
Since a large number of PRB bundling is benefit to channel estimation, a larger size of scheduling unit is considered to re-simulate DMRS based rank 2 transmission of short TTI for ETU 3 kmph case. Figure 4 shows the result of DMRS based rank 2 transmission with 10 PRB bundling for 4(3) OS and 2 OS TTI. From the result, it is observed that:

· With a scheduling unit of 10 PRBs, the performance of 4(3) OS TTI and 2 OS TTI with rank 2 transmission is comparable to 1 ms TTI in ETU 3 kmph case.
Figure 4 also gives the performance of DMRS based rank 4 transmission with 10 PRB bundling for 4(3) OS and 2 OS TTI in EPA 3 kmph scenario. From the result, it is observed that:

· For rank 4 transmission, the performance of 4(3) OS TTI and 2 OS TTI slightly outperforms the performance of 1 ms TTI in EPA 3 kmph case. 
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Figure 4: Performance of DMRS based TMs for 4(3) OS and 2 OS TTI (rank 2 or 4)
The above simulation results are summarized in Table 1. Note that for two codewords case, the averaged BLER is provided.

Table 1: SNR at 10% BLER for difference scenarios

	Scenario
	2 OS (5 RB bundling)
	2 OS (10 RB bundling)
	4(3) OS (5 RB bundling)
	4(3) OS (10 RB bundling)
	1ms (3 RB bundling)

	Rank 1
	ETU 60kmph
	12.0
	N/A
	11.9
	N/A
	12.7

	
	ETU 3kmph
	11.8
	N/A
	11.8
	N/A
	11.5

	Rank 2
	EPA 3kmph
	22.1
	N/A
	22.1
	N/A
	22.2

	
	ETU 3kmph
	20.9
	19.9
	20.9
	19.9
	20.0

	Rank 4
	EPA 3kmph
	N/A
	12.4
	N/A
	12.4
	12.7


Based on the above evaluations, it is proposed:
Proposal: Consider CDM in frequency domain to design the DMRS pattern for sTTI. 

3 Conclusion
In this contribution, the DL DMRS for sTTI transmission are discussed and the following proposal is made:

Proposal: Consider CDM in frequency domain to design the DMRS pattern for sTTI.
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Appendix: 
Table 2: Simulation assumptions of DMRS based TMs for short TTI
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	1ms; 4(3) OS; 2 OS 

	Allocated bandwidth
	25 PRBs; 30 PRBs

	Channel model 
	ETU; EPA

	UE speed 
	3km/h, 60km/h

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

	Antenna correlation 
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	Transmission mode
	TM9

	RS configuration
	1ms: legacy DMRS pattern;

4(3) OS: shown in Figure 1; 
2 OS: shown in Figure 1.

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank

	Link adaptation
	Disabled

	Modulation and code rate 
	16QAM 3/4

	Precoding codebook 
	Fixed to 1 or 2 or 4

	TBS determination 
	Scale TBS size with TTI length

	HARQ retransmission 
	Disabled

	Performance metrics
	BLER
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