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1 Introduction

In the previous meetings of the WI on Shortened TTI and processing time for LTE, there were the following agreements [1-4]: 

RAN1#88
· For 2-symbol sPDSCH transmission

· At least 2-layer is supported for DMRS based sPDSCH transmission

· For 1-slot sPDSCH transmission

· At least 4-layer is supported for DMRS based sPDSCH transmission

· For up to 2 layers sPDSCH in one sTTI, each layer maps to one different DL DMRS port, and each DMRS port has OCC-2 in time domain to support code division multiplexing.
· DL DMRS pattern for 2-layer 2/3-symbol sTTI occupies 2 symbols per sTTI, X subcarriers per N RB(s)
· Option 1: X = 3, N = 1
· Option 2: X = 2, N = 1
· Option 3: N > 1, with a fixed value of N and X, the specific values are FFS 

· Option 4: N and X are configurable, including the possibility that N = 1
RAN1#88bis

· For 7-symbol sTTI, 8-layer transmission is not supported for DMRS based sPDSCH

RAN1#89

· The sPRG size for 2/3os sPDSCH is N (sPRG of N RBs)

· FFS: N is the same for all system BW or is system BW specific

· Down-select N from [2, 3, 4 and 6]

· The DL DMRS pattern is fixed for 2-layer 2/3-symbol sPDSCH.

· Down-selected between option 1, 2, 3(X=2N+1 or X=2N, where N is the number of RBs).

· DL DMRS can be shared among 2 consecutive sTTIs for the same UE for 2/3-symbol sPDSCH.

· Sharing across subframes is not supported 

· FFS: Sharing across slots

· FFS: 3 consecutive sTTIs

· DL DMRS RE shift in frequency domain is supported when colliding with CRS RE.
RAN1#90

· For 1-slot sTTI, separate DMRS resource is used for sPDCCH and sPDSCH in slot 1.

· In the 1-slot sTTI#1 of a DL subframe, the sPDCCH DMRS are placed in symbols #7,8 

· In the 1-slot for normal subframes and sTTI#0, at least one pair of symbols carry sPDSCH DMRS and the pair of symbols is selected among the following options:

· Op 1: 3-4 

· Op 2: 5-6 (legacy DMRS position) 

· Op 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1) 

· In the 1-slot for normal subframes and sTTI#1, at least one pair of sPDSCH DMRS is supported and can be placed in symbols

· Op 1: 10-11

· Op 2: 12-13 (legacy DMRS position)

· Op 3: 9-10 (2OS-sTTI#4) 

This contribution further discusses the design of DL DMRS.

2 DL DMRS Design

2.1 2-symbol TTI
According to the agreements in the last meeting, the sPRG size for 2/3os sPDSCH can be down-selected from the set {2, 3, 4, 6}. Since the sPRG size is larger than 1 PRB, the DMRS design based on one PRB as in legacy LTE is no longer optimal. In order to achieve better performance and lower overhead, DMRS can be designed based on the minimum sPRG. 

The principle of design for legacy DMRS can be reused here. That is, DMRS should be evenly distributed in the minimum sPRG, and as close to the edge of the minimum sPRG as possible. Therefore, we prefer to option 3, in which DMRS occupies X subcarriers per N PRBs. Considering the balance between performance and overhead, X=4 and N=2 is a good choice, as shown in Figure 1. The DMRS pattern is repeated in every two PRBs. The simulation results are given in the Appendix, in which the performance of the three options is compared. It can be seen that option 2 and option 3 have similar throughput for 3km/h EPA channel, which is higher than that of option 1. For 60km/h ETU channel, option 3 has the best performance except for the case of 64QAM, where option 1 performs better because of the higher DMRS density. Option 3 always performs better than option 2 for ETU channel although option 2 has same DMRS density with option 3. It is because DMRS in option 3 is evenly distributed in bundling PRBs which is beneficial to channel estimation over severely frequency selective channel. Therefore, we prefer to option 3 with N=2 and X=4 considering that it has the best performance in most cases. 

For a 3-symbol TTI containing CRS in one symbol, it is preferable to place DMRS in the other two symbols without CRS to avoid being punctured. In order to avoid too much DMRS being punctured, the density of DMRS should not be a multiple of 3.

According to the discussion above, DMRS is designed in a unit of the minimum sPRG, which consists of 2 PRBs. In order to achieve better performance and more flexibilities. Other sPRG sizes including 4 and 6 can also be introduced. eNB can configure the sPRG size according to the UE's channel state.
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Figure 1 DMRS pattern for 2-symbol TTI

Proposal 1: For 2/3-symbol TTI, eNB configures the sPRG size, which belongs to the set {2, 4, 6}.

· DL DMRS pattern is designed in a unit of the minimum sPRG size, i.e. N=2. 

· Support DL DMRS pattern with 4 subcarriers evenly distributed across 2 RBs.

2.2 1-slot TTI

During the last meeting, it was agreed that there are the following options for the DMRS in sTTI#0:

· Op 1: 3-4 

· Op 2: 5-6 (legacy DMRS position) 

· Op 3: 2-3 if CFI=1,2 and 3-4 if CFI=3 (2OS-sTTI#1) 
Since there is no CRS in the symbols#2-3, it is preferable to place DMRS in the two symbols for sTTI#0 if CFI=1, 2. When CFI=3, DMRS can be shifted to symbols#3-4. So option 3 is preferably for sTTI#0.
For sTTI#1, there are the following options:

·  Op 1: 10-11

· Op 2: 12-13 (legacy DMRS position)

· Op 3: 9-10 (2OS-sTTI#4) 

Similar to the discussion above, option 3 is preferable for sTTI#1.

Proposal 3: In the 1-slot for normal subframes and sTTI#0, DMRS is placed on symbols#2-3 if CFI=1,2 and 3-4 if CFI=3.

Proposal 4: In the 1-slot for normal subframes and sTTI#1, DMRS is placed on symbols#9-10.
3 Conclusion

In this contribution, we give our analysis on issues of PDSCH transmission for downlink of shortened TTI. We have the following proposals:
Proposal 1: For 2/3-symbol TTI, eNB configures the sPRG size, which belongs to the set {2, 4, 6}.

· DL DMRS pattern is designed in a unit of the minimum sPRG size, i.e. N=2. 

· Support DL DMRS pattern with 4 subcarriers evenly distributed across 2 RBs.

Proposal 2: For sPDCCH of 1-slot TTI, DMRS pattern of 2-symbol TTI is reused.

Proposal 3: In the 1-slot for normal subframes and sTTI#0, DMRS is placed on symbols#2-3 if CFI=1,2 and 3-4 if CFI=3.

Proposal 4: In the 1-slot for normal subframes and sTTI#1, DMRS is placed on symbols#9-10.
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5 Appendix: Simulation assumptions

Table 1 specifies the settings used in the link level evaluations.

Table 1. Simulation parameters
	Parameter
	Value

	Carrier frequency
	2 GHz

	TTI length
	2symbols

	Allocated bandwidth
	50 PRBs (10 MHz)

	Channel model 
	EPA,ETU

	UE speed
	3km/h (5.56 Hz); 60KM/h(111 Hz)

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

	Antenna correlation
	Uncorrelated

	CP length
	Normal

	Transmission mode
	TM9 

	Receiver type
	MMSE-IRC

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank 1

	Link adaptation
	Disabled

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

	Precoding codebook
	Fixed

	TBS determination
	Calculated from modulation and code rate

	HARQ retransmission
	Disabled

	Control channel overhead
	2CCE (72RE) reserved for short PDCCH transmission each short TTI


Figure 2 and Figure 3 give the link simulation results.
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Figure 2  EPA-3km/h, DMRS demodulation performance
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Figure 3 ETU-60km/h, DMRS demodulation performance
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