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1. Introduction
In 3GPP RAN1 #84bis and #85 meeting, agreements regarding sPDCCH and DMRS were listed below.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Agreements:
· Both CRS based TMs and DMRS based TMs are recommended to be supported for DL sTTI transmission
· No change for CRS definition
· FFS: Supporting more than 2 layers for sPDSCHs
· Further study is needed about DMRS design(s) for sPDSCH demodulation
· For a certain TTI length, increased PRB bundling sizes may be necessary to achieve sufficient channel estimation accuracy. 
· FFS: the number of DMRS antenna ports that can be supported for a given short-TTI length.
· For a certain TTI length, new DMRS design(s) may be needed

In this contribution, we discuss the design of DMRS for short TTI. Simulation results are provided to demonstrate the proposed designs.

2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]DMRS designs for short TTI
DMRS designs for short TTI has been considered in [1]-[4]. In this section, we consider the detailed DMRS design for 2/7 symbol short TTI.  Table 1 shows the legacy DMRS overhead per TTI when the TTI length is 2, 7, and 14. For the 7 symbol case, the DMRS overhead is the same as the 14 symbol TTI and there is no need to design the new DMRS for the 7 symbol TTI case. For the 2 symbol TTI, the overhead is 3.5 times of the 7/14 symbol TTI.
Therefore, we have
Observation 1. For the 2 symbol sTTI, it is necessary to reduce the DMRS overhead for sPDCCH/sPDSCH transmission.

	
	Overhead of DL DMRS per TTI

	
	1 or 2 ports
	4 or 8 ports

	14 symbol TTI
	7.14%
	14.29%

	7 symbol TTI
	7.14%
	14.29%

	2 symbol TTI
	25%
	50%


[bookmark: _Ref458521505]Table 1 Overhead of DL DMRS per TTI when legacy design is used.

Now, we consider the DMRS design for 2 symbol TTI. In the following, we consider one or two ports DMRS. For four or eight ports DMRS, the same conclusions can be obtained. In 2 symbol TTI, CRS may collide with DMRS. For example, assume DMRS appears in each short TTI. As shown in Figure 1, CRS collides with DMRS in OFDM symbol 4, 7, 8, and 11. To avoid this situation, it is suggested that the REs for DMRS are derived from cell-ID and not overlapped with CRS. For example, use a cell-specific shift such as vshift=NIDcell mod 3 in the frequency-domain allocation.


                               
[bookmark: _Ref462920150][bookmark: _Ref462920102]Figure 1 Example of collision between DMRS and CRS

Proposal 1. The design of DMRS for short TTI should avoid the collision with the existing reference signal, e.g., CRS and CSI-RS. 

DMRS sharing
To reduce the overhead, DMRS sharing can be used. For example, as shown in Figure 2, two shortened TTI share a DMRS. To avoid collision with CRS, the frequency resource of DMRS is distinct that of CRS. For example, this can be done by introducing a connection between the frequency resource of DMRS and cell ID.

                                        
[bookmark: _Ref465672194][bookmark: _Ref465672191]Figure 2 DMRS sharing

To further enhance the resource utilization, REs for DMRS can be further reduced

Low density DMRS (time)
· In time domain, DMRS appears in every two OFDM symbols. 
· In frequency domain, 
· the resource allocation of DMRS is cell-specific to avoid the collision with CRS.
· reduce the density of DMRS.
· Pros
· No collision with CRS
· Channel estimation can be done earlier and it helps to reduce the DL processing time. 
· Small DMRS overhead (8.33%)
· Cons 
· Degradation on channel estimation performance.
· Support up to two layers (CDM in time).

                                                                    
Figure 3 DMRS alternative 1

Low density DMRS (freq.)
· In time domain, DMRS appears in every two short TTI. Two contiguous sTTIs share the same DMRS position.
· In frequency, 
· reduce the density of DMRS.
· Pros
· No collision with CRS
· Channel estimation can be done earlier and it helps to reduce the DL processing time. 
· Small DMRS overhead (8.33%)
· Cons 
· Degradation on channel estimation performance, especially in high mobility case.
· Support up to four layers (CDM in freq.)

                                                                              
Figure 4 DMRS alternative 2


In the next section, we will compare the performance of DMRS per sTTI with DMRS sharing and low density DMRS (both in time and freq.).



3. Simulations
In the simulation, we compare performance of 4 DMRS designs
· DMRS per shortened TTI. 
· In this case, DMRS appears per shortened TTI and the density of DMRS is 6 REs per shortened TTI. This case is denoted as “baseline”.
· DMRS sharing 
· In this case, 2 sTTI share one DMRS and the density of DMRS is 6 REs per shortened TTI. This case is denoted as “Sharing”.
· Low density DMRS (time)
· In this case, 2 sTTI share one DMRS and the density of DMRS is 4 REs per shortened TTI. To support two layer transmission, CDM in time-domain is used. This case is denoted as “LD-DMRS 1”.
· Low density DMRS (freq.)
In this case, 2 sTTI share one DMRS and the density of DMRS is 4 REs per shortened TTI. To support two layer transmission, CDM in frequency-domain is used. This case is denoted as “LD-DMRS 2”.
Table 2-Table 4 show the SNR and throughput at 0.1 BLER when QPSK is used. EPA, EVA, and ETU with speed 3, 60, 120 km/hr are considered. Form the simulation results, we can see that for QPSK “Alt1” and “Alt2” can increase 25 to 27% throughput at the cost of additional 0.5 to 1.1 dB SNR. “Sharing” can increase 19 to 20% throughput at the cost of additional 0.1 to 0.2 dB SNR.
	EPA 3, QPSK
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	9.1
	9.2 (0.1)
	9.6 (0.5)
	9.6 (0.5)

	Throughput@ 0.1 BLER (Mbps)
	2.69
	3.19 (19%)
	3.37 (25%)
	3.36 (25%)


[bookmark: _Ref465680827]Table 2 SNR and throughput@0.1BLER under EPA 3 channel and QPSK modulation

	EVA 60, QPSK
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	6.4
	6.6 (0.2)
	7.5 (1.1)
	7.5 (1.1)

	Throughput @0.1 BLER (Mbps)
	2.66
	3.19 (20%)
	3.38 (27%)
	3.37 (27%)


Table 3 SNR and throughput@0.1BLER under EVA 60 channel and QPSK modulation

	ETU 120, QPSK
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	7.2
	7.4 (0.2)
	8.5 (1.3)
	8.6 (1.4)

	Throughput @0.1 BLER (Mbps)
	2.67
	3.18 (19%)
	3.40 (27%)
	3.38(27%)


[bookmark: _Ref465680828]Table 4 SNR and throughput@0.1BLER under ETU 120 channel and QPSK modulation

Table 5-Table 7 show the results when 16-QAM is used. EPA, EVA, and ETU with speed 3, 60, 120 km/hr are considered. For the low speed case (EPA 3), “Alt1” and “Alt2” can increase 26% throughput at the cost of additional 0.9 dB SNR. “Sharing” can increase 18% throughput at the same performance as “Baseline”.
	EPA 3, 16-QAM
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	24.1
	24.2 (0.1)
	25 (0.9)
	25 (0.9)

	Throughput @ 0.1 BLER (Mbps)
	12.84
	15.19 (18%)
	16.14 (26%)
	16.16 (26%)


[bookmark: _Ref465681089]Table 5 SNR and throughput@0.1BLER under EPA 3 channel and 16-QAM modulation

For the medium speed case (EVA 60), “Sharing” can increase 17% throughput at the cost of additional 1.4 dB SNR. “Alt1” can increase 25% throughput at the cost of additional 3.4 dB SNR. “Alt2” can increase 25% throughput at the cost of additional 5.8 dB SNR.
	EVA 60, 16-QAM
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	22.2
	23.6 (1.4)
	25.6 (3.4)
	28 (5.8)

	Throughput @0.1 BLER (Mbps)
	12.75
	14.98 (17%)
	15.86 (25%)
	15.9 (25%)


Table 6 SNR and throughput@0.1BLER under EVA 60 channel and 16-QAM modulation

For the high speed case (ETU 120), “Sharing”, “Alt1”, and”Alt2” have very poor performance because the channel estimation error is large due to fast time-variation of the channel.
	ETU 120, 16-QAM
	Baseline 
	Sharing
	LD-DMRS 1
	LD-DMRS 2

	SNR@0.1 BLER
	24
	>30
	>30
	>30

	Throughput @0.1 BLER (Mbps)
	12.73
	-
	-
	-


[bookmark: _Ref465681091]Table 7 SNR and throughput@0.1BLER under ETU 120 channel and 16-QAM modulation

Observation 2. For 2 symbol sTTI, when one DMRS is shared by two sTTIs, 
· DMRS with density 4 REs/ sTTI has a poor performance for high modulation order and high speed case.
· DMRS with density 6 REs/ sTTI can achieve a good BLER and throughput performance in for QPSK.
· DMRS with density 6 REs/ sTTI can achieve a good BLER and throughput performance in low and medium speed for 16-QAM.

Proposal 2. For the 2 symbol sTTI with DMRS sharing, at least 6 DMRS REs per sTTI is required for achieving a good BLER and throughput performance.


[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK44][bookmark: OLE_LINK45]
4. [bookmark: _Ref129681832]Conclusion
From above discussion, we have
Observation 1. For the 2 symbol sTTI, it is necessary to reduce the DMRS overhead for sPDCCH/sPDSCH transmission.
Proposal 1. The design of DMRS for sTTI should avoid the collision with the existing reference signal, e.g., CRS and CSI-RS. 

Observation 2. For 2 symbol sTTI, when one DMRS is shared by two sTTIs,
· DMRS with density 4 REs/ sTTI has a poor performance for high modulation order and high speed case.
· DMRS with density 6 REs/ sTTI can achieve a good BLER and throughput performance in for QPSK.
· DMRS with density 6 REs/ sTTI can achieve a good BLER and throughput performance in low and medium speed for 16-QAM.

Proposal 2. For the 2 symbol sTTI with DMRS sharing, at least 6 DMRS REs per sTTI is required for achieving a good BLER and throughput performance.



5. Appendix
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	TTI length
	2/14 symbols

	Allocated bandwidth
	25 PRBs 

	Channel model 
	EPA, EVA  or ETU

	UE speed (km/hr)
	3, 60, 120

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

	Antenna correlation
	Uncorrelated

	Legacy PDCCH region
	2 OFDM symbols

	CP length
	Normal

	RS configuration
	2 CRS ports, legacy DMRS pattern for 14 symbols; 
New DMRS pattern for 2 symbols

	Receiver type
	MMSE

	Channel estimation
	Practical

	Rank adaptation
	Fixed Rank = 2

	Link adaptation
	Disabled

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

	Precoding codebook
	Fixed

	TBS determination
	Scale TBS size with TTI length

	HARQ retransmission
	Disabled 

	Performance metrics
	BLER, Throughput


Table 8 Simulation assumptions
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