
3GPP TSG RAN WG1 Meeting #72bis

R1-130971
Chicago, USA, 15th – 19th April 2013
Source:
CATT
Title:
DL DMRS optimization for NCT
Agenda Item:
7.2.1.1
Document for:
Discussion and Decision
1 Introduction
In RAN1#72, the following conclusions were made for DMRS design on NCT [1]:
· RAN1 will study further the different alternatives, including studying the benefits of new DMRS patterns on the NCT.

· Study should consider both PDSCH and EPDCCH.
· Study should consider any possible impact on CSI-RS
· May also take into account hypothetical impact on PBCH
· Study should at least include macro scenario; reduction of DMRS overhead is out of scope of this study
· Aim to conclude the study by RAN1#73
· The details of simulation assumptions was email approved in R1-130742 [2]
· Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered
· Baseline enhanced DMRS pattern to be provided
· Decision on handling of collisions with PSS/SSS after study has concluded
· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further
In this contribution, we evaluate the downlink performance of several new DMRS patterns on the new carrier type based on the simulation assumptions approved in [2].
2 DMRS patterns for normal subframe
According to the agreements on DMRS design on new carrier type in RAN1#72, the baseline requirement of new DMRS pattern is to avoid the collision between DMRS and PSS/SSS, and this baseline requirement shall be met in both FDD and TDD systems. 
During the email discussion, several new DMRS patterns were proposed [2]-[7]. Generally speaking, the DMRS optimization method can be generalized into the following ways: 

· Option A: Reuse an existing Rel-10 DMRS pattern, for example the Rel-10 DM-RS pattern of TDD special subframe configuration 3/4/8, so as to have DMRS closer to the legacy control region [2]

 REF _Ref352595905 \r \h 
[3].
· Option B: Shift the DMRS to make sure the DMRS is transmitted uniformly in a subframe without reserving OFDM symbols for the legacy control region [4]

 REF _Ref352595908 \r \h 
[5]

 REF _Ref352595910 \r \h 
[6].
· Option C: Design a new DMRS pattern by reducing the number of OFDM symbols with DMRS in a subframe, so as to reduce the collision between DMRS and CSI-RS [7].
For option A, although the proposed new DMRS pattern as shown in Figure 1 (a) can avoid the collision between DMRS and PSS/SSS both in FDD and TDD systems, the DMRS may collide with the CSI-RS resources, and there is no existing Rel-10 DMRS pattern which can be reused for a subframe with extended CP or for TDD special subframe. For option B, it is hard to find a unified DMRS pattern for both FDD and TDD normal subframe without collision with CSI-RS and PSS/SSS. Take the new DMRS pattern proposed in [4] as an example, the new DMRS pattern as shown in Figure 1 (b) cannot be used for TDD system due to the collision between DMRS and PSS in the last OFDM symbol, which does not meet the baseline requirement. For option C, the orthogonality of DMRS in frequency domain is shown worse than that in time domain during Rel-10, which may degrade the DMRS orthogonality between different antenna ports.
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(a) DMRS pattern 1                                       (b) DMRS pattern 2
Figure 1: New DMRS patterns for FDD/TDD normal subframe with normal CP
We evaluate the performance of PDSCH and EPDCCH by using the two DMRS patterns in Figure 1, with the simulation assumptions presented in the appendix. 
For PDSCH, it can be seen from Figure 2 that:

· For a low speed UE with 3km/h, there is almost no gain with the new DMRS patterns.

· For a medium speed UE with ETU 30km/h, the max relative gain in the medium -to-high SNR region are about 2.05% and 3.98% (SNR=24dB)for DMRS pattern 1 and pattern 2 respectively, and the max relative gain in the low SNR region are about 1.48% and 2.77% (SNR=4dB)for DMRS pattern 1 and pattern 2 respectively.
· For a high speed UE with ETU 120km/h, the max relative gain in the medium -to-high SNR region are about 5.01% and 6.11% (SNR=20dB)for DMRS pattern 1 and pattern 2 respectively, and the max relative gain in the low SNR region are about 3.63% and 6.35% (SNR=4dB)for DMRS pattern 1 and pattern 2 respectively.

For EPDCCH, it can be seen from Figure 3 that:

· For a medium speed UE with ETU 30km/h, the max SNR gain at 1% BLER is about 0.2dB for DMRS pattern 2 with aggregation level 4. There is almost no gain with DMRS pattern 1.
· For a high speed UE with ETU 120km/h, the max SNR gain at 1% BLER are about 0.3dB and 0.35dB for DMRS pattern 1 and pattern 2 respectively with aggregation level 1.

Although DMRS pattern 2 slightly outperforms DMRS pattern 1 for both PDSCH and EPDCCH, it is not suitable for TDD system considering that the DMRS in the second slot will collide with SSS. For both DMRS patterns, the spectrum efficiency gain of PDSCH and the SNR gain of EPDCCH are minor and only observable to medium-to-high speed UEs, which makes DMRS optimization for normal subframe not attractive. Hence, we have the following observation based on the above analysis and evaluation results:

Observation 1: The gain with DMRS optimization for normal subframe on new carrier type over the Rel-10 DM-RS pattern is not sufficient to motivate its adoption. 
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(a) EPA, 3km/h                                      (b) ETU, 30km/h                                 (c) ETU, 120km/h

Figure 2: Simulation results for spectrum efficiency of PDSCH
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(a) ETU, 30km/h                                                                  (b) ETU, 120km/h

Figure 3: Simulation results for BLER of EPDCCH
3 DMRS patterns for special subframe

In this section, we study the new DMRS patterns for different TDD special subframe configurations in [3]. For TDD special subframe configuration 1/2/6/7 and TDD special subframe configuration 3/4/8, new DMRS patterns in Figure 4 (a) and Figure 4 (b) were proposed respectively by shifting the DM-RS in the first slot into the legacy control region, which avoids collision with PSS. A new DMRS pattern is proposed as shown in Figure 4 (c) for TDD special subframe configuration 9, to avoid collision with PSS while maintaining the time domain CDM structure of DMRS. 
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(a) for configuration 1/2/6/7 (pattern3)    (b) for configuration 3/4/8 (pattern4)     (c) for configuration 9 (pattern5)
Figure 4: New DMRS patterns for different TDD special subframe configurations with normal CP

The DL spectrum efficiency of PDSCH by using the three DMRS patterns in Figure 4 is evaluated, with the simulation assumptions presented in the appendix. It can be seen from Figure 5 to Figure 7 that:

· For a low UE speed with 3km/h, there is almost no gain for DMRS pattern 3 and pattern 4 compared with the corresponding Rel-10 DMRS pattern.
· For medium and high UE speeds, the spectrum efficiency gain with DMRS pattern 4 is negligible, with a max relative gain about 1.33% for 30km/h and 2.13% for 120km/h in the medium-to-high SNR region (24dB), and there is almost no gain in the low SNR region. 
· For medium and high UE speeds, the max relative gain for DMRS pattern 3 in the medium-to-high SNR region is about 3.56%  (SNR=24dB) for 30km/h and 8.38%  (SNR=20dB) for 120km/h, and the max relative gain for DMRS pattern 3 in the low SNR region is about 2.97%  (SNR=4dB) for 30km/h.
· For DMRS pattern 5, the spectrum efficiency is degraded compared with the corresponding Rel-10 DMRS pattern for most SNR values.
Although there is some spectrum efficiency gain with DMRS pattern 3 for medium and high speed UEs, the system spectrum efficiency gains will be negligible considering that the number of special subframes is less than normal subframes. Hence, we have the following observation based on the above analysis and evaluation results:

Observation 2: The gain with DMRS optimization for special subframes on new carrier type over the Rel-10 DM-RS pattern is not sufficient to motivate its adoption. 
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Figure 5: Simulation results for spectrum efficiency of PDSCH with special subframe configuration 1/2/6/7
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Figure 6: Simulation results for spectrum efficiency of PDSCH with special subframe configuration 3/4/8
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Figure 7: Simulation results for spectrum efficiency of PDSCH with special subframe configuration 9

4 Conclusions
In this contribution, we discuss the DMRS transmission on the new carrier type with the following observations:
Observation 1: The gain with DMRS optimization for normal subframe on new carrier type over the Rel-10 DM-RS pattern is not sufficient to motivate its adoption.
Observation 2: The gain with DMRS optimization for special subframes on new carrier type over the Rel-10 DM-RS pattern is not sufficient to motivate its adoption. 
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6 Appendix
Table 1: Link level simulation assumptions
	Parameters
	Value

	Common parameters for PDSCH and EPDCCH

	Carrier Frequency
	2 GHz

	Transmission bandwidth
	5.0 MHz

	Channel model
	EPA 3km/h, ETU 30km/h, ETU 120km/h

	CP length
	Normal CP

	Antenna configuration
	2Tx, 2Rx, with unitary linear array

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

	Overhead assumption
	No PSS/SSS/CRS/CSI-RS for all subframes 

12 REs/PRB for DMRS

	Antenna correlation
	Medium correlation (3, 30 km/h), Low (120 km/h)

	Specific parameters for PDSCH

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Rank for PDSCH
	Fixed rank 2

	CSI feedback
	Ideal

	HARQ for PDSCH
	On

	Adaptive modulation and coding for PDSCH 


	Off

Using fixed MCS level：
MCS level 11 (16QAM, coding rate 0.3320)

MCS level 13 (16QAM, coding rate 0.4238)

MCS level 15 (16QAM, coding rate 0.5400)

MCS level 17 (16QAM, coding rate 0.6426)

	Channel estimation method for PDSCH
	2D-MMSE

	Precoding granularity of PDSCH
	6 PRBs

	Channel estimation granularity
	1 PRB

	Number of DL symbols in special subframes
	10 DL symbols for special subframe configuration 1/2/6/7,

12 DL symbols for special subframe configuration 3/4/8

6 DL symbols for special subframe configuration 9

	Specific parameters for EPDCCH

	EPDCCH set size 


	4 PRBs, equally spaced 6 PRBs apart 



	EPDCCH transmission 


	Distributed



	DCI format 


	1A

	Aggregation level 


	1, 2, 4, 8 



	Performance metric for EPDCCH 


	BLER
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