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1. Introduction
In the last RAN1 meeting, the solutions to avoid the collision between DMRS and PSS/SSS for NCT were discussed, and the conclusion has been achieved as follows:

· 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

· Discuss details of simulation assumptions offline during this week – revisit on Friday (email approval after the meeting if not agreeable on Friday) – Fredrik (HW) - R1-130742
· Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered 

· Baseline enhanced DMRS pattern to be provided

· Other DMRS patterns for evaluation may be submitted until 22nd February. 

· 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

Note: NCT should be able to be operated on both macro and small cells. Target speeds are same as were assumed for LTE Rel-8.
The performance evaluation was agreed as the focus of the work in the next step to provide quantitative analysis for different DMRS designs, and subsequently a few new DMRS patterns were proposed [2-4] after the last RAN1 meeting. In this contribution, some DMRS patterns are summarized based on the proposed designs, and the link level simulation results are presented based on the agreed simulation assumptions [1].
2. Performance evaluation for new DMRS designs
So far, the solutions to avoid the collision between DMRS and PSS/SSS for NCT are categorized as:

· Moving PSS/SSS

· Modifying DMRS pattern

· Puncturing DMRS
One of the motivations to design new DMRS pattern is that modifying DMRS pattern may have some potential performance degradation in some cases due to the decrease of DMRS density.  Furthermore, the other reason is that the DMRS patterns of Rel-11 were designed assuming a control region of up to 4 OFDM symbols, while the different case for NCT is that the PDSCH/EPDCCH may start from the first OFDM symbol.

Among the new proposed DMRS designs, the main difference is that which OFDM symbols the DMRS are located in for one subframe. Considering the similarity of some proposals, 4 new DMRS patterns are selected for performance evaluation in this contribution. More specifically, in the performance evaluation, we mainly focus on the PDSCH performance assuming FDD with normal CP, since this case can be viewed as one of the most typical cases for practical cell deployment. 
2.1. Proposed new DMRS designs
Based on [2-5], the following DMRS patterns are used in the performance evaluation, as described in Figure 1.
Alt. 1: DMRS in OFDM symbol 2/3 in first slot and 2/3 in second slot for normal CP [1-3]. It is also the baseline of new DMRS pattern for performance evaluation.
Alt. 2: DMRS in OFDM symbol 1/2 in first slot and 5/6 in second slot for normal CP [4]. Additionally, the Pattern 3, 5 and 6 in [5] may be viewed to have the similar performance to Alt.2 since there is only one OFDM symbol shift difference among them.
Alt. 3: DM-RS in OFDM symbol 1/2 in first slot and 2/3 in second slot for normal CP [3]. 
Alt. 4: DM-RS in OFDM symbol 0/1 in first slot and 0/1 in second slot for normal CP [5]. 
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Figure 1. The new designed DMRS patterns.
To validate the effectiveness of the new designed DMRS patterns, we also give the evaluation results of R10 DMRS and the puncturing scheme for comparison, as described in Figure 2.
Alt. 5: R10 DMRS. 
Alt. 6: Puncturing DMRS. In this scheme, eNB will transmit the punctured DMRS in the PRBs when the DMRS collides with PSS/SSS, otherwise the full pattern is transmitted.
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Figure 2. R10 DMRS and puncturing DMRS.
2.2. Performance analysis
Based on the agreed simulation assumption [1] as shown in the Annex, we compare the PDSCH performance with different DMRS designs assuming different MCS (MCS8 and MCS14) and channel models (EPA3, ETU30, and ETU120), as shown in Figure 3-8.
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Figure 3. Evaluation result for MCS8 and EPA3.             Figure4. Evaluation result for MCS8 and ETU30.
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Figure 5. Evaluation result for MCS8 and ETU120.       Figure 6. Evaluation result for MCS14 and EPA3.
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Figure 7. Evaluation result for MCS14 and ETU30.     Figure 8. Evaluation result for MCS14 and ETU120.

In the evaluation, retransmission is assumed. With rBLER of 10-2, it can be seen that 

· Compared to R10 DMRS, puncturing DMRS will have up to 3 dB performance degradation, and the gap is increased with UE mobility increased. However, one issue to be noted is that in the evaluation, only the PRBs with DMRS and PSS/SSS collision are counted for the results calculation. In that sense, the performance gap between puncturing DMRS and R10 DMRS can be much reduced when the overall system performance (for all PRBs) is taken into account.
· The 4 new DMRS patterns provide similar performance compared to R10 DMRS in case of with low and middle UE mobility, and small gain in case of with high UE mobility.
3. Conclusions
In this contribution, we provided the performance evaluation and comparison for different DMRS designs, including new DMRS patterns, R10 DMRS and puncturing DMRS. Based on the PDSCH results for FDD normal CP, we have following observations.

Observation 1: Compared to R10 DMRS, puncturing DMRS will have up to 3 dB performance degradation and the performance gap can be further reduced when the overall system performance is taken into account.

Observation 2: Compared to R10 DMRS, the new DMRS patterns provide similar performance in case of with low and middle UE mobility, and small gain in case of with high UE mobility.
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Annex
Simulation Assumption:
	Parameter
	Setting

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	5 MHz

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

	CP length
	Normal CP

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	Rank 1 

	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)

	CSI feedback
	Ideal

	HARQ for PDSCH 
	On

	Adaptive modulation and coding for PDSCH 
	Off

	Performance metrics for PDSCH 
	BLER 
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