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1 Introduction
Transmission on the NCT will be based on the DM-RS. To this end, RAN1 has concluded to study benefits of new DM-RS patterns on the NCT with the following main motivations [1]:

· Avoiding collisions with PSS/SSS

· Improved performance for data transmission in legacy control region (especially at high speed)

A set of simulation assumptions was agreed for the PDSCH and the EPDCCH [2]. In this document, we evaluate performance for normal subframes with the existing DM-RS pattern, the agreed baseline pattern [2] (which is currently used in special subframes for TDD) and some of the new DM-RS patterns which were suggested on the email reflector. 
2 Simulation Results
The simulation assumptions are contained in Appendix A and Appendix B includes the DM-RS patterns. The full set of simulation results are provided in Appendix C. 
2.1 PDSCH demodulation performance

Performance results for rank 1 transmission are provided in Appendix C as shown in Fig. 2-4. The gains in spectral efficiency over the LTE pattern at SNR=10 dB, 20 dB and 30 dB are summarized in Table 1-3.

Table 1. Gain in spectral efficiency [%] over the existing LTE DM-RS pattern for EPA 3 km/h.
	SNR (dB)
	DM-RS pattern

	
	Baseline
	Ericsson
	Hitachi
	LGE1
	LGE2
	LGE5

	10
	-0.1
	-0.2
	-0.1
	-0.2
	-0.2
	-0.1

	20
	0
	-0.1
	0
	0
	-0.1
	-0.1

	30
	0
	-0.1
	0
	-0.1
	0
	0


Table 2. Gain in spectral efficiency [%] over the existing LTE DM-RS pattern for ETU 30 km/h.
	SNR (dB)
	DM-RS pattern

	
	Baseline
	Ericsson
	Hitachi
	LGE1
	LGE2
	LGE5

	10
	0.4
	-3.0
	-0.1
	-2.0
	-0.9
	-1.7

	20
	2.0
	-11.4
	-0.7
	-7.4
	-3.7
	-7.4

	30
	2.2
	-13.7
	-1.3
	-9.0
	-4.5
	-9.0


Table 3. Gain in spectral efficiency [%] over the existing LTE DM-RS pattern for ETU 120 km/h.
	SNR (dB)
	DM-RS pattern

	
	Baseline
	Ericsson
	Hitachi
	LGE1
	LGE2
	LGE5

	10
	2.7
	-17.7
	-1.9
	-12.1
	-5.7
	-11.3

	20
	5.7
	-23.3
	-1.6
	-15.9
	-7.8
	-15.3

	30
	7.0
	-24.7
	-1.8
	-17.5
	-8.3
	-16.4


From Table 1-3, it can be seen the baseline pattern performs better than the existing LTE pattern, especially at higher speed. For SNRs in the range of 15-30 dB, there are 1~2% gains at the speed of 30 km/h and 5~7% gains at the speed of 120 km/h. The results also show that the other proposed patterns are worse at higher speed. 
2.2 EPDCCH demodulation performance

From Fig. 5-8 in Appendix C, the gains in SNR over the LTE pattern at a BLER of 1% are contained in Table 4. 

Table 4. Gain in SNR [dB] over the existing LTE DM-RS pattern at a BLER of 1%.
	Aggregation level
	DM-RS pattern

	
	Baseline
	Ericsson
	Hitachi
	LGE1
	LGE2
	LGE5

	1
	0.34
	0.72
	0.39
	0.46
	0.42
	0.49

	2
	0.37
	0.54
	0.43
	0.72
	0.53
	0.47

	4
	0.07
	0.07
	0.07
	0.11
	0.09
	0.09

	8
	0.08
	0.09
	0.08
	0.05
	0.06
	0.08


From Table 4, it can be seen that all patterns offer gains over the existing LTE pattern. The gain (0.3~0.7 dB) is larger at aggregation level 1 and 2, compared to the gain (~0.1 dB) at aggregation level 4 and 8, i.e., larger gains at higher SNRs. 
3 Discussion

3.1 Performance gains

For the PDSCH evaluations, the operating point is at rather large SNRs, for which the time-varying channel becomes the dominant factor in the decoding. From Table 1-3, it can be observed that the performance typically deteriorates for patterns which increase the time-separation among the DM-RS OFDM symbols. Placing DM-RS in OFDM symbols at the beginning and the end of the subframe, results in an increased maximum distance from a PDSCH OFDM symbol to a DM-RS OFDM symbol. For the EPDCCH evaluations, the operating point is at much smaller SNRs, for which the noise becomes the dominant factor in the decoding. 
In these evaluations, quite sophisticated channel estimators have been used; Wiener filtering in frequency domain and Wiener filtering in time-domain (EPDCCH) or linear interpolation/extrapolation in time-domain (PDSCH). The relative performance gains may become larger if simpler channel estimators are used, albeit resulting in worse absolute performance.     

3.2 DM-RS collisions with other signals

PSS/SSS

The other main motivation of considering new DM-RS patterns is to avoid collisions with PSS/SSS. All the evaluated patterns do not collide with PSS/SSS for FDD. However, for TDD, the LGE5 pattern and the Ericsson pattern would collide with the SSS. 
Reduced CRS

The current assumption is that the REs of antenna port 0 will be used by the Reduced CRS (RCRS) but it has not been determined which subframes that should contain the RCRS. RAN1 has not yet received a reply to the LS [6] and there have been concerns raised in RAN4 on demodulation performance degradation due to having RCRS in only 1 out of 5 subframes. Until this has been resolved, it should be assumed that REs of antenna port 0 in any subframe may be used by the RCRS. It can be noted that if the RCRS is transmitted in subframe 0 and 5, the LGE1 and LGE2 patterns may not be applicable.

CSI-RS
The baseline pattern and the Hitachi pattern overlap with some CSI-RS configurations but 60-85% of all existing CSI-RS configurations would still be available, depending on antenna configuration. In any case, it appears straightforward to add new CSI-RS configurations on an NCT.
Broadcast channel
If a stand-alone NCT is specified, a new broadcast channel will be needed. Exactly how such a channel would be designed and which OFDM symbols it would occupy cannot be predicted at this point. Hence, taking into account collisions with a hypothetical broadcast channel is impossible.   
4 Conclusions
The evaluations show that PDSCH performance can be improved 5~7%. EPDCCH performance can be improved 0.3~0.7 dB. It is preferable in terms of performance to do a translation of an existing pattern, i.e., to keep the time-separation among the DM-RS OFDM symbols as in current LTE DM-RS pattern.
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Appendix A. Simulation assumptions
Table 5. Simulation assumptions for PDSCH.
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz

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

	CP length
	Normal CP

	Location and number of PDSCH RBs
	Fixed, 6 PRBs

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank
	1 

	PDSCH 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 

	Maximum number of HARQ transmission
	4

	Adaptive modulation and coding for PDSCH
	Yes

	Performance metrics for PDSCH
	Spectral efficiency

	Receiver
	MMSE

	Channel estimator
	1-D Wiener filtering in frequency domain, linear interpolation/extrapolation in time domain


Table 6. Simulation assumptions for EPDCCH.
	Parameter
	Setting

	EPDCCH set size
	4 PRBs, spaced 6 PRBs apart

	EPDCCH transmission
	Distributed

	Channel model
	ETU 120km/h

	Antenna correlation 
	Low 

	Performance metrics for PDSCH
	BLER

	Receiver
	MMSE

	Channel estimator
	1-D Wiener filtering in frequency domain, 1-D Wiener filtering in time domain

	DCI payload
	26 bits

	Aggregation level
	1,2,4,8


Appendix B. Candidate DM-RS patterns
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Baseline DM-RS pattern                                                                              Ericsson DM-RS pattern
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Hitachi DM-RS pattern                                                                                LGE DM-RS pattern 1
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LGE DM-RS pattern 2                                                                                    LGE DM-RS pattern 5

Figure 1. Selected DM-RS patterns for evaluation from [1], [3], [4] and [5].
Appendix C.
PDSCH demodulation:
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Figure 2. Spectral efficiency for EPA 3 km/h.            Figure 3. Spectral efficiency for ETU 30 km/h. 
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Figure 4. Spectral efficiency for ETU 120 km/h.
EPDCCH demodulation:
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Figure 5. BLER for aggregation level 1. 


Figure 6. BLER for aggregation level 2.
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Figure 7. BLER for aggregation level 4.



Figure 8. BLER for aggregation level 8.




















































































