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1 Introduction
It was agreed in RAN1#72 that alternate DM-RS patterns will be studied for the new carrier type (NCT) in order to resolve the conflict between the DM-RS and the PSS/SSS in subframes 0 and 5. A baseline pattern was provided in [1] and other patterns were submitted for evaluation in the email discussion subsequent to RAN1#72. This contribution presents evaluation results for PDSCH performance on the NCT, comparing the performance of some of the proposed DM-RS patterns to the current pattern used in Rel-11. 
2 Evaluation Assumptions
The evaluated patterns are shown in Figure 1. The most promising patterns that allowed moving the DM-RS without large changes to the current DM-RS structure and that did not have conflicts with the extended synchronization signal (ESS, i.e., CRS port 0 in one out of five subframes) were selected. 
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Figure 1: Evaluated DM-RS patterns
The evaluation assumptions used are based on those agreed in [1] and are shown in Table 1. Two sets of results are presented with each set showing results with the agreed vehicle speeds. The first set of results shows block error rates (BLER) with fixed modulation and coding schemes, fixed transmission rank and no HARQ. The BLER is useful in comparing performance for different types of channels. For example, PDSCH may be used with or without HARQ depending on whether user data or system information is transmitted. Different BLER operating points may be chosen by the eNB for each of these cases. Use of the BLER for comparing various DM-RS patterns allows an evaluation of the benefits for multiple types of channels. Although the simulations in this contribution focus on the PDSCH, BLER at a low coding rate can also be indicative of ePDCCH performance.

The second set of results shows throughput and BLER performance with adaptive modulation and coding, rank adaptation and with HARQ enabled. This is intended to show performance differences over a wide range of SNRs.

Table 1: Evaluation assumptions
	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 (3 pairs distributed across BW)

	Transmission mode
	TM9 (for some results)

	Antenna configuration
	1 or 2 TX, 2 RX

	Rank
	1 or 2, or rank adaptation

	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 [1]
	Medium correlation (3, 30 km/h), Low (120 km/h)

	CSI feedback
	Non-ideal

	HARQ for PDSCH
	Yes with max 4 transmissions (for some results)

	Adaptive modulation and coding for PDSCH
	Yes (for some results)


3 Performance

This section presents performance based on the evaluation assumptions detailed in the previous section. Figure 2 shows the BLER for each of the considered DM-RS patterns for PDSCH transmission with QPSK and 64-QAM at a coding rate of 1/3, with rank 1 transmissions using one transmit antenna. The figures show that measureable performance gains compared to the Rel-11 pattern are seen mainly for the high speed case. At a BLER of 10%, there is a 0.2 dB gain for the 120 km/h case with QPSK, rate-1/3 and the baseline pattern. At a BLER of 1%, the gain is 0.6 dB. The gains are larger when 64-QAM is used at high speeds. For 64-QAM rate-1/3, the gain is 0.7 dB at a BLER of 10%. 

It should be noted that these fixed modulation/coding/rank evaluations are an average over multiple channel realizations. It is also useful to consider the results with adaptive modulation/coding/rank adaptation where the adaptation is done for each particular channel realization based on feedback with a delay of 4 ms. Figure 3 shows throughput and BLER under these conditions with practical CQI reporting assumed. Here, two transmit antennas are used. The BLER results are shown to illustrate that the 10% BLER target for the first transmission, which is used in choosing rank, modulation and coding schemes, is achieved for an SNR above 4 dB. For SNRs lower than that, retransmissions are required to reach the target. The throughput figures corroborate the conclusions from the fixed modulation/coding/rank BLER results, showing that there is a gain for higher speeds, especially at higher SNR values. The throughput gain with the baseline pattern for the 120 km/hr case increases from 5% at 4 dB SNR to 12% at 30 dB SNR.
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Figure 2: BLER for PDSCH with QPSK and 64-QAM with rate-1/3 coding for different DM-RS patterns and different speeds
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Figure 3: Throughput and BLER with adaptive modulation and coding and rank adaptation for different DM-RS patterns and different speeds
4 Discussion

The figures show that some of the proposed patterns provide some gain in throughput at higher Doppler frequencies while matching the performance of the legacy pattern for lower Doppler frequencies. When comparing BLER for QPSK rate-1/3 at 1%, the gain increases compared to the gain observed at a BLER of 10%. This can result in improved robustness for system information delivery and is also indicative of more robust ePDCCH performance. 
The baseline pattern, which is also used for TDD, performs the best and is therefore a good candidate if it is decided to modify the location of the DM-RS on the NCT. This pattern also has the advantage that the last DM-RS symbols in the subframe occur three symbols before the end of the subframe. This will allow UEs to commence channel estimation before all the symbols in the subframe are received, potentially allowing faster demodulation depending on UE implementation. The baseline pattern does conflict with the CSI-RS in the second slot. The impact of this can be eased by re-locating the CSI-RS on the NCT or by defining additional CSI-RS locations for the NCT as discussed in [3].
If it is decided to not consider new DM-RS patterns, then the conflict between the DM-RS and the PSS/SSS can be resolved by defining a location for the PSS/SSS on the NCT that is different from the legacy carrier. The location of the PSS/SSS both for FDD and TDD needs further discussion, taking into consideration operating modes and deployment options addressed in [4]-[5]. .
Proposal: DM-RS locations for the NCT that are different from the legacy carrier should be considered. Further evaluations until RAN1 #73 should continue to decide on a suitable set of locations. If it is decided not to consider new DM-RS patterns on the NCT, the PSS/SSS should be moved to avoid conflicts with the DM-RS.

5 Conclusions

Evaluation results for PDSCH performance based on some of the proposed DM-RS patterns were presented. The evaluations show some gains at high Doppler frequencies and at low BLER operating points. The simulations are also indicative of potential performance benefits for system information delivery and ePDCCH. Given that some of the considered DM-RS patterns are at least as good or better in performance compared to the legacy DM-RS pattern, and also given that a new DM-RS pattern can solve the problem of collisions between the legacy DM-RS and the PSS/SSS, we propose the following.
Proposal: DM-RS locations for the NCT that are different from the legacy carrier should be considered. Further evaluations until RAN1 #73 should continue to decide on a suitable set of locations. If it is decided not to consider new DM-RS patterns on the NCT, the PSS/SSS should be moved to avoid conflicts with the DM-RS.
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