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1 Introduction

The LTE New Carrier Type (NCT) WID [1] sets an objective of specifying necessary enhancements for transmission of data and control in the first phase. In Rel-11, some initial aspects of NCT were discussed including transmission modes, reduced CRS and the collisions between PSS/SSS and DM-RS. However, due to the limited time of Rel-11, the NCT design could not be completed and was moved to Rel-12.
One issue that was identified in Rel-11 relates to the performance of the DM-RS pattern. We showed that significant PDSCH throughput gains (up to 11% and 30%, for medium- and high speed, respectively) can be achieved with a better DM-RS pattern compared to the current DM-RS patterns [2]. It is essential that the NCT design does not begin from an inferior reference signal resulting in performance degradation, especially since it will likely be completely relying on the DM-RS. However, although the issue was acknowledged, there was no time in Rel-11 to investigate new DM-RS patterns. Hence, it would be reasonable to address this problem in Rel-12, preferably at an early stage. In the way-forward document from the RAN1 #71 meeting [3], several companies suggested to study the benefits of new DMRS patterns on the NCT. The issue whether there will be collisions between DM-RS and PSS/SSS would depend on the chosen DM-RS pattern. 
In Sec. 2, we discuss the DM-RS pattern on the NCT and the issue of potential PSS/SSS collisions with DM-RS is contained in Sec. 3. Our companion paper [4] includes more details on collision resolution and discusses related issues for Rel-12 UEs accessing the NCT. 
2 DM-RS patterns
According to the working assumptions reached during Rel-11, a reduced CRS is defined which is not supposed to be used for demodulation. Under the assumption that there will be no CRS, two properties can be inferred which relate to transmissions in the NCT:

· All PDSCH/EPDCCH demodulation would be based on the DM-RS.
· The PDSCH/EPDCCH can be mapped from the first OFDM symbol in the subframe.
Since one of the main motivations identified for introducing a new carrier type for carrier aggregation is enhanced spectral efficiency, the DM-RS has to provide good demodulation performance for all scenarios. This implies that the DM-RS has to enable reliable performance even under severe channel fading and high mobility. This is also valid for the EPDCCH transmitted on the NCT since fallback to the PDCCH does not appear possible if there is no CRS.
Observation 1: The NCT performance is contingent on robust DM-RS based PDSCH/EPDCCH demodulation.
However, the DM-RS patterns of Rel-11 were designed to allow for a control region of up to 4 OFDM symbols. This becomes a problem if the PDSCH/EPDCCH starts from the first OFDM symbol. Considering the time-varying nature of the channel, there will be PDSCH throughput losses due to the uneven distribution of the reference symbols. Moreover, the merit of specifying possible enhancements of LTE-Advanced that can be anticipated for future releases, e.g., higher-order MCSs or new MIMO schemes, will be limited if they have to rely on an inferior DM-RS pattern. The deficiencies of DM-RS patterns will be particularly cumbersome for deployments wherein large SINRs can be expected such that the performance becomes limited mainly by the channel estimation. Thus, having a proper DM-RS pattern is a fundamental requirement. In principle, additional DM-RS patterns could be introduced in a UE-specific manner.
Proposal: Rel-12 should include DM-RS patterns which are optimized for a starting position of the PDSCH/EPDCCH on the first OFDM symbol in the subframe.
In [2], we proposed to reuse an existing DM-RS pattern from the special subframes for TDD, see Fig. 1 (left). The main advantage of this DM-RS pattern is that it has the desirable property of more evenly distributed RS in the time dimension. At the same time, the complexity/cost and additional testing of designing new DM-RS patterns is avoided. For comparison convenience, the simulation results in [2] are reattached in Appendix B and Appendix A contains the simulation assumptions. Simulation results show that significant throughput gains (up to 11% and 30%, for medium- and high speed, respectively) can be achieved. Hence, it is well motivated to further study DM-RS patterns in Rel-12.
The DM-RS pattern of Fig. 1 (left) has REs that overlap with some of the existing CSI-RS configurations. However, this would be a minor issue; between 60-85% of all existing CSI-RS configurations would still be available, depending on antenna configuration. Hence, the eNodeB may still configure the CSI-RS and transmit PDSCH/EPDCCH such that there are no RE overlaps. Alternatively, it could be considered to let the CSI-RS puncture the DM-RS when necessary. On the other hand, it is trivial to define a set of additional CSI-RS configurations for the NCT which would completely avoid any overlaps. 
Other DM-RS patterns may not be precluded at this point, if gains in demodulation performance can be shown. An example is shown in Fig. 1 (right), which keeps the DM-RS in the second slot unchanged and only moves the DM-RS in the first slot. It is noted that for this pattern, there are no DM-RS REs which collide with the CSI-RS. 
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Figure 1. Existing DM-RS pattern from a TDD special subframe (left) and example of a new DM-RS pattern (right).
3 PSS/SSS collisions with the DM-RS

In Rel-11, the issue of changing the Rel-8/9/10 PSS/SSS was discussed, and there was no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. At least from the motives captured at RAN1#68bis for changing the PSS/SSS time locations, a remaining motive would be to address the case where the PSS/SSS collides with the DM-RS [5]. If some additional DM-RS patterns are introduced, collisions may be avoided and the PSS/SSS time locations may not need to be changed, see, e.g., [6]. On the other hand, even a new DM-RS pattern could give rise to collisions with PSS/SSS. Thus the available time and frequency resource for suitable DMRS pattern should be considered first and then the PSS/SSS locations.
If, eventually, new PSS/SSS positions are needed, there may be several aspects to consider on how they can be chosen. In [6], we showed that the symbol spacing between the PSS and SSS should preferably not be increased (3 OFDM symbol spacing is used in TDD) since that results in deteriorated SSS detection performance. It may also be beneficial to consider PSS and SSS spacings that allow the same implementation of the cell searcher as for a legacy carrier. Principles for having new PSS/SSS positions are further discussed in [4], where it is also pointed out that a Rel-12 UE may need to be able to distinguish between a legacy carrier and an NCT during the access procedure, which could be related to PSS/SSS positions. 
The possible location of the PSS/SSS would also be dependent on where the reduced CRS is transmitted. RAN1 has not yet discussed which subframes that should be used for the reduced CRS. Moreover, RAN4 has recently started discussing the LS considering the reduced CRS design [7] and observed that there are performance losses for smaller carrier bandwidths [8]. If their study concludes that the reference signal density needs to increase, RAN1 may need to revisit the design of the reduced CRS. This could impact the available time-frequency resources for other signals. Thus, regardless if RAN1 considers specifying additional DM-RS patterns, the details of the reduced CRS would need to be finalized before positions of other signals/channels can be determined. 
Observation 2: If the PSS/SSS locations need to be moved, it should be considered after the work of DM-RS patterns and once the details of the reduced CRS are finalized.  

4 Conclusions
This contribution discussed the issue of PSS/SSS collisions with DM-RS. Based on the discussion we conclude the following:
Observation 1: The NCT performance is contingent on robust DM-RS based PDSCH/EPDCCH demodulation.

Observation 2: If the PSS/SSS locations need to be moved, it should be considered after the work of DM-RS patterns and once the details of the reduced CRS are finalized.  

Proposal: Rel-12 should include DM-RS patterns which are optimized for a starting position of the PDSCH/EPDCCH on the first OFDM symbol in the subframe.
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Appendix A. Simulation assumptions
Table 1. Simulation assumptions.
	Parameter
	Setting

	Transmission bandwidth
	5 MHz

	Channel model
	ETU

	UE speed
	30 km/h, 120 km/h

	Number of PDSCH RBs
	4

	Transmission mode
	TM9

	Antenna configuration
	4 TX, 4 RX

	Rank
	1 or 2

	PDSCH starting symbol
	0

	CRS port 
	None

	Antenna correlation [5]
	Low correlation / Medium correlation

	CSI feedback
	Ideal 

	Channel estimation
	Frequency domain: MMSE (PRB bundling)
Time domain: Linear interpolation


Appendix B. Performance for rank 1 and rank 2 cases
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Figure 2. Performance for low antenna correlation at 30 km/h for rank 1.
	[image: image4.jpg]Throughput(Mbps)

35

25

15

0.5

ETU,4T4R, Low antenna correlation, Rank1, 120km

"
| ——oiomRrs
| ——NewDMRS
7' R B
o
A
8 -6 4 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Es/NO(dB)





Figure 3. Performance for low antenna correlation at 120 km/h for rank 1.
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Figure 4. Performance for medium antenna correlation at 30 km/h for rank 1.
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Figure 5. Performance for medium antenna correlation at 120 km/h for rank 1.
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Figure 6. Performance for low antenna correlation at 30 km/h for rank 2.
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Figure 7. Performance for low antenna correlation at 120 km/h for rank 2.
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Figure 8. Performance for medium antenna correlation at 30 km/h for rank 2.
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Figure 9. Performance for medium antenna correlation at 120 km/h for rank 2.
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