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Introduction
A work item for a New Carrier Type (NCT) in Rel-12 was approved in RAN#57 [1] and then revised in RAN#58 [2]. Since only DMRS-based TMs will be supported for NCT, the potential collision between DMRS and PSS/SSS needs to be addressed if Rel-8 PSS/SSS are assumed to be used for NCT. In RAN1 72, the following conclusion was agreed [3]. 
· 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

· 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.

In this contribution, we investigate the performance of the possible new DMRS patterns for NCT. Particularly, we provide the BLER evaluation results of the DMRS pattern proposed in [4].   
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Collision between DMRS and PSS/SSS 
In FDD mode, the REs reserved for the PSS/SSS are located in the 6th and 7th OFDM symbols (for normal CP length) or in the 5th and 6th OFDM symbols (for extended CP length) in subframes 0 and 5 of each radio frame. If the central 6 RBs are scheduled for DMRS based transmissions in subframes 0 and 5, there will be collision between the PSS/SSS and DMRS in those two subframes as shown in Fig. 1. 

In TDD mode, the REs reserved for the PSS are located in the 3rd OFDM symbol in subframes 1 and 6 of each radio frame, while the SSS is mapped to the last OFDM symbol in subframes 0 and 5. Similar as in the FDD mode, if DMRS based transmissions are scheduled in central 6 RBs, there will be collision between PSS/SSS and DMRS as shown in Fig. 2 and Fig. 3 for the normal and extended CP cases, respectively. In these two figures, subframe 1 is a special subframe where different DMRS patterns from normal subframes are used. 
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Fig. 1 Collision between PSS/SSS and DMRS in FDD systems
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Fig. 2 Collision between PSS/SSS and DMRS in TDD systems (normal CP, special subframe configuration 3)
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Fig. 3 Collision between PSS/SSS and DMRS in TDD systems (extended CP, special subframe configuration 3)
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Proposed DMRS Pattern for NCT
One possible way to avoid the collision between the DMRS and PSS/SSS for NCT is to move the DMRS in new time locations. The new locations of the DMRS need to be carefully chosen such that they do not collide with the CRS and CSI-RS. In Fig. 4, we show the possible locations of the CSI-RS for the case of normal CP in FDD systems. We see that it is difficult to shift the DMRS in time domain such that the collision between the new DMRS and other RSs (PSS/SSS, CSI-RS, and CRS) can be completely avoided. Thus, the design principle of the new DMRS should be that 1) the new DMRS should not collide with PSS/SSS, and 2) the potential collision between the new DMRS and CSI-RS should be minimized. Since the collision between the DMRS and PSS/SSS only occurs in certain subframes of a radio frame, any new DMRS pattern, which can avoid collision with PSS/SSS but may collide with CSI-RS, could be used only in those subframes in order to minimize the impact on CSI-RS. Thus, we have the following two proposals. 
Proposal 1: The design principle of the new DMRS should be that 1) the new DMRS should not collide with PSS/SSS, and 2) the potential collision between the new DMRS and CSI-RS should be minimized.  

Proposal 2: Any new DMRS pattern, which can avoid collision with PSS/SSS but may collide with CSI-RS, could be used only in the subframes carrying PSS/SSS in order to minimize the impact on CSI-RS. 
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Fig. 4 The possible CSI-RS locations for the case of normal CP in FDD systems.
Based on the design principle in Proposals 1 and 2, we propose the following DMRS pattern for NCT. In FDD systems, the potential collision between DMRS and PSS/SSS only occurs in subframes 0 and 5 of a radio frame. We propose to use the DMRS pattern as shown in Fig. 5 and Fig. 6 to avoid the collision in those subframes for normal and extended CP cases, respectively.  In other subframes, Rel-11 DMRS pattern will be used. 
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Fig. 5 The proposed DMRS pattern for normal CP case
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Fig. 6 The proposed DMRS pattern for extended CP case

In TDD systems, the potential collision between the DMRS and SSS occurs in subframes 0 and 5. Since a unified design for TDD and FDD systems is desirable, we propose to use the same DMRS patterns as shown in Fig. 5 and Fig. 6 to avoid the collision in these two subframes for the normal and extended CP cases, respectively. In other subframes, Rel-11 DMRS will be used. Note that in subframes 1 and 6, the PSS may collide with Rel-11 DMRS only if the subframe is configured as a special subframe in the normal CP case. Given the fact that the length of DwPTS is shorter than a normal subframe, puncturing the colliding DMRS REs can still give a good channel estimate and thus is proposed to solve the collision issue in this case. 
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Simulation Results
In this section, we evaluate the BLER performance of the proposed DMRS pattern for NCT compared with Rel-11 DMRS pattern. In the simulation, we consider three scenarios as shown in Table I. Other simulation assumptions are aligned with those in [5], which are also listed in Appendix. Note that we only count the subframes having new DMRS patterns (i.e. subframes 0 and 5) for BLER in order to compare the performance between the proposed DMRS and Rel-11 DMRS. This also implies that the observations based on the simulation results can be applied to both FDD and TDD. From the simulation results shown in Figures 7-12, we have the following observations: 
1) The proposed DMRS pattern has almost same BLER performance as Rel-11 DMRS pattern in low and medium mobility scenarios (Scenarios 1 and 2). 

2) The proposed DMRS pattern can achieve better BLER performance than Rel-11 DMRS pattern for small MCS values in high mobility scenario (Scenario 3). 

Based on the above observations, we have the following proposal: 

Proposal 3: The proposed DMRS pattern in Section 3 could be adopted for NCT in order to avoid collision with the PSS/SSS. 
Table I Simulation scenarios

	Scenario 
	Channel 
	MIMO correlation

	1
	EPA 3km/h
	Medium 

	2
	ETU 30km/h
	Medium

	3
	ETU 120km/h
	Low 
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     Fig. 7 BLER for normal CP in Scenario 1                     Fig. 8 BLER for extended CP in Scenario 1 
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         Fig. 9 BLER for normal CP in Scenario 2                       Fig. 10 BLER for extended CP in Scenario 2 [image: image11.emf]-5 0 5 10 15
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          Fig. 11 BLER for normal CP in Scenario 3              Fig. 12 BLER for extended CP in Scenario 3 
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Conclusion 
In this contribution, we considered the issue of the collision between the PSS/SSS and DMRS for NCT and proposed a new DMRS pattern to avoid the collision with minimum impact on CSI-RS. We have the following three proposals: 

Proposal 1: The design principle of the new DMRS should be that 1) the new DMRS should not collide with PSS/SSS, and 2) the potential collision between the new DMRS and CSI-RS should be minimized.  

Proposal 2: Any new DMRS pattern, which can avoid collision with PSS/SSS but may collide with CSI-RS, should only be used in the subframes carrying PSS/SSS in order to minimize the impact on CSI-RS. 

Proposal 3: The proposed DMRS pattern in Section 3 could be adopted for NCT in order to avoid collision with the PSS/SSS. 
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Appendix 
Table 1. Simulation assumptions.

	Parameter
	Setting

	Transmission bandwidth
	5 MHz

	Transmission mode
	TM9, Rank-1

	Antenna configuration
	2 TX, 2 RX

	PDSCH starting symbol
	0

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

	CSI feedback
	ideal

	Channel estimation
	Frequency domain: MMSE interpolation

Time domain: Linear interpolation
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