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1 Introduction

In RAN1 #69 meeting, extensive discussions on handling the conflict between PSS/SSS and DM-RS in NCT with an option of introducing potentially a new DM-RS pattern for NCT were performed and the following conclusions were made [1]. 

	· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS: 

· 1b: change relative locations of PSS/SSS

· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS: 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

Conclusion: 

Study until RAN1#70:

· Possible changes to DM-RS pattern for NCT with normal CP, including the perspectives of improved demodulation performance for PDSCH without legacy control region, avoiding PSS/SSS collisions, avoiding CSI-RS collisions, CRS port 0

· Evaluation of new DM-RS patterns is not precluded for information, but only existing DM-RS and CSI-RS patterns will be included in Rel-11

· The above alternatives (1..3b) for avoiding PSS/SSS-DMRS collisions. 

Note that the conclusion is changed due to the realisation that there would be collisions between DM-RS and CSI-RS if the DM-RS patterns were changed to another existing DM-RS pattern (and also collision with PSS in DwPTS). 

Agreement: 
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

Study until RAN1#70 Alternatives 1 and 3

Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 


Due to the time limit of Rel-11 time frame and the conflict between CSI-RS and DM-RS pattern used in special subframes for TDD, it was concluded that in Rel-11 timeframe, DM-RS pattern change would not be considered. Since the last discussion, a new work item on NCT for Rel-12 was approved in RAN# 57 with an agreement that Rel-12 NCT WI will treat previous agreements and working assumptions as working assumptions. Thus, it is our understanding we should consider all options carefully, and this contribution aims to present some initial performance results including those of a new candidate DM-RS pattern focused on the handling of conflict between PSS/SSS and DM-RS. 
2 Evaluated Cases
For the evaluation, the following cases are considered.
a. DM-RS time-location change
To avoid the conflict between PSS/SSS and DM-RS, the time-location of DM-RS can be changed. Suitable location of DM-RS is discussed in [2] and an example of possible location of DM-RS considering PSS/SSS, CSI-RS and tracking RS (TRS) location is illustrated in Figure 1. DM-RS can be located in OFDM symbol 0, 1 of each slot (5 OFDM symbol shift to the left) for FDD case as shown in DM-RS pattern 1 in Figure 1. (b). For TDD case, a possible location of DM-RS is OFDM symbol 4, 5 of each slot (1 OFDM symbol shift to the left) as shown in DM-RS pattern 2 in Figure 1. (c).
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(a) Legacy DM-RS pattern            (b) DM-RS pattern 1 for FDD          (c) DM-RS pattern 2for TDD

Figure 1. An example of DM-RS location to avoid the conflict with PSS/SSS in normal CP
b. DM-RS puncturing

In this case, DM-RS REs in OFDM symbol 5, 6 in the first slot are punctured and DM-RS REs in OFDM symbol 5, 6 in the second slot are remained for FDD subframe with normal CP. For TDD subframe with normal CP, DM-RS REs in OFDM symbol 6 in the second slot are only punctured assuming rank 1, since only SSS is located in the TDD downlink normal subframe. But DM-RS REs in both OFDM symbol 5 and 6 in the second slot should be punctured when higher rank (>= 2) is used.

c. PSS/SSS time-location change
As discussion in [2], in this contribution, for both FDD and TDD, OFDM symbol 1, 2 in first slot in normal CP is considered as a new PSS/SSS location in this contribution for the reference.

3 Performance Results 
Performance of three approaches to solve the conflict issue between PSS/SSS and DM-RS is evaluated in this contribution. We compare block error rate of PDSCH for each approaches, and the performance is obtained for 6 RB PDSCH which is transmitted from OFDM symbol 0. The detailed simulation assumptions are specified in Table 1 in the Annex A.
For FDD and TDD, Figure 2 and 3 show simulation results of three approaches for 4 Tx antennas, 2 Rx antennas, and rank 1. In FDD case, PSS/SSS, DM-RS and TRS are transmitted in a subframe. In TDD case, SSS, DM-RS and TRS are transmitted in a normal subframe. It should be noted that SS location change (SSS) case is not a viable alternative but evaluated to consider a fair comparison of SS location change and other alternatives in terms of amount of REs for PDSCH transmission. As Rel-10 TDD carries only SSS in normal subframe, to keep the same REs for PDSCH between different approaches, SS location change (SSS) transmits only SSS in OFDM symbol 2. The result of Alt-1 is shown in the graph labeled as SS location change (PSS, SSS).
More simulation results for various channel conditions and antenna configurations are contained in the Annex B.
Based on the results in Figure 2, 3 and the Annex B, the following points can be observed. 
· For the performance of DM-RS puncturing in FDD case, the performance degradation is not significant compared to other cases in low- and mid-speed channel. However, the performance of DM-RS puncturing shows a large gap compared to other cases in high-speed channel as shown in Figure 2. (b). On the other hand, in TDD case, the performance of DM-RS puncturing is comparable to other cases in low- to high-speed channel. It is expected because only DM-RS REs for one OFDM symbol are punctured for rank 1in TDD case, while DM-RS REs for two OFDM symbols are punctured in FDD case. 
· Performance results for DM-RS time-location change shows that the performance of DM-RS location change is similar to the performance of SS location change for both FDD and TDD in low- and mid-speed channel. But, the performance of DM-RS location change is degraded slightly for FDD (DM-RS pattern 1) and improved slightly for TDD (DM-RS pattern 2) compared with the performance of SS location change in high-speed channel.
· Performance of the legacy DM-RS location and the changed DM-RS locations (DM-RS pattern 1 and 2) in a subframe without PSS/SSS and TRS are also contained in the Annex B for various channel conditions and antenna configurations. From these simulation results, we can compare the performance of two DM-RS patterns in a subframe where PSS/SSS are not transmitted. Then, we can obtain that the performance of the new DM-RS location for FDD in Figure 1. (b) is similar to the performance of the legacy DM-RS location. In addition, it is observed that the new DM-RS location for TDD in Figure 1. (c) can achieve gains in high speed channel.
Even though a new pattern for FDD may not achieve considerable gain over the existing DM-RS pattern, it is notable that this pattern resolves the conflict issue without any performance degradation or major compatibility issue. 

For TDD, as shown in the results, there is a performance gain by a new pattern which resolves the conflict issue simultaneously. 
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(a) EPA 3km/h
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(b)  EVA 30km/h                                                       (c) EVA 100km/h

Figure 2. Performance for FDD subframe with 4 Tx antennas and 2 Rx antennas
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(b)  EVA 30km/h                                                       (c) EVA 100km/h

Figure 3. Performance for TDD subframe with 4 Tx antennas and 2 Rx antennas
4 Conclusion
In this contribution, the performance of DM-RS location change, DM-RS puncturing and SS location change was discussed to avoid the conflict between PSS/SSS and DM-RS in new carrier type. Based on the simulation results, we conclude the following,
· Puncturing DM-RS REs conflict with PSS/SSS would cause performance degradation compared with SS or DM-RS time-location change in high-speed channel.
· Performance of SS time-location change and DM-RS time-location change have comparable performance in the entire channel environments.
· A new DM-RS location shows at least comparable performance in FDD and a slight gain in TDD compared to Rel-9/10 DM-RS location.
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6 Annex A
Table 1. Evaluation assumptions

	Parameter
	Setting

	System bandwidth 
	1.4 MHz 

	Carrier frequency 
	2 GHz 

	Channel profile 
	EPA 3km/h, EVA 30km/h, 100km/h 

	Transmission mode 
	TM9 

	Antenna configuration 
	Tx: 1, 4, Rx: 2

	Rank 
	1 

	PDSCH starting symbol 
	0 

	PDSCH RBs 
	Full RBs 

	CSI feedback 
	Ideal 

	Channel estimation 
	Frequency domain: MMSE with PRB bundling

Time domain: Subframe average 


7 Annex B
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 4. Performance for FDD subframe at EPA 3km/h with 1 Tx antenna and 2 Rx antennas
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 5. Performance for FDD subframe at EVA 30km/h with 1 Tx antenna and 2 Rx antennas
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 6. Performance for FDD subframe at EVA 100km/h with 1 Tx antenna and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 7. Performance for TDD subframe at EPA 3km/h with 1 Tx antenna and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 8. Performance for TDD subframe at EVA 30km/h with 1 Tx antenna and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 8. Performance for TDD subframe at EVA 100km/h with 1 Tx antenna and 2 Rx antennas
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 9. Performance for FDD subframe at EPA 3km/h with 4 Tx antennas and 2 Rx antennas
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 10. Performance for FDD subframe at EVA 30km/h with 4 Tx antennas and 2 Rx antennas
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(a)  FDD subframe with SS and TRS                          (b) FDD subframe without SS and TRS

Figure 11. Performance for FDD subframe at EVA 100km/h with 4 Tx antennas and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 12. Performance for TDD subframe at EPA 3km/h with 4 Tx antennas and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 13. Performance for TDD subframe at EVA 30km/h with 4 Tx antennas and 2 Rx antennas
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(a)  TDD subframe with SS and TRS                          (b) TDD subframe without SS and TRS

Figure 14. Performance for TDD subframe at EVA 100km/h with 4 Tx antennas and 2 Rx antennas
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