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1 Introduction
In RAN1# 69 meeting, the handling of the conflict between PSS/SSS and DM-RS in NCT was discussed, and the following conclusion was made.

	· 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. 




As a new WI on NCT got approved at RAN#57[1] with an agreement that Rel-12 NCT WI will treat previous agreements and working assumptions as working assumptions, starting from the conclusion of RAN1#69, this contribution presents a few approaches to address the conflict between PSS/SSS and DM-RS. This contribution reviews two options – Alt 1 and 3 from RAN1#69 and discusses another potential approach of changing DM-RS location. 
2 PSS/SSS Location Change
In RAN1#69, it was discussed to move the time location of PSS/SSS to address the conflict with DM-RS, desirably with keeping Rel-8 gaps between PSS/SSS for both FDD and TDD. One concern raised on moving the location of PSS/SSS was that there might be a coverage hole for a legacy UE when LCT and NCT share the frequency as a legacy UE may not be able to detect the NCT. Assuming this concern could be alleviated, design goals for a new location for PSS/SSS would include: 
· Avoidance collision with CSI-RS 
· Avoidance collision with tracking RS

· Keeping the same gap to Rel-8 (i.e., 0 OFDM symbols for FDD and 2 OFDM symbols for TDD)

· Same location (i.e., OFDM symbol index) for normal CP and extended CP
· Considering potential interference to neighbour legacy carrier, it is also desirable to avoid first three OFDM symbols for PSS/SSS. 
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Figure 1. Candidate Positions for PSS/SSS (FDD)

As shown in Figure 1, for FDD, OFDM symbol 1, 2, 3 in each slot in normal CP and OFDM symbol 1, 2 in extended CP would be candidate positions.  Both positions would not satisfy all the goals listed above. By selecting OFDM symbol 1, 2 in the first slot, it may potentially interfere neighbour legacy PDCCH region. With OFDM symbol 1, 2 in the second slot, the number of CSI-RS configurations would collide with PSS/SSS in normal CP is considerably increased and thus CSI-RS configuration flexibility would be limited. 
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Figure 2. Candidate Positions for PSS/SSS (TDD)
For TDD, identifying a candidate location to satisfy all or subset of above listed goals is challenging due to the presence of TRS. One candidate would be OFDM symbol 1 and 4 in special subframe. However, this location has two issues: it does not support special subframe configuration 0, 5 in normal CP (0, 4 in extended CP) and it collides with DM-RS in extended CP special subframe. 
Another possible solution is to use the Rel-8 FDD gap between PSS/SSS for NCT TDD (i.e., the gap between SSS and PSS is 0) so that the location of PSS/SSS for TDD and FDD are the same i.e., either OFDM symbol 1, 2 in the first or the second slot (i.e., SSS comes in OFDM symbol 1 and PSS comes in OFDM symbol 2). This implies that a UE may not be able to differentiate between FDD and TDD by reading PSS/SSS. For the trade-off discussion in Sec 5, we select OFDM symbol 1, 2 in the first slot for FDD and TDD.
Proposal 1: If PSS/SSS time-location change is considered, Rel-8 gap between PSS/SSS for FDD is assumed for both TDD and FDD.
3 DM-RS Time-Location Change
Another approach to consider is changing DM-RS location. The design goals of selecting DM-RS RE positions are as follows:
· Avoid collision with CSI-RS

· Avoid collision with PSS/SSS

· Avoid collision with TRS
· Keep Rel-9/10 DM-RS sequences and consider only time-location change
As NCT does not carry legacy PDCCH, a first few symbols can be used for data demodulation and can be used for DM-RS REs. For FDD, a candidate solution is shown in Figure 3. In [1], we evaluate the performance of a shifted DM-RS pattern and show that performance is comparable to Rel-9/10 DM-RS pattern.
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Figure 3. New DM-RS Pattern for FDD 
For TDD, Figure 4 illustrates a potential location for TDD to avoid collision with CSI-RS and PSS/SSS. 
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Figure 4. New DM-RS Pattern for TDD

In summary, for normal CP FDD, OFDM symbol 0, 1 can be used for DM-RS in each slot and for normal CP TDD, OFDM symbol 4, 5 can be used for DM-RS. To handle the conflict between PSS and DM-RS in special subframe in normal CP TDD, OFDM symbol 3, 4 can be used instead of OFDM symbol 2, 3 in first slot. For extended CP, OFDM symbol 1, 2 in each slot can be used for DM-RS in normal subframe and the same DM-RS pattern can be used for special subframe.
In normal CP at normal subframe with a new candidate DM-RS pattern, DM-RS may collide with Tracking RS for TDD and FDD if vshift used in CRS is also applied for Tracking RS. There are a few solutions to address this: (1) considering fixing vshift value for tracking RS to avoid the collision between TRS and DM-RS (2) considering vshift of DM-RS along with tracking RS if vshift is enabled (3) considering transmitting PSS/SSS and tracking RS in separate subframes and apply the new DM-RS location only for subframes containing PSS/SSS.
Proposal 2: Considering potential impacts and drawbacks by changing PSS/SSS locations, changing DM-RS pattern is preferred.
4 Limited DM-RS
Another option is to keep Rel-8/9 location of both PSS/SSS and DM-RS and handle the conflict by limiting the use of DM-RS REs only to non-colliding (to PSS and/or SSS) REs. As shown in [2], the performance of limited DM-RS is impaired, particularly in high speed environments. Considering the motivation of introducing NCT for spectral efficiency, this option, if avoidable, would be the last choice.

Proposal 3: With limitation that NCT may not be utilized in high speed environments, DM-RS puncturing can be considered as a valid option.
5 Trade-offs among Options
This contribution reviewed various approaches to handle collision of PSS/SSS and DM-RS in NCT.  Each option clearly show potential benefits and drawbacks which are summarized in below. 
	
	Advantages
	Drawbacks

	PSS/SSS Location Change 
	· Impact may be limited only to synchronization channels.
· The number of colliding CSI-RS patterns with PSS and/or SSS would be reduced.
	· It may prohibit legacy UE from detecting NCT carrier (legacy carrier may not be able to perform interference measurement on NCT due to the lack of acquisition ability on NCT).
· New implementation at least on TDD may be required as no good candidate for TDD with keeping Rel-8 gap is identified.

	DM-RS Location Change
	· Impact may be limited only to UE-specific RS.
· Slight performance gain can be achieved for a new DM-RS pattern for TDD.
	· Potentially additional UE complexity by introducing a new DM-RS pattern is expected.


	DM-RS Puncturing
	· Very minimal impact on specification is anticipated.
	· Lower spectral efficiency is expected, particularly in high speed environments.
· In normal CP, available Rank would be limited to four (4) for FDD and one (1) for TDD.


6 Conclusions

Proposal 1: If PSS/SSS time-location change is considered, Rel-8 gap between PSS/SSS for FDD is assumed for both TDD and FDD.
Proposal 2: Considering potential impacts and drawbacks by changing PSS/SSS locations, changing DM-RS pattern is preferred.
Proposal 3: With limitation that NCT may not be utilized in high speed environments, DM-RS puncturing can be considered as a valid option.
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