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1. Introduction
In previous meetings, different alternatives for resolving collision between PSS/SSS and Rel-10 DMRS on NCT have been discussed. Several companies had proposed their proposals of new DMRS patterns and their simulation results [1]. After fruitful discussion on the performance of new DMRS patterns for NCT in the last meeting, many companies observed and proposed that no overall significant performance gain is observed for new DMRS pattern on NCT [2]. Accordingly, WG concluded in RAN1#72 with remaining options for usage of PRBs containing PSS/SSS in NCT as follows. 
Conclusion:

· Do not adopt a new DMRS pattern

· Discuss further between Alt 2a and 2b or consider whether there may be other possible solutions for the PRBs containing PSS/SSS until RAN1#73.

· Alt 2a: Do not adopt a new DMRS pattern and shift PSS/SSS
· Alt 2b: Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))

In RAN1#73, two remained alternatives were discussed in many aspects and concluded as follows. 
Conclusion:
· In case shifting PSS/SSS were to be adopted, study further whether the same or different relative positions would be used as in Rel-8 

· Study further the degradation due to possible puncturing of DMRS. 

Following from the conclusions and next steps identified in RAN1#72bis and RAN1#73, this contribution discusses whether the same or different relative positions should be used as in Rel-8 and possible degradation due to DMRS puncturing.
2. Comparison between two alternatives
2.1 Usage of PRBs containing PSS/SSS
Following from the conclusions in RAN1#72bis, one of two alternatives, shifting PSS/SSS and puncturing DMRS, ought to be adopted to resolve collision between PSS/SSS and DMRS while PRBs containing PSS/SSS are scheduled for PDSCH usage. 
Fig. 1 illustrates, for example, usage of radio resource in the two alternatives within a PRB pair containing PSS/SSS in frame structure type 1. In case of frame structure type 1, this issue will occur on central 6 PRB pairs at subframe 0 and 5 in each frame. 
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Fig. 1  Usage of radio resource in a PRB pair containing PSS/SSS in FDD
For the adoption of new carrier type, one of the identified motivations is to enhance spectral efficiency [3]. In the legacy carrier, a UE is not expected to receive PDSCH resource blocks transmitted on these PRB pairs containing PSS/SSS. To make use of PRB pairs containing PSS/SSS for PDSCH transmission is a promising approach to design NCT for spectral efficiency improvement. 
According to the conclusions and next steps identified in RAN1#72bis and RAN1#73, it seems that the WG can at least confirm first that PRB pairs containing PSS/SSS could be used for PDSCH in NCT carriers. A high-level observation from previous simulation and comparison, two alternatives are both possible to enable the usage for PDSCH in certain condition. Whether these PRB pairs are used still depends on eNB’s scheduling. A reasonable assumption is eNB scheduler will allocate these PRB pairs to UEs only when the UEs are in qualified condition to receive PDSCH on these PRB pairs. Accordingly, we propose: 
Proposal #1: PRB pairs containing PSS/SSS could be used for PDSCH per eNB’s scheduling in NCT carriers. 
Relevant text of the Proposal #1 should be captured into specification to clarify these PRB pairs in NCT carriers could be used for PDSCH per eNB’s scheduling, different from those in legacy carriers. 
2.2 Comparison between two alternatives
Following from the next steps identified in RAN1#73, whether the same or different relative positions would be used as in Rel-8 and the degradation due to possible puncturing of DMRS are discussed and compared in the following. 
A. Whether the same or different relative positions would be used as in Rel-8
In case shifting PSS/SSS were to be adopted, the same relative positions used as in Rel-8 could provide potential benefits, including: 

· Coherent detection of PSS/SSS

· Reuse of detection mechanism as in Rel-8 (partly)
, and possible limitation, including: 
·  Less position candidates available in a PRB pair for two adjacent PSS/SSS. 

On the contrary, different relative positions used as in Rel-8 could provide potential benefits, including: 

· Flexible position candidates available in a PRB pair for PSS and SSS separately

· Avoid potential erroneous detection of NCT’s PSS/SSS as Rel-8’s PSS/SSS by legacy UEs 

, and possible limitation, including: 
· Non-coherent detection of PSS/SSS

· New detection mechanism required
In case shifting PSS/SSS were to be adopted, different relative positions used as in Rel-8 could have lower impact to legacy UEs as well as more position candidate for PSS/SSS. Our preference is to have different relative positions used as in Rel-8. 
(Conditional) Proposal#2: In case shifting PSS/SSS were to be adopted, different relative positions used as in Rel-8 should be adopted to reduce impact to legacy UEs. 

B. Degradation due to puncturing of DMRS
Puncturing DMRS directly impacts performance of channel estimation and result in certain relative performance loss in PDSCH. It has been simulated and shown that under low and medium mobility, the performance gap between regular and punctured DMRS patterns is expected to be even less [4]. eNB is capable of scheduling these PRB pairs to those UEs under low and medium mobility.  
Observation #1: Performance gap between regular and punctured DMRS patterns is expected to be even less [4].

C. Comparison between two alternatives
In addition to the above-mentioned pros and cons, several concerns are raised and observed while shifting PSS/SSS and puncturing DMRS are further compared to each other. 

Puncturing DMRS allows several more REs of these PRB pairs for PDSCH as compared to that in shifting PSS/SSS. 12 REs more per PRB pairs could be utilized for PDSCH transmission. NCT’s motivation on spectral efficiency enhancement is then complied with better. 
Observation #2: Puncturing DMRS provides better spectral efficiency enhancement than shifting PSS/SSS. 

In case of shifting PSS/SSS, a potential issue is interference from NCT’s shifted PSS/SSS to Rel-8 PDSCH while NCT and legacy carriers exist in adjacent channels. Further evaluation on impact to legacy carriers might be needed to refine power setting of NCT’s PSS/SSS in this scenario.   
Observation #3: Uncertain impact of interference between NCT’s shifted PSS/SSS to Rel-8 PDSCH. 

According to the above comparison and observation, puncturing DMRS is deemed to be an appropriate approach while eNB schedules these PRB pairs as PDSCH for UEs under low and medium mobility. 

Proposal #3: Adopt puncturing DMRS to enable usage of PRB pairs containing PSS/SSS for PDSCH per eNB’s scheduling in NCT carriers. 

3. Conclusions

Following from the conclusions and next steps identified in RAN1#72bis and RAN1#73, this contribution discusses whether the same or different relative positions should be used as in Rel-8 and possible degradation due to DMRS puncturing.
Proposal #1: PRB pairs containing PSS/SSS could be used for PDSCH per eNB’s scheduling in NCT carriers. 

Relevant text of the Proposal #1 should be captured into specification to clarify these PRB pairs in NCT carriers could be used for PDSCH per eNB’s scheduling, different from those in legacy carriers.

(Conditional) Proposal#2: In case shifting PSS/SSS were to be adopted, different relative positions used as in Rel-8 should be adopted to reduce impact to legacy UEs. 

Observation #1: Performance gap between regular and punctured DMRS patterns is expected to be even less [4].

Observation #2: Puncturing DMRS provides better spectral efficiency enhancement than shifting PSS/SSS. 

Observation #3: Uncertain impact of interference between NCT’s shifted PSS/SSS to Rel-8 PDSCH. 

According to the above comparison and observation, our proposal is: 
Proposal #3: Adopt puncturing DMRS to enable usage of PRB pairs containing PSS/SSS for PDSCH per eNB’s scheduling in NCT carriers.
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