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1. Introduction

In RAN1 #72bis, the discussion on DMRS pattern in PSS/SSS subframe reached following agreements [1]:

· 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))

This contribution shows our preference to Alt 2b. However, the puncturing of colliding DMRS REs on the transmitter side does not necessarily mean the demodulation reference signal is not available to receiver at colliding RE locations. This contribution studies the feasibility to use PSS/SSS as the demodulation reference signal on UE side.       
2. Issues with shifting PSS/SSS

If PSS/SSS on NCT is shifted from the Rel-8 defined symbol locations, the PSS/SSS based cell search needs to accomplish one decision from four hypotheses: BCT/FDD, BCT/TDD, NCT/FDD and NCT/TDD. This brings extra processing burden in UE implementation as well as performance degradation comparing to Rel-8 cell search that has only two hypotheses. In addition, this design may require the specification modification to PSS sequence generation, because otherwise the legacy UE locking on PSS of NCT may continuously attempt to detect SSS on incorrect OFDM symbols. 
Observation: Shifting PSS/SSS symbols on NCT can cause higher UE processing complexity and worse cell search performance, and may need new specification on PSS sequence generation.  

3. Consideration on DMRS punctured by PSS/SSS
If both DMRS and PSS/SSS are not moved from existing symbol locations, and PSS/SSS based cell search is maintained the same as in Rel-8, the only consequence is to puncture the colliding DMRS REs and keep the transmission of PSS/SSS REs at the transmitter side. 
Proposal-1: Adopt Alt 2b. 

It should be noted that, the puncturing of colliding DMRS REs on the transmitter side does not necessarily mean the demodulation reference signals at these RE locations are not available to PDSCH channel estimation in receiver. Because UE can know the PSS/SSS, it can be shown feasible for UE to utilize PSS/SSS as demodulation reference signal.

Assume following notations:

· NT: number of transmission antennas of eNB.
· L: number of layers in DMRS-based PDSCH transmission.

· P: the NT-by-L precoding matrix applied to PDSCH. 

· 
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: the row vector containing PSS/SSS signal REs.
· 
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: the row vector containing all non-punctured DMRS REs on the DMRS port associated with layer k, for 0≤k<L.  
The idea here is to define certain new DMRS signals at the colliding REs, which once precoded can result in PSS/SSS signals at those colliding REs, i.e.
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             Equation (1)
It can be seen that the right side of above equation, which represents the PSS/SSS signals on NT transmission antennas, has rank equal to 1, therefore only one out of L layers can utilize PSS/SSS as demodulation reference signal. 

Observation: Only one out of L layers can utilize PSS/SSS as demodulation reference signal.  
For simplicity, assume the demodulation reference signals on colliding REs are all assigned to the layer on port-7. Then the precoding on all demodulation reference signals becomes 
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        Equation (2)
where sub-matrix X is the result of multiplication of P and all 
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. It should be noted that, almost the same idea of transparently precoding PSS/SSS, which was called precoding vector switching (PVS), was already discussed and agreed in Rel-8 [2]

 REF _Ref355385263 \r \h 
[3].
Proposal-2: For a UE scheduled with L-layer (L≤4) PDSCH in PRB pair containing PSS/SSS, 

· UE shall assume all Rel-11 DMRS signals on the REs not colliding with PSS/SSS (including reserved REs) are present for all L layers; 

· UE may assume demodulation reference signals on the REs colliding with active PSS/SSS (excluding reserved REs) are present only on port-7, and are replaced with PSS/SSS sequence elements on those REs. 
It can be seen that, PSS/SSS based demodulation reference signal aims to maintain the performance of one PDSCH layer in the PRB pair colliding with PSS/SSS. It is up to UE implementation whether to accomplish this feature. In addition, even though this proposal only deals with the reference signals on the colliding REs, it is also up to UE implementation whether to utilize all PSS/SSS REs (including ones on non-colliding REs) as demodulation reference signal. 

Simulation results are given in Figure 1, Figure 2 and Figure 3 for the SE comparisons among following designed solutions for DMRS based channel estimation in PRB pair containing PSS/SSS in FDD.
· Alt-1 (red curve): PSS/SSS is moved from existing symbol locations to give the way of DMRS.  
· Alt-2 (blue curve): PSS/SSS is not moved from existing locations and is considered by UE as demodulation reference signal on port 7. 

· Alt-3 (green curve):  PSS/SSS is not moved from existing locations and is not considered by UE as demodulation reference signal. Only non-punctured DMRS REs are used for channel estimation. 

In the simulation, rank adaptation is limited to maximum 2 layers.  For Alt-2, only the PSS/SSS REs on Rel-10 DMRS RE locations are used in channel estimation. For all three alternatives, PSS/SSS occupies 24 REs in one PRB pair. The other simulation assumptions are listed in Appendix. 
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Figure 1 PDSCH SE Comparison in EPA 3km/h
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Figure 2 PDSCH SE Comparison in ETU 30km/h
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Figure 3 PDSCH SE Comparison in ETU 120km/h
The performance comparisons in Figures 1~3 show that:
· When UE speed is low, differentiation in channel estimation accuracy is not very large, so the performances of three alternatives are close to each other. Moreover, Alt-1 has the lowest SE because of largest SCH/DMRS overhead in the PRB pair. 

· When UE speed is medium, performance of Alt-3 gets worse significantly, because its channel estimation starts to perform badly over 10-symbol extrapolation. Alt-2 only performs worse than Alt-1 in the high-SNR range when Alt-1 is able to get multi-layer scheduling and to maintain the performance for layers not associating with port-7, while the corresponding layers in Alt-2 may most-likely fail. 

· When UE speed is high, Alt-3 becomes even worse than for medium UE speed. Meanwhile, the performance difference between Alt-1 and Alt-2 in high-SNR range becomes smaller comparing to medium UE speed; this is because the high Doppler with 120km/hr largely limits the chance that UE in Alt-1 is scheduled with multi-layer PDSCH. 

Two issues remain to be further studied for using PSS/SSS as demodulation signal:

1) Power offset between PSS/SSS and DMRS

Theoretically the power offset between PSS/SSS and DMRS should be signalled to UE, which would otherwise assume equal power among all demodulation reference signals according to Rel-10 and may end up with inaccurate channel estimation. Nevertheless, this issue can also be solved by eNB implementation by setting roughly equal power between PSS/SSS and DMRS in the central 6 RBs of the colliding subframe. 

2) CoMP operation
PSS/SSS is explicitly cell-specific, while DMRS can be sent by different cells in the CoMP. In addition, the DMRS can be indeed sent from different TPs to the same UE regardless of PCID, but PSS/SSS does not have such flexibility. Further study is needed to handle PSS/SSS as demodulation reference in CoMP. 

Proposal-3: If proposal-2 is adopted, FFS on power offset and support of CoMP.

4. Conclusions
The contribution is summarized by following proposals:
Proposal-1: Adopt Alt 2b (puncture DMRS by PSS/SSS).
Proposal-2: For a UE scheduled with L-layer (L≤4) PDSCH in PRB pair containing PSS/SSS, 

· UE shall assume all Rel-11 DMRS signals on the REs not colliding with PSS/SSS (including reserved REs) are present for all L layers; 

· UE may assume demodulation reference signals on the REs colliding with active PSS/SSS (excluding reserved REs) are present only on port-7, and are replaced with PSS/SSS sequence elements on those REs. 
Proposal-3: If proposal-2 is adopted, FFS on power offset and support of CoMP.
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	Appendix. Simulation assumptions

Parameter
	Setting

	Carrier frequency 
	2 GHz 

	Transmission bandwidth
	5 MHz

	Channel model
	EPA 3km/h, ETU 30km/h, ETU 120km/h

	CP length
	Normal CP

	Location  and number of PDSCH RBs
	Fixed, 6 PRBs[10,11,12,13,14,15]

	Transmission mode
	TM9

	Antenna configuration
	2 TX, 2 RX

	Rank adaption
	Yes

	PDSCH/EPDCCH starting symbol
	The first OFDM symbol

	Overhead assumption
	No CRS/CSI-RS for all subframes 

12 REs/PRB for DMRS

	DMRS Estimation
	2DMMSE

	Antenna correlation[4]
	 Medium correlation (3, 30 km/h), Low (120 km/h)

	CSI estimation
	CSI-RS Resource Ideal Estimation

	CSI feedback delay
	5ms

	CSI feedback period
	5ms

	HARQ for PDSCH 
	No 

	Adaptive modulation and coding for PDSCH 
	Yes

	Performance metrics for PDSCH 
	Spectral efficiency

















- 1/6 -

_1429523698.unknown

_1429523841.unknown

_1429524156.unknown

_1429522477.unknown

