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1. Introduction

As of RAN1 #73, the discussion for solving collision between DMRS and PSS/SSS on NCT stayed on choice between following two alternatives:

· Alt-a: shift PSS/SSS to other OFDM symbols
· Alt-b: do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS) and allow PSS/SSS to puncture DMRS
This contribution gives the system level performance comparison between Alt-a and Alt-b, which counting both traffic transmissions inside and outside the PRBs where the collisions between DMRS and PSS/SSS occur. The study shows that the performance difference between two alternatives can be compensated by eNB scheduling, which makes the complexity of shifting the PSS/SSS not justified. 

It was proposed as one of enhancements to Alt-b that PSS/SSS REs puncturing DMRS can be treated by UE as replacing demodulation reference [1]. Concerns were raised in RAN1 #73 upon simulation assumption in [1], which has the precoding on PSS/SSS always equal to the optimal precoding of certain UE. This contribution gives up this simulation assumption, and refreshes the simulation results by assuming PSS/SSS has its own periodic adaptation of precoding.   

2. System-level performance comparison between two alternatives
The system level simulations are performed upon Alt-a and Alt-b, assuming both full-buffer and FTP-1 traffic model (
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=0.5), 1.4MHz bandwidth and 50-50 distribution of 3km/hr UE and 30km/hr UE. The performances are compared between two cases:
·  For Alt-a, PSS/SSS are shifted to other OFDM symbols but remain in subframes {0,5}. The additional overhead caused by PSS/SSS is counted. The scheduling assigns equal opportunity to UEs regardless of UE speed. 

·  For Alt-b, PSS/SSS remains un-shifted and punctures DMRS. The punctured DMRS pattern is used for channel estimation (without compensation from PSS/SSS as proposed in [1]). The scheduler sets higher priority to low-speed UE when scheduling PRB pairs where collisions occur.
The results are given in Table 1 for full-buffer model and in Table 2 for FTP-1 model. 

	
	Alt-a
	Alt-b
	Percentage of change

	System spec. effic. 
	8.3049
	8.3413
	+0.44%

	5%-ile UE spec. effic.
	0.0704
	0.0665
	-5.5%


Table 1 Comparison using full-buffer model
	
	Alt-a
	Alt-b
	Percentage of change

	Served cell throughput
	0.2962
	0.2971
	+0.3%

	Macro area throughput
	1.4808
	1.4854
	+0.31%

	Mean UE throughput
	4.7911
	4.8119
	+0.43%

	5%-ile UE throughput
	2.5160
	2.4849
	-1.24%


Table 2 Comparison using FTP-1 model
The above simulation results shows that, by prioritizing low-speed UE for the resources in which the collision between DMRS and PSS/SSS occurs, the system-level performance difference between Alt-a and Alt-b is small. The major benchmark on which Alt-b still lags behind is the 5%-ile UE performance; however, this difference is small and can be further averaged out when the system bandwidth becomes larger. Compared to this small performance difference, the standard efforts and UE complexity in searching two sets of PSS/SSS are not justified.  
Observation-1: Given small system-level performance gap, the standard efforts and UE implementation complexity for shifting PSS/SSS on NCT are not justified. 
Proposal-1:  Do not shift PSS/SSS on NCT, and allow PSS/SSS on NCT to puncture DMRS REs. 
3. Use PSS/SSS as demodulation reference
The link level simulations are performed upon four cases listed in Table 3. 
	Label in Figures
	Collision handling
	Precoding on PSS/SSS and DMRS
	Number of UEs in the simulation

	ShiftingSS
	Alt-a
	Independent precoding
	1

	SSasDMRS (OPT)
	Alt-b; PSS/SSS REs puncturing DMRS are treated by UE as demodulation reference.
	For each subframe containing PSS/SSS, the optimal UE-specific precoding vector of the scheduled UE in collision PRB pairs is applied for precoding on PSS/SSS [1]. 
	1

	SSasDMRS (BF-SU)
	
	PSS/SSS applies the predefined BF precoding vectors {
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} in a round-robin manner. For the PDSCH scheduling in collision PRB pairs, eNB chooses the UE whose DL channel among all UEs best matches with precoding on PSS/SSS, and applies the precoding of PSS/SSS to PDSCH/DMRS.
	1

	SSasDMRS (BF-MU)
	
	
	6


Table 3 Four cases of link level simulation
Figure 1~Figure 3 show the performance comparisons among the four cases under different UE speeds.
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Figure 1 Link-level SE comparison for 3km/hr
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Figure 2 Link-level SE comparison for 30km/hr
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Figure 3 Link-level SE comparison for 120km/hr
It can be seen that
·   When UE speed is low, ‘SSasDMRS (OPT)’ can be even better than shifting PSS/SSS due to smaller RS overhead. For ‘SSasDMRS (BF-SU)’ and ‘SSasDMRS (BF-MU)’, the application of non-optimal precoding on PDSCH/DMRS degrades the performance, but the degradation is not large. Among the two, ‘SSasDMRS (BF-MU)’ is better than ‘SSasDMRS (BF-SU)’ due to multiuser selective gain. 

·  As the UE speed increases, the SE performances decrease for all cases. Meanwhile, the performance gaps among all four cases become smaller in low-to-medium SINR range (<20dB). This is because 
· the scheduler usually assigns low rank transmission for such SINR range, therefore the advantage of ‘shiftingSS’ solution to better support high rank does not contribute to the performance; 
· the Doppler shift and CQI/RI delay make the negative effect of non-optimal precoding on PDSCH/DMRS not very outstanding. 
In contrast, shifting PSS/SSS starts to show better performance within high SINR range because of its capability to better support high rank transmission. 
So, as far as performance is concerned, shifting PSS/SSS outperforms using PSS/SSS as DMRS only when the UE speed is not low and the UE DL SINR is very high. This performance difference can be easily avoided by scheduling such UE to the resource with no PSS/SSS-DMRS collision. Even if the eNB scheduler does nothing special, the performance difference in the colliding PRB pairs would be averaged out by much more non-colliding PRB pairs in time-frequency domain. 
As far as complexities of standardization and UE implementation are concerned, using PSS/SSS as DMRS is much simpler than shifting PSS/SSS. The later one not only needs the new PSS/SSS specification and additional UE implementation to initially search more PSS/SSS combinations, but may also lead to the new design of other reference signals such as CSI-RS. In contrast, using PSS/SSS as additional reference signal does not require any new air-link signal to be designed. The only standardization effort might be the design of high-layer signalling to notify the UE of which PSS/SSS sequence UE should use for demodulation reference purpose.  

Observation-2: Using PSS/SSS as demodulation reference can achieve the performance close to that of shifting PSS/SSS, even if PSS/SSS follows its own precoding adaptation. 
Proposal-2: In case the performance is a concern for puncturing DMRS by PSS/SSS, consider simple solution such as using PSS/SSS as demodulation reference replacing the punctured DMRS REs.  
4. Conclusions
The simulation study shows that 

Observation-1: Given small system-level performance gap, the standard efforts and UE implementation complexity for shifting PSS/SSS on NCT are not justified.

Observation-2: Using PSS/SSS as demodulation reference can achieve the performance close to that of shifting PSS/SSS, even if PSS/SSS follows its own precoding adaptation. 
Therefore, this contribution proposes that
Proposal-1: Do not shift PSS/SSS on NCT, and allow PSS/SSS on NCT to puncture DMRS REs.

Proposal-2: In case the performance is a concern for puncturing DMRS by PSS/SSS, consider simple solution such as using PSS/SSS as demodulation reference replacing the punctured DMRS REs.  
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Appendix-A. System level simulation assumptions
	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, wrap‑around

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	Config4b  30

	Channel Model
	ITU UMa for Macro, UMi for low power node(Outdoor modeling)

	Operating bandwidth (BW)
	1.4 MHz

	Tx Power
	37dBm for macro and 30dBm for LPN

	UE Speed
	3km/h and 30km/h

	Antenna configuration
	Transmitter: 2Tx ULA antenna at macro eNB, 2Tx ULA antenna at LPN RRH
Receiver: 2Rx ULA antenna at UE

ITU: 12 degrees for Macro, 0 degrees for Pico

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Granularity of PMI and CQI feedback
	Subband PMI and Subband CQI

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Traffic Model
	Full Buffer and FTP 1

	Receiver
	MMSE-IRC

	HARQ Scheme
	IR

	Maximum number of retransmissions
	4

	Traffic model
	Fullbuffer and FTP1

	FTP1 Packet Size
	0.1M
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Appendix-B. Link level simulation assumptions

	Parameters
	Assumptions

	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
	TM10

	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
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