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1
Introduction

In this paper we present our link-level simulation results on the performance of PDSCH demodulation when there is uncertainty about the timing reference. We also present system-level simulation results on frequency-selective and wideband dynamic point selection in order to evaluate the benefits of having the flexibility to schedule PDSCH from multiple transmit points within one subframe. Basically, these results are supposed to provide an answer to the observation made in RAN1#69:
“Observation: support to alt.2 vs. alt.1 depends on trade-off between performance gain with frequency selective DPS and impact on channel estimation due to the more restrictive quasi co-location assumptions of alt.2 vs alt.1. More study is needed for agreement. Aspects related to UE complexity and testing complexity should be also considered.”

Based on the results, in the companion contribution [1] we provide our views on the remaining issues on quasi-colocated antenna ports.

2
Link-level results on DMRS-based timing estimation
First we investigated the link-level performance of DM-RS based timing estimation in the following scenario:

· System bandwidth: 10 MHz;

· 4x2 antenna correlation assuming low correlation (i.e. spatially uncorrelated);

· TM9 closed-loop wideband follow-PMI;

· Resource allocation: 6 PRB;

· HARQ is enabled with up to a total of 4 transmissions;

· Propagation conditions (between the serving transmission point and the UE), Doppler spread (Hz): EPA5;

· Reference timing for single-FFT operation: CRS timing

· Serving transmission point PDSCH is delayed by {0, 10, 25, 40} samples wrt. CRS timing, i.e. {0.0, 0.651, 1.628, 2.604} s;

· Corresponding CSI-RS is delayed by the same amount of time wrt. CRS timing;

· Related to channel/timing estimation, the throughput performance is investigated in the following cases: 

1. Reference: no delay applied to PDSCH transmission, no timing estimation;
2. Delay is applied: Demodulation timing obtained from realistic CSI-RS timing estimation and DCI signalling [1]

 REF _Ref331767675 \r \h 
[2];
3. Delay is applied: realistic DM-RS timing estimation (6 PRB);
4. Delay is applied: realistic DM-RS timing estimation (3 PRB=1 PRG);
5. Delay is applied but not compensated for in demodulation.

Detailed simulation assumptions are provided in Appendix A.

Our results are shown in Figure 1, Figure 2 and Figure 3. We can make the following observations:
· DM-RS timing needs to be estimated and compensated prior to channel estimation and demodulation, otherwise large performance degradations occur (blue curves). Throughput goes down to zero under large delays.

· Overall, most of the differences between the investigated cases show up in the low SNR range ([-6dB,+5dB]) because the limited amount of samples for timing estimation limits noise averaging capabilities. All estimators perform comparably in the high SNR regime (SNR>10dB).

· Demodulation timing obtained from CSI-RS timing estimation and DCI signalling [1]

 REF _Ref331767675 \r \h 
[2] provides overall the best throughput performance, which is very close to the ideal/reference case (no delay, no timing estimation). The reason is that CSI-RS features larger amount of samples for timing estimation wrt. DM-RS timing estimation per 3 or even 6 PRBs.
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Figure 1. Link adaptation – EPA5 – 0.651s
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Figure 2. Link adaptation – EPA5 – 1.628µs
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Figure 3. Link adaptation – EPA5 – 2.604s
	


In Table 1, the throughput gain of using CSI-RS timing via DCI signaling over DM-RS based timing estimation is summarized for low SNR values, i.e. for the typical DPS operation point. A noticeable throughput gain is observed at the low SNR region. In fact, without the DCI signaling, the gains of DPS compared to single cell operation are to a large extent offset. Hence we can clearly observe that without DCI signaling, the gains of DPS CoMP can be compromised.

It is also noted that in [3] we have also shown results for fixed MCS cases, essentially resulting in similar conclusions.
Table 1: Throughput gain of using CSI-RS –based timing reference over DM-RS based estimation at typical DPS operating point.
	
	SNR = -6 dB
	SNR = -3 dB
	SNR = 0 dB
	SNR = 3 dB

	0.651µs, 6-PRB
	21.6%
	13.3%
	6.8%
	3.2%

	0.651µs, 3-PRB
	34.3%
	20.0%
	8.9%
	3.7%

	1.628µs, 6-PRB
	19.6%
	10.8%
	3.9%
	0.9%

	1.628µs, 3-PRB
	30.0%
	21.7%
	11.4%
	3.2%

	2.604µs, 6-PRB
	26.5%
	12.6%
	5.5%
	1.7%

	2.604µs, 3-PRB
	38.3%
	21.2%
	10.2%
	3.1%


3
System-level evaluation of dynamic point selection
In order to evaluate also the benefits of frequency-selective dynamic point selection over wideband dynamic point selection, we also ran system-level simulations comparing the two in CoMP scenario 3 with configuration 1. We simulated first ideal feedback case to see the potential of frequency-selective DPS, and then simulated also realistic feedback case to see the practical performance. The simulation assumptions are listed in Appendix B.
Table 2. Simulation results on wideband DPS versus frequency-selective DPS.

	
	Ideal feedback
	Realistic feedback

	
	Baseline
	WB DPS
	FS DPS
	Baseline
	WB DPS
	FS DPS

	Average (bps/Hz/cell)
	2.18
	2.12
-2.8%
	2.11
-3.2%
	1.83
	1.84
+0.6%
	1.79
-2.2%

	Coverage (bps/Hz/UE)
	0.066
	0.072
+9.1%
	0.074
+12.1%
	0.034
	0.039
+14.7%
	0.035
+2.9%


The results are summarized in Table 2. What we see from the results is that with ideal feedback frequency selective DPS provides slightly better performance than wideband DPS as expected. However, when realistic CQI errors are taken into account, the performance of frequency-selective DPS collapses. Clearly such performance does not justify adding explicit specification support for frequency-selective DPS, rather supporting wideband DPS in terms of e.g. quasi-colocation assumptions is enough.
4
Conclusions

In this contribution we have presented both link-level evaluation results on DMRS-based timing estimation impact on PDSCH demodulation performance as well as system-level results on frequency-selective and wideband dynamic point selection. Our observations from the results can be summarized as:
Observations:
· Performance of DMRS-based timing estimation is clearly worse than relying on CSI-RS timing and signaling a CSI-RS reference to the UE.

· DMRS-based estimation may compromise the gains of dynamic point selection.

· Frequency-selective dynamic point selection does not provide gains over wideband DPS.

· Performance is worse even without considering the additional loss due to inferior timing estimation.

· Adding explicit specification support for frequency-selective DPS, e.g. in terms of restrictions to quasi-colocation assumptions, is not justified.

We propose to take these results and observations into account in the definitions on UE assumptions about quasi-colocated antenna ports.
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Appendix A – Link simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations, spatial correlation
	4x2, low correlation

	Channel model / Doppler spread (Hz)
	EPA5

	Resource allocation
	6 PRB

	Transmission scheme
	TM9, closed-loop rank-1 transmission

	HARQ
	Enabled, up to 4 transmissions

	Codebook for CL-MIMO
	Rel-10 codebook for 4-Tx

	PMI granularity
	Wideband

	CQI granularity
	Subband (6PRB)

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	5 ms

	CQI reporting delay
	8 ms

	CQI reporting periodicity
	5 ms

	Modulation and coding
	Link adaptation with outer-loop control enabled (10% target for the 1st transmission)

	CSI-RS configuration
	4-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1 (AP7)

	Channel estimation
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation over 1 PRG

	Timing estimation for feedback
	Realistic timing estimation over CSI-RS for CQI/PMI feedback

	Considered time delays
	{0, 10, 25, 40} samples, i.e. 

{0.0, 0.651, 1.628, 2.604} s

	Timing estimation for demodulation
	1) Reference: no delay applied to PDSCH transmission, no timing estimation

2) Delay is applied: Demod timing is obtained from realistic CSI-RS timing estimation and DCI signalling

3) Delay is applied: realistic DM-RS timing estimation (1 PRG) 

4) Delay is applied: realistic DM-RS timing estimation (6 PRB) 

5) Delay is applied but not compensated


Appendix B – System simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	CoMP Scenario 3, configuration 1
ITU UMa for macro, UMi for low power node

	Carrier frequency
	2.0 GHz

	Deployment scenarios
	CoMP Scenario 3, configuration 1 according to 36.819. 
Coordinated points 3 macros + 12 picos

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	CoMP reporting threshold
	6dB (RSRP)

Max. 2 reported points

	Number of UEs
	CoMP Scenario 3, configuration 1: 25UE / macro geographical area / Uniform UE dropping

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	LMMSE option 1

	Channel estimation for feedback
	{Ideal, CSI-RS based}

	Channel estimation for demodulation
	Realistic (AVI table)

	UE Feedback
	Realistic feedback:

Subband CQI (6 PRB) and wideband PMI (Release 8 CB), 6 ms delay and 10ms interval

ACK/NACK, delay 6 ms

Ideal feedback:

Subband CQI (1 PRB) and subband PMI (Release 8 CB), 1 ms delay, reporting every TTI

ACK/NACK, delay 1 ms

	Scheduler
	TD-FD: PF-PF

	Traffic model
	Full buffer

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12/24 RE/PRB for 1-2/3-8 orthogonal DM-RS ports

CSI-RS: 1 RE/port/PRB per 10 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 4 retransmission, chase combining


