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1
Introduction
During RAN4#63, a discussion took place on non-quasi-colocated antennas and their impact on UE demod/CSI requirements. No agreement was reached but simulation assumptions in reference [1] were provided for information, while the latter document is not binding to any future studies. 
In this contribution we focus on timing estimation and provide simulation results fitting to the framework in [1]. More specifically, we analyse the UE demodulation performance in situations where CSI-RS/DM-RS experience a timing offset wrt. CRS timing or in general when there is uncertainty about the timing reference for demodulation, possibly at PRG level.
2
Link level performance of timing estimation for DMRS demodulation
We investigate the performance of timing estimation for DM-RS demodulation 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 [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 demodulation.

Detailed simulation assumptions are provided in Annex.

2.1 
Simulations with fixed reference channels
We conducted link level investigations for the following fixed MCS: QPSK-1/3, 16QAM-1/2, 64QAM-34. Results are shown in Figures 1-9. Based on these results, it is observed that:
· 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 [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 (wideband) timing estimation wrt. DM-RS timing estimation per 3 or even 6 PRBs.
· Timing estimation over DM-RS suffers up to ~1.3dB loss at low SNR with 3 PRB (=1 PRG) estimation width and with 6 PRB estimation the maximum loss reduces to ~1dB.
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Figure 1: FRC (QPSK-1/3) – EPA5 – 0.651s
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Figure 2: FRC (QPSK-1/3) – EPA5 – 1.628s
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Figure 3: FRC (QPSK-1/3) – EPA5 – 2.604s
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 Figure 4: FRC (16QAM-1/2) – EPA5 – 0.651s
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Figure 5: FRC (16QAM-1/2) – EPA5 – 1.628s
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Figure 6: FRC (16QAM-1/2) – EPA5 – 2.604s
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 Figure 7: FRC (64QAM-3/4) – EPA5 – 0.651s
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Figure 8: FRC (64QAM-3/4) – EPA5 – 1.628s
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Figure 9: FRC (64QAM-3/4) – EPA5 – 2.604s
	


2.2 
Simulations with link adaptation enabled

Next, we conducted link level simulations with outer-loop link adaptation enabled (10% target BLER for the 1st transmission). Results are shown in Figures 10-12. The same observations can be made as for FRC simulations.
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Figure 10: Link adaptation – EPA5 – 0.651s
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Figure 11: Link adaptation – EPA5 – 1.628s
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Figure 12: Link adaptation – EPA5 – 2.604s
	


In Table 1, the throughput gain of using CSI-RS timing via DCI signalling over DM-RS based timing estimation is summarized for low SNR values, i.e. for the typical DPS operation point. Noticeable throughput gains are observed in the low SNR region.
Table 1: Throughput gain of DCI-based method over DM-RS based estimation

	
	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
Discussion

In case quasi-collocated PDSCH DM-RS antenna ports could not be assumed by the UE between PRGs w.r.t some or all long-term properties, it makes sense to look a bit closer what is actually feasible from UE perspective and on the other hand what is actually needed, i.e. which long-term properties could be actually different in frequency-selective (FS) dynamic point selection (DPS) scenarios:

· Received timing: Obviously received timing could be different in case the transmissions on two PRGs are arriving from two different transmission points. Simulations were provided in Section 2 showing the expected UE performance with various considered options for timing estimation.
· Delay spread: Clearly delay spread can be different if the transmissions on two PRGs are arriving from two different transmission points.

· Received power: Received power can also be different if the transmission on two PRGs is coming from two different transmission points. It should be noted that received power does not really impact channel estimation as long as the received power stays within practical limits set by for example AGC and ADC. It should further be noted that probably no assumptions should be made by the UE regarding received power as even within a PRG, two antenna ports can be received with a substantially different power for example in case of spatial multiplexing.

· Frequency shift: Typically the UE deals with frequency shifts by pre-rotating the received signal before FFT with a phase modulation corresponding to the frequency shift. If this is not done before FFT, it will cause inter-subcarrier interference which will be extremely complex to remove after the FFT processing. Obviously, doing such pre-FFT compensation with multiple different frequency shifts within one OFDM symbol is not possible. In case different frequency shifts cannot be assumed to be sufficiently close to each other, the UE would need to resort to very complex post-FFT inter-subcarrier interference suppression algorithms which would not be feasible in practice. Thus it is our view that in any case the network should take care that frequency shifts are sufficiently small between the transmitting points such that the UE may assume only a single frequency shift.

· Doppler spread: Doppler spread happens mostly due to UE speed and local scattering close to the UE antennas and is linked to the channel coherence time. As such it can be considered quite independent of the physical transmission points from which the transmissions are coming. Hence Doppler spread could be assumed similar by the UE in our view and the latter could then use a single speed estimate.

Coming back to the issue of DM-RS timing estimation, we start by recalling recent discussion in RAN1 regarding the quasi-colocation of PDSCH DM-RS antenna ports 7-14. Two proposals were made during RAN1#69:

1) DMRS for PDSCH may be assumed as quasi colocated within a subframe w.r.t to {delay spread, receiver power, frequency shift, Doppler spread, received timing}.

2) DMRS for PDSCH may be assumed as quasi-colocated within PRG w.r.t to {delay spread, received power, frequency shift, Doppler spread, received timing}, 
- DMRS for PDSCH may not be assumed as quasi-colocated between different PRGs, w.r.t to any of properties {delay spread, received power, frequency shift, Doppler spread, received timing} 
A common FFT timing may be used by the UE for reception of non quasi-colocated DMRS ports according to Alt.2.
RAN1 agreed to have Alternative 1 above as the baseline and left FFS whether Alternative 2 is supported additionally. Alternative 2 is basically motivated by enabling frequency-selective dynamic point selection as opposed to wideband dynamic point selection only. Hence, the gains of frequency-selective DPS should be weighted against the loss caused by the impact of more restrictive quasi-colocation assumptions on demodulation performance as well as against the resulting UE complexity and testing complexity. To this end, both link and system level simulations are provided in a RAN1 companion contribution [6]. 

As such, it is for RAN1 to determine first whether there are system level gains for frequency selective DPS over wideband DPS before introducing the feature and then for RAN4 to work on corresponding requirement scenarios. The LS response [5] sent by RAN1 to RAN4 clearly states that “RAN1 is working on the definition of reference scenarios for input to RAN4 and on additional assumptions on antenna ports co-location and intends to inform RAN4 about such scenarios and assumptions at a later occasion when such aspects are agreed in RAN1”. Meanwhile, results in this contribution show a link level loss of up to ~1.3dB at low SNR that would occur if the more restrictive assumption of quasi-colocation of DM-RS within one PRG is selected. On the other hand, provided link level results indicate that wideband DPS would lead to smaller performance loss and if the UE could rely on CSI-RS timing and DCI indication (see description in [2]) there is almost no performance degradation. The latter way is thus the most robust and least complex from UE implementation perspective.
Observation 1: 
It is a RAN1 decision whether to introduce frequency selective DPS feature. Should RAN1 agree on FS-DPS, RAN4 would then work on the corresponding requirement scenarios based on further input in a future LS from RAN1. 
Observation 2: 
A link level loss of up to ~1.3dB at low SNR was observed if the more restrictive assumption of quasi-colocation of DM-RS within one PRG is selected.
Observation 3: 
CSI-RS timing estimation as reference for DM-RS demodulation provides the most robust solution in terms of performance and with the least implementation complexity.

4
Conclusion
In this contribution we analysed the UE demodulation performance in situations where CSI-RS/DM-RS experience a timing offset wrt. CRS timing or in general when there is uncertainty about the timing reference for demodulation, possibly at PRG level. Results show a link level loss of up to ~1.3dB at low SNR that would occur if the more restrictive assumption of quasi-colocation of DM-RS within one PRG is selected. Low SNR regime is the most relevant for DPS operation in order to achieve coverage (cell-edge) gains at system level. On the other hand, wideband DPS would lead to smaller performance loss and if the UE could rely on CSI-RS timing and DCI indication there is almost no performance degradation to be expected and UE implementation gets significantly less complex.
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Annex 


Simulation assumptions

Table 2: Link level 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

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	5 ms

	CQI reporting delay
	8 ms

	CQI reporting periodicity
	5 ms

	Modulation and coding
	1. Fixed reference channels (FRC)
· QPSK-1/3

· 16QAM-1/2
· 64QAM-3/4
2. Outer-loop link adaptation enabled with 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
	PDSCH is delayed {0, 10, 25, 40} samples wrt. CRS timing, 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: demodulation timing is obtained from realistic CSI-RS timing estimation and DCI signalling 
3. Delay is applied: realistic DM-RS timing estimation (6 PRB) 
4. Delay is applied: realistic DM-RS timing estimation (1 PRG) 

5. Delay is applied but not compensated in demodulation



