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Discussion and Decision
1 Introduction
In RAN1#70b several agreements were made regarding quasi co-location of CRS, CSI-RS, DM-RS assumptions at a UE with respect to EPDCCH and PDSCH. A remaining issue is to decide whether to provide quasi co-location of CSI-RS and CRS indication to a UE. In this contribution we provide some results on the time and frequency tracking performance based on CSI-RS only in order to motivate the need for such signaling.
Agreement (from RAN1#70): 

· A UE is expected to receive CSI-RS resources in the CoMP resource management set within a window of [-3;+3]us relative to reference timing

· The reference timing is the PSS/SSS/CRS timing of the serving cell

Agreement (from RAN1#70b):

· Inform RAN2 that RAN1 is also discussing whether additional RRC signaling might be needed in TM10 to control the quasi-co-location behavior; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

· Focus RAN1 study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset.
2 Time tracking using CSI-RS and CSI-RS plus DMRS
It has been agreed that in TM10, a Rel-11 UE may not assume that CRS, CSI-RS, and PDSCH DMRS are quasi co-located. However, quasi co-location between DMRS and a particular CSI-RS resource may be assumed by a UE if indicated by physical layer signalling. The main idea is to obtain the timing information for DMRS from an associated CSI-RS. It has been shown in [1] that if timing offset is not compensated, demodulation performance can be severely degraded.      

Therefore the key outstanding issue is to verify the quality of time tracking using CSI-RS.

It has also been agreed that a UE is expected to receive CSI-RS resources within a time window of [-3,+3]us with respect to the reference timing where reference timing is derived from PSS/SSS/CRS of the serving cell. Here it is worthwhile to note that since in Behavior B a UE shall not assume CRS and PDSCH DMRS to be quasi co-located, CRS cannot be used to derive timing for PDSCH DMRS for the serving cell. Therefore the UE is dependent on only CSI-RS for (fine) time tracking in Behavior B for purposes of demodulation.  

It has been argued that PDSCH DMRS, in conjunction with CSI-RS, can be used for resolving ambiguities for timing and frequency synchronization. The performance of such an approach, when feasible, is shown in the following. Apart from performance, this is not a robust solution considering the time-varying nature of the received timing and frequency at the UE. The degraded performance of EPDCCH due to improper timing and frequency synchronization is also a concern.

It has also been pointed out that the SINR on neighboring cell CRS could be relatively worse than the serving cell CRS for the purposes of time and frequency tracking. While, in general, this may be true, we believe that a significant fraction of UEs will experience SINR sufficient to realize the benefits from CRS based tracking. It is expected that the fraction of UEs with very low SINR on neighbor-cell CRS will not be configured with CRS association.  
In the following we show the timing error achieved by two time tracking algorithms (operating on the symbols in the frequency domain), the first using CSI-RS only and the second using CSI-RS and DMRS for a variety of channels with different delay spreads. A power delay profile found on the CSI-RS averaged over 50 msec (10 instances of CSI-RS) is used for detecting the first ray of the channel. Note that a pilot density of 1 RE/PRB of the CSI-RS in the frequency-domain enables detection of timing offsets of up to 5.55 us (e.g. [-2.78,+2.78], [0,+5.55], [-5.55,0]) when using CSI-RS only, but that [-5.55,+5.55] usec can be determined when using CSI-RS and DMRS jointly. We also show the CSI-RS channel estimation error with and without timing compensation corresponding to the different cases of time tracking. The channel estimation is IFFT based with Bayesian smoothing (see Section II of [4]).
ITU UMa LOS channel (0.093 us RMS delay spread): Figure 1 and Figure 3 correspond to a scenario with    SNR= -5dB and a timing offset = -1us in the case of using CSI-RS only to determine the timing error.  Figure 2 and Figure 4 show results for the same scenario when CSI-RS and DMRS are both used to determine the timing error. It may be observed that when only using CSI-RS timing offset estimation is very good and the channel estimation is improved significantly with compensation, but at these low SNRs, the addition of DMRS actually hurts timing estimation (the timing offset estimate is wrong over 13% of the time due to DMRS selecting the wrong timing estimation range from the CSI-RS). In Appendix 1, Figure 9 and Figure 11 refer to a scenario when only using CSI-RS with the same channel but with -3us timing offset and an SNR of 10 dB. Note that time tracking breaks down outside the range of [-2.78,+2.78] even at this high SNR. However when CSI-RS plus DMRS is used in the same scenario (i.e., at high SNR) the timing estimation is very good as shown in Figure 10 and Figure 12. So note that DMRS in addition to CSI-RS only appears to help timing offset estimation at the higher SNRs.
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Figure 1: CDF of timing error when using CSI-RS only
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Figure 2: CDF of timing error when using CSI-RS plus DMRS
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Figure 3: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS only
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Figure 4: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS plus DMRS
ITU UMa NLOS channel (0.363 us RMS delay spread): Figure 5 and Figure 6 correspond to a scenario with SNR=-5dB and a timing offset = -1us. It may be observed that timing offset estimation is fairly good with CSI-RS only and the channel estimation is improved significantly with compensation. 
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Figure 5: CDF of timing error when using CSI-RS only
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Figure 6: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS only

SCME UMa NLOS channel (0.65 us RMS delay spread): Figure 7 and Figure 8 correspond to a scenario with SNR=-5dB and a timing offset = -1us. It may be observed that in this high delay spread channel, the timing offset estimation results in significant timing errors for some channel realizations. Figure 13 and Figure 14 in the Appendix show that even at a SNR of 10dB and using both CSI-RS and DMRS a small fraction of cases remain with significant timing errors. At an increased timing offset of -2us at an SNR of 10dB, Figure 15 and Figure 16 show that time tracking fails for approximately 2.5% of the channels. Figure 17 and Figure 19 show that time tracking can fail for up to 12% of the TU channels at -5dB SNR when using just CSI-RS and because of the low SNR adding DMRS does not improve the results but instead degrade them increasing the failure rate up to 19% (see Figure 18 and Figure 20). 
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Figure 7: CDF of timing error when using CSI-RS only
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Figure 8: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS only

From the discussion of results we observe the following-

Time tracking using CSI-RS only is robust in channels with small delay spread (e.g. LOS channel) unless the timing offset is out of range of the estimator

· Up to +/- 5.55 us can be estimated if UE assumes all offsets are either positive or negative (i.e., from 0 to +5.55 us or from -5.55 to 0 us)

· Up to +/- 2.78 us can be estimated if the UE has to estimate both positive and negative offsets (i.e., from -2.78us to +2.78 us) 

Time tracking using CSI-RS plus DMRS enables tracking timing offsets of -5.55 usec to +5.55 usec but only at higher SNRs. At SNRs less than zero DMRS may actually degrade timing offset estimation.

Time tracking performance degrades as channel delay spread increases (e.g., from LOS ITU-UMa to non-LOS ITU UMa to non-LOS SCME UMa)

An incorrect timing estimate can severely degrade channel estimation and consequently demodulation performance.

3 Frequency tracking using CSI-RS

During Rel-11 NCT discussions, it was shown that frequency tracking error based on a combination of CSI-RS and synchronization signals is not satisfactory [2]. If relying only on CSI-RS, the tracking performance will be limited due to the unavailability of synchronization signals. 
RAN4 requirement [3] specifies oscillator accuracy within +/-0.05ppm for wide-area BS class and within +/- 0.1ppm for local-area BS class. Considering CoMP clusters comprising of pico eNBs or a mix of macro and pico eNBs, the frequency offset appearing at a UE could be in the range of 300-400Hz in a 2GHz carrier. Adding Doppler shift could easily lead to a 500Hz frequency offset. This is the initial frequency uncertainty that needs to be tracked by CSI-RS.A poor frequency tracking will degrade channel estimation performance, as well as demodulation performance.
Based on our earlier contribution CITE we observe that:

· Low mobility UEs could tolerate more frequency offset compared to high mobility UEs. 
· Greater than 200Hz offset starts to show degradation at 3kmph and gets worse at 100kmph.
4 Conclusion
Proposal: CSI-RS cannot guarantee satisfactory performance of time-tracking nor frequency-tracking in all channel conditions. Therefore we propose indication of quasi co-location between a particular CSI-RS resource and a CRS.
Time tracking using CSI-RS plus DMRS enables tracking timing offsets of -5.55 usec to +5.55 usec but only at higher SNRs. At SNRs less than zero DMRS may actually degrade timing offset estimation.

Time tracking performance degrades as channel delay spread increases (e.g., from LOS ITU-UMa to non-LOS ITU UMa to non-LOS SCME UMa)
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Appendix1 Time tracking simulation assumption
Table 1: Simulation assumptions for time tracking
	Parameter
	Value

	Bandwidth
	10 MHz

	Carrier frequency
	2GHz

	Antenna configuration
	4x2 XP

	DMRS allocation
	2 PRBs


ITU UMa LOS channel (0.093 us RMS delay spread): SNR=10dB, Timing offset=-3us. Timing offset estimation fails almost all of the time when only using CSI-RS, but is good all of the time when using CSI-RS plus DMRS.
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Figure 9: CDF of timing error when using CSI-RS only
[image: image10.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing error (



sec)

Probability timing error<abscissa


Figure 10: CDF of timing error when using CSI-RS plus DMRS
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Figure 11: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS
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Figure 12: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS plus DMRS

SCME UMa NLOS channel (0.65 us RMS delay spread): SNR=10dB, Timing offset=-1us. Timing offset estimation fails around 2.5% of the time.
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Figure 13: CDF of timing error when using CSI-RS and DMRS
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Figure 14: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS and DMRS
SCME UMa NLOS channel (0.65 us RMS delay spread): SNR=10dB, Timing offset=-2us. Timing offset estimation fails around 2.5% of the time.
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Figure 15: CDF of timing error when using CSI-RS and DMRS
[image: image16.emf]-1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Channel estimation error (log scale)

Probability CE error<abscissa

 

 

No timing correction

Timing correction


Figure 16: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS and DMRS
GSM TU channel: SNR=-5 dB, Timing offset=+2us. Timing offset estimation fails around 12% of the time.
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Figure 17: CDF of timing error when using CSI-RS only
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Figure 18: CDF of timing error when using CSI-RS and DMRS
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Figure 19: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS only
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Figure 20: CDF of channel estimation error as normalized MSE (in dB) when using CSI-RS and DMRS
