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1. Introduction
In RAN1#68, measurements for COMP measurement set management were discussed, and a working assumption and action was given to RAN4 by liaison statement [1]:

[image: image1]
To address the RAN1 question about measurement accuracy and timing estimation, we have performed link level simulations of CSI-RS based RSRP and compared the measurement accuracy to that of CRS based RSRP. We also evaluate timing estimation error and acquisition range for a possible implementation of CSI-RS based timing estimation.
2. Discussion
First we consider achievable RSRP measurement accuracy with CSI-RS, then consider a timing estimation algorithm. Our understanding is that CSI-RS RSRP is mainly needed for COMP scenario 4, where different COMP transmission points use the same physical cell ID, since CRS based measurements should be sufficient for COMP measurement set management in other scenarios where different PCIs are used. RAN1 considers the following COMP scenarios, which are described in more detail in [2]
· Scenario 1: Homogeneous network with intra-site CoMP, as illustrated in Figure A.1-1
· Scenario 2: Homogeneous network with high Tx power RRHs, as illustrated in Figure A.1-2
· Scenario 3: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have different cell IDs as the macro cell as illustrated in Figure A.1-3.
· Scenario 4: Heterogeneous network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell as illustrated in Figure A.1-4.

There are also various COMP sets described in 36.819, and the COMP set which RAN1 has a working agreement allow to be maintained using CSI-RS measurements is the 

-
CoMP measurement set: set of points about which channel state/statistical information related to their link to the UE is measured and/or reported as discussed in clause 5.2.2

•
The UE reports may down-select points for which actual feedback information is transmitted

•
How to measure interference needs to be considered.

a. RSRP accuracy

RSRP measurement absolute accuracy was evaluated in link level simulations. Naturally, RF impairments are not considered in the semi-ideal simulations but we expect that RF impact should be largely independent of whether CSI-RS or CRS is being used to make the measurement, since only the baseband processing of the signal is changed and RF impariments such as gain setting uncertainty are unchanged. For management of the COMP measurement set, relative accuracy would be important since COMP processing is feasible for cells within a certain window. However, the difference between absolute and relative measurements is more relevant when considering RF impairments, when the gain uncertainties may cancel to an extent for relative measurements. Considering simulations of baseband measurements, relative measurements can be considered as the difference between two independent absolute measurement experiments, and as such if two measurements have a similar absolute accuracy then their relative accuracy can also be considered to be similar.
Detailed simulation assumptions are given in table 1

	Propagation conditions
	AWGN, EPA 5Hz and ETU 70Hz

	Îor/Ioc
	-10 dB, -6dB, -3dB, 0dB

	Measurement Bandwidth
	1.08 MHz, 6 RBs

	Number of Tx Antennas
	1

	Number of Rx Antennas
	2

	Antenna Correlation
	Independent Fading

	Measurement Period
	200 ms (non DRX) and 1600ms (DRX)

	Number of Samples per Measurement Period
	5, equally spaced (ie every40ms and 320ms)

	Averaging in the Time Domain
	 Coherent over 1 subframe per sample

Non-coherent between samples

	
	

	L3 filtering
	None

	DRX
	None and 320ms

	RX antenna measurement processing
	As per 36.214. Measurement sample with the largest linear power is picked from RX1 and RX2 RSRP estimates


Table 1 - Simulation Assumptions
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Figure 1 : RSRP accuracy results in AWGN propagation, non DRX
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Figure 2 : RSRP accuracy results in EPA5 propagation, non DRX
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Figure 3 : RSRP accuracy results in ETU70 propagation, non DRX
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 Figure 4 : RSRP accuracy results in AWGN propagation, DRX
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Figure 5 : RSRP accuracy results in EPA5 propagation, DRX
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Figure 6 : RSRP accuracy results in ETU70 propagation, DRX
Based on the results, it can be seen that accuracy for CSI-RS based on 1 RE estimation is degraded by up to 1dB in non DRX in AWGN case at low SNR, less so for measurements of target cells with higher geometry or in fading cases. For CSI-RS  RSRP based on 2 resource elements, the accuracy is comparable to CRS RSRP for all geometries and conditions studied.
b. Timing estimation

In this section, timing estimation accuracy (mean square error of the reported timing estimate) and capture range (range over which the UE is able to make a valid estimation of timing error) are evaluated. Timing error estimation algorithms are based on a practical implementation. 
A delay of [0, 2, 5 and 9] samples is introduced, and the mean timing error is evaluated for different cell geometries and measurement regimes. Figure 7, 8 and 9 show the mean timing error in AWGN, EPA5 and ETU70 respectively.
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Figure 7 : Timing estimation error results in AWGN propagation
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Figure 8 : Timing estimation error in EPA5 propagation
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Figure 9 : Timing estimation error in ETU70 propagation, non DRX

In AWGN conditions, provided the timing is within the range which can be handled by the estimation algorithm (ie the timing of the signal being estimated is close enough to the expected timing), CSI RS can offer a timing estimate close to, or even slightly better than CRS based timing estimation. In practice, RAN4 has defined requirements already for ECID positioning based on RX-TX time difference which require estimation of the serving cell timing from CRS. Hence, it could be expected that similar accuracy to this requirement could be achieved with CSI-RS.
With all CSI based schemes, the range of timing estimate which can be handled is less than half of the cyclic prefix, and beyond this, timing estimation becomes impossible. This is shown in figures 10, 11 and 12 for the different propagation conditions simulated
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Figure 10 : Range of timing estimate which may be handled by different timing estimation regimes (AWGN)
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Figure 11:  Range of timing estimate which may be handled by different timing estimation regimes (EPA5)
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Figure 12:  Range of timing estimate which may be handled by different timing estimation regimes (ETU70)
3. Conclusions

Based on the results in the contribution, CSI-RS RSRP based on CSI-RS with 1 RE will have a small accuracy degradation compared with CRS based estimation, especially for cells at lower geometry and in AWGN, where there can be greater than 1dB additional measurement inaccuracy. Considering relative accuracies, for two independent random variables, SD2(X±Y)=SD2(X)+SD2(Y), noting that we are considering baseband inaccuracies rather than RF impairments which may cancel (dependent random variables). Any consistent bias in the mean would cancel, but if the two target cells being compared have different SNR then the two measurement distributions will have different bias.  Hence the relative accuracy may be degraded somewhat (eg if CRS measurements of both cells had an standard deviation of 2dB, and the CSI-RS measurements have a standard deviation of 3dB, then the standard deviation of the combined distribution is ~3.6dB). Thus, achievable accuracies with CSI-RS using 1RE may not be able to offer the same level of performance as CRS based measurements. The performance of CSI-RS scheme using 2RE becomes comparable with CRS measurements accuracy.
Regarding timing estimation, the main aspect which needs to be considered is the range of timing over which the estimation scheme should work. We note that CRS timing is typically only reported to the network today for location purposes, however, CSI-RS can offer a similar possibility for timing estimation for COMP measurement set reporting. If there is concern over the range of timing which can be estimated, then it would be beneficial to increase the CSI density for example to 2 RE to allow increased delay to be processed, especially at low geometries. For DRX based timing estimation, an important aspect that there will be clock drift during the DRX off period. It may be beneficial to consider a CSI-RS configuration with 2 RE to ensure robust estimation over a wider range of delay for UE which are using DRX. 
It is anticipated that the results may be discussed along with other companies’ evaluations in RAN4 to consider an appropriate response to RAN1 on the achievable measurement and timing accuracy of CSI-RS based schemes.
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 1. Overall Description:


RAN1 would like to inform RAN2 and RAN4 that RAN1 agreed in RAN1#68 as a working assumption to support CSI-RS based received signal quality measurement (e.g. RSRP) and reporting, at least for the following purpose: CoMP measurement set management for CSI feedback (according to the definition in TR36.819).





This functionality is configurable by network.





Note that this decision does not have any impact on inter-cell mobility handling.





For the purpose of the CSI-RS based received signal quality measurement, the UE may assume the timing of the received CSI-RSs is the same as that derived from the PSS/SSS of the serving cell. Note that this does not imply anything about the assumed timing for other measurements. 








2. Actions:


To RAN WG2:


RAN1 respectfully requests RAN2 to take the above information into account in the future work for CoMP, e.g. specification of the measurement procedure.





To RAN WG4:


RAN1 respectfully requests RAN4 to inform RAN1 what timing and measurement accuracy is feasible for CSI-RS based received signal quality measurement.












