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1 Introduction
RAN2 has discussed a possible new UE measurement, RS-SINR and sent a liaison statement to RAN4 in [1]. Essentially, there are 4 main questions which were asked by RAN2

Therefore, RAN2 would like to ask RAN4 to evaluate for the above use case, taking into account complexity and battery consumption 
· Whether it is feasible for the UE to perform inter-frequency SINR measurements

· Whether it is feasible for the UE to perform serving cell SINR measurements 

· Whether the SINR measurements can be performed accurately to be useful to predict the achievable user throughput in the neighbour cells 
· Whether the accuracy or usability is impacted by the fact that the SINR measurements may be performed over narrowband (e.g. if UE is not capable of WB RSRQ) 

In this contribution we provide link level results for RS-SINR to address some of these questions as well as to assist in the definition of RS-SINR accuracy in RAN4 in the event that the measurement is standardised.
2 Discussion

2.1  Simulation assumptions
Main simulation assumptions are as shown in table 1

	Parameter
	Value

	RS-SINR definiton
	SINRest=RSRP/(RSRERP-RSRP) where RSRERP corresponds to the part of  RSSI, measured on resource elements in the time and frequency domain where cell specific reference symbols are transmitted on the target cell and RSRP is the RSRP of the target cell
RSRP follows 3GPP definition

	TX antenna ports
	Only TX port 0 is used

	RX antenna ports
	2

	Measurement bandwidth
	6 RB

	Measurement period
	200ms with 5 measurement snapshots in measurement period

	L3 filter
	Off

	Coherent averaging 
	(FxT): 2x4, 4x4, 3x4, 12x4

	Metrics evaluated
	5th and 95th percentiles for SINR estimates


	Propagation conditions
	Static, EVA 1Hz, EPA 1Hz, ETU 30, ETU70


2.2  Fully loaded interferer

In the initial results, RS-SINR accuracy is invesgigated using an interferer with 100% load. Different propogation conditions and coherent averaging schemes are investigated. Results are shown for different propagation conditions in figures 1-5
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Figure 1 : Static propagation conditions
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Figure 2 : EVA1 propagation conditions
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Figure 3 : EPA1 propagation conditions
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Figure 4 : ETU30 propagation conditions
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Figure 5 : ETU70 propagation conditions

In static propagation conditions, it can be observed that at low SNR the estimated RS-SINR is positively biased, ie the UE has an over optimistic estimate of the SINR. This can be explained since it is well known that RSRP is positively biased at low SNR, due to the contribution of the noise to the estimated reference signal power. Since RS-RSRP is estimated according to RS SINRest=RSRP/(RSRERP-RSRP), the numerator of the SINR estimate is over estimated, and the denominator is under estimated. This leads to the observed over-estimation of RSRP.

Coherrent averaging is an effective technique to improve the accuracy of estimated RSRP, and as can be seen from figure 1, the accuracy at low SNR improves as increased coherent averaging in the frequency domain is applied. However, excessive coherent averaging causes problems for time dispersive channels as can be seen, for example, in the results for EVA-1Hz.

Observation 1 (Fully loaded interferer results) : RS-SINR is positively biased at low SNR
Observation 2 (Fully loaded interferer results) : Coherent averaging can address the positive bias in static conditions

Observation 3 (Fully loaded interferer results) : Excessive coherent averaging can lead to inaccurate RS-SINR in fading conditions with time dispersive channels

Observation 4 (Fully loaded interferer results) : Overall, estimated RS-SINR is useful to indicate that the measured cell has low SNR.

2.3 Empty interferer

In fully loaded interference conditions, RSRQ would also give a reasonable indication of measured cell quality especially at low SNR where the contribution from the measured cell to the RSSI is small. Therefore, we think it is important also to evaluate RS-SINR measurement in other scenarios, to verify that it can provide benefit over RSRQ. In this section, we focus studies on static propagation conditions, and the interferer is empty except for CRS, PSS, SSS and P-BCH transmission. The SIR is fixed at 0dB (ie the CRS power is the same for the measured and interferering cell), and SNR is swept between -10dB and +20dB. In this case, the assumed timing relationship between the measured and interfering cell will have a significant impact on the estimated RS-SINR, and also whether the CRS from the interfering cell collides with the CRS from the measured cell. We evaluated 4 different scenarios
· Case 1 : TANC – Time-aligned interferer, no collision between CRSs (PCI+1) but collision with PBCH
· Case 2 : TAMC – Time-aligned interferer, maximum collision between CRSs (PCI+6), and collision with PBCH
· Case 3 : PC50 – Partially colliding CRS (PCI+3) and collision with PBCH. Interferer is shifted 4 OFDM symbols.
· Case 4 : PCHSFC – Partially colliding (PCI+6), half-symbol full collision. Interferer is shifted ½ OFDM symbol.
It should be emphasised that even for an asynchronous network where timing drifts between neighbouring cells, there will be periods of time when the interferer happens to be time aligned with the measured cell, so the time aligned interferer results are not only relevant for synchronous networks. To simplify the discussion, we focus on results for 2x4 coherent averaging however results for other averaging schemes are provided in annex A
Case 1 : TANC – Time-aligned interferer, no collision between CRSs (PCI+1) but collision with PBCH
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Figure 6a : Measured SINR for time-aligned interferer, no collision between CRSs (PCI+1) but collision with PBCH
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Figure 6b : Comparison with RSRQ for time-aligned interferer, no collision between CRSs (PCI+1) but collision with PBCH


Figure 6 illustrates one of the potential issues with RS-SINR measurement. Even though the measured cell is significantly interfered (the SIR ratio is fixed at 0dB in these simulations), the RS-SINR measurement does not capture the interference because there is no CRS collision, and the measured and interfering cells are time aligned. Neverthless, PDSCH transmissions to the UE will be subject to interference from the interfering cell. As can be seen in figure 6a, the RS-SINR overestimates the ideal SINR (for interfered resource elements) and does not limit to 0dB as the noise level becomes small and the scenario is interference dominated. The UE is estimating RS-SINR as expected, but the issue is that RS-SINR is not necessarily the same as PDSCH SINR, at least on the resource elements where there is a collision. Ultimately at very high SNR, the PBCH of the interferer limits the measured SINR, but as this is only transmitted every 40ms the impact is quite minor. At low SNR, the RS-SINR of the measured cell is also over-estimated for the same reason as was seen in the results for fully loaded interferer, ie RSRP becoming positively biased.
In figure 6b, estimated RS-SINR and estimated RSRQ for different SNR are shown. In this case, the RSRQ curve flattens at high SNR, since RSSI is measured across all frequencies and captures the (non colliding) CRS from the interferer.
Case 2 : TAMC – Time-aligned interferer, maximum collision between CRSs (PCI+6), and collision with PBCH
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Figure 7a : Measured RS-SINR for time-aligned interferer, maximum collision between CRSs (PCI+6), and collision with PBCH
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Figure 7b : Comparison with RSRQ for time-aligned interferer, maximum collision between CRSs (PCI+6), and collision with PBCH


In this case PCI are fully colliding, so the RS-SINR estimate fully captures the interference from the interfering cell.

Case 3 : PC50 – Partially colliding CRS (PCI+3) and collision with PBCH. Interferer is shifted 4 OFDM symbols.
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Figure 8a : Measured RS-SINR for partially colliding CRS (PCI+3) and collision with PBCH. Interferer is shifted 4 OFDM symbols
	[image: image26.emf]-10 -5 0 5 10 15 20

-20

-15

-10

-5

0

5

Static-1_PC50_sir_0 2x4 2Rx


Figure 8b : Comparison with RSRQ for partially colliding CRS (PCI+3) and collision with PBCH. Interferer is shifted 4 OFDM symbols


Case 4 : PCHSFC – Partially colliding (PCI+6), half-symbol full collision. Interferer is shifted ½ OFDM symbol.
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Figure 9a : Measured RS-SINR for PCHSFC – Partially colliding (PCI+6), half-symbol full collision. Interferer is shifted ½ OFDM symbol.
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Figure 9b : Comparison with RSRQ for PCHSFC – Partially colliding (PCI+6), half-symbol full collision. Interferer is shifted ½ OFDM symbol.


Based on results from case 1 to 4, we conclude that a low RS-SINR is very likely to be indicative of a poor quality cell, but the converse may not be true; a better RS-SINR may occur in an interference limited scenario if interference occurs at other times than the times when RS-RSRP has been measured. This may occur, for example, in a planned network where PCI collisions are typically minimised either if the network is synchronous, or if timing drift leads to the scenario where CRS are overlapping.
For this reason, our view is that RS-SINR and RSRQ are complimentary measurements and the best strategy for detecting radio problems is to use both measurements together, with either a low RSRQ or a low RS-SINR being indicative of potential issues. One key benefit of RS-SINR is that it is not affected by measured cell load since it is only measured in time and frequency domain when the measured cell is transmitting CRS. On the other hand it may not fully capture interference which could affect the possibility to decode PDSCH from the measured cell.
Observation 5 : (Empty interferer) RSRQ and RS-SINR should be regarded as complimentary measurements. RS-SINR is not affected by measured cell load, but may not always capture relevant interference.

Since existing UE implementations already support RSRQ measurement, it is expected that UEs should naturally continue to be capable of measuring RSRQ, and if it is agreed to introduce RS-SINR this would be a further measurement quantity which could be configured eg for triggering measurement events. Since it is already possible to report RSRP as an additional quantity in a measurement report triggered by a condition based on RSRQ, it should also be possible to report RS-SINR in meaurements events triggered by RSRQ, and vice versa to report RSRQ in measurement events triggered by RS-SINR. In this way networks can gain a more complete picture of the conditions being experienced by a certain UE and improve handover decisions. To support this, if RS-SINR is specified, RAN4 may wish to consider increasing the number of events which can be evaluated in parallel to ensure that UEs have sufficient capability to trigger events based on RS-SINR and RSRQ in parallel.

2.4 Impact of measured cell load 

In this section we evaluated an  empty measured cell and a full load measured cell. In both cases, the interfering cell had full load with the same symbol, power as the serving cell, and noise was additionally simulated. Results are shown in figure 10a and 10b
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Figure 10a: Empty measured cell, fully load interferer
	
[image: image30]
Figure 10b: Full load measured cell, fully load interferer


This illustrates in simulation and using practical estimates of RSRP and RSRERP one of the key benefits of RS-SINR over RSRQ; the measurement result is independent of measured cell load, since RSRP is subtracted from the denominator of the measurement.
Observation 6 : RS-SINR is independent of measured cell load.
3 Conclusions
In this contribution we provide preliminary link level simulation results for RS-SINR. Based on the results we have observed:
Observation 1 (Fully loaded interferer results) : RS-SINR is positively biased at low SNR

Observation 2 (Fully loaded interferer results) : Coherent averaging can reduce the positive bias in static conditions

Observation 3 (Fully loaded interferer results) : Excessive coherent averaging can lead to inaccurate RS-SINR in fading conditions with time dispersive channels

Observation 4 (Fully loaded interferer results) : Overall, estimated RS-SINR is useful to indicate that the measured cell has low SNR.

Observation 5 : (Empty interferer results) :  RSRQ and RS-SINR should be regarded as complimentary measurements. RS-SINR is not affected by measured cell load, but may not always capture relevant interference.

Observation 6 : RS-SINR is independent of measured cell load.
It is also anticipated that the results may be useful in defining RS-SINR accuracy requirements and test cases in a future phase of the work, assuming that a decision is made to introduce RS-SINR measurement in release 13.
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5 Annex A : Results for empty interferer with different averaging schemes
· Case 1 : TANC – Time-aligned interferer, no collision between CRSs (PCI+1) but collision with PBCH
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· Case 2 : TAMC – Time-aligned interferer, maximum collision between CRSs (PCI+6), and collision with PBCH
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· Case 3 : PC50 – Partially colliding CRS (PCI+3) and collision with PBCH. Interferer is shifted 4 OFDM symbols.
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· Case 4 : PCHSFC – Partially colliding (PCI+6), half-symbol full collision. Interferer is shifted ½ OFDM symbol.
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