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1 Introduction

RAN2 sent LS [1] to RAN4 requesting further elaboration of SINR feasibility and usefulness as a measurement.  In the last meeting RAN4#76, RAN4 sent reply LS [2] to RAN2 stating the following:
· RAN4 began discussions in RAN4#76 and will continue to investigate the measurement. In view of the limited time to complete the work, RAN4 recommends that RAN2 should study the necessary signaling changes to introduce SINR measurement in parallel with the ongoing work in RAN4 and provides the following preliminary responses. It should be noted that as the measurement has only been discussed for one meeting and the exact definition of SINR is an ongoing topic of discussion
Also at RAN4#76, RAN4 has reached an agreement in the way forward [3] on RS-SINR measurement to agree on the SINR definition next meeting and send LS to RAN1 and RAN2.

In this contribution, the RS-SINR measurement definition for load balancing is discussed.
2 Discussion

2.1 RS-SINR definition for simulation purpose
Limitations of the current measurement quantity for multicarrier load ditribution have been discussed in RAN2 in [1]. RSRQ is usually used as a measurement quantity for inter-frequency handover. In general, RSRQ is an adequate metric for mobility oriented handover to find out the poor service quality on the serving cell. This is because the characteristic of the low RSRQ value can imply that low throughput exists. Nevertheless, inter-frequency handover or release with redirection for the load balancing purpose, RSRQ together with the cell load can be used for the eNodeB to determine the best cell observing the high radio quality and the low load. However, simulation results have shown that the high RSRQ value does not always result in achieving the high throughput. This means that the eNode B cannot expect the achievable throughput on the target cell from the RSRQ value.
To address the potential issue, SINR measured on CRS (RS-SINR) can be considered for the eNodeB to estimate the achievable throughput on the target cells. Conversely, RS-SINR cannot take into account the noise and the interference observed other than cell specific reference signals (CRS). As a result, RS-SINR reporting together with RSRQ could be used to address the potential issue and facilitate to maximise the per-user throughput.
RAN4 has begun discussions on the RS-SINR definition. In the way forward [3] on RS-SINR measurement the following has been taken as the assumption:

· RSRP and interference part of SINR is measured only on CRS REs of the target cell.

· Interference estimation of SINR is not compensated for different UE receiver types.

The RS-SINR measurement definition used for simulation purpose in [4] is provided below.
	RS-SINR definition used for simulation purpose
RS-SINR is defined as the linear average over the power contribution (in W) of the resource elements carrying CRS divided by the linear average of the noise and interference power contribution (in W) of the resource elements carrying CRS within the considered measurement frequency bandwidth. 

For RS-SINR determination, the cell-specific reference signals R0 according TS 36.211 shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RS-SINR.

 

The reference point for the RS-SINR shall be the antenna connector of the UE.

 

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RS-SINR of any of the individual diversity branches.



The system level simulation assumptions in Table 1 were provided in [5] as such:
Table 1: System simulation setup and parameters for RS-SINR evaluation

	Parameters
	Value
	Comments

	Cell layout
	9 cells
	3 sites; 3 cells per site

	Inter-site distance (ISD)
	500 m
	

	Number of carrier frequencies
	1
	Intra-frequency scenario

	Carrier frequency
	2.0 GHz
	

	User speed
	3 km/hour
	

	Measurement bandwidth
	6 RBs
	

	System bandwidth of cells
	50 RBs
	

	Synchronization level
	Synchronized cells
	Perfectly synchronized

	PDSCH transmission probability: 3 cases
	25%
	In each cell

	
	50%
	In each cell

	
	75%
	In each cell

	Control channel space
	3 OFDM symbols
	PCFICH/PDCCH/PHICH

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	5 snaps shots over 200 ms
	One snap shot = 2 ms long every 40 ms.

	L3 filtering co-efficient (k)
	OFF
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX
	OFF
	

	Propagation conditions
	TU
	Case 1 in 3GPP TR 36.814

	RSRQ definition
	RSSI based on CRS symbols
	RSSI is measured as in release 8

	RS-SINR definition
	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
	


The parameters selected are based on earlier evaluations performed in RAN4 for WB-RSRQ measurement as well as the SINR measurement definition used for simulation purpose. RSRQ is used as a baseline quality measurement to study the differences and potential advantages of RS-SINR.

2.2 RS-SINR definition analysis
In this paper, we provide an analysis of the proposed RS-SINR definitions. To begin the discussion, we first present the proposed definition of the RS-SINR in [6].
CRS-SINR =RSRP/(CRSRERP-RSRP)
Where:
· Cell specific Reference Signal Signal to Noise and interferer Ratio (CRS-SINR) is defined as the ratio RSRP/(CRSRERP-RSRP). The measurements in RSRP and CRSERP shall be made over the same resource elements.

· CRSRERP is the average resource element power received at the antenna connector in 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 and CRSRERP are measured only from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes.

· The reference point for the CRS-SINR shall be the antenna connector of the UE.

· If receiver diversity is in use by the UE, the value of RSRP shall not be lower than the corresponding RSRP of any of the individual diversity branches and CRSRERP shall be measured on the same antenna branch as RSRP.

Secondly, we present the proposed definition of the RS-SINR in [7].
RS-SINR=RSRP/(RSRERP-RSRP)
Where:
· RS-SINR is defined as the linear average over the power contribution (in W) of the resource elements carrying CRS divided by the linear average of the noise and interference power contribution (in W) of the resource elements carrying CRS within the considered measurement frequency bandwidth. 

· For RS-SINR determination, the cell-specific reference signals R0 according TS 36.211 shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RS-SINR.

· The reference point for the RS-SINR shall be the antenna connector of the UE.

· If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RS-SINR of any of the individual diversity branches.
Lastly, we present the proposed definition of the RS-SINR in [3].
CRS-SINR = RSRP/([CRS-RSSI] - RSRP)

Where:
· Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.
· E-UTRA CRS Carrier Received Signal Strength Indicator (CRS-RSSI), comprises the linear average of the total received power (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

· RSRP and CRS-RSSI are measured only from REs containing reference symbols for antenna port 0 of measurement subframes.

· The reference point for the CRS-SINR shall be the antenna connector of the UE.

· If receiver diversity is in use by the UE, the reported value of CRS-SINR shall not be lower than the corresponding CRS-SINR of any of the individual diversity branches.
To begin the analysis, we like to first present our understanding on definition of the RS-SINR:
· RS-SINR definition refers to the cell specific reference signals (CRS), which cannot take into account the noise and the interference observed other than CRS;
· RS-SINR definition refers to ratio of the CRS power over the power of interference plus noise on the CRS REs of the target cell to be measured and not other REs;

· Linear averaged CRS power and also linear averaged interference plus noise over all CRS CEs within the measured bandwidth will be used for the definition of the RS-SINR (e.g. the total CRS power and total interference plus noise power on CRS REs could possibly be used for the definition of the RS-SINR). 
In our analysis, we think all the proposals tries to take into account our understanding on definition of the RS-SINR. All the three proposals provide some good aspects for the definition of the RS-SINR. However, we think convergence of all the proposals could provide a good definition of the RS-SINR. 
Proposal 1:
The RS-SINR definition should be determined based on:
1. RS-SINR definition refers to the cell specific reference signals (CRS), which cannot take into account the noise and the interference observed other than CRS;

2. RS-SINR definition refers to ratio of the CRS power over the power of interference plus noise on the CRS REs of the target cell to be measured and not other REs;

3. Linear averaged CRS power and also linear averaged interference plus noise over all CRS CEs within the measured bandwidth will be used for the definition of the RS-SINR (e.g. the total CRS power and total interference plus noise power on CRS REs could possibly be used for the definition of the RS-SINR).
2.3 RS-SINR definition proposal
In this section we provide our proposal on the definition of the RS Signal to Noise and interferer Ratio (RS-SINR) as such:
	Definition 

	Reference Signal Signal to Noise and interferer Ratio (RS-SINR) is defined as the ratio RSRP/([CRS-RSRP]-RSRP).
The reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell specific reference signals (CRS) within the considered measurement frequency bandwidth.

CRS reference signal received power (CRS-RSRP), is defined as the linear average of the total received power, noise and interference power contributions (in [W]) of the resource elements that carry CRS within the considered measurement frequency bandwidth.

For RS-SINR determination the cell-specific reference signals R0 according to TS 36.211 [3] shall be used. 
The reference point for the RS-SINR shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value of RS-SINR shall not be lower than the corresponding RS-SINR of any of the individual diversity branches.



	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Proposal 2:
RAN4 adopts the RS-SINR definition proposal provided in this contribution.
3 Conclusion 

This contribution discusses the RS-SINR measurement definition for load balancing. It also includes the following proposals:
Proposal 1:
The RS-SINR definition should be determined based on:

1. RS-SINR definition refers to the cell specific reference signals (CRS), which cannot take into account the noise and the interference observed other than CRS;

2. RS-SINR definition refers to ratio of the CRS power over the power of interference plus noise on the CRS REs of the target cell to be measured and not other REs;

3. Linear averaged CRS power and also linear averaged interference plus noise over all CRS CEs within the measured bandwidth will be used for the definition of the RS-SINR (e.g. the total CRS power and total interference plus noise power on CRS REs could possibly be used for the definition of the RS-SINR).
Proposal 2:
RAN4 adopts the RS-SINR definition proposal provided in this contribution.
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