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1. Introduction and Background

RSRQ comprises of RSRP and RSSI. Regarding the RSRP part of the RSRQ with respect to receiver diversity it is stated in section 5.1.1 in TS 36.214 [1]:

If receiver diversity is in use by the UE, the reported value shall be equivalent to the linear average of the power values of all diversity branches.

However, no rule is defined for RSSI part of RSRQ with respect to the receiver diversity in section 5.1.2 in TS 36.214.  

In the last RAN4 meeting (RAN4#49) it was proposed by operators in [2] to at least align the RSRQ definition in terms of receiver diversity with the one used for CPICH measurements [3]. The proposal in [2] would imply the following for RSRQ (i.e. both RSROP and RSSI) with regard to the receiver diversity in TS 36.214:

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.
In the same RAN4 meeting (it was agreed in an ad hoc session [4] that RAN4 will investigate the impact of modifying the current definition of RSRQ with respect to receiver diversity on the RSRQ measurement requirements defined in TS 36.133 [5]. If the impact of the proposed changes to RSRQ definition on current accuracy requirements is not significant then necessary changes could be done in TS 36.214. 

In this paper we provide simulation results to evaluate the impact of modifying RSRQ definitions as discussed above.

2. Link simulation Assumptions and Modelling

In these simulations we have also considered the restriction use of downlink sub-frame for neighbour cell measurements due to MBSFN operating on a mixed carrier. This means for FDD only sub-frames: 0, 4, 5 and 9 and for TDD only sub-frames: 0, 1, 5 and 6 and symbols in DwPTS are usable for RSRQ measurements.  

The simulations are done for FDD. However the analysis and results are also applicable for TDD for which requirements are specified in TS 36.133 [5] i.e. 2 DL: 2 UL sub-frames per half frame. 

The simulation assumptions used for evaluation are listed in table 1. 

Table 1: Simulation parameters for RSRQ measurement accuracy results

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI are measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	Once every 40 ms
	2 ms snapshot every 40 ms

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	

	Propagation conditions
	AWGN, ETU and EPA
	

	Doppler Frequency: ETU and EPA
	70 Hz and 5 Hz
	

	Frequency band
	2.6 GHz
	

	Interference from other cells
	-70 dBm/15KHz
	AWGN


3. Simulation Results

The results are shown in terms of estimated RSRQ distribution compared with ideal RSRQ. The ideal RSRQ is the same as defined in [6]. The RSSI is measured over the same symbols which are used for measuring RSRP according to the latest definition of RSRQ [1]. 
The RSRQ results without any implementation margin are expressed in CDF form at different geometry values ranging between +3 dB to -8 dB. The results for AWGN, ETU70 and EPA5 are shown in figures 1, 2 and 3 respectively. 
An RSRQ snapshot, which comprises of RSRP and RSSI parts, is obtained from both receiver branches. The largest RSRQ snapshot from the two receiver branches is then used for averaging over L1 measured period (200 ms). 

We notice from the AWGN results in figure 1 that there is slight increase in the positive bias in RSRQ estimation. This is because maximum of the two receiver antennas in case of same signal power on each antenna also leads to the selection of snapshot incorporating largest noise. However the bias is small especially at lower geometry factors (up to -3dB) at which the accuracy is more stringent.

The positive bias is more pronounced in fading (figures 2 and 3). But since TS 36.133 measurement requirements are applicable in AWGN, therefore, we therefore believe the modification of RSRQ definition as suggested by operators would not affect the existing measurement requirements.    
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Figure 1: RSRQ results in AWGN for different geometry factors; RSRQ is based on maximum of the two receiver branches
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Figure 2: RSRQ results in ETU at 70 Hz for different geometry factors; RSRQ is based on maximum of the two receiver branches
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Figure 3: RSRQ results in EPA at 5 Hz for different geometry factors; RSRQ is based on maximum of the two receiver branches

4. Proposed Changes to RSRQ Definition

The proposed changes to RSRQ definition in TS 36.214 are shown below: 

5.1.3

Reference Signal Received Quality (RSRQ) 

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5. Summary

The RSRQ link simulation results based on maximum of the two receiver diversity branches are presented. The results show that the maximum function causes slight increase in the positive bias in RSRQ estimation in AWGN. However, the existing RSRQ measurement requirements, which are applicable in AWGN, can still be fulfilled. We therefore suggest LS is sent to RAN1 with the proposed changes in RSRQ definition with respect to receiver diversity as indicated in section 4.  
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