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1
Introduction
In previous RAN4 meetings some problems with the current RRM measurement model that only uses the center 6 RBs were discussed and mandating wideband RSRQ measurements is debated. In this paper we analyze some practical issues regarding RSRQ computation and implementation and propose some changes to the current RSRQ definition to align it with the definition used for Rel.10 eICIC.  
2
Discussion
Some issues regarding the RSRQ definition and implementation have already been discussed in [1]. In this paper we further elaborate on the problems and solutions discussed in [1].

Mandating wideband RSRQ measurements is currently debated in RAN4 and one of the major concerns is the increased implementation complexity when the measurement BW is larger than the current 6RBs. The proposals we make in this paper could potentially reduce the implementation complexity for the case of wideband measurements. 

First we would like to point out that RSRP, which is part of the RSRQ computation [2], is constant in frequency (if we do not account for frequency selective fading that can be averaged) and, hence, it could be measured in any subband of the channel bandwidth. RSSI, however, is strongly dependent on the subband where the measurements are taken, and this variation actually triggered the entire discussion on the measurement bandwidth.  We would also like to point that the current RSRQ definition requires that RSRP and RSSI are measured over the same set of RBs, even though, as state above this is not totally necessary if the accuracy requirements are met.
We further note that the discussion so far has been around RSRQ wideband measurements, however, this could be reduced to just having wideband RSSI measurements. 

Another aspect of the RSSI measurements is the OFDM symbol where the measurements are taken. In Rel.10 eICIC the RSSI measurement definition was changed from measurements on the OFDM symbols that contain CRS to measurements on the entire subframe. We believe this new definition is more suitable and reflects better the conditions on the carrier, hence, the RSRQ definition used for eICIC should be generalized to all cases at least for intra-frequency measurements. It should also be noted that changing this definition could have some implementation benefits as there would not be any need to perform FFTs synchronized to the neighbor cells to compute RSSI in asynchronous systems. Rel. 10 UEs already implement this type of measurement for eICIC so there would be no added complexity if this definition is adopted. Actually, the UEs would need to implement only 1 measurement method so the complexity would be reduced. Furthermore, the eNBs also already have to handle these 2 types of measurements so this change could potentially simplify how the eNB handles measurement reports. 
Changing the RSRQ definition to have the RSSI computed over the entire subframe and allowing the RSRP and RSSI to be computed over different RBs at least in the intra-frequency case could reduce the implementation complexity as follows. The RSRP could be computed only on a narrower bandwidth (e.g. 6 RBs) and the same RSSI value could be used for all cells on that frequency. As long as the accuracy requirements are met this change will not have any impact on mobility.
Proposal 1: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 2: Allow RSRP and RSRQ to be measured over different set of RBs within the channel bandwidth.
The proposed changes are presented in the Annex.
3 
Conclusions

In this paper we briefly summarized some issues related to the wideband RSRQ measurements and made some proposals that could simplify the implementation, align the RSRQ definition with the one used in Rel.10 eICIC and provide more consistent measurement results.

The proposals are as follows:

Proposal 1: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 2: Allow RSRP and RSRQ to be measured over different set of RBs within the channel bandwidth.
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Annex A

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. 
E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed over all OFDM symbols in the subframe , 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. 
The reference point for the RSRQ 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 RSRQ 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
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