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1
Introduction

In RAN#60, the issue on RSRQ measurement bandwidth was raised [1]. It was pointed out that for certain deployment scenarios where different cells have different channel bandwidths, the interference from the neighboring cell with narrower bandwidth on the center RBs for RSRQ measurements of the wider bandwidth could be significantly smaller than that on other RBs, resulting in a situation that the measured RSRQ level mismatches the real RSRQ from the measured cell. This situation may impact on the system performance on handover or cell reselection. In this contribution, we present our view on this issue. 
2
Discussions

2.1 RSRP/RSRQ measurement bandwidth 
TS 36.133 defines two bandwidth configurations for inter-frequency RSPR measurements: a) Configuration 0 is mandatory with 6 RBs and b) Configuration 1 is optional with 50 RBs (e.g. Table 8.1.2.3.1.1-1 in [2]). The measurement bandwidth configurations for intra-frequency RSRP measurements and inter- and intra- frequency RSRQ measurements are not explicitly defined. Also, the location of the RBs for the measurements is not specified. In the following discussion we will assume a UE uses RBs around the centre frequency of the carrier bandwidth, and also assume the UE uses the same configuration for intra- and inter- frequency RSRP and RSRQ measurements. It is worthy to point out that although TS 36.331 allows the eNB to send the parameter of allowedMeasBandwidth to the UE for limiting the maximum allows measurement bandwidth, it only gives the unbound of the measurement bandwidth, but does not define the exact measurement bandwidth for the UE to use. 

Since ‘Configuration 1’ of 50 RBs is an optional feature, it is reasonable to assume majority UEs will only support the ‘Configuration 0’ of 6 RBs configuration regardless the carrier bandwidth. However, this does not exclude the possibility that some UEs may use different configurations when working with different carrier bandwidths. For example, a UE may use ‘Configuration 0’ when carrier bandwidth is less than 10MHz, but choose ‘Configuration 1’ when carrier bandwidth is 10MHz or larger. The selection of the configuration is up to UE’s implementation. The eNB may not know exactly the measurement bandwidth unless the carrier bandwidth or allowedMeasBandwidth is less than 10MHz. In that case, the UE will not be able to use ‘Configuration 1’ and thus has to use the ‘Configuration 0’.

Observation 1: According to current specification, the eNB will not know which measurement configuration a UE uses for the RSRP/RSRQ measurements unless the allowedMeasBandwidth or carrier bandwidth is less than 10MHz.
2.2 RSRQ measurements
RSRQ is defined in [3] 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 RSSI comprises the linear average of the total received power, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The equation basically implies that the RSRP is the same for each RB over the measured bandwidth, but interference on the RBs are not the same, and thus RSSI is used to represent the total interference and signal power on the measurement bandwidth.

If there are neighbouring carriers, then it is obvious that interference from the neighbouring carrier on carrier frequency centre is weaker than on the carrier frequency edge near the neighbouring carrier frequency. In this case, if only centre few RBs are used the RSRQ measurement, the measured RSRQ will be higher than the RSRQ measured by the use of total bandwidth. In another word, two UEs working under the same RF environment, a UE using ‘Configuration 0’ of 6 RBs as measurement bandwidth will report higher RSRQ level than another UE using ‘Configuration 1’ of 50 RBs as measurement bandwidth. This leads to interesting two slightly different situations: 
· Assume two UE working under the same RF environment having the same RSRP, and one UE uses ‘Configuration 0’ and the other use ‘Configuration 1’ for the RSRQ measurement. The UE that uses ‘Configuration 0’ of 6RBs in the carrier centre for RSRP/RSRQ measurements would report larger RSRQ than that reported by the another UE that uses ‘Configuration 1’ of 50RBs for RSRP/RSRQ measurements. 
· For the deployment scenarios where the serving and neighbouring cells have different bandwidth (say 5MHz and 10 MHz), a UE that only uses the ‘Configuration 0’ of centre 6RBs measurement bandwidth will report better RSRQ for the 10Mhz BW cells than that for 5MHz BW cells. A more detailed analysis of the situation was also presented in [1].

2.3 Impacts of different RSRQ measurement bandwidths
Previous discussion shows the RSRQ measurement bandwidth will have impact on the RSRQ measurements. Using the ‘Configuration 0’ of centre 6RBs for RSRQ measurement could result in UE to report better RSRQ than using ‘Configuration 1’ of 50RBs. In this section, we further discuss the impacts of this phenomenon for UEs in idle mode or in RRC_CONNECTED State. In the discussion we will assume that the difference of the RSRQ measurements with the two configurations is around 3 dB. 
1) Cell Reselection in Idle Mode
As defined in Sub-clause 4.2.2.1 in [2], RSRQ level can be used for selection of the serving cell and evaluate the cell selection criterion when the UE is in idle mode. Considering the RSRQ measurement accuracy is about 3dB under normal working conditions. Additional 3dB difference caused by the difference in measurement bandwidth could result in as much as 6dB RSRQ measurement error, which in turn will cause the UE to select an unfavourable cell as the serving cell even if its real RSRQ may be much worse than that from other cells. 
2) Mobility management in RRC_CONNECTED State
RSRQ measurements can be used for triggering a number of events for supporting mobility control. The following table lists the impacts of inaccurate RSRQ on some of the events.
	Events
	Impact of additional RSRQ measurement error caused by different measurement bandwidths

	A1 (Serving becomes better than threshold)
	Make the eNB more difficult to determine the proper threshold. Extra margin will be added into entering and leaving condition of the event.

	A2 (Serving becomes worse than threshold)
	Similar impact as for event A1

	A3 (Neighbour becomes offset better than PCell)
	Cause misjudgement and erroneous trigger

	A4 (Neighbour becomes better than threshold)
	Similar impact as for event A1

	A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2)
	Similar impact as for event A1

	A6 (Neighbour becomes offset better than SCell)
	Similar impact as for event A3


2.4 Proposed solutions
Above analysis shows that the measurement bandwidth of RSRQ will impact the RSRQ measurement fidelity and which in tune impact the UE performance in either idle mode or in connected state. The main issue is that  the RBs used for the measurement not being able to represent properly the total (or averaged) interference on the whole transmission bandwidth. A solution was proposed [1] as “The RSSI measurement bandwidth shall be the transmission bandwidth configuration for the serving cell and at least allowedMeasBW largeness for both the serving and neighbour cells if available.” In our view, it might be difficult and also not be necessary for UE to adjust RSRQ measurement bandwidth based on the consideration of bandwidths of both the serving and neighbouring cells. We think the issue could be largely mitigated or solved through one of the following proposals:

· Option 1:  RSRQ measurement bandwidth for a cell should be the same as the carrier bandwidth of the cell;

· Option 2: RSRQ measurement bandwidth for a cell should be the same as the allowedMeasBandwidth given by the eNB for the cell; 
· Option 3: UE should use ‘Configuration 1’ of 50 RBs for RSRQ measurement for a cell when the carrier bandwidth is 10MHz or larger. 
3
Conclusion

In this contribution, we discussed the issues caused by the RSRQ Measurement Bandwidth. We think the issue could be largely mitigated or solved through one of following solutions:
· Option 1:  RSRQ measurement bandwidth for a cell should be the same as the carrier bandwidth of the cell;
· Option 2: RSRQ measurement bandwidth for a cell should be the same as the allowedMeasBandwidth given by the eNB for the cell;
· Option 3: UE should use ‘Configuration 1’ of 50 RBs for RSRQ measurement for a cell when the carrier bandwidth is 10MHz or larger. 
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