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1 Introduction

In the past RAN4 meeting, [1][2] indicated a possible issue on the narrow measurement bandwidth under the future deployments. In the contribution, we discuss the related issues.
2 Discussion
2.1 Measurement bandwidth issue analysis in Rel-10

In Het-Net and carrier aggregation scenario, the possible deployments are described in [1]. In this contribution, we take scenario 1 defined in [1] as an example. In this scenario, the serving E-UTRAN cell (indicated as cell1) has 10 MHz channel bandwidth and the neighbour E-UTRAN cells (indicated as cell2 and cell3) have 5 MHz channel bandwidth in the same frequency band. The 10MHz channel bandwidth corresponds to 50RBs transmission bandwidth, and the 5MHz channel bandwidth corresponds to 25RBs transmission bandwidth. The relationship between channel bandwidth and transmission bandwidth introduces the gap between two E-UTRA neighbouring cells. The gap approximately is 0.5MHz. Thus 2*(0.54-0.25)=0.58MHz (about 3.2RBs) from the two 5MHz channel bandwidths falls into the centre 6RBs bandwidth.
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Figure1. serving cell:10MHz, neighbouring cells:5MHz
When 50RBs measurement bandwidth is applied, the RSSI takes into account the received power from the serving cell with 50RBs transmission bandwidth, the received interference power from the two neighbouring cells with 25 RBs transmission bandwidth, and the thermal noise in the 50RBs measurement bandwidth. Whereas when the 6RBs measurement bandwidth is applied, the RSSI comprises the received power on the centre 6RBs from the serving cell, the received interference power on the 0.58MHz bandwidth which falls into the centre 6RBs from the two neighbouring cells, and the thermal noise.  Some RSRP values of serving cell and two neighbouring cells are assumed as shown in table 1[2]. The corresponding RSRQ calculation results are also given in Table1.

Table1 RSRQ calculation results

	RSRP_serving cell(dBm)
	-85
	-90
	-90
	-90

	RSRP_neighbor cell (dBm)
	-90
	-90
	-87
	-85

	RSRQ with 50RBs measurement bandwidth (dB)
	-11.93
	-13.68
	-15.39
	-16.80

	RSRQ with 6RBs measurement bandwidth(dB)
	-11.47
	-12.65
	-13.94
	-15.08

	Difference (dB)
	0.46
	1.03
	1.45
	1.72


It can be observed from the numerical results, the difference of measurement bandwidth could be approximately 1.72dB under certain scenario. It can be foreseen the difference would become larger when the neighbor cells are UTRA cells as described in [1] since both interference UTRA neighboring cells have only 3.84MHz signals so that there would be no interference falls into the centre 6RBs. 
According to the above analysis, UE would misjudge the interference from neighboring cells with narrow measurement bandwidth, i.e., the RSRQ measurement results will be optimistic under certain scenarios when 6RBs measurement bandwidth is applied. 
2.2  The possible solution 
In section 2.1, we analyze the RSRQ measurement difference issue when narrow measurement bandwidth is applied. The issue exists not only on the serving cell but also on the neighboring cells measurements. For example, if cell 2 is regarded as serving cell, then the RSRQ measurements results of neighboring cell1 will be optimistic when centre 6RB measurement bandwidth is applied, and might lead to ping-pong in case of handover. In this section, we firstly analyze the measurement bandwidth definition in the existing Rel-8/9 specifications. 

· Measurement bandwidth for neighboring cells

In the previous RAN4 meeting, the agreed LS reply [3] has pointed:
“Although RAN4 has agreed to develop the intra-frequency RSRP measurement requirements based on the measurements of the centre 6 RBs, RAN4 feel there could be battery-saving benefits for UEs due to less measurement time using a wider measurement bandwidth. As such, RAN4 sees benefits in the eNode B signalling the channel bandwidth to the UE for intra-frequency and inter-frequency measurements, as well as for inter-RAT measurements of E-UTRA cells when the UE is camped in another RAT.”
Thus in RAN2 the measurement bandwidth is specified in TS 36.331[4] where the “Allowedmeasbandwidth” is introduced in IE MeasObjectEUTRA. The IE AllowedMeasBandwidth is used to indicate the maximum allowed measurement bandwidth on a carrier frequency. The field does not dictate the measurement bandwidth but just indicates what is the possible maximum measurement bandwidth.
· Measurement bandwidth for the serving cell 
It is noted that the IE allowedmeasbandwidth is applicable for intra-frequency or inter-frequency E‑UTRA neighboring cells. For the serving cell, the IE dl-Bandwidth is introduced in MasterInformationBlock. Thus the UE would utilize the DL bandwidth for the RRM measurement, since the wider measurement bandwidth will introduce better measurement accuracy benefits without introducing extra significant power consumption, since the UE receiver anyway needs to receive PDCCH over the whole DL bandwidth.

Based on the understanding about the measurement bandwidth in the existing specifications, in Rel-10 and beyond, there is no strong motivation to modify the existing RSRQ definition in TS 36.214, although the small measurement bandwidth would introduce the RSRQ inaccuracy in the cases of the special scenarios as described in section 2.1. We suggest some possible solutions:
· Measurement bandwidth for the neighbour cells: the network could signal the wider measurement bandwidth information to UE for the neighbouring cell measurements when the wider measurement bandwidth is needed.  We suggest that UE apply the signalled measurement bandwidth. Thus some changes in RAN2 specification would be needed, for example, option1) the “Allowedmeasbandwidth” is changed to the “measbandwidth” which specifies measurement bandwidth applicable for the E-UTRA neighbouring cells; or option2) new measurement bandwidth is signalled by the network.
Proposal1: The measurement bandwidth could be signalled by the network for intra-frequency and inter-frequency E‑UTRA neighboring cells, as well as for inter-RAT measurements of E-UTRA cells when the UE is camped in another RAT.
· Measurement bandwidth for the serving cell: UE would use the dl-bandwidth in the MIB information as the measurement bandwidth. Since for the serving cell, UE has to receive the entire channel bandwidth and it would not be impaired from battery saving point of view.
3 Conclusion
This contribution analyzes the RSRQ issue related with narrow measurement bandwidth in the future deployments. The narrow measurement bandwidth would introduce RSRQ inaccuracy in the future certain deployments. The possible solutions to solve the issue are also proposed.  
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