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1. Introduction

Challenges related to RSRQ measurement over the central 72 subcarriers for particular deployment scenarios have been discussed in [1] at RAN4#60 and [2], [3] at RAN4#60bis. Briefly described the problem is related to deployment scenarios where a cell with large bandwidth is overlapped by cells with smaller bandwidth, e.g. a 10 MHz overlapped by two 5 MHz that are adjacent to each other in frequency. When carrying out measurements over the central 72 subcarriers the interference may be underestimated since the measurements essentially are carried out in the guard bands of the overlapping cells. As a result, the mobility function may be impaired.
In [2] it was proposed that serving cell measurements were to be carried out over the full DL system bandwidth, and in [3] three options were discussed: 1) RSRQ measurement bandwidth for a cell shall be the same as the DL system bandwidth for that cell, 2) RSRQ measurement bandwidth for a cell shall be the same as the allowedMeasBandwidth signalled by the serving eNB, and 3) RSRQ shall be measured over 50 RBs whenever the DL system bandwidth is 10 MHz or wider. 
In this contribution we provide our view on how the problem can be addressed.
2. Discussion

The underlying problem is related to where in frequency the RSRQ is sampled and not the measurement quality of the RSRQ as such. Mandating measurements over a much wider bandwidth than today will result in higher UE complexity and hence higher cost and increased power consumption. It is therefore proposed that one instead put a requirement on that the UE shall sample RSRQ also outside the central 72 subcarriers when needed. By outside we here mean both below and above in frequency.

Proposal 1: Rather than introducing requirements on widened RSRQ measurement bandwidth, one shall put a requirement on that the UE also shall sample outside (above and below in frequency) the central 72 subcarriers.

One may leave to the UE implementation to decide the details and instead introduce a set of tests that verifies the desirable UE behaviour, i.e. that the UE samples RSRQ also from upper and lower part of the bandwidth and not only over the central part.
Proposal 2: UE behaviour shall be verified through tests.  
The system information transmitted by the serving eNB may contain information about allowed measurement bandwidth (allowedMeasBandwidth) on the intra-frequency carrier or inter-frequency carriers (SIB3 and SIB5, respectively [4]). It is proposed that if this information is present and the common measurement bandwidth is e.g. 10 MHz or more, the UE shall consider the need for sampling RSRQ outside the central part of the bandwidth. 

Proposal 3: UE behaviour shall be controlled via the system information element allowedMeasBandwidth. 

We propose that the same requirement on sampling of RSRQ is requested for serving and neighbour cells for the mobility function not to be impaired. Otherwise the interference of an inter-frequency cell may seem to be lower than it is, and cell re-selection or handover to that cell may be triggered although it would be better for the UE to remain in the source cell. This has an impact on the UE power consumption but may also have an impact on the system throughput in RRC_CONNECTED since potential ping-pong between cells causes signalling overhead.
Proposal 4: Sampling of RSRQ outside the central bandwidth shall be supported both for serving cell and neighbour cells.   
In order not to impose unnecessary constraints or complexity on the UE implementation, it is proposed that although a UE may measure inter-frequency neighbours over 50 RBs in RRC_CONNECTED, the UE shall be allowed to use a physical layer measurement period of 480xNfreq ms (Section 8.1.2.3 of [5]). Today if the UE measures over 50 RBs it has also to use a physical layer measurement period of 240xNfreq ms (see Table 8.1.2.3.1.1-1 below). The physical layer measurement period essentially determines how fast the UE has to detect events, and since the purpose of the potentially extended measurement bandwidth is to address overestimation of RSRQ it is not motivated that the UE would have to drastically decrease the time it takes to detect events in general. 
Table 8.1.2.3.1.1-1: RSRP measurement period and measurement bandwidth

	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms]
	Measurement bandwidth [RB]

	0
	480 x  Nfreq
	6

	1 (Note)
	240 x  Nfreq
	50

	Note: This configuration is optional


Proposal 5: The UE shall be allowed to use physical layer measurement period of 480xNfreq regardless of the actual measurement bandwidth used. 
3. Conclusion
We have proposed how the problem of overestimated RSRQ when only carrying out measurements in the central part of the DL system bandwidth can be addressed. Particularly the following proposals were made:
Proposal 1: Rather than introducing requirements on widened RSRQ measurement bandwidth, one shall put a requirement on that the UE also shall sample outside (above and below in frequency) the central 72 subcarriers.
Proposal 2: UE behaviour shall be verified through tests.  
Proposal 3: UE behaviour shall be controlled via the system information element allowedMeasBandwidth. 

Proposal 4: Sampling of RSRQ outside the central bandwidth shall be supported both for serving cell and neighbour cells.   
Proposal 5: The UE shall be allowed to use physical layer measurement period of 480xNfreq regardless of the actual measurement bandwidth used. 

References

[1] R4-114243 “Issues on narrow measurement bandwidth”, NTT DOCOMO

[2] R4-115290 “Further analysis for the issue of narrow measurement bandwidth”, NTT DOCOMO
[3] R4-115108 “Discussion of RSRQ Measurement Bandwidth”, Alcatel-Lucent

[4] TS 36.331
[5] TS 36.133 V9.9.0
