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1. Background
The issue of increasing RSRQ reporting value range was discussed in previous meetings without conclusion [1, 2]. A WF [3] was agreed to continue the discussion with the intention to have a decision in RAN4#71. In this paper, we present our view on this issue.
2. Discussion
2.1 RSRQ Measurement Report Mapping [4]
In TS 36.133, the reporting range of RSRQ is defined from -19.5 dB to -3 with 0.5 dB resolution. 
The mapping of measured quantity is defined in table 9.1.7-1 in TS 36.133. The range in the signalling may be larger than the guaranteed accuracy range.
Table 9.1.7-1: RSRQ measurement report mapping (from TS 36.133)
	Reported value
	Measured quantity value
	Unit

	RSRQ_00
	RSRQ  -19.5
	dB

	RSRQ_01
	-19.5  RSRQ < -19
	dB

	RSRQ_02
	-19  RSRQ < -18.5
		dB	

	…
	…
	…

	RSRQ_32
	-4  RSRQ < -3.5
	dB

	RSRQ_33
	-3.5  RSRQ < -3
	dB

	RSRQ_34
	-3  RSRQ
	dB



Note: The meaning of “The range in the signalling may be larger than the guaranteed accuracy range” is actually unclear, since TS 36.133 does not define “the guaranteed RSRQ accuracy range comparable with RSRQ signalling range”.
2.2 Issues with current RSRQ Reporting Value Range
With the current RSRQ measurement report mapping, the lowest RSRQ value that the UE can report is -19.5dB, and the highest RSRQ value is -3dB. 
The selection of the upper limit of -3dB comes obviously from the original definition of RSRQ, where the RSSI is calculated only from CRS OFDM symbols. In this case, the upper limit of RSRQ is ½ or -3dB.
(Note: When the new RSRQ definition where the RSSI is calculated from all OFDM symbols in a subframe, -3dB is no longer the upper limit of the RSRQ. Thus, it is also arguable on whether to increase the upper limit of the RSRQ reporting range for new RSRQ definition). 
The reason for the selection of the lower limit of -19.5dB is unclear for us. It might come from the consideration that reporting RSRQ values lower than the -19.5dB might not have too much practical value at the time when the requirements were defined.
It is well known that RSRQ measurements are the indication of downlink channel quality, which is closely associated with the probability of handover success. The reported RSRQ measurement information could be very useful for the network to determine chance for the handover success even before handover is scheduled.
The current limitation of RSRQ reporting range of -19.5dB, however, present a problem for the network to control the handover procedure in some scenarios, where the RSRQ measurement are below -19.5dB. We have observed that when system loading is high the percentage of the RSRQ reporting below -19.5dB may be significant.
For the areas with adverse RF conditions where high percentage of RSRQ measurements are lower than -19.5dB, it is still desirable for the network to know exactly the RF conditions. If the UEs were able to reporting RSRQ lower than -19.5dB, the network might be able to use the information to better decision on handover. Because of the current limitation of RSRQ reporting, the network is not be able to do so, and thereby has to blindly take the same handover actions for all UEs reporting RSRQ below -19.5dB. 
2.3 Proposed Solutions and the Impact on Network
In [2], it was proposed to RSRQ value range to [-34...-3]dB with 0.5dB steps. We are fine with the proposal. 
During the discussion in RAN#70bis, there was a concern on the impact on the network side. In our view, the impact on the existing system should be minimum. If the network wants to take the advantage of the extended RSRQ value ranges, they may choose to do so. However, if the network does not want to use the extended RSRQ value ranges, it may simply treat all RSRQ reporting under -19.5dB as if the reported RSRQ were -19.5dB, which falls back to the behavior of the existing systems.

3. Summary
In this contribution, we provide our view on extending the RSRQ reporting range. It was proposed to increase the RSRQ reporting range lower than -19.5dB to allow the UE to RSRQ measurements to help improve the handover performance.
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