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1.
Introduction

The purpose of this document is to discuss some concerns regarding the recent agreements on the RSRQ measurement in RAN WG1, and as communicated to RAN WG4 in the LS in [1].
2.
Discussion
2.1
Status

A working assumption has been agreed for the measurement bandwidth of the LTE system to be 1.25MHz. In [1] it states that RAN WG1 have agreed on the principle of having an RSRQ measurement to enable mobility to be based on the cell quality as well as received reference signal power (initial definition copied below):

RSRQ

The following definition was introduced at RAN WG1 #49bis (will be included in a future update of TS 36.214):
UE measurement: 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. The measurements in the numerator and denominator shall be made over the same set of resource blocks. 

	Applicable for
	LTE_DETACHED

LTE_IDLE (RRC_IDLE) intra-frequency 

LTE_IDLE (RRC_IDLE) inter-frequency 

LTE_ACTIVE (RRC_CONNECTED) intra-frequency

LTE_ACTIVE (RRC_CONNECTED) inter-frequency


It was agreed that both RSRP and E-UTRA carrier RSSI is used for intra-LTE mobility measurement.

· RSRP is the mean measured power of the reference symbols during the measurement period.

· E-UTRA carrier RSSI is measured over the measurement bandwidth.

a. There is proposal on the RAN1 reflector to multiply the numerator by a factor of 12 (number of sub carriers per RB)

Hence in this case the actual definition would be:

 RSRQ =  RSRP /  ( E-UTRA carrier RSSI/(12xN) )
2.2
General issues

Vodafone consider that it may be beneficial to have a quality measurement of the cell for mobility. However, we have the following concerns:

· The RSSI measurement is a total received power measurement, including received power of the own cell and received power of all neighbouring cells. Given that the intra-cell resources in E-UTRA are assumed to be largely orthogonal, and hence the intra-cell component of the RSSI measurement is not actually causing interference to the UE, we question whether the RSSI measurement is really suitable as a component of the RSRQ measurement, and from this whether the RSRQ measurement as defined is actually a good enough measure of the cell quality. 
· When considered with the previous assumption of a 1.25MHz UE measurement bandwidth, there is even less accuracy in the received RS quality because the whole channel bandwidth is not being measured. 
2.3
Intra-frequency deployment aspects

System frequency re-use = 1: In the case that the system frequency re-use = 1, then it is likely that the system would aim to share the resource usage across all subcarriers of the channel bandwidth. Hence it may be the case that in practice the RSRQ measured in the centre 1.25MHz can give the most accurate reflection possible (given the definition) of the RSRQ that would be received in the rest of the channel.  
Interference co-ordination with partial frequency re-use: In the case of a “partial” frequency re-use, it is likely that the resources used by UEs at the cell edge will not be uniformly shared across the channel in all cells, and will only be transmitted in part of the channel. Therefore the RSRQ measured in the centre 1.25MHz may not be representative of the RSRQ that would be received in other parts of the channel in the serving cell. In fact it is likely that cells would be strongly biased in terms of “goodness” one way or another depending on whether they are allocating the centre 1.25MHz resource for UEs at the cell edge or not.
There may be opportunities to get around this problem by distributing the sub-carriers used at the cell edge across the channel bandwidth in all cells, but ensuring that neighbouring cells are not using the same sub-carriers. But it may be strange to rely on this assumption.
It may also be possible to set an offset in the RSRQ measurement if the partial frequency re-use is static. But this would not work for more dynamic schemes.

3
Proposal
Whilst Vodafone see some benefits in having a cell quality measurement for LTE, it is felt that the RSRQ measurement definition needs further discussion and analysis, such that we can maximise the relevance of this measurement as a realistic measure of cell quality.
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