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1. Introduction

Discussions have been going on in RAN4 for some time concerning wider bandwidth RSRQ measurements. This discussion has also triggered some discussion and proposal on changing the RSRQ and RSSI definitions [1][2]. During the discussion related to the wider bandwidth RSRQ measurements [6] also addressed the issue of using time domain RSSI results. In this paper we provide our views on the topic of RSRQ definition and especially proposed time domain measurement definition changes for the RSSI measurement as part of RSRQ.
2. Discussion

The document [2] proposes a new RSRQ measurement definition based on the following two proposals;
Proposal 1: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 2: Allow RSRP and RSRQ to be measured over different set of RBs within the channel bandwidth.
It might be worth noting that RSRQ and RSSI measurements, measurement bandwidths and especially RSSI variation and thus also RSRQ variation due to e.g. traffic variations were extensively studied e.g. in [3], [4] and [5] during the LTE Rel-8 specification work. 
In the documents [3] and [4] the following two “extreme” RSSI definitions in the RSRQ measurement quantity were studied using dynamic system simulations. 

(1) RSSI mode 1: RSSI measurements are done in such symbols that contain reference symbols and control channels in the serving cell. 

(2) RSSI mode2 : RSSI measurements are done in such symbols that only contain data in the serving cell

The studies and simulation results e.g. in [3] and [4] showed that without sufficient time domain averaging over at least 200 ms intra-frequency measurement period or preferably even longer measurement periods using higher layer filtering RSSI and RSRQ measurement vary quite significantly. Large RSRQ variations are seen with both of the two investigated RSSI measurement modes; RSSI mode 1 and RSSI mode 2. 
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Figure 1 From [3] Left: Measured RSRQ mode 1 vs. distance from the initial serving cell towards a neighbour cell. Right: Measured RSRQ mode 2 vs. distance from the initial serving cell towards a neighbour cell (the same route).
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Figure 2 From [3] Left: Measured RSRQ mode 1 with 800 ms measurement period vs. distance from the initial serving cell towards a neighbour cell. Right: Measured RSRQ mode 2 with 800 ms measurement period vs. distance from the initial serving cell towards a neighbour cell (the same route).
Figure 1 and also Figure 2 show that sub-frame level variation in the system load has significant impact to the measured RSRQ. As a result of the studies at the time, the RSSI measurement definition as a component of RSRQ was updated to be restricted in time domain to those symbols carrying common reference symbols. 
Based on these earlier studies and considering that sufficient time domain filtering is anyway needed and UE implementation already has freedom to take sufficient amount of samples over the 200 ms measurement period we do not see why the time domain definition of the RSSI measurement as part of the RSRQ measurement should be changed. The document [2] also does not show in quantitative or simulation based benefits for changing the time domain definition of RSSI measurements We are concerned that the proposed RSSI time domain measurement definition change in [2] would be likely to cause legacy problems especially if the networks started optimizing   their measurement reporting thresholds and parameters based on the new changed RSSI and RSRQ definitions. Also we would expect that if more symbols from sub-frame were accounted for RSSI measurements, the 'stabilizing effect' of common reference symbols in the RSSI measurements would be reduced and RSRQ fluctuation would be likely to increase further. The results of [3] RSRQ measurements already clearly show how significantly the RSSI measurement definition in addition to the time domain filtering amount impact the RSRQ results, especially when the system is not fully loaded.
If there is interested in RAN4 to study further time domain measurement changes to the RSRQ and RSSI measurement definitions, we would suggest the group to conduct comprehensive studies including proper system analyses and simulation. In these studies and simulations extra emphasis should be put in investigating legacy UE impacts and increased RSRQ fluctuation. 
In [2] it is stated that “Rel. 10 UEs already implement this type of measurement for eICIC so there would be no added complexity if this definition is adopted.” At the moment there are not many or perhaps even any commercial Rel-10 LTE UEs available yet and furthermore, it is not clear whether the first LTE networks supporting some of the Rel-10 features like LTE Carrier Aggregation will support time domain eICIC. Due to lack of IOT testing opportunities also the first LTE rel-10 UEs might not have support for time domain eICIC indicated in the corresponding Rel-10 FGI bit. 
Rel-10 FGIs related to time domain eICIC defined in TS36.331;
	Index of indicator
	Definition

(description of the supported functionality, if indicator set to one)

	115
	- time domain ICIC RLM/RRM measurement subframe restriction for the serving cell

- time domain ICIC RRM measurement subframe restriction for neighbour cells

- time domain ICIC CSI measurement subframe restriction


On the other hand already today and especially before the LTE Rel-11 specifications based devices being on the market, there will be large number of devices using the existing RSSI and RSRQ measurement definitions already deployed. The change of RSSI and RSRQ time domain measurement definition would mean that the networks should support two different UE implementations and related measurement related parameters even for normal cases. Currently different RSSI and RSRQ measurement definitions and parameters need to be taken into account in the networks which support and utilise TDM eICIC.
Regarding the proposal 2 [1]. The part of the RSRQ definition from 36.214 is captured below.

	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.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Firstly as stated in the definition RSRQ is not a physical measurement but a ratio of two other measurements. Also in the initial work when RSRQ measurement was defined, it was considered that RSSI might be a time domain measurement (as for UTRAN) while RSRP was a considered as FD measurement. To allow this, e.g. measuring these two quantities in different domains the definition of N and corresponding explanations were added to ensure that the reported ratio would be consistent between terminals. Therefore it is our understanding that the current definition of RSRQ does not mandate the UE to use same measurement BW for RSRP and RSSI but that the scaling needs to be consistent. Also as per nature of RSSI (Carrier Received Signal Strength Indicator) measurement it is not cell specific and therefore is not required to be measured separately for each cell.
3. Conclusions

In this contribution we discuss the characteristics of RSSI measurement definition as part of RSRQ measurement and analyses further the proposal of [2] to “change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used)”. In the contribution we also highlight that RSRQ and RSSI measurement definitions for the LTE system without TDM eICIC was thoroughly studied and simulated before the existing measurement definitions were agreed. 
We also discuss how changing time domain definition of RSSI as part of the RSRQ measurement quantity may cause problems with legacy UEs. 
Based on the analyses we recommend maintaining the existing definition of the RSRQ and RSSI, especially for time-domain. We see these changes to the time domain definitions of RSSI and RSRQ separate from the measurement bandwidth definitions, which RAN4 is currently analysing as release 11 enhancements. In [7] we have made our proposal how wider RSRQ measurement bandwidth could be enabled in the release 11 specifications in a controlled manner. 
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