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1
Introduction
In the RRM ad hoc during the RAN4 Kobe meeting discussion on potential applications of RSSI measurement quantity started. The companies were invited to perform studies and define the potential areas where this measurement quantity might be beneficial for E-UTRA system. Understanding of potential use cases of RSSI measurement quantities were seen beneficial in the actual measurement definition like measurement bandwidth and requirements in general. This contribution studies potential RSSI measurement quantity applications and related assumptions for the measurement itself.
2 Discussion 
2.1 Current definition of E-UTRA carrier RSSI.
As described in [1]: 
"E-UTRA carrier RSSI comprises the total received power (dBm) observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time interval for an E-UTRA carrier RSSI observation may not need to be explicitly specified, but could be defined in terms of the subframe duration. Multiple E-UTRA carrier RSSI observations could be combined to form a single measurement report (filtering).

E-UTRA carrier RSSI Measurement bandwidth: same as RSRP measurement bandwidth 

E-UTRA carrier RSSI antenna configuration: In case of multiple UE antennas a linear average of the E-UTRA carrier RSSI values of the different antennas would be reported."
and defined in TS 36.214:
	Definition
	E-UTRA Carrier Received Signal Strength Indicator, comprises the total received wideband power observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

	Applicable for
	TBD


2.2 Aspects of RSSI measurement bandwidth and averaging in the time domain.

2.2.1 RSSI Measurement bandwidth.

As a working assumption of UE measurement bandwidth for the accuracy studies of RSSI measurement, RAN4 agreed 6 RBs in the middle of the operating BW similarly as for the RSRP measurement. Additionally it was felt in the RAN4 RRM ad hoc in Kobe that it would also be useful to understand better the most promising purposes of RSSI measurement quantity in order to progress with the detailed requirement work.
The nature of RSSI and the purpose it has been designed for differs however from RSRP – indicate average interference situation in the cell bandwidth would not be fulfilled in case its measurement bandwidth is limited to e.g. 6 RBs especially for the cells with wide operational bandwidth e.g 10 MHz.. In that case such measurement would not reflect interference situation as signalling channels are frequently transmitted in the middle 6 RBs of the BW in each cell. In addition measurement results might be influenced by some narrow band signal sources interfering in the middle 6RB’s. 
It seems that in order to get the interference situation reflected in the RSSI measurement as accurate as possible it would be beneficial to utilise the measurement bandwidth as wide as possible e.g equal to the operational bandwidth of the serving cell. 

In case E-UTRA RSSI measurement bandwidth is limited to middle 6RB’s for the cells with wider operational bandwidth such measurement might not reflect the real interference level in the cell and therefore might make RSSI measurement quantity practically useless for the system.
2.2.2 Averaging in the time domain.

Various simulation results have shown that increase of averaging time (number of samples and acquisition time) improves UE measurement accuracy e.g. against fast fading. However taking the nature of RSSI measurement we can see that the results are influenced by resource allocation and thus, long averaging (over many TTI’s) would no longer indicate the actual interference or current loading situation seen by the UE. Therefore, in practical implementations it might be difficult to find proper compromise between sliding window size and ensure that the results reflect interference situation in the cell. Instead one possible usage of the RSSI measurement could then be rather long term average of RSSI levels seen by a given UE. This type of RSSI measurement would then average away variation due to different resource allocation situations over time. 
Based on the discussion in Section 2.2.1 and 2.2.2 we feel that it is good to understand and agree some  suitable example use cases for E-UTRA RSSI measurements before agreeing any requirements or further details for the measurement in RAN4. In this way we can ensure that the measurement results serve the assumed purposes without putting any unnecessary burden e.g. to terminal implementation.
A first discussion of possible use cases is given in the next section.

2.3 Purpose of RSSI measurement quantity? 
It is our understanding that the RSSI was accepted as a E-UTRA measurement quantity to indicate total interference (+ signal + noise) level at the location of the UE and in the combination with RSRP it could be applied to determine quality of the radio link. Additionally it has been suggested that it could be used to estimate loading in a cell. However, it was noted in the last RAN4 meeting that for load estimation purposes e.g. some network based DL measurements may be more useful. 
The quality indication could be useful in the following idle mode procedures:
· to be applied in the cell ranking/reselection process which is based on signal strength and quality similarly as in UTRA
· to trigger inter-frequency or inter-RAT measurements which is based on quality and load  (either RSRP/RSSI or RSSI measurement alone could be considered here)
However due to the nature of the RSSI measurement quantity the acquired results might not reflect fully interference and load situation in the cell in all scenarios and situations. 

In case UE is located close to the serving cell most of total measured power (RSSI) comes from its own cell. In that case measuring of RSSI brings no clear benefit as RSRP only might be used in the RRM procedures. High RSSI indication does not necessarily mean high DL load condition in the cell. 

When UE is located close to the cell edge, RSSI typically has contribution from several cells. For intra-frequency cell reselections based on UTRA type of ranking criteria RSRP based cell reselection decisions are basically the same as RSRP/RSSI based cell reselection decisions as RSSI is independent from the considered neighbour cell always the same. 
If the measured RSSI is one number for the entire system bandwidth and assuming the UE is located at the cell edge it can happen that neighbouring cells are strong at UE’s location (small path loss) contributing much to the overall RSSI and making it high but those considered neighbouring cells concentrate their current resource allocation in only part of the DL system bandwidth. The result is that measured and indicated RSSI is relatively high but there are still unused (and not interfered part of the cell frequency spectrum). As consequence this might trigger UE to start unnecessary inter-frequency or inter-RAT measurement especially if no other e.g. UE and eNB based measurements are considered in the decisions. 
So there are two things to be taken into account:
1. The interference and load is distributed over the operating system BW in a non-homogenous and mostly non-predictable way (apart from broadcast, synchronisation channel and pilots of the serving cell).

2. It is difficult to predict where the target cell will allocate DL resources for a UE (if only a subset of the system bandwidth is allocated to the UE) and therefore the RSSI over the full bandwidth might not reflect the interference situation for that UE after a handover. Instead RSSI measurements over the whole DL operating bandwidth combined with rather long term time domain averaging could provide an indication of averaged RSSI level.
Referring to WCDMA system - the indication of the quality applied in the cell selection and reselection procedures might be chosen by the operator between CPICH RSCP which reflects more signal strength and CPICH Ec/No which reflects quality. However, it should carefully be analysed when knowing suitable RSSI measurement assumptions whether RSRP measurement quantity is sufficient for cell reselection purposes or whether additional measurement quantities (similar to CPICH Ec/No) would provide added value to the cell reselection decision making. 
 While in the connected mode RSSI could be reported to the eNB and in combination with RSRP used to estimate the link quality – e.g. eNB could calculate SNIR (RSRQ) as equal to SNIR = RSRP / (RSSI – RSRP) (or RSRP/RSSI similar to CPICH Ec/Io in UTRA). Based on reported RSRP and RSSI values eNB could make decisions on triggering inter-frequency or inter – RAT measurements.
However such quality estimation might not be fully useful because RSSI measurement is not “RB sensitive” means is reported as single value being result of frequency and time domain averaging. As downlink resource allocation might change with every TTI in every eNB which influences naturally interference situation at UE location, the reported averaged value might not be reflecting the load in the cell. As mentioned already this depends strongly on the traffic characteristics. Thus, in order to get rough average estimate of RSSI levels experienced by a given UE it might be desirable to consider rather long term time domain filtering to totally remove scheduling impacts and thus, also use the total DL operating bandwidth in the measurements.
3 Conclusions

This document discusses some of the properties of RSSI measurement quantity and the implications of different filtering assumptions like time domain averaging, measurements BW. Additionally the document discusses how network resource allocation and location of a UE affects the RSSI results.

It is felt that in order to progress with the RAN4 work on defining measurement BW, measurement period and other requirements for RSSI measurement it is first important to understand how the measurement is expected to be used in E-UTRA system.  Thus, we would like RAN4 to clarify and agree more detailed use cases of RSSI measurements before agreeing details of RSSI measurement.
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