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1
Introduction
During RAN4 #43bis meeting in Orlando discussion on the potential applications of RSSI measurement quantity took place. RAN1 has now indicated the introduction of RSRQ and RSSI measurement quantities in the RAN1 specification TS36.214 in a LS in [1]. The following RSRQ and RSSI measurement definitions are given in the LS [1].  
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


4. E-UTRA carrier RSSI

The following definition is still included in TS 36.211 [1] and will need further refinement in the future:

UE measurement: E-UTRA carrier RSSI:

	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


Based on the earlier accepted simulation assumptions initial simulation results for UE measurement accuracies were presented in the Orlando RAN4 meeting #43bis [3]. It was agreed that further work on the technical details of this measurement quantity is necessary in order to better understand how RSSI and RSRQ measurement could be utilised in the E-UTRA networks and thereby what would be an optimum RSSI measurement BW from the  E-UTRA system perspective. It was however not finally decided which particular mobility scenarios will utilize RSRQ and RSSI as separate measurement quantity.  

This contribution continues discussion initiated in [2] related to RSSI measurement quantity and its applications. In addition taking into consideration issues and limitations mentioned in the previous contribution related the nature of RSSI measurement quantity proposals for measurement bandwidth and related control are presented. We also see that after RAN4 has concluded possible use cases for RSSI and RSRQ measurements it is important to review the RSSI and RSRQ measurement definitions indicated by RAN1 in order to ensure good match between the use cases and definitions.
2 Discussion 
2.1 RSSI measurement bandwidth - Intra-frequency operation.
As discussed in [2] it is beneficial to perform RSSI measurements in widest applicable bandwidth e.g. cell operational bandwidth. This is easy to realize in case the same operating bandwidth is applied in all cells in the network cluster. In such no additional signalling is required.
As LTE cells may utilize various operational bandwidths relevant control mechanism has to be implemented.  Bandwidth of serving is cell known from system information. Typically the operating bandwidth of neighbouring intra-frequency cells is the same as the one of the serving cell. However, e.g. during the early phase of E-UTRA deployment some variation in operating BWs may exist between different geographical areas and it is important that these border cases are also considered. These special cases could at least be solved in the following way. RSSI and RSRQ measurements for candidate intra frequency cells are not requested in these special border area cases as the results would not represent similar RSSI and RSRQ measurement results as originally intended.. Instead RSRP measurements would primarily be used in these special cases. Alternative way would be allow uncertainty in the measurement results due to varying operating BW. If RSSI and RSRQ measurements in these special cases are anyway seen necessary and additional uncertainty in the measurement results is not seen acceptable, some optional information element for RSSI measurement BW could be considered for indicating varying operating BW for intra-frequency neighbour cells. However, we see it difficult to justify this additional signalling as even the purposes of RSSI and RSRQ measurements in E-UTRA system are not well understood and agreed in RAN WGs. Thus, we see that it should be sufficient to agree that if intra-frequency RSSI and RSRQ measurements are requested from the UE, RSSI measurements are performed by using the operating BW of the serving cell.  

2.2 RSSI measurement bandwidth - Inter-frequency operation.
In case of RSSI measurements for non-serving frequency layers it may be rather common that non-serving frequency layer does not have the same operating BW as the serving cell and serving frequency layer. In order to ensure that the UE uses appropriate BW for inter-frequency RSSI measurements some solutions need to be identified and agreed. One way to solve this possible BW uncertainty without increasing UE measurement complexity unnecessary and with minimal impacts on signalling would be to allow the UE to use the 6 RBs in the middle of the operating BW for all inter-frequency measurements and cell searches unless some further information on the actual operating BW of the target non-serving frequency is provided to the UE. However, it is unclear whether this type of measurement would actually provide needed information. 
If there is a need to allow inter-frequency RSSI measurements on the actual operating BW of a given non-serving frequency layer, an optional signalling of the BW of a given non-serving frequency layer would need to be defined. This signalling optional information element would be provided by the serving cell. However, before doing so it would be useful to discuss how important RSSI and RSRQ measurements are seen and thereby how important it is from the system perspective to have possibility for signalling the operating BW of non-serving frequency, for which RSSI and RSRQ measurements are requested for. 

3 Conclusions

In this contribution we have discussed RSSI measurement bandwidth options that might be considered for intra and inter – frequency operations. Considering UE implementation aspects and the fact that not very detailed use cases and purposes for the RSSI and RSRQ measurements have been agreed  we believe that for the purposes of LTE intra-frequency RSSI and RSRQ measurements the operational bandwidth of the current serving cell might be the best option for measuring intra-frequency RSSI.   
As currently no signalling of inter-frequency operational bandwidth is planned and various cell bandwidths are supported it would be recommended because of system complexity to limit RSSI measurement bandwidth to 6RB’s. It must be however carefully analysed which of the accepted measurement quantities should be applied to control inter-frequency mobility. In case results provided from 6RB measurement bandwidth is seen as insufficient additional signalling discussed in the contribution has to be considered.    
RAN4 should further analyse influence of RSSI measurement bandwidth on measurement accuracy taking into consideration uses cases of RSSI and RSRQ in RRM procedures.  Thus, we would like RAN4 to clarify and agree how, RSSI and RSRQ measurement quantities are expected to be used in E-UTRA system before agreeing on their detailed technical parameters. These findings should then be reported back to RAN1 in order to ensured aligned assumptions in all RAN WGs.
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