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1 Introduction

In this contribution we analyze the impact of measurement bandwidth on E-UTRA carrier RSSI measurement. RAN1 in their LS listed two possibilities for the evaluation of the measurement bandwidth of RSSI [1]: i) measurement bandwidth equal to the center 72 sub-carriers for all cell bandwidths ii) measurement bandwidth larger than 72 sub-carriers and could be signaled by the network to the UE. RAN4 decided in their last meeting to continue the discuss in RAN4#43 in order to conclude on points i) and ii) stated in the RAN1 LS [2]. 

2 Application of E-UTRA Carrier RSSI
Before studying the impact of measurement bandwidth on carrier RSSI, it is important to understand its usage and application. 

Unlike RSRP, E-UTRA carrier RSSI measurement is not limited to the reference symbols. Instead E-UTRA carrier RSSI is the total received power measured by the UE from all sources, including serving and non-serving cells, adjacent channel interference, thermal noise within the carrier etc. 

Thus, there is one RSSI measure per carrier. In case of multiple carriers (e.g. co-located cells), UE could be requested to measure for each of these carriers. The main objective of this measurement is to indicate the ‘total load’ over an entire carrier. 
It can be used in different stages and scenarios related to handovers as stated below:

· Triggering of Inter-frequency handovers:

· Based on the absolute RSSI level of the serving frequency carrier the inter-frequency handover could be triggered, e.g. gap-assisted measurements such as RSRP on the target frequency could start. 

· Triggering of IRAT handovers:

· Based on the absolute RSSI level of the serving frequency carrier the inter-system handovers could be triggered, e.g. gap-assisted measurements on the target system such as WCDMA/GSM could start. 

· Load balancing: 
· This measurement could be used to shift the load on different carriers, e.g. to even out load on the exiting carriers. In this case the load of different carriers will be compared based on carrier RSSI.  

In all the above examples it’s evident that proper load estimate is key to correct handover and load balancing decisions. The impact of measurement bandwidth on load estimation based on RSSI is described in section 3. 
3 Measurement Bandwidth Impact on Load Estimate
The network can schedule users over the entire carrier. In other words the load on the carrier can be distributed over the entire carrier. The LTE network can be deployed using different cell transmission bandwidths, e.g. 1.25, 2.5, 5, 10, 15, 20 MHz. 

This means in the first possibility as mentioned in RAN1 LS, where carrier RSSI is measured over the central 1.25 MHz bandwidth, the load estimate would be useful in case the transmissions bandwidth of the deployed cells is smaller (e.g. 1.25 MHz). 

On the other hand RSSI measurement done over 1.25 MHz would be misleading for the network in case larger bandwidth is used by the cells. This would lead to incorrect inter-frequency and IRAT handover decisions. Similarly the load balancing between different carriers cannot be correctly performed. This means when larger bandwidth is used the carrier RSSI should also be measured over a bandwidth larger than 1.25 MHz. 
However due to the variable transmission bandwidth option the question arises which measurement bandwidth should be used by the UE. In order to better understand this aspect let’s consider the following two main deployment scenarios:  

· Homogeneous bandwidth deployment
· Heterogeneous bandwidth deployment
3.1 Homogeneous bandwidth deployment
In this scenario in one geographical location (comprising of several sites) or in one coverage area, all cells use the same transmission bandwidth. Similarly all the co-located carriers use the same transmission bandwidth as well.  

In practice this is the most likely and common deployment scenario. This is also the most straight forward case, where the UE could measure over the same bandwidth as that of the serving cell. In case of very large cell bandwidth, e.g. 20 MHz, the measurement done over relatively shorter bandwidth such as over 10 MHz would provide much better picture compared to the case of measuring it over 1.25 MHz.
3.2 Heterogeneous bandwidth deployment
In this scenario in one geographical location (comprising of several sites) or in one coverage area, cells with the same center frequency may use different transmission bandwidth. This scenario is likely to be less frequent but is still important since there will be cases where heterogeneous cells in terms of different bandwidths are present in a geographical area. 
There is an advantage from the network perspective that UE is able to measure RSSI over as large bandwidth as possible. But since the bandwidth of the serving cell can either be larger than other cells belonging to the same carrier or vice versa. The UE should measure over the bandwidth, which is the minimum of the serving cell and target cell bandwidths. A mechanism is needed whereby the UE is able to measure over as large bandwidth as possible without any unnecessary complexity. 
4 Conclusions
In this contribution we have analyzed the impact of measurement bandwidth on E-UTRA carrier RSSI, which is used to indicate the load on the entire carrier. The measurement is used by the network for taking vital decisions such as inter-frequency handovers, IRAT handovers, load balancing etc. The accurate estimation of carrier RSSI is therefore critical for correct decisions of the above mentioned operations. Therefore, from load estimation perspective we strongly see the benefit of using measurement bandwidth larger than 1.25 MHz.
5 Overall Recommendation on Measurement Bandwidth

We have studied the impact of measurement bandwidth on both RSRP [3] and E-UTRA carrier RSSI. 
In case of RSRP, which is measured only over the reference symbol, we have seen in most cases higher layer filtering can compensate for the measurement uncertainty arising due to smaller measurement bandwidth. However, in case of sudden change in propagation condition, higher layer filtering that involves longer time constant is very less likely to minimize measurement uncertainty. Therefore, in such scenarios larger measurement bandwidth would be useful.
In case of network deployment comprising of large cells it’s important that UE measures RSSI over larger measurement. 

Based on this analysis we strongly recommend that network is able to indicate UE the measurement bandwidth. This could be single parameter (i.e. measurement bandwidth) signaled from the serving cell. The UE will be required to read it once after cell reselection or handover. Thus, we suggest that option ii) mentioned in RAN1 LS is adopted.
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