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1 Introduction

In the last RAN1 meeting (RAN1#42) we analyzed different measurements that could potentially be considered to support mobility within E-UTRAN system. The following three mobility measurements: RSRP (same as RS-RSSI in [1]), E-UTRA carrier RSSI and RSRP/E-UTRA carrier RSSI, were found to be beneficial from system perspective [1]. It was concluded that RSRP and E-UTRA carrier RSSI were the most essential ones and were also agreed by RAN1 in the same meeting [2]. Regarding RSRP/E-UTRA carrier RSSI, our standpoint was that further investigation would be needed before arriving at the final conclusion [1]. 

In this paper we further analyze the use of RSRP/E-UTRA carrier RSSI in various network scenarios. Our investigation reveals that this measurement is also needed to ensure good mobility performance in different scenarios. 

In the rest of the document we will use a more compact term, RSRQ (reference symbol received quality) to represent RSRP/E-UTRA carrier RSSI, i.e.

RSRQ = RSRP/E-UTRA carrier RSSI

2 Handover Triggering based on Absolute Levels
The network can configure UE to report handover related event, which can be based on absolute quantity or on relative quantity or on both. An event based on absolute level (or measured quantity) means that occurs when a certain measured quantity from the serving cell falls below an absolute threshold. On the other hand by event triggering due to relative quantity will take place when certain measured quality from the serving cell is compared with those of the neighbour cells. 

In scenario where the triggering of handover takes place according to only relative measured quantity, both RSRP and RSRQ would lead to similar results since E-UTRA carrier RSSI (denominator in RSRQ) would be the same in all cells within the same carrier. 

However, handover triggering based on absolute levels lead to different results for RSRP and RSRQ. Absolute level triggered handover decisions are useful in some scenarios such as in small cells where relative measured quantity based handover may delay the handover.

In another scenario while performing inter frequency handover when E-UTRA carrier RSSI differs between different carriers, the use of both RSRQ and RSRP would make sure that the downlink quality and uplink path loss would improve after doing handover to the best carrier (i.e. with lowest carrier RSSI). This will allow the network to select the best cell on the intended carrier both in terms of downlink quality and uplink path loss. 

Thus it’s appropriate that handover process or more specifically the triggering of handover is done by considering both RSRP and RSRQ. This would imply that when any of the serving cell RSRP or RSRQ falls below their desired threshold levels, the UE starts find a suitable target cell. 
3 Mobility Related Field Results in WCDMA
In this section we will provide some field results related to mobility from WCDMA live network. By drawing the analogy between some WCDMA and E-UTRAN mobility related measurements one could expect E-UTRAN to exhibit behaviour similar (though not exactly the same) to WCDMA when it comes to mobility. Hence these field results could indicate the applicability and usefulness of different measurements in various mobility scenarios. Since the results are based on two basic WCDMA measurements it’s important to clearly understand their similarities and differences with the corresponding E-UTRAN measurements as discussed below:   

The two WCDMA neighbour cell measurements under considerations are [3]:

· CPICH RSCP

· CPICH Ec/No = RSCP/UTRA carrier RSSI. 

CPICH RSCP is only measured on CPICH and is the total received power of the CPICH symbols, which are transmitted with constant power over the entire cell. In E-UTRAN, the RSRP is measured on reference symbol, which are also transmitted with constant power over the entire cell.

CPICH Ec/No is the ratio of RSCP and UTRA carrier RSSI (i.e. total load). In the same way RSRQ is the ratio of RSRP and E-UTRA carrier RSSI (i.e. total load). 

Due to better orgothonality in E-UTRAN, the intra-cell interference is expected to be relatively small compared to that in WCDMA. This could lead to slightly different performance and behaviour of WCDMA specific measurements (RSCP and CPICH Ec/No) as compared to E-UTRAN specific measurements (RSRP and RSRQ). 

3.1 Test Scenarios

In the following section we provide field results in three different environments: indoor (underground station), tunnel and high rise building. The results show CPICH Ec/No and RSCP logged data. Furthermore, the call is dropped when either of CPICH Ec/No or RSCP is below the desired level i.e. call dropping occurs when CPICH Ec/No falls below the red line (Ec/No < -16 dB) and RSCP happens to les on the left of the red line (RSCP < -118 dBm). Layer 3 filtering is enabled on both Ec/No and RSCP. 

A. Underground Station:

Field results obtained from underground station scenario are shown in figure 1 where users move with pedestrian speed. User’s call is dropped when any of the two measurements are below the respective levels (outside red line as described above). It is interesting to note that even if RSCP is well above the desired level, the CPICH Ec/No can be extremely poor. As an example for RSCP lying between -70 and -60 dBm, the CPICH Ec/No is found to be between -19 and -16 dB. This implies if handover decision is solely based on either RSCP or on Ec/No there is high risk that in some situation the call will be dropped prematurely.   
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Figure 1: Field results in underground station scenario
B. Tunnel Scenario:

Field results for the tunnel scenario are shown in figure 2. The users are inside the cars, which are driven at a moderate speed between 20-50 km/hr. In this scenario there are only few occasions when RSCP is within an acceptable level though CPICH Ec/No is below the desired level. In most cases handover decision based on either of the two measurements would not lead to call dropping.   
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Figure 2: Field results in tunnel scenario
C. Tunnel Scenario:

Field results in case of high rise building scenario are shown in figure 3. The users are located inside and at the upper floors of the buildings. As can be seen from the figures, the CPICH Ec/No measured values can be significantly below the required level even when RSCP is within an acceptable range, i.e. between -100 dBm to -90 dBm.
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Figure 3: Field results for high rise building scenario
Conclusions from Field Results:

In some scenarios it has been observed that even if RSCP is within acceptable range the CPICH Ec/No may fall below the desired level. The call is dropped in case any one of these two measurements is below its acceptable limit. This leads to the conclusion that handover process (i.e. triggering of handover) should take into consideration both RSCP and CPICH Ec/No. That’s when any of serving cell RSCP or CPICH Ec/No falls below the respective thresholds the UE starts finding the best neighbour cell in terms of RSCP or CPICH Ec/No.

4 RSRQ: UE Reported vs. Network Estimated
As both RSRP and E-UTRA carrier RSSI shall be reported to the network, one can argue that eNode B can estimate RSRQ (since RSRQ = RSRP/E-UTRA carrier RSSI). However, there are few reasons due to which eNode B based estimated RSRQ may not be the best choice as explained further.  

Firstly the UE is required to trigger certain handover related events based on RSRQ. This means UE is expected to report RSRQ at least when the event is triggered.

Secondly eNode B can request the UE to apply higher layer filtering on neighbour cell measurements before sending the measurement reports to the network. In this case since the received RSRP and E-UTRA carrier RSSI reports have been subjected to higher layer filtering, therefore RSRQ cannot be accurately estimated. For correct estimation the physical layer samples of RSRP and RSSI (i.e. without higher layer filtering) should be used to estimate RSRQ, which in turn should be fed to a higher layer filter.    

Another reason is that potentially different averaging interval can be used for RSRP and E-UTRA carrier RSSI. In such cases the eNode B based RSRQ estimation would lead to even larger uncertainty.  

5 Summary

In this contribution we have analyzed the need to specify RSRQ (i.e. RSRP/E-UTRA carrier RSSI) for mobility. It has been discussed that for correct handover evaluation both RSRP and RSRQ are needed. In WCDMA where similar measurements (CPICH RSCP and CPICH Ec/No) are used, the results from live operation strongly testify the needed for employing both path-loss based (RSCP) and quality based (CPICH Ec/No) measurements in handover evaluation process. We expect similar behaviour in E-UTRAN, i.e. unnecessary call dropping in case both RSRP and RSRQ are not used for triggering the handover. Furthermore, due to higher layer filtering in the UE, the network cannot make use of the reported RSCP and carrier RSSI to accurately estimate RSRQ. Thus we see a strong need to specify RSRQ to support mobility in E-UTRAN system. 
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