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1 Introduction

Different mobility related measurements have been discussed in earlier papers in RAN1 and RAN4 [1-3]. This paper provides answers to some of the questions raised in the previous papers [2-3]. We have focused on the most essential neighbour cell measurements in this paper. Further investigation is needed to conclude on the issues discussed in this contribution. 

2 Mobility Measurements
The main objective of the mobility related measurements is to assist network in carrying out handovers. Handover decisions at the network can be based on more than one criteria e.g. coverage, system load etc. As it’s difficult for one single measurement to cover all important handover criteria, therefore generally more than one measurement is needed. In addition to handover, these measurements can also be used to perform other RRM operations such as congestion control.  
According to earlier contributions there seems to be a general consensus that neighbour cell measurements shall be done on the reference signals that are specified in RAN1 specifications [4]. The following mobility related measurements have been discussed in number of papers although in some cases different terminologies were used for the same measurement as listed below:

A. RS signal strength in [3] or RS- RSSI in [2] or RSRP in [1]

B. RSSI [2-3] or carrier RSSI in [1] 

C. RS signal strength/RSSI [3] or RSRQ in [1]

D. RS SINR in [3]

Where the above abbreviations stand for the following:

RS = Reference signal

RSSI = Received signal strength indicator

RSRP = Reference signal received power

RSRQ = Reference signal received quality

For the sake of clarity in the rest of the document we will use the following terminologies for each of the above measurements:

· RS-RSSI

· E-UTRA Carrier RSSI

· RS-RSSI/E-UTRA Carrier RSSI

· RS SINR

3 Measurement Aspects

The measurement bandwidth of neighbour cell measurements is discussed in a separate contribution [5]. Various other aspects of the measurements such as its purpose, consideration of multiple antennas, measurement length, OFDM symbol, etc are discussed in the following section for each of the above measurement. 

3.1 RS-RSSI
Definition: It is the total received power measured on the downlink reference signals within the UE measurement bandwidth.
Purpose:

RS-RSSI can be a good measure of the cell coverage in the downlink. The measurement can be used to indicate the network when UE is loosing coverage of the serving cell. This could allow network to either start the idle gap measurement or to directly initiate the handover. Thus from system perspective this measurement is important. 

Applicable OFDM symbols:
The neighbour cell measurement should be done over OFDM symbols that are transmitted over the entire cell and are not allowed to be beam-formed as also mentioned  previously [2]. But to our understanding both 1st and 5th OFDM symbols, where reference signals are present are transmitted over the entire cell. Therefore RS-RSSI should be averaged over the reference signals sent on both 1st and 5th OFDM symbols.    
Applicable sub-frames:
As discussed in [2] whether RS-RSSI should be measured over the slots which contain SCH channels (P-SCH/S-SCH). We think UE should be able to measure RS-RSSI over all the sub-frames, which are present within the measurement interval. Taking into consideration all the active sub-frames within the measurement interval would ensure good averaging in time since on the contrary the SCH channel is sent once or twice per frame (10 ms). Secondly when doing measurements in idle gaps (e.g. inter frequency) the measurement delay may increase since UE will be allowed to measure only during sub-frames where SCH channels are present.  
Measurement interval:
We believe a physical layer measurement interval between 100 ms – 200 ms could provide good time averaging. However this needs to be further investigated. Secondly sufficient number of measurement samples placed equally apart in time should be taken during the measurement interval. These are RAN4 related requirements, which will be investigated once RAN1 has agreed on the measurement. 
Higher layer filtering:
Higher layer filtering is beneficial for several reasons:

· The measurement reporting intensity can be considerably reduced. This means without higher layer filtering the network will require more frequent measurement samples, which increases signaling load in the uplink. 

· Higher layer filtering provides a great deal of flexibility of setting different averaging interval for the same measurement used in different radio network scenarios. 
· Network controlled filtering co-efficient could ensure that measurement reports (in terms of filtering properties) are consistent from UEs belonging to different vendors. This in turn considerably simplifies the network planning, dimensioning and setting of common channel transmission power levels. 
MIMO consideration:
In case of MIMO up to 4 transmit antennas are possible. Reference signals are transmitted by all the antennas according to the patterns specified in 36.211 [4]. Reference signals R0, R1, R2 and R3 are defined in 36.211 are transmitted from antennas 1, 2, 3 and 4 respectively. In all the configurations/frame structures only reference signals R0 and R1 are consistently transmitted with higher density compared to reference signals R2 and R3. As currently discussed in RAN1 the transmit antenna configuration information is expected to be encoded in S-SCH. This would allow the UE to acquire the antenna configuration without reading system information. 

We suggest following aspects related to MIMO could be taken into account when defining RS-RSSI.

· The measurement can be restricted to reference signals R0 and R1, i.e. R3 and R4 can always be excluded.

· The reporting of measurement per antenna is not needed instead the UE should report the total combined measurement per cell. This means each receive antenna at the UE should accumulate the sum of measurement samples from all the transmitted antennas (i.e. from R0 and R1) and report the sum of the measurements done in all the receive antennas. By employing this approach the measurement report shall reflect gains in terms of both transmit diversity and receiver diversity, i.e. MIMO gain.
3.2 E-UTRA Carrier RSSI
Definition: It is the total received power of all the sub-carries within a carrier frequency. 
Purpose:

E-UTRA carrier RSSI is a good measure to depict total load on one carrier frequency. In other words this measurement would indicate the network, for instance, which carrier frequencies on the whole are more loaded than the others. It can thus be used for performing load balancing between different carrier frequencies by executing inter-frequency handovers. Since inter-frequency load balancing is an important optimization technique, which is likely to be employed in E-UTRA, therefore we foresee considerable benefit of this measurement.  

Applicable OFDM symbols:
This measurement should be done over all the OFDM symbols and over all the sub-carries within each OFDM symbol.  

Applicable sub-frames:
The measurement should be done continuously over all the sub-frames that are present during the measurement interval. 

Measurement interval:
We believe a physical layer measurement interval between 100 ms – 200 ms could provide good time averaging. However this needs to be further investigated. Secondly sufficient number of measurement samples should be taken during the measurement interval.  
Higher layer filtering:
Higher layer filtering will have the same benefits as discussed for RS-RSSI in section 3.1.

MIMO consideration:
In case of MIMO the each UE receiver branch should accumulate the energy transmitted by all the transmitted antennas. The UE should report the average of the measurement samples from all the UE receiver branches.  

3.3 RS-RSSI/E-UTRA Carrier RSSI

Definition: It is the ratio of RS-RSSI to E-UTRA carrier RSSI. It indicates the received quality of the downlink reference signals within the UE measurement bandwidth.
Purpose:

The ratio of RS-RSSI/E-UTRA carrier RSSI depicts the quality of the reference signals since this measurement incorporates the total interference on that carrier. .This measurement can therefore be used for handovers as well as for load balancing when used in conjunction with other eNode B measurements (e.g. transmit carrier power). In general both RS-RSSI and RS-RSSI/E-UTRA carrier RSSI can be simultaneously used for handover evaluation and execution. 

Potentially different averaging interval can be used for RS-RSSI and E-UTRA carrier RSSI. Due to which the network cannot estimate the appropriate value of RS-RSSI/E-UTRA carrier RSSI from the individual RS-RSSI and E-UTRA carrier RSSI reports.  

It is suggested to further investigate the need for this measurement. 

Applicable OFDM symbols:
The RS-RSSI part and E-UTRA carrier RSSI part shall use the same principles as described in section 3.1 and section 3.2 respectively. 

Applicable sub-frames:
The measurement should be done continuously over all the sub-frames that are present during the measurement interval. 

Measurement interval:
As for the other measurements we believe a physical layer measurement interval between 100 ms – 200 ms could provide good time averaging but this should be further investigated. 
Higher layer filtering:
Higher layer filtering will have the same benefits as discussed for RS-RSSI in section 3.1.

MIMO consideration:
The measurement report should reflect the gain due to both transmit and receiver diversity. This can be achieved by using the MIMO measurement principles for RS-RSSI and carrier RSSI as described in section 3.1 and 3.2 respectively. Since RS-RSSI is the sum of the measurements done in all the receive antennas and E-UTRA carrier RSSI is the average of the measurements done in all the receive antennas, therefore RS-RSSI/E-UTRA Carrier RSSI would fully reflect gain due to transmit and receive antennas. 

3.4 RS SINR
Definition: It is the signal to interference and noise ratio of the downlink reference signals measured within the UE measurement bandwidth.
Purpose:

We believe RS SINR is not a good measure to indicate the interference or load situation in the cell. It has been shown in an earlier study [3] that it leads to higher number of handovers compared to other measures such as RS-RSSI/E-UTRA Carrier RSSI. Therefore we don’t foresee the need for this measurement. 
4 Summary

In this contribution we have briefly discussed the most important measurements for mobility, their purpose and other measurement related aspects. Many of the issues mentioned in this paper including measurement interval, MIMO consideration etc should further be investigated so that measurements are useful for the system as well as reasonable from the UE implementation point of view. The following three mobility measurements: RS-RSSI, E-UTRA carrier RSSI and RS-RSSI/E-UTRA carrier RSSI are considered beneficial from system perspective and so are proposed to be considered for further investigation. It is proposed to have at least RS-RSSI and E-UTRA carrier RSSI for mobility purpose. It also suggested to do further evaluation to observe the benefit of having RS-RSSI/E-UTRA carrier RSSI. 
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