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1 Overview
Several general aspects of E-UTRA physical measurements have been presented in [1].  In this contribution, the detailed characteristics of some potential measurements based on reference symbol (RS) processing related to mobility are discussed.  These measurements are designated as:

· Reference Symbol Received Signal Strength Indicator (RS-RSSI)
· Reference Symbol Signal to Interference and Noise (RS-SINR)
· Received Signal Strength Indicator (RSSI)
A candidate definition of each measurement is outlined including various parameters, such as applicable reference symbols, measurement bandwidth, measurement interval and the potential use of layer 3 filtering.
Depending on RAN1’s conclusions concerning P- and S-SCH symbol structure, and initial and non-initial cell search procedures, measurements based on observations of synchronization symbols could be used to augment, or replace, measurements based on reference symbols.  Such use of synchronization symbols will be discussed in a future contribution.
In general, it is assumed that:
1) the UE is not required to compensate for boosting of reference symbols from any target cell of any type for both RS-RSSI and RS-SINR measurement
2) the measurement reference point is the UE antenna port, for both UE antenna ports
3) when the UE is defined as in a ‘DRX’ mode, the UE is not required to execute a measurement of any target cell. Any measurement averaging applicable to reported statistics should not be dependent on observations made during DRX intervals.
2 RS-RSSI  Definition 
A single RS-RSSI observation is defined as the mean measured power per reference symbol (RS) resource element (RE) observed over a single subframe (1ms). One or several such observations may be combined to form an RS-RSSI measurement report.
Units (TBS in WG4) - (dBm). 
Note: A RS energy measurement could equally be defined in place of an RS power measurement, provided minor details – such as the difference in CP length applicable to normal and extended CP’s – is suitably normalised.
2.1 RS-RSSI Measurement Interval and Reference Symbols 
The 1st OFDM symbol (OFDM symbol#0 [2]) of a downlink subframe (1ms TTI)  is embedded in the L1/L2 control channel and is likely broadcast over the entire cell.  Reference symbols contained in the 5th or 4th OFDM symbol (i.e. OFDM symbols #4 or #3 for normal and extended CP respectively) of the 1st 0.5ms slot, and in the 1st and 4/5th OFDM symbols (OFDM symbols #0 and #3/4) of the 2nd 0.5ms slot could potentially be beamformed or subject to power control and therefore may not be reliably exploited as the basis for generating a measurement report. 
Explicitly signalling the use of a second antenna for at least BCH transmission e.g. via the S-SCH, remains an option, and hence the availability of RS R2 in the target cell could be determined during target cell identification. Since S-SCH processing is a pre-requisite for cell identification or validation, requiring processing of R2 when identified as present in the target cell appears a reasonable requirement. Since reference symbols R3 and R4 are not required to always be transmitted by the cell regardless of the eNB antenna configuration, R3 and R4 could be precluded from mobility related measurements to avoid any need for the UE to infer their use.
Issues:

1) Should mobility-related measurements be restricted to the RS set available in the first OFDM symbol of a subframe?

2) Should RS-RSSI measures be derived for both reference symbols R1 and R2 (if used), and combined (averaged) before further processing to generate a single, joint RS-RSSI measure?
3) Should mobility-related measurements be restricted to R1 and R2 (if used), with R3 and R4 always excluded?
2.2 RS-RSSI  Measurement Bandwidth
Based on mobility measurement requirements from [3], a neighbour cell may have any allowed bandwidth mode.  One option is to have the RS-RSSI measurement bandwidth of a target neighbour cell be set equal to the target cell bandwidth. This permits the maximum number of reference symbols to be included in the measurements, and hence improves measurement reliability, but requires the UE to determine the bandwidth of each neighbour cell.  To do this, the UE could be provided with the required bandwidth information via a neighbour list, or – with added and potentially undesirable complexity from the perspective of the terminal – the UE could be required to decode the BCH of target cells, or even infer the bandwidth of the target cell via e.g. target cell RS analysis.
Issues:

1) Should RS-RSSI measurement be based on a constant (minimum) bandwidth for all target cell bandwidth modes?
2) Should RS-RSSI measurement bandwidth be restricted to the 72-subcarriers that are used for the CCPCH i.e. centred around the DC subcarrier of the target cell (as defined in section 5.5.3 of [2])?

3) Should measurements on the serving and non-serving cells be distinguished in this regard?
2.3 RS-RSSI  Applicable Subframes 
Depending on how, for example, RS locations are specified for MBMS use, downlink reference symbol patterns could differ between subframes. If an RS-RSSI observation is allowed for any subframe, the UE would need to be informed of the target cell subframe type or be required to infer this information via observation (which may be complex). This could increase the time required to perform RS-RSSI measurement reports and affect handover latency target requirements. Simplification of measurement reporting could be achieved by requiring the UE to execute observations and formulate measurement reports based solely on specific subframes, for example, subframes containing SCH symbols.
Issues:

1) Should RS-RSSI measurements be only allowed over slots with embedded SCH (P/S –SCH) symbols?
2) Should slots with any RS pattern specific to multi-cell MCH operation be excluded? 
Note that this latter condition could relieve the UE of the need to actively estimate and determine, for the unicast/MBMS-mixed scenario operational on a target cell, whether observed subframe or subframes contain the current 36.211-specified RS pattern or some other multi-cell MCH-specific pattern.
2.4 RS-RSSI Receiver Antenna Configuration 
RS-RSSI estimates are generally derived on a per-antenna basis, but may be subject in practice to antenna gain imbalance, user head/body interaction and other antenna-differentiating effects. For the purpose of reporting, per-antenna measures could be reported individually or could be combined into a single RS-RSSI metric.
Issues:

1) Should the UE always report a joint RS-RSSI statistic over both antennas, or report on a per-antenna basis?
2.5 RS-RSSI Layer Filtering
Any L3 filtering period applicable to RS-RSSI should be established after the occasions of valid RS-RSSI observations have been identified.
3 RS-SINR Definition

Units (TBS in WG4) - (dB).

A single RS-SINR observation is defined as the mean measured post-combined reference symbol SINR, observed over a single subframe (1ms). One or several such observations may be combined to form an RS-SINR measurement report.
Issues regarding measurement bandwidth, valid reference symbols and applicable subframe definitions are similar for RS-RSSI estimation as for the RS-SINR measurement discussed above. 

L3 filtering type and period applicable to RS-SINR should be established after the occasions available for RS-SINR observations (including DRX) have been agreed.
4 RSSI Definition
Units (TBS in WG4) - (dBm).

RSSI comprises the total received signal power observed by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel ingress, thermal noise etc. The measurement interval for an RSSI observation may not need to be explicitly specified, but could be defined in terms of the subframe duration. Multiple RSSI observations could be combined to form a single measurement report.
4.1 RSSI Measurement Bandwidth
RSSI measurement could be configured to be over either:
1) the bandwidth of the cell on which the UE is camped, 
2) or the centre 72-subcarrier interval (1.1MHz) corresponding to SCH occupied bandwidth. This measurement applies to any target cell.

Option 1 may be the most straightforward definition in this instance.
4.2 RSSI Measurement Interval 
In considering measurement interval, it is not necessary to make a distinction between intervals corresponding to any specific slot types (odd or even) per [2], or subframes containing synchronization signals (P/S-SCH) unless – especially in synchronous networks – P- and S-SCH symbols are transmitted at an elevated power level compared to OFDM symbols containing, say, L1/L2 control information or DL-SCH symbols. Another issue potentially impacting the RSSI observed from a specific cell is the use of beamforming, which could impact the observed serving cell RSSI in certain beamformed scenarios.
Issue:

1) Does the RSSI measurement interval need to recognise (e.g. avoid) elevated eNB radiated power levels during P- or S-SCH transmission intervals?
2) Are there specific RSSI measurement scenarios where the UE might be impacted by beamforming effects with respect to the serving cell?
4.3 RSSI UE Antenna Configuration
As for RS-RSSI, the UE could report a per-antenna RSSI measurement, or a joint measurement comprising the combination of RSSI measured per antenna. A joint measurement may be the simplest approach, which minimises measurement report size.
4.4 RSSI L3 Filtering
The L3 filtering type and period applicable to RSSI should be established after the occasions available for RSSI observations (including DRX) have been agreed.

5 Conclusion
This contribution has identified and discussed specific open issues with respect to mobility measurement generation and reporting based on reference symbols. Future contributions will further consider each issue, and the potential use of synchronization symbols as an alternative or augmentative source of measurement reporting.
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