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1. Introduction

In RAN1#77, Discovery RSSI (DRSSI) for DRS based RSRQ was proposed by [4] as follows:
· A single RSSI definition is introduced in Rel-12 for DRS-based RSRQ
· Discovery RSSI (DRSSI) is measured on configured subframe(s) on OFDM symbols that cannot contain signals potentially present in a DRS occasion, independently of whether the UE is configured to report CSI-RS-based RRM measurements

· The same DRSSI measurement can be used to derive CRS-based RSRQ and CSI-RS-based RSRQ

· RSRQ = N*RSRP/(N*RSRP+DRSSI) for DRS-based measurements

· N is the number of RBs of the DRSSI measurement bandwidth

· The measurements in the numerator and denominator shall be made over the same set of resource blocks
The proposed DRSSI and RSRQ were not agreed in RAN1#77.   The post RAN1#77 email reflector discussion [77-10] did not reach consensus either.  This paper discusses the DRS RSSI measurements and the definition of DRS RSRQ for small cell ON/OFF.   
2. DRS RSRQ Definition
RSRQ is one form of the received signal quality of the measured reference signal.  LTE RSRQ measurement is defined as RSRP/RSSI in [3].   The definition of RSSI is the linear average of the total received power on the measured OFDM symbols as in [3] as follows:   

“E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc”
RSSI represents the interference “averaged” over all measured symbols.   The current RSSI definition captures received signal strength from all sources, which includes co-channel received signals from the serving and non-serving cells over the whole operating bandwidth, adjacent channel interference, thermal noise, etc.    The co-channel received signals from the serving cell include the measured RSRP of the RS in the measured bandwidth, and all other DL transmissions in the measured subframe.  The DL transmission power is accumulated over the number of RBs scheduled to be transmitted by PBCH or PDSCH, which is proportional to the system load of the serving cell.  Similarly, the power of the co-channel received signals from non-serving cells is also proportional to the system load of each neighboring cell.  Thus, RSSI measurements depend on the system load of the serving cell and non-serving cells.  
For DRS RSSI, the only signals not included in the RSSI are the PDSCH from co-channel non-serving small cells in the dormant state, since the dormant small cells do not have DL transmissions except the DRS.    The RSSI measurements involving the dormant small cells are similar to measuring RSSI involving a non-serving cell with zero load at the measured subframe. This might lead to over-pessimistic measure of RSSI and over-optimistic measure of RSRQ.   The variation of the system load is expected not to be small in the small cell ON/OFF operation for interference mitigation.  The other concern is the muting effect of CSI-RS based DRS RSRQ measurement.   The effect of muting CSI-RS on the measured symbols would be similar to reducing the system load.  This will lead to over-pessimistic RSSI measurement.   Since the system load estimation of each cell is not straightforward in the RSSI, it might be better to have a long term average of RSSI measurement on the DRS symbols without additional adjustment.  Thus, current RSSI definition should be used for DRS RSSI.    If the muting effect of the CSI-RS based DRS RSSI is a concern, a new RSRQ definition with RSSI measurement over all OFDM symbols instead of just RS symbols in the measured subframe as proposed in [5] could be used to mitigate the muting effect in the CSI-RS REs.  
Proposal 1:  DRS RSSI is defined based on current RSSI measurement definition in [3] with measurement over all OFDM symbols in the measured subframe, as in the new RSRQ definition proposed by RAN4 [5].  
If DRS RSSI would reuse current RSSI definition for new RSRQ measurement, DRS RSRQ could use the same definition of RSRP/RSSI for both CRS-based and CSI-RS based measurements.   
Proposal 2: DRS RSRQ is defined as DRS RSRP/ DRS RSSI.  
3. Conclusions

In this contribution, we analyze DRS RSRQ measurement in order to support small cell ON/OFF with a short transition time.   We propose the following,   
· Proposal 1:  DRS RSSI is defined based on current RSSI measurement definition in 36.214 with measurement over all OFDM symbols in the measured subframe, as in the new RSRQ definition proposed by RAN4.  

· Proposal 2: DRS RSRQ is defined as DRS RSRP/ DRS RSSI.  
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