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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In 3GPP RAN1#76b, one open issue on DRS based RSSI measurement has been left on the small cell discovery signal [1, 2]:
· For RSSI measurement, down-select from the following alternatives
· Alt 1: RSRP + linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth 
· Alt 2: linear average of the total received power observed in all OFDM symbols within the measurement bandwidth
· Alt 3: linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth
· Alt 4: legacy RSSI measurement, i.e. it requires CRS transmission in discover RS  
In this contribution, we briefly discuss DRS based RSSI measurement and give our selection among the above alternatives.
2 DRS-based RSRQ-like Measurement
The definition of legacy RSRQ and RSSI is defined in 36.214. [3]
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
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. If higher-layer signalling indicates certain subframes for performing RSRQ measurements, then RSSI is measured over all OFDM symbols in the indicated subframes.



From the definition, we can see that RSRQ can reflect the SINR and the traffic load so it can be used for cell selection/association. In small cell scenario, CRS might not be present, so small cell need to measure RSRQ based on DRS. For the purpose of cell association between the macro and the small cell layers, it is required that RSRQ can be compared between the two layers. Accordingly, the PDSCH interference conditions of the neighbor cell should be included in the dominator, i.e. the RSSI.
However, there can be issues with DRS based RSSI (D-RSSI) measurements if it is directly measured on DRS. Considering the DRS is always present no matter the small cell is in on-state or in off-state, If RSSI is measured on the OFDM symbols containing DRS then it will not reflect the RSSI on the other symbols and subframes that carries PDSCH. This will lead to a bad RSRQ measurement with a certain bias. In fact, RSSI will remain unchanged even if cells change state from OFF->ON or ON-> OFF. As we only measures the DRS which is always present in those symbols.
The bias of D-RSSI is highly dependent on the DRS design. If the DRS will occupy a large number of resources within the OFDM symbols that the measurement is based on then it will result in a biased RSSI measurement. If only a few resources are used the bias can be  small . Hence, RSSI can be measured on those OFDM symbols. 
Based on the above discussion, we consider the alternatives for down-selection. 
· Firstly, as CRS cannot be used to distinguish TPID in shared Cell ID scenario, we believe that CSI-RS is more suitable to transmit with PSS/SSS as discover RS. Alt4 is not a good selection, 
· secondly, as the power of the reference signal should be included in the denominator to make the DRS-based RSRQ comparable to the existing RSRQ [4]. Alt 3 is not a good selection. 
In order to evaluate Alt1 and Alt2 we make the following definitions:
= linear average of the total received power observed in OFDM symbols not including DRS within the measurement bandwidth. 
 = linear average of the total received power observed in OFDM symbols including DRS within the measurement bandwidth.
RSSI for the different Alt1 and Alt2 can be written as:
(Note: RSRPi is RSRP for small cell i)

If we look at RSSIDRS, it will be the sum of the RSRP for all small cells that are transmitting DRS. If not all CSI-RS resources are used for DRS (only a few small cells transmit DRS) then the rest of the REs will only contain thermal noise and the interference from other cells. Alt2 will have very similar properties as the legacy RSSI. 
For Alt1 we can see that RSSI will be different depending on which small cell the RSRQ is measured on, as RSRPi is included in RSSI measurement:

As RSSI shall be the same for all cells Alt1 does not fulfill this property.
From the above analysis we find that Alt2 is the best choice. Besides, Alt2 is also compatible with the legacy RSSI in ICIC. Therefore, it will reduce the standard impact and save the effort at UE side. Thus our preference is the alternative 2.
Proposal: D-RSSI comprises linear average of the total received power observed in all OFDM symbols within the measurement bandwidth.
3 Conclusion 
In this contribution, we briefly discuss DRS based RSSI measurement, and have the following proposal:
Proposal: D-RSSI comprises linear average of the total received power observed in all OFDM symbols within the measurement bandwidth.
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