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1. Introduction
Major progress had been made in the last RAN1 meeting in defining the DRS structure as well as decisions on what measurements will be enabled through DRS as part of the small cell enhancements in Rel. 12. 
A few relevant decision from RAN1#78 are noted below:

Agreements:
· For DRS-based measurement,

· For CRS transmission, UE assumes only port 0 CRS is transmitted in DRS
· This does not have impact for rate matching

Agreements:
· For DRS-based measurement,
· UE assumption of CRS transmission on a MBSFN subframe is per Rel-8
· There is no new signaling associated with MBSFN configuration

· FFS: Note that MBSFN subframe may not occur in DRS occasion depending on further agreements of DRS designs
· Note: Above agreements are revised agreements (Previous agreement was “When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8”)
Agreements:
· Following measurements are supported for DRS-based measurements
· For DRS-based RSSI measurement, 
· Discovery RSSI (DRSSI) is measured over all OFDM symbols in DL part of measurement subframes within DRS occasion
· For DRS-based RSRQ measurement, 
· DRSRQ = N×DRSRP/DRSSI, where N is the number of RB’s of the DRSSI measurement bandwidth.
· CSI-RS-based RSRQ measurement is not specified
Observations:
· RAN1 assumes that restricted RRM measurement configuration for Pcell can be configured together with measurements on DRS

· If a UE is configured with DMTC and with the existing restricted RRM measurement configurations for a frequency, then the UE measures DRS in subframes indicated by the restricted RRM measurement configuration.
· No RAN1 spec impact is expected for above bullets
In this contribution we discuss, how the following new measurements could be included into 36.214:

·  DRSRP: RSRP of the CRS part of the DRS occasions

·  DRSRQ: RSRQ of the DRS (based on CRS)

·  DCSI-RSRP: RSRP of the (optional) CSI-RS part of the DRS occasion
2. Discussions
For the CRS part of the DRS, we will first look at the current available definitions if the current definition can be reused, or a new definition might need to be added. 

Let’s first take a look at the currently available RSRP definition given in [1], copied below:

5.1.1
Reference Signal Received Power (RSRP)
	Definition
	Reference signal received power (RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth.

For RSRP determination the cell-specific reference signals R0 according TS 36.211 [3] shall be used. If the UE can reliably detect that R1 is available it may use R1 in addition to R0 to determine RSRP.
The reference point for the RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP of any of the individual diversity branches. 

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

First of all, it is clear, that a totally new measurement needs to be included to 36.214 for the DCSI-RSRP, as the current RSRP definition is clearly having a reference to cell-specific reference signals (marked in yellow above). Therefore, an addition on the DCSI-RSRP will be needed to 36.214. 

Observation1: An addition to 36.214 on the RSRP measurement of the CSI-RS part of the DRS is needed, as the current RSRP definition is only valid for CRS.

Considering now the CRS part, the situation is not that clear immediately. Reading the current definition, it could be directly applicable – but keeping the following restrictions in mind:
· The UE is only able to measure the DRSRQ during the configured DMTC and even there the subframes containing CRS are limited in time for FDD from 1-5 and for TDD from 2-5 subframes. 
In case of legacy measurements, the UE is able to measure at any point of time e.g. intra-frequency measurements, or using the full configured measurement gap in case of inter-frequency measurements. 
In this respect, the reference signals need to be considered to be configured for a UE – and not as in the RSRP measurement, assuming the CRS is just there and it is fully up to the UE discretion to select when to measure. 
· The UE for the DRS should only assume CRS port 0 to be present in the DRS occasion. The legacy measurement definition includes the possibility of enabling more than one antenna port. We marked this in grey color above.

· Last but not least, we think the new DRS measurement are only applicable for RRC_CONNECTED UEs (i.e. DRS based measurements not supported in IDLE mode). The relevant parts here are then marked in blue above. 

Observation 2: It might be a cleaner and simpler solution, to separately define a new measurement for DRSRP and not trying to accommodate legacy CRS based RSRP and DRSRP to be combined in a single measurement definition. 

The situation is similar for RSRQ (and even more evident there). Moreover, in case RAN1 defines a new DRSRP measurement, automatically a new DRSRQ measurement will be needed as well. 

Therefore, we propose:

Proposal: Add new measurement definitions of DRSRP, DRSRQ and DCSI-RSRP to 36.214.  

The suggested new measurement definitions are given in Appendix A to C.
3. Conclusions
In this document we discuss DRS based RSRP & RSRQ measurement definitions. Based on the discussions the following observations & proposals are made: 

· Observation1: An addition to 36.214 on the RSRP measurement of the CSI-RS part of the DRS is needed, as the current RSRP definition is only valid for CRS.

· Observation 2: It might be a cleaner and simpler solution, to separately define a new measurement for DRSRP and not trying to accommodate legacy CRS based RSRP and DRSRP to be combined in a single measurement definition. 

· Proposal: Add new measurement definitions of DRSRP, DRSRQ and DCSI-RSRP to 36.214.  

The relevant new measurement definitions are shown in Appendix A to C with track-changes compared to the current RSRP and RSRQ definition. 
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A. New example DRSRP definition on top of [2]
5.1.x
Discovery Reference Signal Received Power (DRSRP)

	Definition
	Discovery reference signal received power (DRSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals as part of a discovery signal configuration within the considered measurement frequency bandwidth.

For DRSRP determination the cell-specific reference signals R0 as part of a discovery signal configuration according TS 36.211 [3] shall be used. 
The reference point for the DRSRP shall be the antenna connector of the UE.
If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding DRSRP of any of the individual diversity branches. 

	Applicable for
	

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine DRSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.
B. New example DCSI-RSRP definition on top of [2]
5.1.y
Discovery CSI Reference Signal Received Power (DCSI-RSRP)

	Definition
	Discovery CSI - reference signal received power (DCSI-RSRP), is defined as the linear average over the power contributions (in [W]) of the resource elements that carry CSI reference signals as part of the discovery signal configuration within the considered measurement frequency bandwidth.

For DCSI-RSRP determination the CSI reference signals R15 as part of the discovery signal configuration according TS 36.211 [3] shall be used. The UE may use more CSI reference signals in addition to R15 to determine DCSI-RSRP, if the discovery signal configuration contains more than one CSI reference signal port.

The reference point for the DCSI-RSRP shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding DCSI-RSRP of any of the individual diversity branches. 

	Applicable for
	

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


Note1: The number of resource elements within the considered measurement frequency bandwidth and within the measurement period that are used by the UE to determine DCSI-RSRP is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled.
Note 2: The power per resource element is determined from the energy received during the useful part of the symbol, excluding the CP.

C. New example DRSRQ definition on top of [3]
5.1.z
Discovery Reference Signal Received Quality (DRSRQ) 
	Definition
	Discovery Reference Signal Received Quality (DRSRQ) is defined as the ratio N×DRSRP/DRSSI, where N is the number of RB’s of the Discovery RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

Discovery Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed from all OFDM symbols of measurement subframes of the discovery signal configuration, 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 layers indicate certain subframes for performing DRSRQ measurements, then DRSSI is measured in the indicated subframes of the discovery signal configuration.
The reference point for the DRSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding DRSRQ of any of the individual diversity branches.

	Applicable for
	

RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


