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1. Introduction

In 3GPP RAN1 Session #76bis, agreements and working assumptions related to discovery signal based measurement are shown as follows.

Agreements:
· For enhanced discovery procedure:
· UE can be configured with at least one DRS measurement timing configuration per frequency
· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS

· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency

· UE can expect DRS in DRS measurement timing configuration

· DRS measurement timing configuration includes at least period and offset and potentially duration

· The reference timing for the offset is a serving cell timing
· FFS: Which serving cell

Working assumptions:
· UE can be configured with one measurement gap for DRS-based measurement when needed
· Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration
Based on our understanding, DRS-based measurement mentioned in above agreements and working assumptions is mainly RRM measurement for now.  Since detailed discovery signal design is still under discussion, there is not much discussion on RRM measurement definition in last RAN1 meeting.  From our views, discovery signal based RRM measurement definition highly depends on discovery signal design and should be jointly considered with discovery signal design to ensure backward compatibility with enhanced measurement performance.  In this paper, we first compare different RRM measurement definitions and then provide preferred RRM measurement definitions based on proposed discovery signal design.


2. Discussion
According to agreements in 3GPP RAN1 Session #76bis, four alternatives for discovery signal design are proposed as follows for further down selection based on the performance of required functionalities in this meeting.
· Alt. 1: DRS is PSS/SSS/CRS or PSS/SSS/CRS/CSI-RS with configurability

· Alt. 3a: DRS is PSS/SSS/CRS

· Alt. 3b: DRS is PSS/SSS/CSI-RS

· Alt. 5: DRS is PSS/SSS/CSI-RS or PSS/SSS/CSI-RS/CRS with configurability

Different discovery signal designs require different RRM measurement definitions and different RRM measurement definitions provide different levels of backward compatibility and measurement performance.  In the following sections, several RRM measurement definitions are discussed and compared for the down selection of discovery signal designs.
2.1 Considerations of RRM measurement
The main motivation of RRM measurements is to enable UE’s fast measurement to obtain average channel condition for autonomous or network based cell association in a carrier frequency.  Therefore, RRM measurements should be able to reflect true average channel condition for accurate cell association to avoid possible ping-pong effect.  In legacy mechanism, CRS-based RSRP and RSSI measurements are utilized for RRM measurement reporting.  RSRP measurement is used to reflect average signal strength of the data channel while RSSI measurement is used to reflect average interference level, which depends on resource utilization condition, on data channel in a carrier frequency.  Since RSSI is a measurement used to reflect the interference level in a carrier frequency, the property of CRS suffering interference from all cells is preferable for CRS-based RSSI measurement.  But for CRS-based RSRP measurement, this property may not be preferable.
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Figure 1.  Example illustration of cases where the average loading in data channel is the same but the number of “off” small cells is different

For RSRP measurement enhancement in discovery signal design, the property of CRS suffering interference from all cells is not preferable and RE muting mechanism may be required, especially for dense small cell deployment.  Another solution is to include NZP/ZP CSI-RS into discovery signal for RSRP measurement.  According to our companion paper [1], compared to CRS based RSRP measurement, CSI-RS based RSRP measurement provides better performance though it is more sensitive to time/frequency offset and interference due to CSI-RS collision.  For scenarios where small cells are well-synchronized and densely deployed, CSI-RS is the best choice for RSRP measurement if CSI-RS configurations are well-planned among nearby small cells.  For scenarios where small cell are not well-synchronized and/or sparsely deployed, CRS is more robust for RSRP measurement.
For RSSI measurement enhancement in discovery signal design, the only issue raised for legacy mechanism is RSSI overestimation due to small cell on/off operation.  If legacy mechanism is applied on discovery signal, interference due to discovery signal transmission from an “off” small cell would be included into RSSI measurement.  However, from our views, the key design consideration for RSSI measurement in small cells should be whether it can differentiate carrier frequencies with different number of “off” small cells even though the average cell loading in data channel is the same because more “on” cells introduce higher inter-cell interference due to CRS transmission.  Figure 1 illustrates an example.  To facilitate the cases shown in Figure 1, RSSI measurement should be able to differentiate an “off” small cell from an “on” small cell transmitting CRS without data transmission.
Since UE may not be able to provide timely update for CRS-based RSRQ on small-cell layer due to fast on/off operation, it would be better for macrocells transmitting discovery signal to obtain DRS-based RSRQ as well in this case.  However, if DRS-based RSRQ is comparable to CRS-based RSRQ, there won’t be any need for macrocells to transmit discovery signal.  Therefore, backward compatibility for DRS-based RSRQ is preferable.  In addition, according to [2]

 REF _Ref387059212 \r \h 
[3], RSSI measurement on data OFDM symbols only would make RSRQ very sensitive to the load variation of neighboring cells, which may be severe in small cell layer, and it may result in frequent handovers between two carrier frequencies unless larger handover bias is introduced in DRS-based RSRQ.
Proposal #1: Discovery signal based RSRQ measurement should possess the following properties.
· RSRP measurement should be sufficiently accurate and robust in both non-synchronized/synchronized and sparse/dense small cell deployments
· RSSI measurement should be able to differentiate cases where the average loading in data channel is the same but the number of “off” small cells is different
· The value range of discovery signal based RSRQ should be comparable to CRS-based RSRQ

· Discovery signal based RSRQ should not be sensitive to cell loading variation of neighboring cells
2.2 Definitions of RRM measurement
Regarding to RSSI measurement for RSRQ derivation, four methods are listed as follows for further discussion.
Method #1: RSSI measurement on OFDM symbols containing CRS (as part of DRS) in subframes where DRS exists
· OFDM symbols containing CRS port 0 are utilized for RSSI measurement

· 
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· Pros:

· The derived RSRQ can differentiate the channel conditions for the cases shown in Figure 1 if an “on” small cell always transmits 2-port CRS
· The value range of the derived RSRQ is comparable to CRS-based RSRQ
· The derived RSRQ is not sensitive to cell loading variation of neighboring cells
· Cons:

· There is RSSI overestimation due to the inclusion of partial CRS transmission power from off-state small cells
Method #2: RSSI measurement on OFDM symbols possibly containing CRS in subframes where DRS doesn’t exist
· OFDM symbols possibly containing CRS port 0 in subframes where DRS doesn’t exist are utilized for RSSI measurement

· 
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· Pros:
· The derived RSRQ can differentiate the channel conditions for the cases shown in Figure 1 no matter how many CRS ports are transmitted in “on” small cells
· There is no RSSI overestimation
· Cons:

· The value range of the derived RSRQ is NOT comparable to CRS-based RSRQ
· The derived RSRQ is sensitive to cell loading variation of neighboring cells
Method #3: RSSI measurement on OFDM symbols containing no discovery signals in subframes where DRS exists
· OFDM symbols containing no discovery signals, e.g. PSS/SSS, CRS and/or CSI-RS, are utilized for RSSI measurement

· 
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· Pros:

· There is no RSSI overestimation
· Cons:

· The derived RSRQ can NOT differentiate the channel conditions for the cases shown in Figure 1 no matter how many CRS ports are transmitted in “on” small cells

· The value range of the derived RSRQ is -19.5dB ~ positive infinity [4] and it’s NOT comparable to CRS-based RSRQ
· The derived RSRQ is sensitive to cell loading variation of neighboring cells
Method #4: RSSI measurement on all OFDM symbols within the subframe containing discovery signals
· All OFDM symbols within the subframe where discovery signals are transmitted are utilized for RSSI measurement
· 
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· Pros:

· The derived RSRQ can differentiate the channel conditions for the cases shown in Figure 1 if 1-port CRS is included in discovery signal or CRS is not included in discovery signal
· Cons:

· There is slight RSSI overestimation, compared to method #2 and #3
· The derived RSRQ is slightly sensitive to cell loading variation of neighboring cells, compared to method #1
· The value range of the derived RSRQ is NOT comparable to CRS-based RSRQ
If compatibility to CRS-based RSRQ is not considered, method #4 for RSSI measurement is the best choice.  However, if considering all desirable properties in proposal #1, method #1 for RSSI measurement is the best choice.  For RSRP, measurement on CRS provides the most robust performance in non-synchronized and/or sparse small cell deployment while measurement on CSI-RS provides the best performance in synchronized and dense small cell deployment [1].   Therefore, from our views, alternative #1 is the best discovery signal to meet performance requirements in all scenarios.
Proposal #2: For RSSI measurement, method #1 for is the best choice for RSRQ-like measurement based on discovery signal, considering all desirable properties in proposal #1.
Proposal #3: For RSRP measurement, 

· In non-synchronized and/or sparse small cell deployment, CRS is adopted to provide robust performance
· In synchronized and dense small cell deployment, CSI-RS is adopted to further enhance the measurement accuracy, especially when CSI-RS configurations are well-planned to be orthogonal between nearby small cells


3. Conclusion
Based on the discussion in Section 2, proposals are summarized as follows.

Proposal #1: Discovery signal based RSRQ measurement should possess the following properties.

· RSRP measurement should be sufficiently accurate and robust in both non-synchronized/synchronized and sparse/dense small cell deployments

· RSSI measurement should be able to differentiate cases where the average loading in data channel is the same but the number of “off” small cells is different
· The value range of discovery signal based RSRQ should be comparable to CRS-based RSRQ

· Discovery signal based RSRQ should not be sensitive to cell loading variation of neighboring cells
Proposal #2: For RSSI measurement, method #1 for is the best choice for RSRQ-like measurement based on discovery signal, considering all desirable properties in proposal #1.

Proposal #3: For RSRP measurement, 

· In non-synchronized and/or sparse small cell deployment, CRS is adopted to provide robust performance
· In synchronized and dense small cell deployment, CSI-RS is adopted to further enhance the measurement accuracy, especially when CSI-RS configurations are well-planned to be orthogonal between nearby small cells
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