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1 Introduction

RAN1 has sent LS [1] on the small cell on/off mechanism. Summary of the RAN1 agreements and conclusions:
· No new idle mode UE behavior for R-12

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· For RRM measurement
· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells
To be discussed and decided
· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE
In R2 #85, it is agreed that no new idle mode UE behaviour is expected for small cell on/off in Rel-12.
Based on these understanding, this paper discussed the DRS RRM measurement.
2 Discussion

In short, as illustrated in Fig. 1, if a cell is Off, DRS is periodically transmitted, e.g. on RBs in one subframe per DRS cycle. For intra-frequency measurement, UE is needed to measurement at least one subframe per DRS cycle. For inter-frequency measurement, offset is configured among the DRS of different frequencies for UE retuning. 
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Figure 1 Small Cell status and UE status

2.1 DRS measurement configuration
Since UE needs to be informed about the DRS measurement request for efficient small cell detection, the DRS configuration, i.e. network assistance at least on the timing (cycle and offset), is signaled to UE in connected mode. For minimum change, it is sensible to reuse the existing measurement configuration, so the DRS measurement configuration is similar to current CRS measurement configuration. It is FFS DRS configuration would be at the level of MeasConfig or measObject. 

Additionally, we think the DRS measurement configuration should be provided for each frequency, therefore, UE only does not need to blindly measure all inter-frequencies for cell detection. From network point of view, it can only configure DRS measurement on small cell frequencies or the subset of it for traffic distribution. The benefit of being able to only measure on a subset of frequencies is obvious for UE performance point of view. For different frequency, the detection requirement can be different, so different DRS configuration can be used, e.g. F1 has more frequent DRS sample than F2.
Since R1 is still discussing on the details of assistance information, therefore, it is recommended that R2 only discussion where to include DRS information.
For inter-frequency measurement, measurement gap is configured if needed. The current measurement gap cycle is 40 or 80 ms, R1/4 will decide if new cycle is needed. If new cycle is defined, it should be aligned with assistance information, e.g. DRS cycle and offset.
Proposal 1:
R2 discuss how to signal DRS configuration, e.g. MeasConfig.
Proposal 2:
The DRS configuration is signaled per frequency and includes at least DRS cycle and offset.

Proposal 3:
Measurement gap configuration for inter-frequency measurement shall align with the DRS configuration signaled in measurement configuration.
2.2 DRS measurement procedure
A new DRS measurement procedure should be defined, however, it is sensible to largely reuse the current measurement procedure. When a cell supports on/off mechanism, it transmits DRS. If DRS configuration is signaled to the UE, it performs RRM measurement based on DRS. 

RAN1 has not yet decided whether DRS would be also transmitted when the cell is on. From UE point of view, it is preferred that the UE does not need to switch between DRS and CRS measurement based on cell on/off status since their coverage is not the same by design. Switching between DRS and CRS would give different cell detection results and could potentially cause ping-pong due to the uncertainty between different measurement, e.g. a cell is better in CRS measurement but worse in DRS measurement.
Therefore, from detection reliability point of view, it is preferred that if DRS is needed for cell detection, then it is transmitted both in on and off state. And, regardless the cell is on or off, UE performs DRS measurement as long as DRS configuration is signaled to the UE. 
Proposal 4:
The network signals DRS in both on and off state.
Proposal 5:
If DRS measurement configuration is signaled, UE performs DRS RRM measurement for the corresponding frequency. 

Then the question is whether UE continue to perform CRS based measurement when the cell is on with DRS. The concern is to avoid mismatch between DRS and CRS measurement. Of course, if DRS and CRS satisfy all RRM requirements, then measure one of them is sufficient, but R1 has not reached a conclusion. From R2 point of view, there is no problem to perform both measurements in parallel as long as network can distinguish between them.
Proposal 6:
DRS and CRS measurement configuration can be configured to a UE at the same time and UE performs both of them in parallel.

For Events with absolute threshold, RRM can work with either DRS or CRS measurement. However, there is potential problem for Event with relative threshold, i.e. comparison between neighbor cells with one of serving cells. In general, DRS is designed to achieve comparable RSRP measurement performance to legacy CRS-based RSRP. But there may be difference on the RSSI calculation (FFS in RAN1). Then, the possible consequence is the DRS-RSRQ of SCG cannot be compared with CRS-RSRQ of MCG. If that’s the case, Event A3 and A6 might need further clarification.
One simple way is to completely avoid such comparison, i.e. CRS only compares with CRS, DRS only compares with DRS. Then, the measurement performance is kept the same as only DRS or CRS. However, performance gain can be achieved by enabling CRS measurement to be compared with DRS measurement, e.g. for small cell, CRS measure is not available during off state, if no cross comparison Event A3 can be used. 
Proposal 7:
R2 discuss whether to enable combination of CRS and DRS measurement, e.g. cross comparison of CRS/DRS, for measurement event triggering.
For small cell in OFF state, RRM measurement is solely based on DRS. DRX can also be configured to the UE, since DRX is UE specific and it is not always possible to align with the frequency specific DRS. To guarantee the measurement performance, it is proposed UE wakes up for the DRS measurement if DRS configuration is signaled.
Proposal 8:
If DRS measurement configuration is signaled, UE performs DRS measurement regardless of DRX.

Furthermore, there are other details to be considered for DRS measurement. For example, whether S-Measure applies to DRS based measurement. Current S-Measure is used for mobility purpose, however, DRS is mainly for load balance purpose, then probably UE should not apply S-Measure for DRS measurement.

Proposal 9:
S-Measure does not apply to DRS measurement.

Current CRS measurement L3 filtering is adapted based on a 200ms moving window. Since the frequency of CRS-RS and DRS-DS is different, it is to be discussed whether a different L3 filtering is required for DRS. We think the current L3 filtering procedure can be reused, but the moving window needs to be modified according to DRS requirement.
Proposal 10:
R2 discuss how to do Layer-3 filtering for DRS measurement.
For DRS measurement, network may prefer to receive report sooner when the cell is in on state than off state. Currently, TTT can be scaled by MSE or applied cell specific value, with the new small cell on/off mechanism, state specific TTT can be considered. However, we think the priority of such discussion is low and decision should be based on merit. It is also a question whether UE can reliably know whether a small cell is in on/off sate.
Proposal 11:
R2 can discuss enhancement for cell state specific TTT value until R1 has further information.
2.3 DRS measurement report

For the measurement report, we think new IE is needed. The bottom line is network should be able to know whether it is CRS or DRS measurement. 

It is not clear yet whether there will be L1 signaling for small cell on/off or UE has to detect cell state on its own. Furthermore, it is not clear whether a serving cell would always have the information whether the neighbor small cell is on or off, e.g. from X2 interaction. We think such information would be useful for network RRM. And if there is no reliable information for eNB, UE might needs to provide such report. However, there is also a question whether UE can reliably know whether a small cell is in on/off sate. Such discussion highly related to R1 conclusion, therefore, it is proposed to wait for R1 further information.
Proposal 12:
Network shall be able to distinguish the type of measure included in the measurement report.
Proposal 13:
R2 can discuss whether there is a need to include cell state information in the measurement report until R1 has further information.

2.4 CRS measurement

The small cell on/off would also impact CRS measurement. Since a cell would stop CRS transmission when it is in DTX state, there is no reason for a UE to continue CRS measurement. If R1 decides to have L1 signaling for small cell on/off, then UE has a reliable way to know whether a small cell is on or off, UE can also stop CRS measurement. If there is no reliable way for UE to decide whether a small cell is on or off, then there is less gain to turn CRS measurement according to cell state. Since R1 has not yet concluded on this topic, R2 has to wait for further information.
Proposal 14:
R2 can discuss whether UE should turn on/off CRS measurement according to cell state until R1 has further information.

3 Conclusion
It is proposed that discuss and decide on the following proposals:
 Proposal 1:
R2 discuss how to signal DRS configuration, e.g. MeasConfig.
Proposal 2:
The DRS configuration is signaled per frequency and includes at least DRS cycle and offset.

Proposal 3:
Measurement gap configuration for inter-frequency measurement shall align with the DRS configuration signaled in measurement configuration.
Proposal 4:
The network signals DRS in both on and off state.
Proposal 5:
If DRS measurement configuration is signaled, UE performs DRS RRM measurement for the corresponding frequency. 

Proposal 6:
DRS and CRS measurement configuration can be configured to a UE at the same time and UE performs both of them in parallel.

Proposal 7:
R2 discuss whether to enable combination of CRS and DRS measurement, e.g. cross comparison of CRS/DRS, for measurement event triggering.
Proposal 8:
If DRS measurement configuration is signaled, UE performs DRS measurement regardless of DRX.

Proposal 9:
S-Measure does not apply to DRS measurement.

Proposal 10:
R2 discuss how to do Layer-3 filtering for DRS measurement.
Proposal 12:
Network shall be able to distinguish the type of measure included in the measurement report.
Proposal 13:
R2 can discuss whether there is a need to include cell state information in the measurement report until R1 has further information.

Proposal 14:
R2 can discuss whether UE should turn on/off CRS measurement according to cell state until R1 has further information.
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