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1 Introduction

One of the objectives of the work item on small cell enhancements recently approved in the RAN plenary [1] is to introduce discovery procedure/signals for efficient operation with reduced transition time of small cell on/off:

· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

In addition, in RAN2#75 a LS from RAN1 [2] listed open issues for small cell on/off and discovery:

· Followings are open issues of small cell on/off and discovery to reduce the transition time

· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· 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

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS

In this contribution, we present our views on the potential discovery reference signal (DRS) requirements and associated RRM measurement.
2 Discussion

In this section we discuss various issues arising from introducing DRS-based measurements and reporting for enhanced cell detection and related small cell on/off procedures.
As noted in [2], we focus standardization effort on specifying DRS detection and RRM measurement for RRC CONNECTED UEs only.

2.1 Comparison of CRS and DRS-based RRM/synchronization procedures

In this section we focus our discussion on the impact of small cell on/off and DRS on UE RRM and synchronization procedures based on the legacy signals (PSS/SSS/CRS).

As elaborated in [3], in a dense small cell deployment scenario, there can be a mismatch of DRS and PSS/SSS coverage. Despite the introduction of DRS RRM measurement, the CRS based RRM measurement procedure should still be performed by the UE for conventional cell association and mobility functions such as handover. This is because whether or not a cell is suitable for connection is still largely determined by the CRS signal quality. DRS RRM procedure should be optimized for slow mobility and for dense small cell deployments, as such it is not expected for DRS based RRM procedure to replace the CRS based RRM procedure completely.

Observation 1: CRS-based RRM measurement procedure should still be performed by the UE for conventional cell association and mobility functions such as handover.
Proposal 1: A UE may be configured to concurrently perform both CRS and DRS based RRM measurement procedures on a given frequency.
2.2 DRS-based measurement configuration aspects 

Network assistance about the configuration of DRSs of neighbouring cells to be detected/measured by the UE should be provided e.g. reference timing for DRS detection, DRS frequencies (for inter-frequency measurement), DRS detection subframes (both intra-frequency and inter-frequency measurement) and DRS resources to be detected, so that UE can minimize power and time to search for DRS.

Observation 2: Network assistance is required for efficient DRS detection/measurement and UE power saving, e.g. reference timing for DRS detection, DRS frequencies (for inter-frequency measurement), DRS detection subframes (both intra-frequency and inter-frequency measurement) and DRS resources to be detected.
One example of beneficial network assistance is to configure a UE instead of measuring the DRS on each carrier, to only measure one or a subset of the carriers, therefore reducing the UE’s effort in inter-frequency measurement. 

In our view this can be supported depending on the network implementation as it should be possible for the network to configure discovery signal to only one of the carriers of the small cell and the UE should perform measurement according to the measurement configuration as well as other network assistance information. 

Proposal 2: The network can configure per serving/neighbouring frequency where the UE shall apply cell detection/measurements based on DRS.
2.3 DRS-based measurement reporting aspects
As mentioned in the RAN1 LS [2], DRS-based RRM measurement should be supported. The details of the new DRS-based RSRP and RSRQ measurement definitions are left to RAN1 to decide. In addition, a new DRS-based RRM measurement procedure would need to be specified, but a large degree of reuse from the CRS-based RRM measurement is expected. For example, currently a UE reports measurement results to a network when a reporting criterion is met, and measurement reporting can be triggered when a DRS-based RSRP/RSRQ value is greater than a threshold that can be configured by the network.
Proposal 3: At least DRS-based RSRP/RSRQ reporting criterion should be specified, however a large degree of reuse from the CRS-based RRM measurement procedure is expected.
As mentioned previously, the UE may simultaneously support CRS and DRS-based measurement on a same frequency layer. As a result, the network/UE will need to distinguish the measurement reference signal type associated with the measurement report of a UE, especially if existing measurement events are also applicable for DRS-based measurements. 
Proposal 4: The network/UE will need to distinguish the measurement reference signal type associated with a measurement report.
In addition, it is beneficial to enable a CRS-based measurement to be compared with a DRS-based measurement for measurement events such as Event A3, A5 and A6. This is because due to network configuration and transitions between on and off states may result in neighboring cells transmitting a mix of CRS and DRS in case of on state, or DRS only in the case of dormant state. For example, if the measurement reference signal for the PCell or the UE’s serving cell is the CRS whereas the measurement reference signal for another cell (on the same or different carrier frequency) is the DRS, Event A3 can be triggered based on CRS measurement of the PCell and DRS measurement of the other cell. 

Observation 3: It is beneficial to enable a CRS-based measurement to be compared with a DRS-based measurement for measurement events such as Event A3, A5 and A6.
Proposal 5: Measurement events can be triggered based on a combination of CRS and DRS-based measurements.
The network can configure a UE to measure the discovery signal from multiple cells to assist the network in load-balancing decisions. For a small cell deployment scenario, the cells to be measured by the UE can be from a same cluster of small cells or can be from multiple clusters of small cells.

Cell detection performance requirements are defined by RAN4 and are typically defined by cell detection latency conditioned on a cell’s signal quality satisfying a predefined criterion [4]. Simulations captured in the RAN1 TR [5] indicated that a significant percentage of UEs can detect cells geographically outside of the cluster of cells in which the UE is located. It does not seem necessary to impose the same stringent cell detection and measurement performance requirement to cells that are geographically further away.

Practically, the reduced latency discovery signal measurements are more critical for the strongest set of cells which are likely to be within the geographically closest small cell cluster. The cell detection performance requirement for the remaining set of cells can be more relaxed compared to that of the strongest set as indicated in Figure 1. 
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Figure 1. Relaxed discovery signal (DRS) performance requirements for different sets of small cells. 
Relaxed RAN4 requirements for certain sets of cells can allow for power saving at the UE while the network has flexibility to ensure the latency of discovery signal measurements is reduced for the set of cells with the most load-shifting/offloading potential. This solution can potentially be associated with the relaxed measurements discussed for mobility enhancements in the heterogeneous networks WI [6].
Observation 4: Support of relaxed RAN4 requirements for DRS measurements can provide power saving for UEs during discovery operation.
Proposal 6: Not all cells detectable by DRS need to be subjected to the same stringent cell detection and measurement performance requirement. 
3 Conclusions

The following observations and conclusions are made in this contribution:

Observation 1: CRS-based RRM measurement procedure should still be performed by the UE for conventional cell association and mobility functions such as handover.
Observation 2: Network assistance is required for efficient DRS detection/measurement and UE power saving, e.g. reference timing for DRS detection, DRS frequencies (for inter-frequency measurement), DRS detection subframes (both intra-frequency and inter-frequency measurement) and DRS resources to be detected.
Observation 3: It is beneficial to enable a CRS-based measurement to be compared with a DRS-based measurement for measurement events such as Event A3, A5 and A6.
Observation 4: Support of relaxed RAN4 requirements for DRS measurements can provide power saving for UEs during discovery operation.
Proposal 1: A UE may be configured to concurrently perform both CRS and DRS based RRM measurement procedures on a given frequency.

Proposal 2: The network can configure per serving/neighbouring frequency where the UE shall apply cell detection/measurements based on DRS.
Proposal 3: At least DRS-based RSRP/RSRQ reporting criterion should be specified, however a large degree of reuse from the CRS-based RRM measurement procedure is expected.
Proposal 4: The network/UE will need to distinguish the measurement reference signal type associated with a measurement report.
Proposal 5: Measurement events can be triggered based on a combination of CRS and DRS-based measurements.
Proposal 6: Not all cells detectable by DRS need to be subjected to the same stringent cell detection and measurement performance requirement. 
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