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1 Introduction

During RAN2#86, as part of the Rel-12 work item of small cell enhancements-physical layer aspects, multiple LSs from RAN1 [1][2] were received which listed relevant agreements for small cell on/off procedures and discovery reference signal design details:

Agreements:
· UE assumes PSS/SSS/CRS in the DRS

· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS–based RSRP measurements are supported
· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2
RAN1 is still discussing whether DRS based RSRQ measurement(s) should be defined for CRS, CSI-RS or both.
Agreements:
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.

· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.

· For DRS,

· Scrambling ID of PSS/SSS/CRS is PCID

· Scrambling ID of CSI-RS may be different from PCID

· TP identification may be represented by e.g., CSI-RS RE configuration, Scrambling ID, Subframe offset, cover code or their combination.
· FFS on details

· DRS can only be transmitted on a DL subframe or DwPTS region of subframes.

· For DRS-based measurement, a UE assumes that 
· A DRS occasion for a cell consists of

· One instance of PSS/SSS per Rel-8
· CRS is transmitted at least in the same subframe(s) as PSS/SSS
· A DRS occasion can comprise multiple CSI-RS RE configurations

· The different CSI-RS configurations may be in the same or different subframe(s)

· The different CSI-RS configurations may be scrambled independently

· Relative subframe offset between SSS and one CSI-RS RE configuration
· FFS between variable or fixed within 5 msec relative to subframe of SSS

· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

· FFS on DRS transmission on MBSFN subframe, if so, how

· FFS between

· One or more subframes among N subframes may not carry any DRS signal (i.e., either CRS or CSI-RS)
· All DL subframes carry DRS signal

· A DRS occasion for a cell is transmitted every M ms

· Candidate values for M are 40, 80, 160, FFS on other values
· Note: RAN1 design does not assume any requirements of the number of detectable cells using DRS.

In this contribution, we present our views on the potential discovery reference signal (DRS) and associated RRM measurement configuration and reporting details.
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.
2.1 DRS-based measurement configuration aspects
In RAN1, the DRS has been so far designed for slow mobility and for dense small cell deployments, as such it is not expected for DRS based RRM procedure to replace the legacy CRS based RRM procedure completely. Despite the introduction of DRS RRM measurement, the legacy CRS based RRM measurement procedure may still need to be performed by the UE for conventional cell association and mobility functions such as handover. However, this should be confirmed by RAN4 evaluation and performance requirement definitions.
Based on this possibility, we think that measurement configuration of a particular UE for one carrier frequency may include the following alternatives:

a) All cells are measured with legacy CRS measurement only

b) All cells are measured with new CRS measurement only (CRS of DRS)

c) All cells are measured with CSI-RS of DRS measurement only

d) All cells are measured with new CRS and CSI-RS measurement (CRS and CSI-RS of DRS)

e) Some cells are measured with legacy CRS measurement and some other cells with new CRS measurement (CRS of DRS)

f) Some cells are measured with legacy CRS measurement, some cells with new CRS, and some cells with new CSI-RS measurement (CRS and CSI-RS of DRS)

In our view, case a) is supported by default. As mentioned previously, if concurrent CRS and DRS measurements need to be supported at a UE according to RAN4 performance requirements, e) and f) will need further discussion.  
Observation 1: Whether or not both legacy CRS and DRS measurements are supported concurrently on a given carrier frequency by a UE should be discussed pending RAN4 input on DRS performance requirements.
One important use case for supporting c) is that according to RAN1 evaluations in dense small cell deployment scenarios CSI-RS based measurement has better performance than CRS based measurement, and as a result option c) can result in reduced reporting overhead for the UE while supporting multiple network deployment scenarios including CoMP. 
Proposal 1: Independent measurement configuration for CRS and CSI-RS of the DRS should be supported.
Additionally, DRS configuration should support the possibility 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.

Proposal 2: The network can configure per serving/neighbouring frequency where the UE shall apply cell detection/measurements based on DRS.
2.2 Triggering and DRS-based measurement reporting aspects
A new DRS-based RRM measurement procedure needs 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.
As mentioned previously, the UE may simultaneously support legacy 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. 
Observation 2: The existing measurement reporting framework can be reused for DRS-based measurements with minimal modifications such as differentiation of the measurement reference signal type associated with the measurement report of a UE if needed.

In addition, if there is a need for a UE to be configured with concurrent CRS and DRS measurements (e.g. alternatives e) and f) in Section 2.1), it would be beneficial to enable a legacy 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 legacy CRS and CRS as 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 legacy CRS whereas the measurement reference signal for another cell (on the same or different carrier frequency) is the CRS as DRS, Event A3 can be triggered based on the legacy CRS measurement of the PCell and the CRS as DRS measurement of the other cell. 

Observation 3: It is beneficial to enable a CRS-based measurement to be compared with a CRS as DRS-based measurement for measurement events such as Event A3, A5 and A6.
In the case of CSI-RS measurements as part of the DRS configuration, we agree it is beneficial to define new events, especially to support TP identification and CoMP CRM. Two events which could be supported include an event which could be used by the network to determine the TPs that are above an acceptable threshold as well as an event to determine the TPs that are better than a current “reference TP”.  The fine tuning of the definitions in RAN2 may be needed depending on further outcome of RAN1 or RAN4 discussions. 
Proposal 3: Measurement events are introduced for CSI-RS measurement as part of the DRS to support TP identification and CoMP CRM.
3 Conclusions

The following observations were made in this contribution which should be further discussed in RAN2 pending RAN4 feedback:

Observation 1: Whether or not both legacy CRS and DRS measurements are supported concurrently on a given carrier frequency by a UE should be discussed pending RAN4 input on DRS performance requirements.
Observation 2: The existing measurement reporting framework can be reused for DRS-based measurements with minimal modifications such as differentiation of the measurement reference signal type associated with the measurement report of a UE if needed.

Observation 3: It is beneficial to enable a CRS-based measurement to be compared with a CRS as DRS-based measurement for measurement events such as Event A3, A5 and A6.

Additionally the following proposals are made:

Proposal 1: The network can configure per serving/neighbouring frequency where the UE shall apply cell detection/measurements based on DRS.
Proposal 2: 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 3: Measurement events are introduced for CSI-RS measurement as part of the DRS to support TP identification and CoMP CRM.
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