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1. Introduction
At the RAN1#76 meeting, the fundamental design for the Rel. 12 discovery procedure was agreed, and open issues regarding small cell on/off and discovery to reduce the transition time were clarified as indicated below  [1]. 
· 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 discuss details of network assistance/information provided to UEs to perform the enhanced cell discovery. 

Regarding network assistance, the following agreements were reached at the RAN1#76 meeting.

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 

· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

We first discuss target scenarios and assumptions for small cell on/off and discovery. Then, we present our views on required network assistance/information for the Rel. 12 discovery procedure.
2. Discussion on Target Scenarios and Assumptions for Small Cell On/Off and Discovery
In the SCE SI, it was found that small cell on/off operation achieves significant throughput gains under the following assumptions.
· Small cells are densely deployed.

· UE can discover/measure intra- and inter-frequency off-state cells so that the transition time is significantly reduced.
· Discovery signal (DS) transmission in the off-state does not cause severe interference to surrounding on-state cells.
Since the Rel. 12 discovery mechanism will be basically designed for efficient small cell on/off operation, the above assumptions are quite important when designing the discovery signal transmission and discovery procedure. In addition, the UE effort and corresponding power consumption for small cell discovery should be taken into account, especially for inter-frequency small cell discovery.
Accordingly, synchronized DS transmission among small cells and network assistance are required to relax the UE effort on detecting DS and to reduce the interference and/or the overhead due to DS transmission. Otherwise, UE effort and battery consumption would be severe due to the large search window.
Therefore, the Rel. 12 discovery procedure should be configured when the network can provide UEs with the timing of the DS transmission with a certain accuracy level. In the case of inter-frequency measurement, it is necessary to ensure that the DS is received within the measurement gap based on the assisted timing. How to obtain the DS transmission timing at different node is network implementation and operation issue. 
Proposal 1: The Rel. 12 discovery procedure should be configured when the network can provide UEs with the timing of DS transmission with a certain accuracy level.
3. Discussion on Required Network Assistance Information
3.1.
Timing information associated with discovery measurement
According to the discussion in the above section, the basic transmission format for the DS can be described as follows.
· N ms burst duration and M ms periodicity

· N should be one or a few milliseconds, and M should be several tens or hundreds of milliseconds.

In order to avoid complicated UE behavior, the on/off state of the small cell should be transparent to UEs. Hence, the DS should be transmitted by cells in both on- and off-states. The basic transmission format of the discovery signal is illustrated in Fig. 1.
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Figure 1 – Basic transmission format of discovery signal
As mentioned in [2], the indication of discovery timing information would have much in common with the indication of the restricted measurement subframe pattern for Rel. 10 eICIC. However the discovery subframe configuration should be newly defined and the UE should be informed of the configuration separately from the Rel. 10 restricted measurement subframe pattern. The discovery subframe configuration information should include the starting offset (i.e., subframe offset), period and duration of subframes for discovery measurement since the DS transmission would be a periodic and consecutive short burst as discussed above. The reference for deriving the starting offset is the subframe of the serving cell, e.g., subframe #0 within a frame of SFN = 0, and the granularity of the starting offset information is the subframe index level. Examples of discovery subframe configuration information are illustrated in Fig. 2.
[image: image2.emf]Target cell

Serving cell

#1 #2 #3 #4

#5 #6 #7 #8

#0

#9

#1 #2 #3 #4

#5 #6 #7 #8

#0

#9

#1 #2 #3 #4

#0

#1 #2 #3 #4

#0

SFN #0

#5

#5

SFN #n

Starting offset

Period

Duration

UE search window (e.g., +/- 2.5 ms from the reference timing)

Reference timing


Figure 2 – Examples of Rel.12 discovery subframe configuration information

Proposal 2: Discovery signals can be transmitted by cells in the on-state.

Proposal 3: Timing information associated with discovery measurement should be the discovery subframe configuration that includes the subframe offset, period and duration of subframes for discovery measurement.
3.2.
Other information provided
In addition to the discovery subframe configuration, there are several candidates for the required signaling for an efficient discovery procedure.

In order to enable the Rel. 12 discovery procedure for the UE, the indication of a discovery subframe configuration can implicitly accomplish this task. However, in some cases, UEs can avoid performing Rel. 8 discovery procedure for a certain frequency layer so that UE battery savings can be achieved. For example, if all cells in the frequency layer transmit a DS, using only the Rel. 12 discovery procedure is sufficient for the frequency layer. Therefore, signaling to disable the Rel. 8 discovery procedure for a certain frequency layer would be beneficial in terms of UE battery savings.
The information of a discovery candidate is quite beneficial to relax the UE effort on the discovery procedure. This information can also help to avoid false alarms since only possible candidates are tested based on the candidate information. Detailed information of discovery candidate would depend on the DS design. For example, if the DS includes SSS, CRS and/or PRS, the information would be the list of PCI. If the DS includes a CSI-RS, not only the scrambling IDs but also other CSI-RS configuration information, e.g., antenna ports and resource configuration, regarding the candidate cells is required. In addition, the QCL among signals constituting the DS should be indicated.
Proposal 4: In addition to the timing information, i.e., the Rel. 12 discovery subframe configuration, the following network assistance signaling should be taken into account according to the DS design.
· Rel. 12 discovery mode, which switches the UE behavior between whether performing both Rel. 8 and Rel. 12 discovery procedures or only the Rel. 12 discovery procedure for a certain frequency layer

· Rel. 12 discovery RS configuration, which indicates the antenna port, resource configuration, scrambling ID, QCL information and other required information for the discovery RS of each candidate cell
4. Conclusion
In this contribution, we discussed target scenarios and assumptions for small cell on/off and discovery, and presented our views on required network assistance/information for the Rel. 12 discovery procedure. Our proposals are summarized below.
Proposal 1: The Rel. 12 discovery procedure should be configured when the network can provide UEs with the timing of DS transmission with a certain accuracy level.
Proposal 2: Discovery signals can be transmitted by cells in the on-state.

Proposal 3: Timing information associated with discovery measurement should be the discovery subframe configuration that includes the subframe offset, period and duration of subframes for discovery measurement.
Proposal 4: In addition to the timing information, i.e., the Rel. 12 discovery subframe configuration, the following network assistance signaling should be taken into account according to the DS design.
· Rel. 12 discovery mode, which switches the UE behavior between whether performing both Rel. 8 and Rel. 12 discovery procedures or only the Rel. 12 discovery procedure for a certain frequency layer

· Rel. 12 discovery RS configuration, which indicates the antenna port, resource configuration, scrambling ID, QCL information and other required information for the discovery RS of each candidate cell
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