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1   Introduction

In RAN3 #83, RAN1 informed RAN3 through LS [1], which lists agreements and conclusions were achieved on small cell on/off and discovery:

· No new idle mode UE behavior in Rel-12 small cell enh. WI

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

· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
2    Discussion

2.1   Small cell on/off and discovery

For semi-static on/off schemes, the small cells may be turned on/off semi-statically. With possible enhancements, the feasible time scales of semi-static on/off schemes may reduce to tens of milliseconds level if all UEs connected to the cell are at least of Rel. 12. A small cell here can also refer to a component carrier when more than one component carrier is available, besides a standalone small cell. And common scenario for the schemes is shown in the figure1:
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Figure 1: Small cell common deployment scenario [2]
2.2   DRS resource configuration 

When a UE is in the proximity of a turned-off small cell, the network would decide to handover the UE to the small cell, taking into account of UE measurements and load balancing/shifting considerations.
Hence it means a UE need perform neighbour small cell search and measurement even if the cell is in OFF state. In current system, cell identification is performed on PSS/SSS signals, and the measurement is derived from CRS signal reception. And the transmission location and period of all the signals of neighbour cell can be derived from neighbour cells’ PCIs, without explicit signalling support. However, all candidate discovery reference signal (DRS) structures listed in LS can not be directly derived from neighbour cells’ PCIs by the UE. The candidate DRS is chosen from one or several of the legacy signals, e.g., PSS, SSS, CRS and CSI-RS, with possibly different transmission duty cycles. Figure 2 shows one example DRS framework to enhance discovery. Therefore, for DRS based cell discovery, the UE need obtain the necessary information, including measurement location and period of DRS optional and timing information, for e.g. a cluster of coordinated small cells from the eNB. Such kind of assistance information is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. Therefore, serving eNB of the UE need have an idea of the configuration of neighbour small cells’s DRS optional and timing information in order to notify the UE to facilitate DRS based cell discovery and measurement. 
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Figure 2: Framework for enhancement of discovery [3]
Observation 1: serving eNB need have an idea of the necessary information, including measurement location and period of DRS optional and timing information, in order to notify the UE to facilitate DRS based cell discovery and measurement. 
There are two options:

· Alt 1: to communicate the DRS resource configuration and/or DRS measurement information between eNBs over X2;
· Alt 2: to configure the DRS resource configuration and/or DRS measurement information of neighbour eNBs by OAM;

It depends whether the structure of a given cell’s DRS is not too complexity or not and how frequent it will be updated. 
For example, following table lists 2 possible DRS design options from LS:

	Option DRS1
	Option DRS2

	Cell identification – PSS 

RRM measurement – CRS
	Cell identification – PSS  

RRM measurement – CSI-RS


If CSI-RS is used for DRS, the configuration information may also include CSI-RS resources used by small cells. It would cost more large volume IE to configure than that of CRS, as in option DRS1. It is prefer to use Alt 1 for option DRS 1, while using Alt 2 for option DRS2. And it also need take the number of neighbour small cells into account. Especially, the updated frequency of the configuration information influences the selection between X2 and OAM. Although it seems it is a kind of static or semi-static configuration, the final decision will provided by RAN1.

Proposal 1: whether to communicate the DRS resource configuration and/or DRS measurement information between eNBs over X2 or to configure the DRS resource configuration and/or DRS measurement information of neighbour eNBs by OAM depends on RAN1’s input.
2.3   Impact on procedure
These mechanisms may be impact on the following procedures:

· HO

· Dual connectivity related procedures
2.3.1   Handover procedure
Turning on/off a small cell with handover may occur in the following scenarios:

· Scenario 1: Target eNB (a small cell) is turning on

There are benefits to turn on a small cell before handover a UE to that cell. The transition time in the small cell will be small, and it will be able to accept incoming handover requests. Therefore, there is no need to explicitly indicate the state to neighbour eNBs and there is no need for explicit activation signals from neighbour eNBs.
· Scenario 2: Source eNB (a small cell) is turning off

There are benefits to handover a UE out before turn off a small cell. The turning off can be due to the completion of traffic, interference management, and load balancing/shifting reasons. 
Therefore, nothing impact on the existing HO procedure, what different from current mechanism is to incorporate the DRS-based measurements and the state transition of a small cell. That is, UE can trigger a handover procedure to a turned off small cell based on DRS measurement. Hence, there is no impact on RAN3 procedure.
2.3.2   Scell activation/deactivation procedure in Dual connectivity
When a Scell is added to a Dual connectivity UE, the Scell remains deactivated at first. Once activated, the UE can follow legacy procedures and the UE monitors the CRS of the Scell. During the times when the Scell is deactivated for the UE, the UE monitors only the Scell DRS, although CRS maybe still transmitted in the Scell. That is, what the UE needs to be know is whether the Scell is activated or not for the UE to determine its monitoring behaviour. Therefore, existing procedures involving a Scell operating on/off can still work well and what different from current mechanism is the UE monitors DRS when the Scell is deactivated. Obviously, there is no impact on RAN3 procedure as well.
Observation 2: there is no impact on HO and Dual connectivity related procedures from RAN3 side.
3   Conclusion
Observation 1: serving eNB need have an idea of the necessary information, including measurement location and period of DRS optional and timing information, in order to notify the UE to facilitate DRS based cell discovery and measurement. 
Observation 2: there is no impact on HO and Dual connectivity related procedures from RAN3 side.
Proposal 1: whether to communicate the DRS resource configuration and/or DRS measurement information between eNBs over X2 or to configure the DRS resource configuration and/or DRS measurement information of neighbour eNBs by OAM depends on RAN1’s input.
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