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1   Introduction
In RAN#58 plenary meeting, a new R12 work item “HetNet Mobility Enhancements for LTE” was approved [1]. One object of this WI is:
· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 

The small cell discovery is necessary in both RRC_CONNECTED state for handover and RRC_IDLE state for cell reselection. As the UE follows different measurement rules in these two different RRC states, so we think the small cell discovery issue should be considered separately according to each state. Actually the small cell discovery issue has been discussed efficiently in the R11 SI stage, and some solutions were proposed and included in TR36.839[2]. However, the discussion and solutions mainly focused on the small cell discovery in RRC_CONNECTED, and the small cell discovery in RRC_IDLE has not been concerned yet. In this contribution, we analyse the small cell discovery in RRC_IDLE. 
2   Discussion 
2.1   Necessity of small cell discovery in RRC_IDLE
For a RRC_IDLE UE, it has to be able to discover the neighbor cells by measurement procedure to perform cell reselection. In the HetNet scenario, if the macro UE cannot discover the small cell, it will still camp on macro cell when it moves into the small cell’s coverage, and then some problem will be introduced. In the following, we analyze the necessity of the small cell discovery in RRC_IDLE for intra-frequency and inter-frequency scenarios respectively.

For the intra-frequency scenario, if the UE cannot discover the small cell for cell reselection, then it will suffer strong interference from the small cell, and the following problems will exist: 
· The UE cannot receive the paging message of macro cell.
· When the UE wants to establishment the RRC connection, it cannot receive the RAR of macro cell in the random access procedure.
For the inter-frequency scenario, there is no interference between macro cell and small cell, so although the UE doesn’t reselect the small cell, it can still remain normal communication with macro cell. However, the following problem will exist:

· When the UE establishes the RRC connection with macro cell while in the coverage of small cell, the macro eNB will immediately handover the UE to small cell for offloading, this handover procedure will cause a big signalling overload, which can be avoided if the UE reselects the small cell in time.
As a conclusion, we think the RRC_IDLE UE has to be able to discover the small cell for cell reselection. 
Observation 1: The RRC_IDLE UE has to be able to discover the small cell for cell reselection.
2.2   The legacy measurement rule in RRC_IDLE
In the legacy network, the measurement in RRC_IDLE follows the rule defined in TS36.304 [3]:

· For the serving frequency, if the serving cell fulfils Srxlev < SIntraSearchP or Squal < SIntraSearchQ, the UE performs the measurement on the serving frequency.
· For the inter-frequency with a higher priority than serving frequency, the UE performs the measurement on this inter-frequency continuously.
· For the inter-frequency with an equal or lower priority than serving frequency, if the serving cell fulfils Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, the UE performs the measurement on this inter-frequency.

Where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation

Squal = Qqualmeas – (Qqualmin + Qqualminoffset)


Where:

	Srxlev
	Cell selection RX level value (dB)

	Squal
	Cell selection quality value (dB)

	Qrxlevmeas
	Measured cell RX level value (RSRP)

	Qqualmeas
	Measured cell quality value (RSRQ)

	Qrxlevmin
	Minimum required RX level in the cell (dBm)

	Qqualmin
	Minimum required quality level in the cell (dB)

	Qrxlevminoffset
	Offset to the signalled Qrxlevmin taken into account in the Srxlev evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [TS 23.122]

	Qqualminoffset
	Offset to the signalled Qqualmin taken into account in the Squal evaluation as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [TS 23.122]

	Pcompensation 
	max(PEMAX –PPowerClass, 0) (dB)

	PEMAX
	Maximum TX power level an UE may use when transmitting on the uplink in the cell (dBm) defined as PEMAX in [TS 36.101]

	PPowerClass
	Maximum RF output power of the UE (dBm) according to the UE power class as defined in [TS 36.101]


We can see that the UE takes different measurement policies for different frequencies according to their priorities, and the measurement can be triggered by Srxlex or Squal which are determined by the measured RSRP and RSRQ. The network broadcasts the priorities of all intra-frequency and inter-frequencies in system information, as well as the parameters SIntraSearchP /SIntraSearchQ/SnonIntraSearchP/SnonIntraSearchQ. When the UE completes the SI acquisition, it will follow the upper rule to perform the measurement in RRC_IDLE. 
2.3   Intra-frequency small cell discovery

According to the measurement rule in RRC_IDLE, for the intra-frequency, if the serving cell fulfils Srxlev < SIntraSearchP or Squal < SIntraSearchQ, the UE triggers the intra-frequency measurement. The parameter Srxlev is deduced from the measured RSRP, and Squal from the measured RSRQ. If either of them goes below the corresponding threshold, the UE will trigger the intra-frequency measurement. 
In the intra-frequency scenario, when the UE moves towards the small cell, the RSRP may remain good enough as it mainly depends on the distance between macro eNB and UE. However, the RSRQ will definitely decrease due to the interference from small cell, so that the parameter Squal will decrease accordingly and then the measurement will be triggered, afterwards the small cell can be discovered. 
From the above analysis, we think the current measurement rule in RRC_IDLE can work well for intra-frequency scenario.
Observation 2: The current measurement rule in RRC_IDLE can work well for intra-frequency scenario.
2.4   Inter-frequency small cell discovery
In this scenario, as there is no interference between macro cell and small cell, so when UE moves towards small cell, both RSRP and RSRQ may remain good enough. Here how to make the UE trigger the measurement is an issue to be considered. 

We think this issue can be solved by an implementation way with proper priority setting for the frequencies. The network can set a higher priority for small cell layer than macro cell layer, and then the UE will measure the small cell layer continuously according to the measurement rule in RRC_IDLE. 
We can see the inter-frequency small cell discovery can be solved by an implementation way, and a restriction should be made that the network has to set a higher priority for small cell layer than macro cell layer.
Observation 3: For inter-frequency scenario, a restriction should be made that the network has to set a higher priority for small cell layer than macro cell layer.
3   Conclusion
In this contribution, we analyse the small cell discovery in RRC_IDLE for intra-frequency and inter-frequency scenarios respectively. We think that the intra-frequency small cell discovery has no problem with the legacy measurement rule, and the inter-frequency small cell discovery can be solved by an implementation way that the network sets a higher priority for small cell layer than macro cell layer. 
Proposal: A NOTE is needed that the network has to set a higher cell reselection priority for small cell layer than macro cell layer in inter-frequency HetNet scenario.
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