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1. Introduction
In RAN2 #85bis, the small cell ON/OFF and discovery signal were discussed based on the LS in [1]. It was agreed in RAN2 that no new idle mode UE behavior is expected for small cell on/off in Rel-12. Therefore in the remainder of this contribution we mainly focus on UEs in the connected state. 
In section 2 this contribution, we discuss on the following aspects

· The possible procedures of switching off a small cell and the corresponding UE behaviour in the procedures

· RRM measurement based on the discovery signal (DRS)
Our observations/conclusions are summarized in section 3.
2. Discussion
2.1 
Procedures of switching off a small cell and the corresponding UE behavior
In this subsection, firstly the exact meanings of cell ON/OFF states are discussed, then the possible procedures of switching ON/OFF a small cell and corresponding UE behaviors in the procedures are discussed. 
Descriptions of ON and OFF states of a small cell

In Table 1, we describe the ON and OFF states of a small cell, mainly from the perspective of what a UE shall expect from a cell in such states. 

Table 1 Description of the ON and OFF states of a Rel-12 small cell
	State name
	Description of the state

	ON state
	· In this state, the cell transmits signals in the same way as a cell of earlier release than Rel-12. 

· The cell may also transmit DRS for small cell discovery and RRM measurements (FFS).

	OFF state
	· In this state, all the legacy signals are not transmitted on the cell (e.g., no CRS, no SI, etc.), instead it transmits DRS for small cell discovery and RRM measurement.


Possible procedures of small cell ON/OFF and corresponding UE behaviors
In the following we first discuss on switching OFF a small cell A which is currently in ON state. The procedures are different depending on how UEs are using cell A. Details are as in Table 2. There may be other L1 procedures to switch OFF cell A, but RAN2 shall wait for RAN1’s guidance before any detailed discussions. 
Table 2 Possible procedures of switching OFF cell A
	
	Procedure description 
	Rel-12 UE behavior
	Legacy UE impact analysis

	Case 1 

there are UEs using cell A as Pcell
	Procedure 1

· Step1: All the UEs that are currently connected to the cell A are handover to the other cells. 

· Step 2: Cell A is switched off. 
	· Same behavior as for HO in the existing specification.
	· Same behavior as for HO in the existing specification. No impact.

	Case 2
There are UEs using cell A as SCell (non dual connectivity)
	Procedure 2
· Step1: For all the UEs that are currently using cell A as Scell, cell A is deactivated. 
· Step 2: Cell A is switched off.
	· Same behavior as for cell activation/deactivation in the existing specification.
· According to Table 1, DRS shall be used for SCell RRM measurement on cell A when it is in OFF state. 
	· Same behavior as for cell activation/deactivation in the existing specification.
· Since legacy UE uses CRS for RRM measurement, to switch off a legacy UE’s deactivated SCell may impact the UE’s RRM measurement.

	Case 3 

there are UEs using cell A as special SCell (in case of dual connectivity)
	Procedure 3
· Step1: For all the UEs that are currently using cell A as special SCell in SCG, the special SCell (and therefore the corresponding SCG) is de-configured
· Step 2: Cell A is switched off.
	· Corresponding UE behavior for de-configuration of a special SCell will be addressed in another WI.
	N/A


Observation 1
To switch off a legacy UE’s deactivated SCell may impact the UE’s RRM measurement on the SCell.
Based on the descriptions in Table 2, the following questions can be further discussed
· Q1: For case 1, is it possible not to HO the UEs but rely on DRX configuration to keep the UEs in the connected state in cell A?

In our view, for legacy UEs it is difficult to rely on DRX to keep the UEs in the connected state in cell A when it is switched off. The main reason is that the current specifications are defined so that implementation flexibilities are largely left to UE for many operations such as PDCCH monitoring during DRX OFF period, RLM and RRM when DRX is configured, paging reception, as well as CRS tracking. Even if DRX configuration can avoid mandatory downlink signal transmissions during cell A’s OFF period, impact to UE implementation/performance is unavoidable.

For Rel-12 UE, if new UE behavior is introduced then it might be possible to rely on DRX configuration. For example, UE can be indicated explicitly by the network that cell A is about to enter OFF state, then UE does not do any RRM measurement nor RLM during the OFF state, also no PDCCH monitoring or paging reception either. Or, if DRS is always transmitted by cell A regardless it is in ON or OFF state, it can be specified that UE always uses DRS for RRM measurement and RLM. The impact seems to be large and justifications should be sufficient for those. 
Observation 2
It is not possible to rely on DRX configuration to keep the UEs in connected state in an OFF cell without impact to the UE implementation or system performance. 
The procedure of switching ON a cell which is currently on OFF state is much simpler. If a cell is switched ON, small cell discover and RRM measurement can be done in the same way as for the case when the cell is OFF, as long as DRS is transmitted in cell ON state. Or eNB may configure the UE to use CRS instead of DRS for RRM measurement, which is the same as legacy UE’s operation.
2.2
RRM measurement based on the discovery signal
In [1], the following agreements were captured
· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS

Also, as indicated in [1] one of the evaluation assumptions for designing DRS is 

· For RRM measurement

· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells 
Although RAN1 will discuss further and down-select among the listed DRS design alternatives [2], from RAN2 perspective we can rely on the assumption above in discussing the measurement framework. 

Observation 3
Based on the assumption that the DRS-based RRM measurement can achieve comparable accuracy as legacy CRS-based measurement, the existing RRM measurement framework can be reused. 
In Table 3, we list several aspects which can be further discussed in order to reuse the existing measurement framework.
Table 3 Aspects to discuss for DRS-based measurement

	Aspects
	Discussions on the DRS impact

	Configuration of DRS for measurement
	In order for a UE to do DRS-based RRM measurement, the DRS-related parameters (e.g., DRS periodicity, offset and so on) needs to be configured to a UE. The DRS signal pattern needs to be defined (in the spec or configured to a UE).

Details FFS in RAN1.

	Measurement gap
	RAN1 has made the following working assumption [2]
· UE can be configured with one measurement gap for DRS-based measurement when needed

· Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration

In our understanding to achieve UE power saving in inter-frequency cell discovery/measurement, the DRS configurations of the small cells should fit the gap configuration, so that a UE can measurement as many as small cells during the configured gap. 

Details FFS in RAN1.

	layer 3 filtering
	No clear impact is observed. 

	s-Measure
	No much impact is observed. It seems sufficient to define that UE’s RSRP measurement on the PCell is based on DRS (if DRS is configured in the cell ON state) or CRS. Since eNB is in control of the RS type used by this UE for RRM measurement, and s-Measure is configured to a UE by the eNB, there seems to be no issue even if in PCell and in the other neighboring cells UE are using different RS types for measurement. 

	Measurement report triggering
	For the triggering events A1, A2, A4, A5, B1 and B2, they are all based on a cell’s measurement results comparing with a configured threshold. For these triggers similar as the analysis for s-Measure there seems to be no issue as eNB is in control of the offset and RS type configurations. 

For the triggering events A3 and A6 they involve comparisons between measurement results of different cells, for which different RS types may be configured for measurement. Taking A3 as an example
Inequality A3-1 (Entering condition)
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The offsets values Ofn, Ocn, Ofpa and Ocp are either cell specific or frequency specific. If all the UEs measuring a cell/frequency are using the same type of RS, it is possible to adjust these offset values to allow comparisons between cells configured with different measurement RS types.  

	RLM
	No clear impact is observed. The RLF procedure is so that UE compares the radio link quality with threshold Qout/Qin and declares RLF when certain conditions fulfills. If UE is configured to use DRS for RLF, it only requires that UE is able to map the measured DRS quality to certain control channel BLER level. The whole framework of the existing RLF can be reused. 


Proposal 1 
RAN2 uses Table 3 as a starting point of further investigations on the impacts with DRS-based RRM measurement and RLF.

3. Conclusion
In this contribution, we discuss on small cell ON/OFF and discovery signal for a Rel-12 small cell. The following aspects are investigated
· The possible procedures of switching off a small cell and the corresponding UE behaviour in the procedures

· RRM measurement based on the discovery signal (DRS)
Our conclusions and proposal are summarized in the following:
Observation 1
To switch off a legacy UE’s deactivated SCell may impact the UE’s RRM measurement on the SCell.
Observation 2
It is not possible to rely on DRX configuration to keep the UEs in connected state in an OFF cell without impact to the UE implementation or system performance. 
Observation 3
Based on the assumption that the DRS-based RRM measurement can achieve comparable accuracy as legacy CRS-based measurement, the existing RRM measurement framework can be reused. 

Proposal 1 
RAN2 uses Table 3 as a starting point of further investigations on the impacts with DRS-based RRM measurement and RLF.
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