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1. Introduction
In this contribution, we discuss from high level on the possible RAN2 impact with the small cell “ON/OFF” and “DRS” as mentioned the incoming LS [1]. More specifically, with the discussions we aim at clarifying the following aspects
· A description of the ON/OFF state, i.e., what does a UE expect from a cell in these states
· A description of the purpose of DRS from RAN2 point of view
· The possible procedures of switching OFF a normal cell, if the OFF-state is introduced, and

· The possible UE behavior if when a cell is switched OFF
· The possible impact with the newly introduced “DRS” on the higher layer procedures including measurement, HO, RLM, dual connection, CA activation/de-activation. 
2. Discussion
2.1 
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 such a cell. 
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 an earlier release than Rel-12 cell, plus it MAY transmit a new reference signal, i.e., DRS (details will be decided by RAN1)

	OFF state
	In this state, all the legacy signals are not transmitted on the cell (e.g., no CRS, no SI, etc.), except that it shall transmit a new reference signal, i.e., DRS (details will be decided by RAN1)


According to Table 1, there is no system information on a small cell that is in OFF state, it is not possible for a UE to use a cell in OFF state as Pcell. 
2.2 
Purpose of DRS when a cell in ON or OFF state
In Table 2 we discuss on the possible purposes of DRS for a cell in ON or OFF state. 
Table 2 Description of the purpose of DRS when a cell is in ON or OFF state
	State name
	Description of the purpose of DRS

	ON state
	In this state, DRS can used for the following purposes

· RSRP/RSRQ measurement for RRM 
· Small cell discovery
· Coarse/fine time and frequency tracking (RAN1’s scope)

· 

	OFF state
	In this state, DRS can used for the following purposes

· RSRP/RSRQ measurement for RRM 

· Small cell discovery

· Coarse/fine time and frequency tracking (RAN1’s scope)

· 


Observation 1
From RAN2 point of view, the purpose of the newly introduced DRS includes  RSRP/RSRQ measurement for RRM and efficient small cell discovery. 
2.3
 Procedure of switching OFF a small cell

In Table 3, the possible procedures for the network to switch OFF a cell are provided. 
Table 3 Description of the procedure of switching off a cell
	State name
	Description 
	Comments

	Possible 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. 
	This procedure applies when there are UE(s) connected and use cell A as Pcell.
No impact to legacy UE.

	Possible 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.
	This procedure applies when no UEs use cell A as Pcell. 
Since legacy UE uses CRS for RRM measurement, to switch off a legacy UE’s deactivated Scell may impact the UE’s RRM measurement.

	Possible procedure 3
	FFS if other L1 procedure is possible
	This is RAN1’s scope.


According to the current status of the dual connectivity discussions, it is not possible to de-activate a Pcell under the SeNB. Therefore, if the network wants to switch off any cells for a UE under the SeNB, it shall deconfigure the SeNB (in case of Pcell under SeNB) or de-activate the cell (in case of Scell under SeNB). Therefore we have the following observation regarding the dual connectivity

Observation 3
Procedure 1 and 2 can be used for the case of dual connectivity. 
Observation 4
For legacy UE, if a de-activated Scell is switched OFF, the CRS-based RRM measurement is impacted. 

With observation 3, it is therefore desirable to de-configure the Scell before it is switched off, if a legacy UE is using the small cell as Scell. 
2.4 
UE behavior if a small cell is switched OFF/ON
Firstly of all, it has been agreed in RAN1 that the work does not introduce impact to RRC_IDLE UEs. Therefore in the subsection we focus on UEs in RRC_CONNECTED state. 

Cell switched OFF

The UE behavior regarding a small cell in OFF state is actually highly related to the definition of the ON/OFF state (see section 2.1) and the intended purpose of the newly introduced DRS (see section 2.2). 
We assume cell A is in OFF state (therefore not being the UE’s Pcell based on section 2.1) and we discuss on the following cases

· if cell A is not a (de-)activated Scell (e.g., it may be a de-configured serving cell for the UE or any other cell) of the UE

· UE may monitor the DRS pattern configured by its serving cell and may discover cell A based on DRS transmitted by cell A
· if cell A is a de-activated Scell of the UE

· RRM measurement for de-activated Scell serving cell is carried out by the UE base on DRS transmitted on cell A

Cell switched ON
If a cell is switched ON, and if the cell transmits DRS in ON state, the UE behavior can be the same as for the case when the cell is OFF. Or eNB may configure the UE to use CRS instead of DRS for RRM measurement, which is the same as legacy UE’s operation.

2.5 
Impact of DRS on the higher layer aspects
First of all a cell needs to provide DRS configurations to the UEs so that the UEs may monitor DRS instead of CRS. 
For small cell discovery, it may also be useful if an OFF cell provide the DRS configurations to the neighboring cells, so that the neighboring cells can provide the DRS configurations to their UEs.
The detailed configuration of DRS can be decided by RAN1, but it at least include DRS pattern (periodicity, subframe sets that contains DRS, etc.)

The other aspects to discuss from ran2 point of view may include 
· handover, 

· carrier aggregation activation/deactivation, 

· dual connectivity procedure

· RLM

Some initial discussions are provided in the table below. Again, only UEs in RRC_CONNECTED UEs are considered. 
Table 4 Impact of DRS on RAN2 
	Aspect that is considered
	Possible impact to RAN2 if DRS-based measurement is used

	Configuration of DRS related parameters
	DRS-related parameters (e.g., DRS periodicity, repetition times with a period and so on) needs to be indicated to lower layer. 
The exact list of necessary parameters is up to RAN1.
FFS if DRS can be transmitted by a cell that is in ON state and FFS whether this needs to be indicated via signalling to a UE. [1]

	Measurement configuration and measurement procedure
	Some aspects need further investigation regarding the possible impacts of DRS-based measurement
· Any need to redefine measurement gap based on the newly introduced DRS pattern?

· Support of reportCGI seems not possible due to lack of system information transmission from a cell that is in OFF state (see Table 1)

· Any impact on layer 3 filtering?

· Any impact on s-Measure?

· Any impact on measurement report triggering?

	Handover
	Before HO, source eNB normally collects UE measurement report, and the measurement may be based on DRS, which is discussed above. 

In HO preparation phase, target eNB may need to notify the DRS configurations to the UE (forwarded by source eNB).

FFS if any other impact on handover.

	CA(de-)activation
	See discussion in section 2.3.

Basically procedure 2 in Table 3 reuses the existing cell (de-)activation procedure. 
See Observation 4 on the possible impact to legacy UE.

	Dual connectivity
	See Observation 3 in section 2.3.

	RLM
	No clear impact identified.
According to the current RLM procedure, the physical layer compare the “radio link quality” with given thresholds Qout/Qin, which is based on BLER of the control channel. If DRS is configured for a UE and if RLM based on DRS is agreed by RAN1, the UE shall be able to map the measurmed DRS strength to the BLER of the control channel. There seems to be no issue with the current RLM procedure. 


Proposal 1 
Use Table 4 as starting point of further investigations on RAN2 with the introduction of DRS.
3. Conclusion

In this contribution, we discuss on the possible impact with small cell ON/OFF and the new DRS. 

Descriptions of a cell’s ON/OFF states are provided in Table 1. 

Regarding the purpose of the new DRS the following is observed

Observation 1
From RAN2 point of view, the purpose of the newly introduced DRS includes  RSRP/RSRQ measurement for RRM and efficient small cell discovery. 
Regarding the possible procedures of switching off a cell, the following are observed
Observation 3
Dual connectivity is covered by procedure 1 and 2 above and therefore does not need specific considerations. 
Observation 4
For legacy UE, if a de-activated Scell is switched OFF, the CRS-based RRM measurement is impacted. 

In section 2.4 we describe the intended UE behavior when a cell is in ON or OFF state. 
For the possible DRS impact the following is proposed
Proposal 1 
Use Table 4 as starting point of further investigations on RAN2 with the introduction of DRS.
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