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1   Introduction
The small cell on/off is a mechanism to mitigate interference for dense small cell deployments. It can improve the system capacity through interference mitigation. Besides, a new discovery procedure based on DRS (Discovery Reference Signal) signalling is designed for UE to detect the existence of neighbouring small cells and to complete procedures of measurement and channel tracking before the small cell is turned on.
In RAN2 #85 meeting, an LS from RAN1 [1] was sent to inform RAN2 about their agreements and conclusions on small cell on/off and discovery. Then in RAN1 #76bis, an essential idea was accepted that the on/off operation of TP (transmission point), but not cell, should also be supported. We hence here discuss how the small cell/TP on/off procedures impact RAN2.

Topic - Procedures of Small Cell ON/OFF and Discovery
	Conclusion from RAN1 #76 meeting:
· Followings are open issues of small cell on/off and discovery to reduce the transition time
· 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
Conclusion from RAN1 #76bis meeting:
                      …
· When only CSI-RS is present

· Possible functions of CSI-RS: RSRP/RSRQ measurements, can carry cell identification information, can carry TP identification information in shared/non-shared cell ID scenario, CSI feedback (potentially for new L1 procedure)
· Open issue: 

· whether/how to perform RSRP/RSRQ measurement per cell and per TP simultaneously

· For RSRP/RSRQ measurements, CSI-RS and CRS have different performance
· Note: There is at least one function per RS



2   Impacts to RAN2
The two operations of small cell on/off and TP on/off bring about different impacts to RAN2. Small cell on/off in scenarios such as standalone small cell on/off, Scell on/off and SeNB on/off could be either achieved by current higher layer procedures, like HO/Scell activation/deactivation/SeNB addition/release, or be implemented by layer 1 signalling. While, for TP on/off, those higher layer procedures are not applicable anymore and new schemes are required. This paper illustrates the two procedures respectively. 
Procedures of Small Cell ON/OFF and Discovery
For small cell ON/OFF transition, three procedures are considered by RAN1, which consist of handover, carrier aggregation activation/deactivation, and dual connectivity procedure. During RAN1 discussion, OFF->ON transition was treated as higher priority considering it’s more time critical and more complicated. While for RAN2, both cases of ON->OFF and OFF->ON are ought to be analyzed.
ON->OFF Transition:
From RAN2 point of view, for single carrier case, the prerequisite of small cell ON->OFF transition is to hand off or redirect all connected UEs to another cell or carrier. For CA case where small cell works as Scell, the transition to OFF state of Scell could be explicitly informed to all UEs. Or, in an implicit way Pcell can deactivate the Scell upon transition to OFF state. The Scell deactivation is ought to be informed to all connected UEs. This may require signalling improvement considering current Scell deactivation is a per-UE signalling. In short, we recommend discussing whether a broadcast signalling is more efficient.

While in dual connectivity where small cell functions as SeNB, either the transition to OFF state of SeNB is explicitly informed to all UEs or the MeNB releases the SeNB upon transition to OFF state. Similarly, signalling improvement might be useful considering current SeNB release is a per-UE signalling.

Proposal 1: For CA and dual connectivity case, the signalling might be improved in order to indicate entire UEs upon transition to OFF state with one single attempt. The network might inform either the “OFF transition” or “Scell deactivation and SeNB release” to UEs.
OFF->ON Transition:
For OFF->ON transition, this contribution focuses on the illustration of the whole procedure with DRS measurement as indicated in RAN1 LS.
From RAN1 LS, it explicitly indicates the procedures impacting RAN2 are handover, carrier aggregation activation/deactivation and dual connectivity procedure. But generally speaking, for CA case, Scell activation and deactivation does not have to be tightly coupled with small cell ON/OFF. For instance, different UE behaviours in small cell ON and OFF states are suggested to be defined, without touching CA and dual connectivity state. With this design, the Scell keeps activated even if the small cell turns OFF. Hence, we have proposal 2 as following.

Proposal 2: For single carrier case, HO is feasible to implement small cell on/off. 

For CA and dual connectivity case, two alternatives are considered as feasible:

1) To use current CA and dual connectivity signalling in MAC and RRC layer to accommodate the small cell ON/OFF switch procedure.
2) To define different UE behaviours in small cell ON and OFF states and indicate the small ON/OFF state explicitly which requires no coupling between Scell activation/deactivation or SeNB addition/release and small cell ON/OFF.
In following sections with detailed procedure, two alternatives identified with a) and b) are illustrated.
HO based small cell OFF->ON procedure
Different from legacy procedures, firstly in step 1, the Macro and the small cell should exchange the small cell’s DRS pattern configuration. And then Macro cell could inform UEs about the small cell’s DRS pattern configuration and also DRS based RRM measurement configuration. Please note that the determination of the DRS pattern configuration is not in RAN2 scope. 
UEs in the vicinity are able to detect and measure the DRS transmitted by the “OFF” small cell after step 2. Afterwards, UE might report the DRS RRM measurement report based on the network configuration. Macro cell collects the reports and determines whether to turn on the “OFF” small cell based on its strategy, e.g., loading and interference condition. If the decision is to turn on the “OFF” small cell, Macro cell should indicate the “OFF” small cell to turn on. The Macro might then make an explicit notification to UE also as shown in Step 7.
Upon receiving the “Turn ON” decision from Macro cell, the “OFF” small cell switches its state to ON and starts transmit downlink signalling, e.g., PSS/SSS, CRS, CSI-RS, PBCH and possible DRS, etc. If the DRS based RRM measurement is not sufficient for mobility purpose, a supplementary mobility related measurement and report is required. Otherwise, the Step 8 could be skipped. Subsequently the normal handover proceeds.
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Fig. 1 HO based small cell OFF->ON procedure
CA based small cell OFF->ON procedure
As described above, in CA case, in one way the small cell OFF->ON procedure could be informed to UE by Scell activation. In the other way, the Scell in “OFF” state maintains activated at UE and no deactivation->activation switch is necessary when the small cell gets turned on.
Fig. 2 shows the detailed procedures as follows. Steps 1 to 3 are the same as in section 2.2.2.1. And with the DRS based measurement report from UE, Pcell determines whether to turn on the Scell based on its strategy, e.g., loading and interference condition.
The “turn on” decision could be signalled in an explicit way-“Turn ON indication” or implicit way-“Scell activation”. Regards with the implicit way, after indicating UE to activate the turned on Scell, the normal RRM measurement should be configured correspondingly. While for the explicit way, no matter the small cell is ON or OFF, UE always keeps the Scell activated and stores the configurations of both normal RRM measurement and DRS based RRM measurement. With informing of Scell “Turn ON”, UE starts to perform normal RRM measurement afterwards.
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Fig. 2 CA based small cell OFF->ON procedure
Dual connectivity based small cell OFF->ON
Similarly, in dual connectivity case, in one way the small cell OFF->ON procedure could be informed to UE by SeNB addition. In the other way, the SeNB in “OFF” state maintains “added” at UE and no release->addition switch is necessary when the small cell gets turned on.

Fig. 3 shows the detailed procedures as follows. Steps 1 to 3 are the same as in section 2.2.2.1. And with the DRS based measurement report from UE, MeNB determines whether to turn on the SeNB based on its strategy, e.g., loading and interference condition.

The “turn on” decision could be signalled in an explicit way-“Turn ON indication” or implicit way-“SeNB addition”. As to the implicit way, the turned on SeNB is added to UE and also the normal RRM measurement on this cell is configured correspondingly. For the explicit way, no matter the small cell is ON or OFF, UE always keeps the SeNB added and stores the configurations of both normal RRM measurement and DRS based RRM measurement. With informing of SeNB “Turn ON”, UE starts to perform normal RRM measurement afterwards.
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Fig. 3 Dual connectivity based small cell OFF->ON procedure
Procedures of TP ON/OFF and Discovery
The on/off switch of TP doesn’t affect the availability of the cell for UE connection. The only impact is the RRM measurement operation at UE side. In one alternative, the TP on/off switch is represented by different RRM meas configurations where UE is not aware of the TP operation mode at all. In the other alternative, the layer 1 signaling explicitly indicates which TP (via DRS resource ID) is turned off. And L3 signalling carries the upcoming DRS resource configurations when TPs are turned OFF, identified with an ID. When one specific TP (via DRS resource ID) is instructed as OFF, UE starts to apply DRS based measurement based on the corresponding DRS resource.
The procedures of two alternatives of TP ON/OFF and discovery are shown in Fig. 4-1 and Fig 4-2. Please note here we assume the DRS is only transmitted when TP turns OFF considering no agreement in RAN1 whether DRS exists during ON period. And the details of RRM measurement on DRS are illustrated in [3]. 

The procedures for Fig. 4-1 are as follows:

Step 1: While TPs are on, only CSI-RS Resource Configuration is transmitted by L3 signaling, and UE performs normal CQI measurement;

Step 2/3: After TPs turn OFF, the DRS resource configuration is sent to UE and the OFF cell starts to transmit corresponding DRS;
Step 4: UE collects the DRS based RRM measurement result and report it to eNB;

Step 5: eNB might turn on the TPs based on UE’s report.
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Fig. 4-1 Alternative 1- TP ON/OFF indication by L3 signalling

The procedures for Fig. 4-2 are as follows:

Step 1: While TPs are on, eNB informs the UE the CSI-RS resources configuration and also the DRS resource configuration. Please note that actually the DRS resources are not transmitted now and UE doesn’t need to perform the DRS based measurement.

Step 2: If the TPs are determined to turn off, eNB sends an indication of which DRS resource configured in Step 1 is about to put in use. The DRS resource is identified by its ID. It’s assumed that the “TP off indication” in Fig. 4-2 is practically equivalent to “DRS resource to use”.

Step 3: After the TPs OFF, the DRS corresponding to the DRS resource ID in Step 2 gets transmitted.

Step 4: UE collects the DRS based RRM measurement result and report it to eNB;

Step 5: eNB might turn on the TPs based on UE’s report.
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Fig. 4-2. Alternative 2- TP ON/OFF indication by L1 signalling
Proposal 3: For TP on/off, two alternatives are suggested:

1) To use different RRM measurement configurations to indicate the TP on/off.

2) To carry DRS resource configuration by layer 3 signalling which will be used by UE when TPs are turned OFF and to indicate the TP on/off (by means of DRS resource) by layer 1 signalling.
3   Conclusion
In this contribution, we investigate the impacts to RAN2 from RAN1 current agreements and conclusions on small cell on/off and discovery and TP on/off and discovery.  To wrap up, we have three proposals totally:
Proposal 1: For CA and dual connectivity case, the signalling might be improved in order to indicate entire UEs upon transition to OFF state with one single attempt. The network might inform either the “OFF transition” or “Scell deactivation and SeNB release” to UEs.
Proposal 2: For single carrier case, HO is feasible to implement small cell on/off. 

For CA and dual connectivity case, two alternatives are considered as feasible:

1) To use current CA and dual connectivity signalling in MAC and RRC layer to accommodate the small cell ON/OFF switch procedure.
2) To define different UE behaviours in small cell ON and OFF states and indicate the small ON/OFF state explicitly which requires no coupling between Scell activation/deactivation or SeNB addition/release and small cell ON/OFF.
Proposal 3: For TP on/off, two alternatives are suggested:

1) To use different RRM measurement configurations to indicate the TP on/off.

2) To carry DRS resource configuration by layer 3 signalling which will be used by UE when TPs are turned OFF and to indicate the TP on/off (by means of DRS resource) by layer 1 signalling.
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