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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 RAN #64 meeting, SCE PHY reached the following WF [1]:
· Spend no more than 1 TU in RAN1#78 to discuss this open issue:

· “Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time”

· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints.

Further, in RAN1 email discussion [77#08], the following assumptions were used:

· ON/OFF based on L1 signalling

· Subframe level ON/OFF

· Multiple subframe (frame, half frame, etc.) level ON/OFF

· ON/OFF based on CA activation/deactivation signalling

The above information indicates that ON/OFF based on layer 1 signalling is only probable for CA case in Rel-12 scope. It seems RAN2 still need to consider high layer signalling procedures to support small cell on/off at least for HO and dual connectivity scenarios, which can also be extended for CA case. In sense of this, ON/OFF based on high layer signalling is expected to support all possible deployment scenarios, and in this paper we focus on the procedures for semi-static ON/OFF which have been described in [3].
Proposal: RAN2 is kindly suggested to provide high layer procedures to support small cell on/off.

2   Analysis for Small Cell ON/OFF procedures
2.1   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 critical and more complicated. While for RAN2, both cases of ON->OFF and OFF->ON are ought to be analyzed.
2.1.1   OFF->ON Transition:
From RAN1 LS, it explicitly indicates the procedures impacting RAN2 are handover, carrier aggregation activation/deactivation and dual connectivity procedure. Here we give the examples of how to implement small cell on/off with the existing air interface signalling procedures.
Please note that in these following procedures, the issue of based on what information UE switches from DRS RRM measurement to legacy RRM measurement is discussed in another contribution [2]. 

2.1.1.1   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. Upon receiving the “Turn ON” decision from Macro cell, the “OFF” small cell switches its state to ON and starts transmitting 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 7 could be skipped. Subsequently the normal handover proceeds.
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Fig. 1 HO based small cell OFF->ON procedure
2.1.1.2   Dual connectivity based small cell OFF->ON
Similarly, in dual connectivity case, the small cell OFF->ON procedure could be informed to UE by SeNB addition.

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, MeNB determines whether to turn on the SeNB based on its strategy, e.g., loading and interference condition. Then the turned on SeNB is added to UE.

[image: image2.emf]UE

On/Off

SeNB

MeNB

Step 1: Small cell DRS pattern exchange

Step 3: DRS transmission

Step 4: DRS based MR to macro/serving cell

Step 5: SeNB Addition Request (SeNB Turn 

ON indication)

DRS-based detection and 

measurement

SeNB Turn ON

Step 9: Data transmission

Step 6: DL signals transmission, e.g., PSS/SSS, CRS, CSI-RS, and DRS

SeNB Turn ON Decision

Common procedures

Step 2: NW assisted info about DRS pattern/DRS based 

meas. config.

Normal RRM meas

Step 8: SeNB Addition 

Step 7: SeNB Addition Request ACK (SeNB 

Turn ON ACK)


Fig. 2 Dual connectivity based small cell OFF->ON procedure

2.1.1.3   CA based small cell OFF->ON procedure
As described above, in CA case, the small cell OFF->ON procedure could be informed to UE by Scell activation. 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, Pcell determines whether to turn on the Scell based on its strategy, e.g., loading and interference condition. 
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Fig. 3 CA based small cell OFF->ON procedure
2.1.2   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, Pcell can deactivate the Scell upon transition to OFF state. The Scell deactivation is ought to be informed to all connected UEs. While in dual connectivity where small cell functions as SeNB, MeNB may release the SeNB or initiate PScell change upon transition to OFF state. 

2.2   Procedures of TP ON/OFF and Discovery
In case of TP on/off, similar procedures apply as shown in Fig. 4. The TP on/off procedure does not introduce any new high layer signalling. UE switches its RRM measurement according to what we illustrate in [2]. 
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Fig. 4. TP ON/OFF procedure
3   Conclusion
Since ON/OFF based on layer 1 signalling is only probable for CA case in Rel-12 scope. RAN2 still need to consider high layer signalling procedures to support small cell on/off at least for HO and dual connectivity scenarios, which can also be extended for CA case. Therefore, the following proposal is provided:

Proposal: RAN2 is kindly suggested to provide high layer procedures to support small cell on/off.
And in this paper, small cell and TP ON/OFF are analyzed. Small cell on/off in scenarios such as standalone small cell on/off, Scell on/off and SeNB on/off could be achieved by current high layer procedures, like HO/Scell activation/deactivation/SeNB addition/release. For TP on/off, current high layer signalling procedure also applies. Here the following observation is provided:
Observation：Current high layer procedures with necessary modifications on RRC messages are capable to support small cell/TP on/off.
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