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1 Introduction
RAN1 LS [1] mentions all the agreements in RAN1 so far on small cell DTX. In this document we have discussed the control plane impacts of small cell DTX. We have also listed further clarifications questions for RAN1. 
2 Discussion
2.1 RRC Idle mode UEs

RAN1 has agreed to the following:

Observation1: If ON/OFF cells do not transmit legacy signals when the cell is ON, then RRC Idle mode and Legacy UEs will never detect the ON/OFF cells and nothing needs to be done to avoid RRC Idle mode UE from camping to an ON/OFF cell.
Proposal1: Request RAN1 to confirm, if the ON/OFF cells will always transmit legacy signals required for cell detection when the cell is in ON state.

The current assumption in RAN1 is that the ON/OFF cells will transmit legacy signals in the ON state, so a legacy UE/Rel 12 RRC Idle mode UE may detect these cells.
If the ON/OFF cells always transmit legacy signals when in ON state  then the IDLE UEs/Legacy UEs will be able to detect these cells. As discussed in [2], we can use existing mechanisms to prevent UEs from camping to ON/OFF cells. 

In summary using the existing cell barring mechanism, RRC Idle mode UEs can be avoided from camping to ON/OFF cells during cell selection. And by using blacklisting and avoiding dedicated ON/OFF cells in inter frequency measurement configuration in SIB5, reselection of RRC Idle mode UEs to ON/OFF cells can be prevented.

During PLMN search and cell selection, UE may unsuccessfully try to camp on a DTX cells and waste power in detecting, syncing, decoding MIB and SIB1. But the overall impact on UEs power consumption will not be significant in our opinion and we think we do not need to optimize for these procedures.

2.2 Legacy UEs
Again only if the ON/OFF cells always transmit legacy signals when in ON state then the Idle mode UEs/legacy UEs will be able to detect these cells.

As discussed in [2], we need a mechanism to prevent legacy UEs in RRC Idle mode from camping to ON/OFF cells. Frequency barring and cell barring mechanism shall work for legacy UEs.

In RRC connected mode, mobility is controlled by the network, so it should be up to the network to ensure that legacy UEs are not moved to  ON/OFF cells ( unless the ON/OFF cells are operated in the legacy mode ) 
2.3 RRC Connected mode UEs
2.3.1 Cell detection and Measurement
Ran 1 agreements:

RAN1 open items:

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· We make the following observation regarding DRS based measurements 

· The assistance information is required by a subset of the RRC connected mode UEs only

· Discovery bursts for all the ON/OFF cells on one frequency within a macro eNB’s coverage may not have a common pattern.

· Ex: All the ON/OFF cells in one location have one pattern and at another location in the macro has another pattern. And the UE needs to be aware of only one pattern corresponding to ON/OFF cells around the UE.  

Observation2: Assistance information may be specific to the operation of ON/OFF cells around the UE.

Proposal2: The assistance information is sent to the UE in a dedicated message and not via broadcast message, i.e. assistance information should be sent in the measurement configuration. 

For timing associated with DRS burst, the start offset and periodicity need to be indicated to the UE in DRS assistance information:

· Should this be common for all frequencies

· Or one pattern per frequency

· Or one pattern for a PCI range per frequency   

UE’s measurement scheduler complexity increases with the number of different discovery burst patterns configured simultaneously. So number of simultaneous discovery burst patterns that the UE is configured to monitor should be limited.

Proposal3: A single discovery burst pattern (common for all frequencies) should be configured at the UE.
For the UEs that need measurement gaps for interfrequency measurements, it is up to the network to ensure that discovery burst and measurement gaps have enough overlap to meet DRS based discovery requirements. 

Proposal4: For UEs that need gaps for inter frequency measurements, network should ensure that the UE is configured with suitable measurement gaps or enough DRX Idle time to do DRS based measurements. UE need not support any RRM requirement based on autonomous measurements. 


2.3.2 ON/OFF state indication 
RAN1 open issues:

PCell is the mobility anchor, so frequent RRM/RLM measurements on PCell is critical for mobility performance. 
Proposal5: Confirm that as long as an eNB is serving as PCell of any UE, the cell will not go to OFF state.

RAN1 is yet to agree if  ON/OFF should be supported on special cell of SCG.

In dual connectivity, we agreed that the special cell in SCG will always be active. Supporting ON/OFF operation on the special cell would mean coordination over non ideal backhaul and slow transition between ON/OFF state.  
It will still be beneficial to support “slow” or semi static ON/OFF indication for special cell on SCG via RRC signaling from MeNB compared to supporting ON/OFF operation through addition/release of SCG.
Proposal 6 :If ON/OFF operation is supported on special cell of SCG, then PCell in MeNB should indicate the ON/OFF state of the special cell on SCG via RRC signaling.
RAN1 has not concluded on the following yet:
1. Whether the discovery bursts will be sent by the eNB in both ON and OFF state or not

2. The UE can continue cell detection and measurements without being aware of neighbor cell’s ON or OFF state.

Observation3: As ON/OFF state of the neighbor cells are dynamically changed, any dependence of cell discovery at the UE on explicit indication of neighbor cell state will have the following challenges:

· Significant signaling load.

· Frequent coordination between the eNBs if short transition between ON and OFF state is supported

Proposal7: RAN2 should send LS to RAN1 indicating, that for neighbor cell measurements it is beneficial from signaling load point of view if the UE does not have to rely on explicit indication of neighbor cells ON/OFF state 

RAN1 has not concluded on the following yet:

1. In CA, can a cell go to OFF state while it is an activated cell for an UE and how the ON/OFF state can be indicated to the UE 
2. In dual connectivity, can a cell on SCG go to OFF state while it is an activated cell for an UE and how the ON/OFF state can be indicated to the UE
If RAN1 agrees to fast transition of ON/OFF cells via new L1 procedure, then RAN2 needs to analyse impact on UE behavior when the SCell is activated but in DTX, both in CA and Dual Connectivity .
2.3.3 Handover in Single Carrier Operation 
For handover  to ON/OFF cell , if we assume the following:
· The ON/OFF cell will be ON when the UE gets HO command in RRCConnectionReconfigurationComplete with mobility control info
· all legacy signals are supported when the cell is ON
Then from UE’s perspective no change to HO procedure is required after receiving HO command. 
Proposal8: Confirm that the UE can assume that the target cell is in ON state when the UE receives HO command in RRCConnectionReconfigurationComplete with mobility control info 

2.3.4 SCell activation in Carrier Aggregation 
For SCell activation, if we assume the following:

· The ON/OFF cell will be ON when the UE gets SCell activation command

· all legacy signals are supported when the ON/OFF cell is ON
Then from UE’s perspective no change to SCell addition procedure is required after receiving HO command. 

Proposal9: Confirm that the UE can assume that the SCell is in ON state when the UE receives SCell activation command.
2.3.5 SCell addition/activation in Dual Connectivity
For SCG cell addition/activation, if we assume the following:

· The ON/OFF cell will be ON when the UE gets SCG cell addition/activation command

· all legacy signals are supported when the ON/OFF cell is ON
Then from UE’s perspective no change to SCG cell addition/activation procedure is required after receiving HO command. 

Proposal10: Confirm that the UE can assume that the SCell on SCG is in ON state when the UE receives SCell addition/activation command.
3 Conclusions
Observation1: If the ON/OFF cell does not transmit legacy signals when the cell is ON, then RRC Idle mode and Legacy UEs will never detect the ON/OFF cells and nothing needs to be done to avoid RRC Idle mode UE from camping to an ON/OFF cell.

Proposal1: Request RAN1 to confirm, if the ON/OFF cells will always transmit legacy signals required for cell detection when the cell is in ON state..

Observation2: Assistance information may be specific to the operation of ON/OFF cells around the UE.

Proposal2: The assistance information is sent to the UE in a dedicated message and  not via broadcast message, i.e. sent in the measurement configuration. 

Proposal3: A single discovery burst pattern ( common for all frequencies) should be configured at the UE.
Proposal4: For UEs that need gaps for inter frequency measurements, network should ensure that the UE is configured with suitable measurement gaps or enough DRX Idle time to do DRS based measurements. UE need not support any RRM requirement based on autonomous measurements. 

Proposal5: Confirm that as long as an eNB is serving as PCell of any UE, the cell will not go to OFF state.
Proposal 6 :If ON/OFF operation is supported on special cell of SCG, then PCell in MeNB should indicate the ON/OFF state of the special cell on SCG via RRC signaling.

Proposal7: RAN2 should send LS to RAN1 indicating, that for neighbor cell measurements it is beneficial from signaling load point of view if the UE does not have to rely on explicit indication of neighbor cells ON/OFF state 

Proposal8: Confirm that the UE can assume that the target cell is in ON state when the UE receives HO command in RRCConnectionReconfigurationComplete with mobility control info 

Proposal9: Confirm that the UE can assume that the SCell is in ON state when the UE receives SCell activation command.
Proposal10: Confirm that the UE can assume that the SCell on SCG is in ON state when the UE receives SCell addition/activation command.
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Agreements:


No new idle mode UE behavior in Rel-12 small cell enh. WI








Agreements:


Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure


It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 


Accuracy of timing considered for network assistance will be defined by RAN4


FFS: What is timing information associated with discovery measurement


FFS: Other information provided








Agreements:


For cell identification


The signal should be able to achieve over 90% detection probability for all detectable small cells


For RRM measurement


The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells








Whether (and how) cell On/Off states explicitly informed to UE


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

















