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1
Introduction
Small Cell On/Off is a physical layer feature that enables a small cell to be switched on or off depending upon the traffic load or UE-cell association status. The On/Off operation may be used in all of the following modes:

· Single carrier mode where the UE is connected to one small cell or macro at a time, 

· Carrier aggregation where the small cell serves as a component carrier

· Dual connectivity where the small cell serves as a secondary connection.

When the cell is in the off state, it does not perform any downlink transmission other than the discovery signal transmission. The On/Off feature is seen beneficial in terms of interference avoidance and coordination among small cells. In general, the achieved gains increase with shorter the transition times [1]
In [2], the Small Cell On/Off feature and its usage in different scenarios, namely single carrier, carrier aggregation and dual connectivity is discussed from RAN1 perspective. 
In this contribution, we discussed the RAN2 aspects of small cell ON/OFF procedures for single carrier operation.
2
Discussion
In single carrier operation, when there are few UEs in the cell and the UEs do not need continuous data transfer, there is an opportunity to apply DTX on the small cell. 
Ways to support ON/OFF operation in a single carrier case would be the following:
1. Release RRC connection of the UEs and then the cell can go to OFF state
When the RRC connection is released the UE cannot camp on to the same small cell because in RRC idle mode, the UE cannot camp to an ON/OFF cell. If the connection is released for a UE, it might be able to connect to the small cell layer only after first establishing a connection to macro cell and then via handover back to small cell layer. So there is a large latency in connecting back to the same small cell.
2. Handover the UEs to other cells and then the cell can go to OFF state
Handover is not an optimal option sometimes as there may not be other strong cells available around the UE. Also, this option too has high latency to come back to the small cell when data arrives, as this involves measurements and HO preparation.

3. UEs remain in the cell, have “cell specific” DRX configured to have cell ON/OFF  synchronized with the new DRX cycle  

The identified problems of method 1 and 2 can be solved if the UE remains connected to the same small cell but DRX is configured to ensure that small cell ON and OFF pattern is matched with UE’s DRX pattern. The UE can then save power (like it would if its connection was released) in the off duration and monitor PDCCH during the on duration of the DRX. However in the existing DRX procedure, though the PDCCH monitoring is only during DRX ON duration, there are other autonomous procedures at the UE that are allowed to happen during the OFF duration. These procedures can be autonomous search and measurements etc. that are based on availability of DL signals. Here, the UE assumes that DL signals from the small cell are always transmitted which will not be the case if the small cell is in DTX mode. So, some modification to UE specific DRX is required to support small cell ON/OFF. We are calling this modified procedure “cell specific” DRX. Cell-specific DRX operation will be similar to UE-specific DRX in most of the aspects except that it would be applied to all UEs present in the cell. The details of cell specific DRX has been discussed in section 2.1.
Observation 1: Methods 1 and 2 use existing procedures but are not optimal, as time required for the UE to come back to the small cell (when it is out of DTX) is large 
Observation 2: In single carrier case, starting normal operation in the ON/OFF cell is faster if the connection is not released and instead the UE is kept in connected mode DRX
Proposal 1: RAN2 should discuss and agree on enhancements to the existing DRX operation to support faster ON/OFF transition in single carrier case.   
2.1 Cell specific DRX

As all the UEs in the cell needs to align their activity/inactivity time to cell’s ON/OFF operation, we are calling the procedure cell specific DRX. 

Main difference with respect to current DRX procedure is that during the OFF duration, DL signals are not available. So for cell specific DRX, UE should not do any autonomous UE procedure that relies on availability of DL signals from the serving cell outside DRX on duration other than the warm-up required before PDCCH monitoring as shown in Figure 1. During the warm-up, the UE may need to do timing and frequency correction, AGC adjustments or channel estimation and will need to monitor serving cell DL. The required warm-up time depends on the OFF duration.
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Figure 1: ON/OFF transition timing diagram
Observation 3: Main difference between cells specific DRX with respect to current DRX procedure is that DL signals from the serving cell are not always available. So for cell specific DRX, the UE should not use any autonomous UE procedure that relies on availability of DL signal from the serving cell outside DRX active duration.
Observation 4: Before PDCCH monitoring, UE may need warm-up duration where DL signal from the serving cell should be present.

Observation 5: Warm-up duration may depend on the OFF duration before the start of PDCCH monitoring.
Proposal 2: Send LS to RAN4, requesting to specify the maximum warm-up time for different OFF duration. 
Figure 2 shows the message sequence for configuring cell specific DRX. 

Cell specific DRX configuration can be sent via broadcast signalling or dedicated RRC signalling. Same parameters as used for UE-specific DRX can be reused for configuring cell-specific DRX. As the cell load is low in the scenario of small cell going to DTX, dedicated messaging will be simpler.  

Proposal 3: Cell specific DRX configuration should be done via dedicated RRC signalling.
MAC layer signalling can be used to enable/disable cell specific DRX for the UE(s) as done today. Again this indication can be dedicated or broadcast. . As in this scenario of small cell going to DTX, the cell load is low, so dedicated messaging will be simpler. 

Proposal 4: Activation/deactivation of cell-specific DRX configuration should be done via dedicated MAC CE.

Upon activation of cell-specific DRX, any existing UE-specific DRX operation can be suspended and resumed later.
The UE shall not assume presence of serving cell DL signals outside the active duration (ON duration or when inactivity timer is running) and maximum warm up time before the start of DRX ON duration.
Proposal 5: UE shall not assume availability of DL signals outside DRX active time and warm-up time when cell specific DRX is activated.

From system perspective there is benefit, if UE could bring out the eNB from OFF state by doing UE initiated UL transmissions. But there are some challenges in supporting UE initiated UL transmissions:
· Tx power for the UL transmission will be based on last RSRP measurement (done at the end of last ON duration), and that may have impact on system performance. So the maximum time for path loss relevance needs to be specified.

· UL Tx timing is based on last timing correction done by the UE (done at the end of last ON duration), so the maximum time for UL timing relevance needs to be specified.

Proposal 6: RAN2 should discuss, if UE initiated UL transmission should be allowed to bring out eNB from OFF state

Upon receiving cell-specific DRX MAC CE to disable cell-specific DRX operation, any suspended UE-specific DRX operation will be resumed automatically. Alternatively, UE can be reconfigured via RRC signalling for a new UE-specific DRX. Or, the UE can just operate as normal (no DRX) regardless of the previous UE specific DRX operation.
Proposal 7: Upon receiving command to disable cell specific DRX operation, any suspended UE-specific DRX operation will be resumed automatically.
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Figure 2: Message sequence for cell specific DRX

An ON/OFF cell will have to transmit DRS signal when it is not in “always ON” state. Also, the UEs connected to the ON/OFF cell in single carrier case need to do serving cell measurements and neighbour cell measurements. From UE’s power consumption point of view it is beneficial to align DRS burst of all the neighbours to be measured with cell specific DRX ON duration. 
Observation 6: Overlap of DRS burst and Cell specific DRX ON duration is beneficial from UE’s power consumption point of view.
3
Conclusions
Observation 1: Methods 1 and 2 use existing procedures but are not optimal, as time required for the UE to come back to the small cell (when it is out of DTX) is large 

Observation 2: In single carrier case, starting normal operation in the ON/OFF cell is faster if the connection is not released and instead the UE is kept in connected mode DRX
Observation 3: Main difference between cells specific DRX with respect to current DRX procedure is that DL signals from the serving cell are not always available. So for cell specific DRX, the UE should not use any autonomous UE procedure that relies on availability of DL signal from the serving cell outside DRX active duration.

Observation 4: Before PDCCH monitoring, UE may need warm-up duration where DL signal from the serving cell should be present.

Observation 5: Warm-up duration may depend on the OFF duration before the start of PDCCH monitoring.
Observation 6: Overlap of DRS burst and Cell specific DRX ON duration is beneficial from UE’s power consumption point of view.
Based on the above observations we make the following proposals

Proposal 1: RAN2 should discuss and agree on enhancements to the existing DRX operation to support faster ON/OFF transition in single carrier case.   
Proposal 2: Send LS to RAN4, requesting to specify the maximum warm-up time for different OFF duration. 

Proposal 3: Cell specific DRX configuration should be done via dedicated RRC signalling.

Proposal 4: Activation/deactivation of cell-specific DRX configuration should be done via dedicated MAC CE.
Proposal 5: UE shall not assume availability of DL signals outside DRX active time and warm-up time when cell specific DRX is activated.
Proposal 6: RAN2 should discuss, if UE initiated UL transmission should be allowed to bring out eNB from OFF state

Proposal 7: Upon receiving command to disable cell specific DRX operation, any suspended UE-specific DRX operation will be resumed automatically.
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