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1 Introduction

In RAN1#76 meeting, the following are concluded regarding small cell on/off:

· Dormant mode based on the current RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme
· The gain increases with decreasing transition time. 

· The small cell on/off with reduced transition time can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures

· New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions

· To support an enhanced transition time reduction, discovery procedure/signal(s) is needed:
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL

· Note that QCL is not always necessary or possible depending on the procedure

· Note that all QCL features might not needed

· Need of RLM is FFS

· This may include support of discovery and measurement enhancement(s) in DL and its usage in related procedures
In this contribution, we would like to discuss our understanding of the procedure of small cell on/off transition time reduction. It is a resubmission of R1-135397 [1].
2 Small cell on/off state
· What is transmitted in "off" state of the cell?

· If it is discovery signal only, what is discovery signal?

We think only discovery signal needs to be transmitted in “off” state of the cell. The design of discovery signal depends on discovery signal discussion. We think discovery signal should be PRS like signal which is transmitted periodically like once over 200ms order, which is averaging period of RSRP/RSRQ. Within the transmission period, the discovery signal is transmitted spreading over the multiple OFDM symbols in a subframe. 
· Does UE aware the timing of "off" state of the cell?

We propose to support only Rel.12 RRC_connected UEs in the on/off operating small cell. In case the Rel.12 RRC_connected UE is only connected to the small cell, the Rel.12 RRC_connected UE is configured as "off" in DRX/DTX when the cell is in “off” state, so UE does not need to know whether the cell is in “off” state. The cell would transmit the required signals when UE is "on" in DRX/DTX.
In case the Rel.12 RRC_connected UE is with CA capability and small cell is configured as Scell, single DRX/DTX pattern can be applied to both Pcell and Scell. UE is configured as “off” in DRX/DTX when Scell is in “off” state. UE also does not need to know whether the cell is in “off” state.
· Does UE aware the signal level (like similar to RSRP) of "off" state of the cell?

Rel.12 RRC_connected UE would measure the RSRP based on discovery signal even when the cell is in “off” state, so that no additional time is needed for measurement when the cell switches to “on”. To measure the “off” state cell can reduce the transition time compare to the operation which UE detects the cell after the cell is "on" and to handover to newly "on" cell. Therefore, the transition time between “on” and “off” can be reduced.
· Is the cell "off" only when all UEs connected to the cell are Rel. 12? Or including Idle mode UE? Or including legacy connected UE?

· If small cell on/off is only for Rel.12 RRC_connected UE, how RRC_idle UE and/or legacy UE avoid to connected to this on/off cell?  

Only Rel.12 RRC_connected UEs are supported in the cell operating on/off. If the small cell is intended to operate on/off, discovery signal is transmitted for cell detection. If the discovery signal is new discovery signal, legacy UE would not detect new discovery signal. Rel.12 RRC_idle UE does not measure new discovery signal. Thus, the small cell is invisible to them. If the discovery signal is based on legacy signal like PSS/SSS/CRS system information is transmitted but declared as “barred” or system information is not transmitted. In both cases, Rel.12 RRC_idle UE and legacy UE would not camp on the cell. Rel.12 RRC connected UE obtains system information from the source cell before the handover similar to feICIC procedure. 
RRC_idle UEs and/or legacy UEs can be supported by macro cell or small cells not operating on/off. Therefore, it supports “per RAT backward compatibility” as explained in [2].

3 Transition/triggering between the on/off states
· What is the trigger signaling to transit from "off" to "on" status of cell?
If it is initiated by UL traffic, PRACH (in UL unsynchronized case) or scheduling request is sent by the UE. Small cell detected PRACH or scheduling request and switched to “on”. If it is initiated by DL traffic, small cell will switch to “on” when the UE is in DRX_ON mode and transmit PDCCH order.
In case of CA operation, single DRX/DTX pattern can be applied to both PCell and SCell for a UE.  PRACH or Scheduling request is sent to PCell. SCell of the network is "on" when one UE is on and SCell of network is "off" when all UEs are off. It is similar to non-CA but to apply only for SCell. In this case, SCell can be kept active and power saving of UE is realized by DRX. 
· What is the subsequent procedure triggered by above signaling?
The subsequent procedure is shown in Figure 1 and Figure 2. Figure 1 shows the small cell on/off transition initiated by UL traffic. Figure 2 shows the small cell on/off transition initiated by DL traffic. From the figures we can see that normal RACH or SR procedure is used. 
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Figure 1. UL initiated small cell on/off transition
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Figure 2. DL initiated small cell on/off transition
· What is the expected transition time between off and on in above procedure?
From Figure 1 and Figure 2, we can see that if it is UL initiated, the transition time is in 15ms order; if it is DL initiated, DRX time is considered and the average transition time would be 15ms + 640ms order when long DRX length is configured as 1280ms. The 15ms order is referred from TS36.912 B1.2.1.
· What is the expected performance gain in above transition time?

The performance gain is shown in our contribution [3] submitted to RAN1#74bis.
4 Scenarios/assumptions
· Network synchronization: Is "on/off" capable cell timing-synchronized to some other cell?
From discovery signal design point of view, timing synchronization is helpful to reduce the measurement time and save UE’s power consumption. But if discovery signal works also in non-synchronized case, small cell on/off also can work in non-synchronized case.
· Backhaul condition: Does "on/off" capable cell have ideal backhaul to some other cell?
It is not necessary to have ideal backhaul.
· Scenario2 as the focus: Overlaid Macro-layer with small cell layer. If other scenarios as the assumptions, should be mentioned in the proposal.
If idle mode UE is not supported by the small cell on/off operation as we proposed, coverage hole would occur if other than scenario 2 are assumed. Therefore, we think only scenario 2 should be assumed for small cell on/off operation.
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