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1. Introduction

In 3GPP RAN1 Session #76, the following open issues related to small cell on/off and discovery have been identified.
· 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
In this paper, issues related to transition time reduction for small cell on/off operation are investigated and enhancements based on dual connectivity procedure are proposed.  For convenience, the state of “off” of a small cell means the state with no DL transmission except the transmission of discovery reference signal throughput this paper.


2. Discussion

As indicated in SCE WI [1], to reduce the transition time, there are two main directions for enhancements to support faster small cell on/off operation.
· Enhancements on mechanisms supporting UE’s cell detection and RRM measurement to reduce the required time.

· Enhancements on procedures to reduce the time small cell eNB has to be in on state without any data transmission for reduce interference due to CRS transmission.
As discussed in [2], enhancements on cell discovery and measurement using the existing procedures can already largely reduce the transition time of small cell on/off operation from hundreds to tens of milliseconds. However, further transition time reduction requires procedure enhancements. For handover-based procedure, it is not easy to reduce the transition time less than 50ms due to non-ideal backhaul latency and the time for UE to complete synchronization and RACH procedure. In addition, backhaul signaling overhead of frequent handovers for small cell on/off operation can be large. According to [3], small cell on/off operation with transition time around 10ms can provide significant user packet throughput gain. In the following subsections, we consider possible enhancements for carrier aggregation to facilitate fast small cell on/off operation with transition time around 10ms.
2.1 Enhancements on activation/deactivation time
In dual connectivity, the non-ideal backhaul is assumed between MeNB and SeNB. According to RAN2 DC WI, the cells associated with MeNB is called primary cell group (PCG) and the cells associated with SeNB is called secondary cell group (SCG). In case of multiple carriers deployed by a SeNB, RAN2 has agreed that the SeNB has one special cell different from a normal Scell containing at least PUCCH. So SeNB on/off operation will be applied to all SeNB cells within the SCG, of course including the special cell in SCG. However, due to unpredictable routing latency over non-ideal backhaul between MeNB and SeNB, existing CA activation/deactivation mechanism can’t be applied directly in dual connectivity. There are four candidate solutions shown as follows to facilitate fast small cell on/off operation.
· Option #1: UE autonomous detection of SeNB transmission
· Option #2: Explicit L1 signaling of on/off state for a SeNB
· Option #3: Implicit activation/deactivation based on DRX for a UE
· Option #4: Explicit L1 signaling of SCG cell activation/deactivation for a UE
· Option #4A: Explicit L1 signaling is transmitted together with DRS when a SeNB is in off state
· Option #4B: Explicit L1 signaling may be transmitted in one or a couple of subframes every 10ms or 20ms based on RRC-layer configuration when a SeNB is in off state
In Option #1, UE can also autonomously detect whether a SeNB is in on state based on the detection results of reference signals or physical channels. However, UE autonomous detection of reference signals or physical channels is usually not reliable. If a UE mis-detects a turned-on SeNB, it will miss data packet transmission and thus result in the waste of radio resources. If a UE has a false alarm, it will consume power for PDCCH/EPDCCH monitoring and thus result in the waste of UE power.

In Option #2, a SeNB transmits explicit L1 signaling to notify UEs on/off state of the SeNB and UEs have to conduct PDCCH/EPDCCH monitoring in every subframe when receiving the signaling of on state. However, there may be multiple UEs served by a SeNB and SeNB may switch from off to on state due to the data packet transmission for a specific UE. Waking up all UEs served by the SeNB due to the data transmission for a specific UE seems not power efficient.
In Option #3, a UE can be configured with DRX to wake up in some subframes periodically to monitor PDCCH/EPDCCH for downlink scheduling or uplink grant. Based on our understanding, DRX is configured per cell group in dual connectivity so UE has to wake up for all cells in SCG if there is any cell receives downlink scheduling or uplink grant. Together with CA activation/deactivation procedure, it can dynamically activate/deactivate any Scell in SCG. However, for special cell or pScell in SCG, there is no such activation/deactivation procedure in CA applicable to it so it still requires further enhancements. In addition, UE in DRX is still required to monitor downlink/uplink HARQ-ACK and may consume more UE power, compared to Option #4.
In Option #4, a UE can receive explicit L1 signaling of activation/deactivation for cells in SCG on the special cell or pScell. It provides a good solution to the remaining issue Option #3 can’t resolve. There are two possible variants for the explicit L1 signaling transmission. For Option #4A, there may be average 50ms latency for data packet transmission if DRS transmission periodicity is 100ms. Considering new definition of transition time, this latency also contributes into the transition time and thus it results in more than 50ms latency. To resolve this issue, Option #4B is proposed. With shorter periodicity for explicit L1 signaling monitoring, the transition time can be reduced to around 10ms with less UE power consumption than Option #2. However, it still consumes more UE power than Option #4A. Figure 1 illustrates the difference between Option #4A and Option #4B.
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(a) Illustration of Option #4A
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(b) Illustration of Option #4B

Figure 1.  Comparison of Option #4A and Option #4B 
Proposal #1: No explicit signaling of SeNB on/off state is needed.
Proposal #2: Introduce UE-specific explicit L1 signaling transmitted from a SeNB to a UE on the special cell or pScell for cell activation/deactivation in SCG. FFS whether it is allowed to be transmitted together with DRS or other subframes. 
2.2 Enhancements on RRM measurements

Based on the discussion for activation time enhancements, DRS would be required in dual connectivity to support small cell on/off operation. It is a common understanding that small cell transmits DRS only when it is off but whether a small cell transmits DRS when it is on remains open for discussion. It’s also related to RRM measurement configuration. If a small cell doesn’t transmit DRS when it is in on state, UE would need to perform two kinds of RRM measurements based on CRS and DRS on a cell. For small cells in on state, UE performs CRS-based RRM measurements; for small cells in off state, UE performs DRS-based RRM measurements. To switch between these two kinds of RRM measurements, UE would need to know small cell’s state explicitly. Furthermore, the network would have to compare two kinds of RRM measurements corresponding to different small cells and there may be an issue for the network to identify the small cell with best channel quality for a UE to associate with if the definitions or measurement error levels of these two kinds of RRM measurements are different. To avoid possible issues and UE complexity, it would be preferable to configure single RRM measurement on the same carrier frequency. If there is any small cell operating on/off on a carrier frequency, all small cells utilizing the same carrier frequency should transmit DRS and DRS-based measurement should be configured to all UEs at least for the carrier frequency.

Proposal #3: A small cell should transmit discovery reference signal no matter it is in on or off state if discovery reference signal is configured for the small cell.

Proposal #4: A UE should be configured single type of RRM measurements, either CRS-based or DRS-based RRM measurement, at least per carrier frequency. FFS single type of RRM measurements for one cell group.
2.3 Subframe-level on/off
The extreme enhancement for reduced transition time is subframe-level small cell on/off operation. In this operation, when there is data packet transmission or receiving in a subframe, the small cell is turned on in the subframe; otherwise, it is turned off. Since it provides almost zero transition time, the best user packet throughput gain can be achieved, compared to other enhancements. However, UE would need to change the behavior on an activated cells due to the lack of CRS in some subframes. With enhancements on activation/deactivation signaling and RRM measurements for dual connectivity, the transition time of small cell on/off operation can be reduced to around 10ms already and significant user packet throughput gain can be obtained. The benefits of further specification works on subframe-level on/off operation are not clear.
Proposal #5: Further study the benefits to introduce subframe-level small cell on/off operation in dual connectivity.
2.4 Specification works

Possible specification works related to the proposed enhancements are identified as follows.
· RAN1 specification works
· Introduction of DRS

· Introduction of DRS-based RRM measurements

· Introduction of explicit L1 activation/deactivation signaling on the special cell or pScell of SCG and related UE behaviors
· RAN2 specification works

· Configuration of DRS transmission

· Configuration of DRS-based RRM measurements

· RAN4 specification works

· Performance requirement for DRS-based cell detection

· Performance requirement for DRS-based RRM measurements

· Introduction of DRS-based measurement gap configuration(s)


3. Conclusion
Based on the discussion is in Section 2, proposals are summarized as follows.
Proposal #1: No explicit signaling of SeNB on/off state is needed.
Proposal #2: Introduce UE-specific explicit L1 signaling transmitted from a SeNB to a UE on the special cell or pScell for cell activation/deactivation in SCG. FFS whether it is allowed to be transmitted together with DRS or other subframes.
Proposal #3: A small cell should transmit discovery reference signal no matter it is in on or off state if discovery reference signal is configured for the small cell.

Proposal #4: A UE should be configured single type of RRM measurements, either CRS-based or DRS-based RRM measurement, at least per carrier frequency. FFS single type of RRM measurements for one cell group.

Proposal #5: Further study the benefits to introduce subframe-level small cell on/off operation in dual connectivity.
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