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1. Introduction
In the RAN1#76bis meeting, new L1 procedure for small cell on/off to further reduce the transition time was discussed and the following candidates were identified [1]:
· Candidates for the new L1 procedure for activated SCell to further reduce the transition time includes at least followings
· Information on what UE can assume about the cell transmission is indicated to the UE

· Candidates for the indicator are

· DCI message

· Reference signal

· Active time within the DRX procedure 

· Enhanced CA activation/deactivation  command

· For the DCI message and reference signal candidates 

· Down-select whether the indication is sent on the serving SCell operating on/off, on the PCell 

· Down-select the value of the delay between the indicator and its corresponding first on subframe, within the range of 0 to 4 ms

· Define the number of consecutive on subframes associated with the indicator

· FFS: Whether the number of on subframes can be signaled with the indicator

· Maximum number of consecutive off subframes is less than periodicity of configured signals such as DRS or CSI-RS.

· For candidates based on active time within the DRX procedure

· Define whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off

· Down-select timers related to DRX configuration to support on/off

· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes. 

In addition to the above issues, [1] also listed some detailed aspects as guidelines to have further discussions for each of the candidates for activated SCell to further reduce the transition time. 
In this contribution, we present our analysis and views on procedures of several small cell on/off transition mechanisms, especially standalone on/off procedure. 
2. Definition of the states of a small cell performing on/off
In the RAN#62 plenary meeting [3], it is agreed that cells operating 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. Whether discovery signal(s) can be transmitted when cell is on, and whether other legacy signals/channels can be transmitted when cell is off, are both related to UE monitoring behaviour. Meanwhile, in order to better discuss procedures for small cell on/off in following sections, we clarify the states definition of a small cell performing on/off according to different combinations of legacy signals/channels and discovery signal(s) in this section.
A. state “ON”
· Alt. A1: The small cell is on, and transmitting legacy signals and channels (e.g. PSS/SSS, CRS, CSI-RS, PBCH, etc.), but without discovery signal(s).
· Alt. A2: The small cell is on, and transmitting legacy signals and channels (e.g. PSS/SSS, CRS, CSI-RS, PBCH, etc.), and discovery signal(s).
B. state “OFF”
· Alt. B1: The small cell is off completely.
· Alt. B2: The small cell is off, but transmitting discovery signal(s) in each discovery signal burst.
· Alt. B3: The small cell is off, but transmitting discovery signal(s) in each discovery signal burst, and other necessary signals and channels (e.g. PDCCH, etc.) using DTX mode.
Alt.A1 and Alt.B1 can be considered as the existing cell on/off states. 
As stated in the WID [3], DRS can be used for cell identification and RRM measurement. Even when the cell is on, it is still better to transmit DRS for UE discovering nearby small cells quickly, turning on dormant small cells, and choosing the most proper cell as soon as possible. When the small cell is off, DRS is assumed to be transmitted while CRS might not exist, thus RRM measurement should be based on DRS. When the small cell is on, CRS is usually transmitted and occupy more resources than DRS, hence RRM measurement should be mainly based on CRS in general. However, CRS might not fulfil the detection and measurement requirement especially in dense deployed scenario, thus DRS-based measurement should also be performed for reliably detecting and measuring more cells. In this way, the consistency of DRS-based measurement when small cell is in on-state and off-state can also be kept. Since DRS can offer more possibilities for cell detection and measurement even when cell is on, it is preferred to have the cell transmits legacy signals/channels and DRS when the cell is on (i.e., Alt.A2). DRS’s pattern (e.g. periodicity, offset, duration), configuration (e.g. power, time/frequency resource), and component (PSS/SSS, CRS, or CSI-RS with configurable) can be different in on and off state.
Contributions on new L1 procedure for activated SCell/SeNB operating on/off to further reduce transition time have been proposed [4-6]. In order to avoid the delay caused by non-ideal backhaul and RRC signalling, the off SCell/SeNB may directly send cell on decision through DCI message instead of by MeNB during ON duration of DTX. In DTX_ON duration, the cell may transmit (e)PDCCH for carrying the information of  cell on decision and cell on time. CRS may also need to be transmitted for demodulation, and time/frequency tracking. Only when the cell state changes, (e)PDCCH needs to be transmitted. Therefore, Alt. B3 should be supported to send above DL signals/channels in DTX_ON duration. 
Alt. A2 and Alt.B3 are illustrated in Figure 1. 
Alt.A2 is a continuous subframe transmission mode. The cell can transmit any reference signals, common channels and data channels. UE need to monitor all subframes continuously to receive the data. Once the cell state changes, (e)PDCCH can be sent immediately. But Alt.B3 is not a continuous subframe transmission mode. In this case, the cell only needs to transmit the corresponding signals/channels in DTX_ON and DRS burst subframes. UE need only monitor DTX_ON and DRS burst subframes. When the cell state changes, (e)PDCCH can be sent only in DTX_ON. DTX_ON should be aligned with DRS burst to reduce UE power consumption and detection complexity.
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Figure 1. Illustration of Alt. A2 and Alt. B3
Proposal 1: The following states of a small cell performing on/off should be supported, corresponding to state “ON” and “OFF” respectively:
· Alt. A2: The small cell is on, and transmitting legacy signals and channels (e.g. PSS/SSS, CRS, CSI-RS, PBCH, etc.), and discovery signal(s).
· Alt. B3: The small cell is off, but transmitting discovery signal(s) in each discovery signal burst, and other necessary signals and channels (e.g. PDCCH, etc.) using DTX mode.
In our opinion, whether cell on/off is performed for a single carrier cell, an SCell or an SeNB, cell on/off state should be explicitly informed to UEs through DCI message for the following reasons:
a. Different signals are transmitted when a small cell is on and off
So far, the issue that whether DRS can be transmitted when cell is on has not yet reached an agreement. Even if DRS is supported when cell is on, DRS can be composed of different signals (PSS/SSS, CRS, or CSI-RS with configurable) when cell is on and off. UE need to know the states of the cell to distinguish and measure signals.
b. Different configurations are set when a small cell is on and off
Even if the same signals are transmitted in state on and off, the period, time/frequency resource and subframe pattern used for transmitting these signals can be different. If the on/off state indication is provided to UEs, UEs can detect and measure the correct signals.
c. UE RRM measurements are based on different signals when a small cell is on and off

As discussed in the above, obviously when the cell is off, RRM measurements are based on DRS. But when the cell is on, RRM measurements are mainly based on CRS.

d. If SCell activation/deactivation (SeNB addition/release) are not tied to on/off state of an SCell (SeNB) 

Take CA SCell activation/deactivation as an example, if SCell could maintain activated state after transitioning to off state, no activation/deactivation is necessary when SCell is operating on/off. Obviously, it is not appropriate to inform UEs with the on/off information implicitly by the activation /deactivation state of SCell. With this method, more constraint and specification work will be needed to avoid the confusion at the UE side. So we believe that the on/off state indication is needed for UEs to recognize the exact state of the small cell as SCell.

e. The sudden interference jump
Sudden interference jump may happen during the on/off transition. If the on/off state indication and the exact timing can be informed to UE, UE can perform interference cancellation to mitigate the impact. 

Otherwise, if the on/off state is not explicitly informed to UEs, UEs have to blindly detect the DRS and other signals/channels, which might change during small cell on/off transition. There will be transition latency if the state change is unknown to UEs. Further, missed and false detection might happen too. 

Therefore, we propose that cell on/off state should be explicitly informed to UEs. DCI format 1A/3/3A is employed to indicate cell state. DCI format 1A/3/3A can be broadcast to a group of UEs by SI-RNTI, TPC-RNTI, P-RNTI, or a new common RNTI.
Proposal 2:  Small cell on/off state and on/off timing should be explicitly informed to UEs through DCI message.
3. Transition procedures of small cell on/off

Small cell on/off procedures can be operated using existing handover, CA activation/deactivation, and dual connectivity procedures. Handover based on/off mechanism has the slowest transition times in the order of tens of milliseconds to a couple hundreds of milliseconds. If the cells in the SCG of dual connectivity based procedure are controlled by MeNB, due to the non-ideal backhaul latency, the transition time of dual connectivity based procedure will be larger than CA SCell activation/deactivation based procedure. 
In order to reduce the delay caused by RRC signalling and non-ideal backhaul, the on/off cell (including SCell/SeNB) can directly send activation command (or cell states) through L1 signalling during DTX_ON duration instead of by other cells (e.g. neighbour cells or macro cell in HO, MeNB in DC). We call this on/off mechanism as a standalone on/off mechanism. 

Due to the larger transition time caused by RRC signalling and non-ideal backhaul, HO based and DC based on/off mechanisms can be considered as semi-static on/off procedure. Standalone on/off mechanism incorporated with new L1 procedures can be regarded as fast on/off procedure. Fast on/off procedure can reach radio frame level on/off.

3.1 Semi-static small cell on/off
3.1.1 Handover based on/off
Figure 2 illustrates small cell on/off procedures with enhanced handover-based mechanism from “off” to “on”.
Step 1: At first, the macro cell or the serving cell can configure the discovery signal configurations for neighbouring small cells, and inform the UEs with the discovery signal configurations of these small cells. Another option is to let the small cells decide their own discovery signal configurations and then indicate them to the macro cell or the serving cell for coordination. Discovery signal configuration may contain the transmission configuration at the eNB side and the measurement configuration at the UE side, e.g. DRS’s pattern (e.g. periodicity, offset, duration), power, time/frequency resource, gap, etc. 
Step 2: Neighbouring cells (i.e. on/off small cell as shown in Figure 2) transmit DRS as configured. As discussed in Section 2, DRS should be transmitted no matter in on or off state for faster cell discovery, selection and on/off adaptation. But DRS’s pattern (e.g. periodicity, offset, duration), configuration (e.g. power, time/frequency resource), and component (PSS/SSS, CRS, or CSI-RS with configurable) can be different when cell is on and off state.
Step 3: UEs in the vicinity detect the DRS of neighbouring cells. Meanwhile, UEs perform DRS-based RRM measurement for the following on/off operation. More details about DRS-based measurement are given in our companion contribution [2].
Step 4: UEs will report the detection results (e.g. a discovered cell set) and the measurement results. 
Step 5: The network can decide whether to activate an off small cell or not based on the measurement report and other factors such as traffic load changes, packet arrival, UE-cell associations. If the decision is to turn on the off small cell, the network will transmit the decision (and maybe together with configurations) to the off cell and neighbouring cells. At the same time, the cell on decision and configuration parameters should be also explicitly signalled to the UEs that will be handed over to that small cell. 
Cell on decision should be carried by DCI message as explained in Section 2.
Step 6: Upon receiving cell on decision and configuration, the off small cell updates its configuration and then can be switched from the “off” to “on” state. 
Step 7: The newly reactivated small cell can start transmit downlink channels and reference signals, e.g. PSS/SSS, CRS, CSI-RS, PBCH, and DRS, etc. 
Note that, the DRS measurement report can be used to set the initial transmission power of the small cell to avoid strong interference jump to neighbour cells. After the cell is turned on, the transmission power can be adjusted further. Specially, the transmission power of DRS might be set independently from other DL channels and RS. For example, if a small cell has low load, the transmission power of DRS can be set higher so UEs in the vicinity can discover the small cell more easily. Otherwise if a small cell has high load, the transmission power of DRS can be set lower such that it can be hided from UEs to some extent. 
In addition, DRS power should be informed to UEs for initial UL transmissions due to only DRS is transmitted when cell is turned off (legacy UL path loss estimation relies on CRS).
Step 8/9: If the DRS-based measurement requirements are not tight enough to make the handover, a supplementary measurement and report could be needed. Otherwise, the UE and the small cell can perform handover procedures only based on DRS measurement results.
Step 10/11: After normal access process, then UE and the newly reactivated small cell can perform normal data transmission operation as illustrated in the last two steps of Figure 2.

Proposal 3: Network assistance information including on/off states, on/off timing, DRS pattern and DRS power should be provided to UEs for enhanced small cell on/off and discovery.
Proposal 4:  DRS power adaptation should be studied.
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Figure 2. Handover based small cell on/off procedures
3.1.2 Dual connectivity based on/off

DRS-based measurement can also be used for SeNB configuration (SeNB addition/release). Based on the measurement report from the UE, MeNB would configure several candidate cells e.g. off cells as the SeNB for the UE. In Dual connectivity scenario, there may be two ways to operate semi-static SeNB on/off based on DC mechanism (controlled by MeNB). 
Opt.a. MeNB make on/off decisions for all the cells in SeNB, i.e. SCG. 
Opt.b. MeNB make on/off decision only for PCell_SCG (The on/off of SCells_SCG can be decided by their own or by PCell_SCG). 
The states of the cells in SCG can be indicated to UEs via DCI message by MeNB or themselves. Due to the non-ideal backhaul latency (at least 20ms), the cells in the SCG on/off controlled by MeNB can be considered as semi-static on/off procedure.
To avoid the non-ideal backhaul latency, the SCG or the cells in SCG may make on/off decision on its own without the assistance of the MeNB, i.e. using standalone on/off mechanism as discussed at the beginning of this chapter. The details of standalone on/off mechanism are described in Section 3.2.
3.2 Fast small cell on/off 
Standalone small cell on/off refers to the small cell can make on/off decision on its own without the assistance of other cells (e.g. macro cell or neighbour cells in HO, MeNB in DC). With standalone on/off mode, the small cell keeps UEs in connected even if the small cell is in off state. Therefore, the delay caused by non-ideal backhaul and RRC signalling could be reduced. Standalone on/off small cell can be a single carrier cell, an SCell or an SeNB. For a single carrier cell on/off scenario, UEs served by the cell should still keep RRC connection with the cell and don’t need to be handed-over to neighbour cells when the cell is turned off. For CA/DC on/off scenario, the cell can still be kept as SCell or SeNB for UE. 
Figure 3 illustrates the procedure with standalone on/off mechanism.
At first, the cell informs UEs with its DRS pattern, and cell DTX pattern, etc. DTX pattern is similar to DRS burst and also includes periodicity, offset, and duration. DRS burst should be aligned with DTX_ON duration so that they appear in DTX_ON duration, as shown in Figure 1. 
When the off cell is in DTX_ON duration, it might transmit DRS (in DRS burst), (e)PDCCH and CRS. Here DRS can be used for detecting and measuring the cell. (e)PDCCH carries the information of indicator and time of turning on the off cell. CRS may also need to be transmitted for demodulation, and time/frequency tracking.. Only when the cell state changes, (e)PDCCH needs to be transmitted. The number of consecutive on subframes needs not to be signalled with the DCI indicator. UEs shall discontinuously monitor (e)PDCCH in each DTX_ON duration. Reasonable configuration of DTX pattern e.g. periodicity can reduce UE power consumption and shorten the transition time.
Then, if there is UL initiated call for a UE, it sends scheduling request or PRACH to the cell. Once detected the SR or PRACH sent by the UE, the cell should switch to “on” and provide service to the UE afterward. Otherwise, if there is DL initiated call for UE, the small cell should notify the UE that it will turn on by transmitting PDCCH order. The notification may also include the timing when the cell will be turned on. Meanwhile, the cell will start to transmit CSI-RS. UE can assume CSI-RS will be available following DCI and begin to operate CSI-RS based measurement. This can reduce the transition time. When the cell is turned on, the UE can report RRM measurement result to the cell.
Standalone on/off can further reduce the transition time because the time introduced by handover, non-ideal backhaul and RRC configuration is saved. 
As discussed in Section 3.1.2, standalone on/off mechanism can be used for SeNB on/off in DC scenario to reduce the non-ideal backhaul delay. So in addition to Opt.a and Opt.b in section 3.1.2, there may be another option to operate SeNB on/off.
Opt.c. The cells including PCell_SCG and SCells_SCG in the SCG make on/off decision and indicate their states on their own without the assistance of MeNB.
Proposal 5:  Small cell standalone on/off should be supported to further reduce the transition time caused by non-ideal backhaul and RRC signaling. 
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Figure 3. Standalone on/off procedure
3.3 Specification impact for semi-static and fast on/off
Semi-static on/off and fast on/off are suitable for different scenarios. Semi-static small cell on/off can be employed in traffic load balancing, traffic load aggregation, mobility and other scenarios with relaxed transition time requirement. Fast small cell on/off can obtain significant performance gain since it has shortest transition time. Therefore, both semi-static on/off and fast on/off should be supported. Different on/off modes are corresponding to different transmission behaviours of the on/off cells and monitoring behaviour of UEs. So an on/off switching mode indication is needed for the on/off cells and UEs.
Proposal 6: An on/off switching mode indication should be informed to the on/off cells and UEs.
The possible specification impacts of semi-static cell on/off and fast cell on/off are concluded as follows,

· DRS design, including related configuration (pattern) and measurement aspects

· Backhaul signalling to exchange cell on/off state indication and DRS configuration among cells
· RRC signalling to inform UEs with DRS pattern and power
· DCI to inform UEs with cell on/off state and on/off timing explicitly
· DTX pattern needs to be defined for fast on/off 

· On/Off switching mode indication to be provided to the on/off cells and UEs
4. Conclusions

In this contribution, we have discussed some enhanced transition procedures of small cell on/off in detail. The proposals are summarized as follows:
Proposal 1: The following states of a small cell performing on/off should be supported, corresponding to state “ON” and “OFF” respectively:
· Alt. A2: The small cell is on, and transmitting legacy signals and channels (e.g. PSS/SSS, CRS, CSI-RS, PBCH, etc.), and discovery signal(s).
· Alt. B3: The small cell is off, but transmitting discovery signal(s) in each discovery signal burst, and other necessary signals and channels (e.g. PDCCH, etc.) using DTX mode.
Proposal 2:  Small cell on/off state and on/off timing should be explicitly informed to UEs through DCI message.
Proposal 3: Network assistance information including on/off states, on/off timing, DRS pattern and DRS power should be provided to UEs for enhanced small cell on/off and discovery.
Proposal 4: DRS power adaptation should be studied.
Proposal 5: Small cell standalone on/off should be supported to further reduce the transition time caused by non-ideal backhaul and RRC signaling.
Proposal 6: An on/off switching mode indication should be informed to the on/off cells and UEs.
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