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In RAN1#76bis, the new L1 procedure for activated SCell to further reduce the transition time was discussed and at least the following candidates can be considered:
· 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, a list of guidelines was provided for further discussions for RAN1 #77 meeting for both on and off states for each of the candidates for activated SCell to further reduce the transition time:
–      Transition time between on/off states and the definition of transition time used
–      On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction
–      Assumptions on data availability/location (e.g., at eNB MAC buffer)
–      Assumptions on CSI availability
–      Assumptions on TA availability
–      Assumptions on DRX status (for example, no DRX configuration )
–      Assumptions on PDCCH or EPDCCH reception at UE
–      Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB 
–      Preferred criteria to trigger on/off transitions
–      Specification impacts including any new UE behaviours/procedures needed, in addition to those already agreed until RAN1#76bis meeting
–      How to enable time/frequency tracking and automatic gain control at off to on transition
Above aspects can also be guidelines for any other candidates proposed for small cell on/off
In this contribution, we discuss the new L1 procedure for activated SCell on/off following the guidelines. Small cell on/off and discovery based on legacy procedures are discussed in companion contributions, e.g., [1][2][3].
Basic concepts of the new L1 procedure
Compared with small cell on/off based on legacy procedures (e.g., handover, Scell activation/deactivation), new L1 procedure for small cell on/off may have its distinct properties, scope, target, and scenarios.
· Scope: 
New L1 procedure for small cell on/off should not rely on legacy procedures (handover and Scell activation/deactivation) for on/off. In addition, the new L1 procedure should limit its standards impacts mainly to the physical layer, and it should not lead to significant impacts on higher layers (MAC, RRC, etc.), as it is termed as a “layer 1” procedure.
· Target:
The new L1 procedure should result in reduced transition times compared to on/off based on existing procedures such as handover or Scell activation/deactivation. 
According to [5], if a valid RRM measurement is available, then an activation time less than 24 ms can be feasible based on existing Scell activation/deactivation. The new L1 procedure should lead to faster transitions (otherwise, the network can just rely on Scell activation/deactivation procedure). To achieve this, a new L1 signaling may be introduced for the new L1 procedure, which can support more dynamic transitions than MAC signaling used in Scell activation/deactivation. The new L1 signaling may be used to indicate the on/off status of a Scell, (see Sec. 4 for more details). 
· Scenarios:
Whether the cells are assumed to be synchronized or un-synchronized may impact the requirements and designs of the new L1 procedure. Synchronized scenarios may be addressed first, and then un-synchronized scenarios may be addressed by further considering time/frequency tracking issues and related UE behavior issues. 
· Potential benefits:
In the SCE SI [4], dynamic on/off based on packet arrival/completion was studied and performance gains were observed, especially when the traffic load is not high. Such observations and the like may be accounted for in the work item to ensure that the new L1 procedure design can lead to desired benefits in practice. 
In summary, we have the following proposal for new L1 procedure design:
Proposal 1 The new L1 procedure should first be supported for synchronized scenarios in CA.

Discussion of the guidelines for the new L1 procedure
In this section, we provide a detailed discussion of the guidelines listed for the new L1 procedure.
· Transition time between on/off states and the definition of transition time used
A few clarifications need to be made here. For example, how are the on/off states defined? The on/off states may be defined from an eNB perspective or a UE perspective. Based on how the on/off states are defined, the transition time may be defined accordingly.
· Alt 1: define the transition time between on/off states from a UE perspective (e.g. from a time that UE does not monitor the Scell to the time that UE can receive data).
· Alt 2: define the transition time between on/off states from an eNB perspective (e.g. from the time that the data arrives at the eNB MAC buffer to the time that eNB transmits RS or eNB can transmit data to a UE).
As generally the UE behaviors (instead of eNB behaviors) are defined in the specifications, it is more meaningful that the transition time between on/off states is defined from a UE perspective. This implies that at least for some downlink subframes the UE needs not monitor any downlink signal of a SCell performing fast on/off.
· On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction
The minimum-on-time and minimum-off-time depend on how the on/off states are defined. It seems they are more meaningful if they are defined from a UE perspective to restrict UE behavior. In other words, once the UE transitions from the non-monitoring state to monitoring state, it needs to keep monitoring for at least a number of subframes defined by the minimum-on-time. Likewise the minimum-off-time can be defined. The actual achievable values depend on the detailed solution. 
· Assumptions on data availability/location (e.g., at eNB MAC buffer)
To reduce potential impacts on upper layers, it should assume that data is available at eNB MAC buffer.
·  Assume data is available at eNB MAC buffer.
· Assumptions on CSI availability
This is a key assumption to be decided on. It is desirable that CSI is available for reliable link adaptation. How CSI may be made available depends on RS transmissions and UE monitoring behavior. To reduce overhead and interference caused by RS, periodic transmission of DL RS for CSI measurement may not be desirable, unless the RS is sparse in time domain (i.e. low overhead in time domain). One way to enable periodically transmission of RS by a cell performing on/off is to transmit the RS together with DRS (or the DRS contains RS that can be used for CSI measurement). Otherwise, DL RS may be transmitted aperiodically, such as together with DL data. 
· CSI should be made available based on RS periodic but sparse in time domain or RS sent together with DL data.
· Assumptions on TA availability
For UEs capable of supporting UL CA, TA for the Scell can be obtained based on existing mechanisms if decided by the network.
· Assume TA can be made available when needed.
· Assumptions on DRX status (for example, no DRX configuration )
To minimize potential impacts on upper layer, it is desirable not to introduce any new DRX behavior. In other words, UE may assume that the network will ensure it does not enter the DRX mode if it is configured to perform the new L1 procedure. This may be done in implementation. One way to achieve so is not to configure DRX for UEs performing the new L1 procedure. Another way may be by coordinating DRX and on/off timing at the eNB.
· The new L1 procedure should not lead to any new DRX behavior.
· Assumptions on PDCCH or EPDCCH reception at UE
The UE should monitor (E)PDCCH candidates in a subframe in the ON state (ON from the UE perspective), where monitoring (E)PDCCH implies attempting to decode (E)PDCCH according to all monitored DCI formats. The UE can enter the ON state according to network indication, such as L1 indication. Otherwise the UE does not monitor (E)PDCCH.
· The UE monitors (E)PDCCH during its ON state (ON from the UE perspective).
· Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB 
With the introduction of DRS and DRS-based RRM measurement, the RRM measurement results should be available at eNB if the eNB configures DRS and associated measurement.
· RRM measurement can be available at eNB (e.g. based on DRS).
· Preferred criteria to trigger on/off transitions
Preferred criteria to trigger Scell on/off transitions may include packet arrival/completion, load balancing/shifting, and interference coordination, to list a few. 
· Fast Scell on/off may be based on packet arrival/completion, load balancing/shifting, and interference coordination.
· Specification impacts including any new UE behaviours/procedures needed, in addition to those already agreed until RAN1#76bis meeting
This issue is coupled with the detailed design of small cell fast on/off. It seems that at least the UE monitoring behaviors and indicator design may have specification impacts, in addition to those that may be introduced for small cell on/off based on legacy procedures and for small cell discovery.
· At least the indicator design and UE monitoring behaviors may have specification impacts.
· How to enable time/frequency tracking and automatic gain control at off to on transition
This is a key assumption to be decided on. 
The time/frequency tracking may highly depend on the scenarios (e.g., synchronized or not) for which the new L1 procedure is designed. When the time-synchronized scenarios are considered, the time/frequency tracking of Scell can rely on the Pcell and no time needs to be spent on tracking during the off-to-on transition. For the case where un-synchronized or coarse synchronized carrier is assumed, some time should be allowed to achieve time/frequency tracking, and the exact number of subframes for initial time/frequency tracking depends on the decision of DRS design and RAN4 decision.
The delay caused by RF tuning (assuming RF is on) and AGC settling has been studied in CA activation [6] and D2D [7]. It should be pointed out that the scenarios studied in CA or D2D may not be aligned with those for small cell on/off, so one cannot reuse those studies for small cell on/off directly. Nevertheless, from these related studied one may estimate that the delay caused by RF tuning and AGC settling may be at most a couple of OFDM symbol durations.
· Time/frequency tracking is related to scenarios; AGC settling time may be at most 2 OFDM symbol durations of 140 s.
From the above discussion, it can be seen that different alternatives exist and down selection from the alternatives is needed.
Proposal 2 Down select from the alternatives for the guidelines for the new L1 procedure, in particular:
· Decide that CSI should be made available based on RS periodic but sparse in time domain or RS sent together with DL data;
· For synchronized scenarios, the time/frequency tracking of Scell can rely on the Pcell and no tracking delay will be incurred; for un-synchronized or coarse-synchronized scenarios, the number of subframes for initial time/frequency tracking depends on the decision of DRS design and RAN4 decision;
· AGC settling time may be at most 2 OFDM symbol durations of 140 s.
New L1 procedure design
An example of the new L1 procedure is illustrated in Figure 1. The UE does not monitor the activated Scell except for subframes containing DRS or periodic CSI-RS, unless it receives an indicator for starting monitoring of the Scell. After the UE receives the signaling, it starts monitoring for (E)PDCCH and may receive data for a number of subframes. Finally, the UE stops monitoring the Scell after it receives an indicator for stopping monitoring of the Scell. 
To support small cell off-to-on transition at any subframe with low UE complexity and high reliability, the Scell off-to-on indicator should be sent from the Pcell which the UE always monitors. For the case of Scell on-to-off transition, some kind of implicit indication may be possible. For example, the stop-monitoring indicator may be implicit based on the absence of (E)PDCCH for a certain amount of time. However, it may be simple and beneficial to have a unified solution for off-to-on and on-to-off indication. Therefore it may be considered to also use explicit DCI message for both Scell off-to-on and Scell on-to-off indication.  
Considering the scope of new L1 procedure for small cell on/off is mainly limited to the physical layer design, it is better that the Scell on/off indication is transmitted through DCI message on the Pcell which is assumed always on. In addition, when a small cell configured as a Scell is turning on or off, the cell state information may need to be sent to multiple UEs having this cell in their configured Scell list. Therefore, the Scell on/off state indication may be sent to a group of UEs using new DCI message. 


[image: ]
[bookmark: _Ref382395770]Figure 1. Example of the new L1 procedure for fast on/off of an activated Scell. The start- and/or stop-monitoring indicators may be explicit or implicit. The presence and periodicity of the illustrated CSI-RS may be configurable

It can be seen from the above example that, in addition to DRS, the standards impacts of new L1 procedure mainly include defining the explicit DCI message to support Scell on/off and the associated UE monitoring behaviors.
Proposal 3 Focus on defining the explicit DCI message to support Scell on/off and the associated UE monitoring behaviors. 
Conclusions
In this contribution, we discuss the new L1 procedure for activated SCell on/off following the guidelines provided in RAN1#76bis. The following are proposed:

Proposal 1 The new L1 procedure should first be supported in synchronized scenarios in CA. 
Proposal 2 Down select from the alternatives for the guidelines for the new L1 procedure, in particular:
· Decide that CSI should be made available based on RS periodic but sparse in time domain or RS sent together with DL data;
· For synchronized scenarios, the time/frequency tracking of Scell can rely on the Pcell and no tracking delay will be incurred; for un-synchronized or coarse-synchronized scenarios, the number of initial subframes for time/frequency tracking depends on the decision of DRS design and RAN4 decision;
· AGC settling time may be at most 2 OFDM symbol durations of 140 s.
Proposal 3 Focus on defining the explicit DCI message to support Scell on/off and the associated UE monitoring behaviors. 
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