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1 Introduction
In RAN1#76bis, the followings were concluded: 
· 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. 

· The following aspects can be used as guidelines to have 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
Based on candidates identified in RAN1#76bis, this contribution discusses detailed procedures, advantages/disadvantages, and some potential specification impacts of each approach.
2 Discussions on new L1 procedures for fast time-scale ON/OFF
According to evaluation results captured in TR 36.872[1], the performance gain of cell ON/OFF operation increases with reduced transition time. Particularly, the ON/OFF operation offers the greatest benefit when the ON/OFF operation can occurr according to traffic arrival without any transition time (i.e., transition time = 0). 
Zero transition time implies that there is no delay to transmit data to UE upon eNB receives the data at its MAC buffer. To allow this, it is necessary to assume the followings.
· A UE maintains RRC_CONNECTED mode with the eNB and thus RRM measurement is available at the eNB 

· For fast cell ON/OFF, we consider it can be achieved for a carrier configured as SCell only. Thus, to avoid activation latency, it can be assumed that the carrier is already activated
· CSI feedback from the UE is available at the eNB

· To receive successful HARQ-ACK and feedback, TA should be configured to the UE

· UE is in ActiveTime if DRX is configured

· UE performs RRM based on discovery signal transmitted regardless of cell state

In terms of DRX configuration, if a UE is in DRX OFF-state, the transition time would be incurred until On-duration. However, this latency comes from DRX operation, not from ON/OFF operation. For fast time-scale on-off operation which can further reduce the ON/OFF transition delay compared to existing procedures, we assume that UE is in ActiveTime for fast time scale ON/OFF operation unless DRX is used for fast time scale ON/OFF operation. 

For CSI feedback availability, if it is not available, transition from OFF to ON state would require some latency for CSI feedback. To avoid this, a UE may need to continue CSI feedback regardless of fast time-scale ON/OFF transition. For example, if a UE measures CSI based on CSI-RS which is configured with 5msec interval, to continue CSI feedback, CSI-RS should be transmitted as configured. In other words, the cell may be in ON-state every 5msec to transmit CSI-RS signals. Also, for successful control/data channel reception, tracking needs to be performed continuously as well. For this, the network may need to transmit tracking signals periodically as well. Based on evaluations in NCT WI [2], CRS with port 0 pattern needs to be transmitted in every 5msec for the tracking. Thus, at least some periodic transmission of tracking signals would be necessary.
2.1 Subframe-level ON/OFF
To support fast-time scale ON/OFF, we can first consider subframe-level ON/OFF where a cell can turn ON/OFF at each subframe. Assuming the target cell is configured/activated as a SCell, this approach can allow fast time-scale ON/OFF operation. For this approach, we think DCI-based mechanism and RS-based mechanism can be applied. 
2.1.1 DCI-based mechanism

First mechanism is to utilize DCI message to indicate cell ON/OFF state. Overall, there are two approaches considered. One is to use “existing” DCI messages for implicit cell ON/OFF indication and the other is to use “new” DCI messages for explicit ON/OFF indication. 
For implicit indication, we can consider cross-carrier scheduling based approach where a SCell can turn off the subframes not used for either measurement/tracking or data scheduling. 

[image: image1.emf]Data arrival (UE1)

SCell

UE

Buffer empty (UE1)

Data arrival (UE1)

CSI measurement

activated

PCell

Cross-carrier scheduling


Figure 1. Example of cross-carrier scheduling based ON/OFF operation

In this case, a subframe where cross-carrier scheduling DCI is available in PCell can be considered as ‘ON-state’ of SCell whereas other subframes without CSI measurement or cross-carrier scheduling DCI can be considered as ‘OFF-state’. An example is illustrated in Figure 1. In this way, dynamic cell ON/OFF at a subframe level can be feasible at SCell. In other words, transition time between ON/OFF would be a subframe level and minimum-off-time/minimum-on-time would be 1msec. In this case, a UE should not assume to receive CRS in subframes not configured as measurement subframe set for CSI feedback (or discovery signal subframe if CRS is used for discovery signal) or subframes where data is transmitted. 
Alternatively, we can utilize explicit DCI messages similar to eIMTA L1 reconfiguration DCI message or other L1 reconfiguration DCI message. This mechanism however needs to handle DCI missing case and also would lead significant specification work.  Depending on the design of reconfiguration DCI message, transition time and minimum-ON/OFF-time may be different, yet, it can be designed to be less than a radio frame. Even with this approach, to allow minimum latency for ON/OFF transition, continuous CSI feedback and tracking would be needed. 
Given that fast-scale ON/OFF operation is used for SCell only, we think cross-carrier scheduling based approach would be sufficient.

2.1.2 RS based technique

Another approach is to determine cell ON/OFF state is to rely on UE detection on “CRS” which will be present when the cell is ON-state. The performance of this approach would depend on detection performance of CRS which will be impacted by the density/REs of CRS. For example, if the subframe is MBSFN subframe, the number of CRS RE would be limited. Thus, the detection probability would be degraded. In other words, this approach may not be able to support implicit ON/OFF indication successfully if there are many MBSFN subframes. Moreover, this may mandate a UE to read CRS all the time which may limit the implementation flexibility. This approach, similar to cross-carrier based approach, may provide a subframe-level ON/OFF transition assuming CSI feedback and tracking are continuously performed. In terms of specification work, we see this approach requires similar specification work compared to cross-carrier scheduling based indication. Thus, we prefer to further consider only cross-carrier scheduling approach between two. 

2.2 Period-level ON/OFF
When a UE is configured with a cell (in deactivated state) in OFF-state as a SCell, transition time from OFF to ON state would be activation latency if measurement based on discovery signal has been performed during OFF-state. Considering RAN4 feedbacks on cell activation, the activation latency can be more than 20msec. In a case where a UE has intermittent data arrivals or burst data arrival where the period between two burst data arrival would be small such as less than hundreds of milli-seconds, instead of performing frequent activation/deactivation procedure, it would be more desirable to keep the SCell state as activated and performing cell ON/OFF operation with new L1 procedure. In this case, keeping CSI measurement process while turning off other subframes not needed for CSI measurement (and also for tracking) can be considered where an example is shown in Figure 2.
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Figure 2. Fast transition ON/OFF operation example

To support this, first, SCell would not be deactivated even with the absence of active data transmission by configuring deactivation timer properly. Then, the cell needs to transmit necessary signals for CSI measurement and tracking in the related subframes, which can be configured by higher layer. 

To allow “OFF” in subframes which are not used for neither data transmission nor CSI feedback/tracking, UE should not expect any signal coming from those OFF subframes. To support this, the UE needs to know when it can expect any signal/data. In this case, subframe-level ON/OFF may not be needed, yet period-level ON/OFF can be considered where one period may be larger than a radio frame. We call the period of active data transmission as “continuous ON-state” where every subframe is ON-state during the period and thus the UE can expect CRS in every subframe. For the other period where only CSI feedback/tracking and discovery signals may be present, we call it as “intermittent ON-state”. In that period, a UE can expect any signal in a subset of subframes per configuration/specification. To enable this, the UE should be indicated with mode switch between two periods. For this, we consider DRX-based mechanism and enhanced CA activation/deactivation procedure can be considered.
2.2.1 DRX mechanism based technique

First, the network can configure DRX configuration where activeTime of DRX configuration will be aligned with “continuous ON-state”. To allow UE tracking (and potentially CSI feedback) during DRX off cycle, periodic transmission of measurement/tracking signals may be needed for this approach as well. In other words, DRX off duration may be considered as “intermittent OFF-state”. The transition between two modes can be performed via DRX operation. To be efficient, this approach, however, would require separate DRX configuration for ON/OFF cell different from the other serving cells. To perform ON/OFF operation, the cell may have to align DRX configuration of all the served UEs in the cell. Moreover, DRX configuration cannot be changed dynamically, thus it may not handle the dynamic changes of UE traffic. If the mode switch is based on DRX operation, the transition time and minimum-on/off-time would depend on DRX configuration. 
2.2.2 MAC CE based mechanism

Another approach is to change the UE behaviour in terms of SCell activation/deactivation procedure. For example, even though SCell is deactivated, a UE should not cease CSI feedback. However, this may lead higher UE power consumption to support continuous active CSI feedback even in deactivated state. To handle this drawback, another approach to introduce a new MAC CE which switches between “continuous ON-state” and “intermittent ON-state” can be also considered. Even though MAC CE approach would lead considerable latency (~8msec), this mechanism is simple and could work for burst traffic arrival scenarios.  Based on MAC CE, this approach would require transition time larger than a few msec. In terms of minimum-on-time, depending on mode, in “continuous ON-state”, it should be larger than transition latency, and in “intermittent ON-state”, it can be a subframe. For minimum-off-time, it could be a subframe. 
3 Discussions on multiple approaches

We briefly discuss the pros and cons of each approach and some potential specification impacts as below.
	
	Pros
	Cons
	Specification Impact

	Cross-carrier scheduling
	· Other than measurement/tracking procedure change and assumption on cell-state, no major impact on specification


	· UE needs to support cross-carrier scheduling to support ON/OFF

	· UE assumption change on measurement/tracking/cell-state

	L1 ON/OFF DCI explicit signaling
	· No need to support cross-carrier scheduling to support ON/OFF

	· To introduce explicit DCI indication, considerable impact on UE/specification is expected
	· New DCI message

· Handling of DCI missing

· UE assumption change on measurement/tracking/cell-state

	RS-based
	· No need to support cross-carrier scheduling to support ON/OFF
	· On/off indication performance depends on RS density (may not work in MBSFN)

· UE needs to monitor CRS all the time
	· UE assumption change on measurement/tracking

· UE behavior to determine cell ON/OFF state based on CRS detection

· Handling of CRS detection failure

	DRX-based
	· No need to support cross-carrier scheduling to support ON/OFF
	· Separate DRX configuration per serving cell may be needed
	· Separate DRX configuration per serving cell

· DRX behavior change

· UE assumption change on measurement/tracking

	MAC CE-based
	· No need to support cross-carrier scheduling to support ON/OFF
	· Specification impact to introduce new MAC CE or UE behavior change
	· New MAC CE
· UE assumption change on measurement/tracking


Overall, multiple approaches for fast time scale ON/OFF mechanisms can be considered. However, the applicability and benefits of those techniques is subject to the existence of serving legacy UEs by a serving cell. In terms of introducing dynamic signaling to change ON/OFF state per radio-frame, we do not see a strong motivation as a small cell may not have so many active UEs at a time and thus packet arrival or traffic load per radio-frame may not change so dramatically within a radio-frame. To consider intermittent data arrival at a UE, we consider it is sufficient to switch between “continuous ON-state” which indicates active data transmission and “intermittent ON-state” which is used for CSI and other measurements via MAC CE. If subframe-level ON/OFF is considered, even though cross-carrier scheduling capability is needed, we think that cross-carrier scheduling based ON/OFF can be further considered as well. 
Proposal 1. For further consideration, focus on cross-carrier scheduling based ON/OFF and MAC CE based operation. 

4 Conclusions

We discuss candidate approaches for fast time-scale on/off operations. Based on specification impacts and potential performance benefits, we propose to focus on cross-carrier scheduling based mechanism (implicit DCI-based approach) and enhanced CA activation/deactivation command approach. 
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