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1. Introduction

In 3GPP RAN1 Session #76bis, the following candidate new L1 procedures for Scell fast on/off operation are concluded as follows for further discussion.
· 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 this paper, candidate new L1 procedures are discussed and proposals related to remaining open issues are provided based on the discussion. 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.  In addition to fast on/off operation for small cell DL, proposals related to fast on/off operation for small cell UL are provided as well.


2. Discussion
In dual connectivity, 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 based on the conclusion in last 3GPP RAN1 meeting.
· Option #1: Cell-specific DCI message indicating on/off state of a SeNB
· Option #2: UE-specific DCI message indicating activation/deactivation state of a UE
· Option #3: UE autonomous detection of reference signals transmitted from a SeNB
· Option #4: Active time within the DRX procedure
In the following subsections, we first evaluate each candidate based on the on/off transition time it can achieve and its UE power efficiency for further down selection.
2.1 Cell-specific DCI message
In Option #1, cell-specific DCI message is utilized to notify a UE on/off state of a SeNB and the DCI message can be transmitted in any subframe to minimize the latency between the signaling time and the time small cell switches to “on” state.  The information contained in the cell-specific DCI message is the time length a SeNB stays in “on” state and the latency between the signaling time and the time small cell switches to “on” state is predefined as 0~4 ms.
Based on the mechanism in Option #1, the transition time from “off” to “on” is reduced to 0~4ms and the transition time from “on” to “off” is reduced to 0ms for a SeNB so it’s able to provide dynamic small cell on/off operation for large UPT gain.  However, there is one issue regarding to UE power consumption for the monitoring of the cell-specific DCI message.  Since the DCI message can be transmitted in any subframe, a UE have to conduct PDCCH/EPDCCH monitoring to detect the DCI message in every subframe and the UE has to waste its power to monitor the DCI message even if it is notified that the serving SeNB switches to off.  In addition, UE may not have any data transmission even if its serving SeNB is turned on.  Therefore, compared to existing CA mechanism, there are no clear benefits to have this explicit L1 signaling to notify UE SeNB’s state if there is no UE behavior difference between SeNB “on” and “off” states in an activated Scell.
Observation #1: For cell-specific DCI message, the transition time can be reduced to 0~4ms.  However, a UE has to waste its power to monitor the cell-specific DCI message in every subframe even if it is notified that SeNB switches to off.  In addition, A UE may not have any data transmission even if its serving SeNB is turned on.
Observation #2: For cell-specific DCI message, compared to existing CA mechanism, there are no clear benefits to have this new signaling if there is no UE behavior difference between SeNB “on” and “off” states in an activated Scell.
2.2 UE-specific DCI message

In Option #2, UE-specific DCI message is utilized to notify a UE when it should activate its radio for data reception and the DCI message can be transmitted in any subframe to minimize the latency between the signaling time and the time UE should activate its radio for data reception.  A group of UEs may share single UE-specific DCI message.  The information contained in the UE-specific DCI message is the time length a UE should keep its radio ready for data reception and the latency between the signaling time and the time UE should activate its radio for data reception is predefined as 0~4 ms.
Based on the mechanism in Option #2, the transition time from “off” to “on” is reduced to 0~4ms and the transition time from “on” to “off” is reduced to 0ms for a SeNB so it’s able to provide dynamic small cell on/off operation for large UPT gain.  Though issue of UE power consumption for the monitoring of the UE-specific DCI message remains, UE may be able to turn off its PDSCH decoder when it knows there is no data reception needed.  However, L1 signaling overhead can be a concern if each has its own DCI message for radio activation/deactivation.  Compared to existing CA mechanism, there may be benefit in UE power efficiency if a UE is able to turn off its PDSCH decoder when it knows there is no data transmission for it.
Observation #3: For UE-specific DCI message, the transition time can be reduced to 0~4ms.  However, a UE has to waste its power to monitor the UE-specific DCI message in every subframe even if it is notified that there is no data transmission for the UE.  In addition, compared to Option #1, L1 signaling overhead is larger if each UE has its own DCI message.
Observation #4: For UE-specific DCI message, compared to existing CA mechanism, there is benefit in UE power efficiency if a UE is able to turn off its PDSCH decoder when it knows there is no data transmission for it.
2.3  UE autonomous detection

In Option #3, UE autonomously detects the existence of CRS or other common control physical channels to determine whether a SeNB is in “on” or “off” state.  Based on the detection results, UE may be able to autonomously turn on or off some baseband modules.  The potential transition time is 0 ms for this method.  However, compared to explicit signaling, the reliability of autonomous detection can be a problem.  UE may miss data transmission and thus suffer from throughput degradation if miss-detection happens.  UE may waste power for unnecessary PDCCH monitoring if false alarm happens.
Observation #5: For UE autonomous detection, due to autonomous detection reliability, UE may either suffer from throughput degradation if miss-detection happens or waste power for unnecessary PDCCH monitoring if false alarm happens.
2.4 Active time within DRX

In Option #4, DRX mechanism is utilized to turn on and off a UE’s radio for data reception in small cell on/off operation.  Based on our understanding, DRX configuration is based on per UE in carrier aggregation while it is based on per cell group in dual connectivity.  The active time within DRX can be extended automatically when there is data transmission.  Therefore, it’s possible to utilize DRX mechanism for small cell on/off operation.  Compared to other options, this option is beneficial to UE power efficiency.  However, the starting point of each DRX cycle is limited to some specific time points so the introduced average on/off transition time may be larger than other options unless smaller DRX cycle is applied.
Observation #6: For active time within DRX, UE power efficiency is the best among all options but it sacrifices on/off transition time.


3. Proposed L1 Procedure

Based on the discussion in previous section, a new L1 procedure to support fast small cell on/off operation is proposed based on Option #1 and #2, considering UE power efficiency because it’s power wasting if a UE still needs to conduct PDDCH/EPDCCH blind detection, measurements and uplink feedback when the serving small cell is in “off” state.
3.1 Explicit signaling and DRX
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Figure 1.  Example illustration 
Active time within DRX provides the best UE power efficiency while explicit L1 signaling provides the shortest small cell on/off transition time.  For both throughput and UE power efficiency, one solution is to utilize short DRX cycle together with the explicit L1 signaling.   Based on our understanding, short DRX mode triggering is based on a DRX timer and continuous reception mode triggering is based on the detection of PDCCH/EPDCCH in existing mechanism.  With the explicit L1 signaling, triggering of short DRX mode can be based on the indication of the explicit L1 signaling.  For example, if a UE is in continuous reception, short DRX mode is triggered when the DRX timer expires or the explicit L1 signaling indicates UE can assume SeNB is “off”.  If a UE is in short DRX mode, continuous reception is triggered when the UE detects the explicit L1 signaling during the active time in DRX mode.  An example is illustrated in Figure 1.  Another solution to enhance UE power efficiency is to define a new sub-state in continuous reception and corresponding UE behaviors are defined in this sub-state.  However, it would require more specification impacts with the same UE power efficiency though there may be more flexibility for UE implementation to achieve fast on/off.
To allow a UE to obtain the information about when UE can assume a SeNB is in “on” state reliably, explicit signaling can be used to reduce SeNB on/off transition time without ambiguity.  Furthermore, with the explicit signaling, UE is able to turn off unnecessary functions for power saving when UE can assume a SeNB is in “off” state.  Either cell-specific or UE-specific DCI message can be the explicit signaling though UE-specific DCI message can further achieve better UE power efficiency at the cost of signaling overhead because a UE may not have any data transmission even though a SeNB is in “on” state.  In addition, cell-specific DCI message can be accommodated in UE-specific DCI message when single UE-specific DCI message is shared by all UEs so UE-specific DCI message provides more flexibility on the trade-off between L1 signaling overhead and UE power efficiency. 
Proposal #1: For UE power efficiency, there are two options and each option can achieve the same UE power efficiency and throughput.  FFS which option.
· Option #1: Explicit L1 signaling with short DRX operation
· Option #2: Explicit L1 signaling with newly defined sub-state for reduced UE functions in continuous reception 
Proposal #2: UE-specific DCI message is utilized to notify a UE when it can assume a small cell is in “on” state.
3.2 UE behaviors in on/off operation
With explicit L1 signaling, UE is able to know when it can assume SeNB is in “off” state and some unnecessary functions can be turned off.  However, the function of PDCCH monitoring in each subframe can’t be turned off if the explicit L1 signaling can be transmitted in any subframe.  For UE power saving, it would be preferable that the explicit L1 signaling is transmitted in some subframes within a radio frame, e.g. every second subframe or subframe #0/#5.  An example is shown in Figure 2.
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Figure 2. Example illustration of UE behaviors for explicit L1 signaling monitoring
Due to the absence of CRS and CSI-RS, CRS-based RRM measurement and CSI measurement can be turned off for power saving as well.  Therefore, UE behaviors in small cell on/off operation are proposed as follows if new sub-state is defined in continuous reception; otherwise, UE behaviors in small cell on/off operation are similar to those in DRX operation.
· When a UE can assume the signaling SeNB is in “on” state, it should be able to perform the following functions
· DRS-based RRM measurements/reporting
· CRS-based RRM measurements/reporting

· CSI-RS based CSI measurements/reporting

· PDCCH/EPDCCH monitoring in each subframe
· SRS transmission

· PHR reporting

· Other functions related to DL/UL data transmission

· When a UE can assume the signaling SeNB is in “off” state, it should be able to perform the following functions
· DRS-based RRM measurements/reporting

· DRS-based CSI measurements/reporting

· PDCCH monitoring for the explicit L1 signaling in a subset of subframes within a radio frame

Proposal #3: For UE power saving, the explicit L1 signaling is transmitted in a set of subframes within a radio frame.
Proposal #4: For UE power saving, a UE is allowed to turn off all functions except the following when it can assume the serving small cell is in “off” state.

· DRS-based RRM measurements/reporting
· DRS-based CSI measurements/reporting
· PDCCH monitoring for the explicit L1 signaling in a set of subframes within a radio frame
3.3 Signaling of starting subframe
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Figure 3. Example illustration of information content included in the explicit L1 signaling

However, due to the limitation of subframes for explicit L1 signaling transmission, small cell may be able to start transmission in some specific subframes only and thus average small cell on/off transition time is prolonged.  To resolve the problem, the explicit L1 signaling can include 1 or 2 bits indicating the starting subframe UE can assume the signaling SeNB is in “on” state.  An example is shown in Figure 3.  With the indication of starting subframe, the average small cell on/off transition time can be reduced from 4 subframes to 2 subframes if the explicit L1 signaling is transmitted in subframe #0/#5 only.
Proposal #5: The explicit L1 signaling includes the information of both starting subframe and subframe length a UE can assume the signaling small cell is in “on” state.
3.4 UE-based triggering for uplink
For downlink, network is able to trigger a small cell from “off” to “on” state for data transmission whenever there are downlink data packets and the small cell can use explicit L1 signaling to notify a UE preparing for downlink data reception.  However, when the serving small cell is in “off” state and a UE has uplink data packets, there is no much discussion yet on how UE can wake up the small cell for uplink data reception.  From our views, in addition to network-based small cell triggering for downlink, UE-based small cell triggering should be supported for uplink.  In UE-based small cell triggering mechanism, UE is allowed to transmit uplink triggering signal to wake up an “off” small cell.  The uplink triggering signal can be either non-contention-based or contention-based.  If the uplink triggering signal is non-contention-based, the triggered SeNB can know which UE has uplink scheduling request and grant uplink radio resources to the UE immediately after it switches to “on” state.  If the uplink triggering signal is contention-based, the triggered SeNB can’t know which UE has uplink scheduling request and UE needs to transmit SR to it after it switches to “on” state.  Therefore, non-contention-based uplink triggering signal can reduce the latency of uplink data transmission and is preferable.

Proposal #6: For uplink, non-contention-based uplink triggering signaling is utilized for a UE to trigger an “off” small cell so as to reduce the latency of uplink data transmission.
· FFS which uplink physical signal, e.g. PRACH, PUCCH or PUSCH
3.5 Operations in carrier aggregation and dual connectivity

In carrier aggregation, Pcell and Scell are assumed to be synchronized in time (timing difference is less than 30.26 us) and tightly coordinated so there is no further issues for the explicit L1 signaling to be transmitted on either Pcell from a macro cell or Scell from a small cell.  If the explicit L1 signaling is transmitted on Pcell, carrier indicator field may be needed in it unless pScell can be configured in carrier aggregation.  If carrier aggregation MAC CE activation/deactivation is replaced with the explicit L1 signaling, carrier aggregation mechanism can be simplified but the minimal small cell on/off transition time can be around 10ms if discovery signal is supported.  In addition, specification impacts can be across 3GPP RAN1 and RAN2.  Thus, combining new L1 procedure with Scell activation/deactivation procedure seems to provide little benefits.
In dual connectivity, macro cell and small cell can be asynchronized in time (time difference is larger than 30.26 + X us) and loosely coordinated due to non-ideal backhaul so it’s better to keep explicit L1 signaling to be transmitted on pScell from a small cell, instead of Pcell from a macro cell.  According to 3GPP RAN2 agreements, pScell is assumed to be an activated Scell when SCG addition is configured and other Scells in SCG can be activated by carrier aggregation mechanism.  Therefore, unlike carrier aggregation, MAC CE activation/deactivation mechanism is not applied for pScell in SCG.
Proposal #7: In carrier aggregation, explicit L1 signaling can be transmitted on either Pcell from a macro cell or a Scell from a small cell.

Proposal #8: In dual connectivity, explicit L1 signaling is transmitted on pScell from a small cell.


4. Conclusion
Based on the discussion in Section 2, observations are summarized as follows.
Observation #1: For cell-specific DCI message, the transition time can be reduced to 0~4ms.  However, a UE has to waste its power to monitor the cell-specific DCI message in every subframe even if it is notified that SeNB switches to off.  In addition, A UE may not have any data transmission even if its serving SeNB is turned on.

Observation #2: For cell-specific DCI message, compared to existing CA mechanism, there are no clear benefits to have this new signaling if there is no UE behavior difference between SeNB “on” and “off” states in an activated Scell.

Observation #3: For UE-specific DCI message, the transition time can be reduced to 0~4ms.  However, a UE has to waste its power to monitor the UE-specific DCI message in every subframe even if it is notified that there is no data transmission for the UE.  In addition, compared to Option #1, L1 signaling overhead is larger if each UE has its own DCI message.
Observation #4: For UE-specific DCI message, compared to existing CA mechanism, there is benefit in UE power efficiency if a UE is able to turn off its PDSCH decoder when it knows there is no data transmission for it.
Observation #5: For UE autonomous detection, due to autonomous detection reliability, UE may either suffer from throughput degradation if miss-detection happens or waste power for unnecessary PDCCH monitoring if false alarm happens.
Observation #6: For active time within DRX, UE power efficiency is the best among all options but it sacrifices on/off transition time.
Based on the discussion in Section 3, proposals are summarized as follows.
Proposal #1: For UE power efficiency, there are two options and each option can achieve the same UE power efficiency and throughput.  FFS which option.

· Option #1: Explicit L1 signaling with short DRX operation
· Option #2: Explicit L1 signaling with newly defined sub-state for reduced UE functions in continuous reception 
Proposal #2: UE-specific DCI message is utilized to notify a UE when it can assume a small cell is in “on” state.
Proposal #3: For UE power saving, the explicit L1 signaling is transmitted in a set of subframes within a radio frame.
Proposal #4: For UE power saving, a UE is allowed to turn off all functions except the following when it can assume the serving small cell is in “off” state.

· DRS-based RRM measurements/reporting
· DRS-based CSI measurements/reporting
· PDCCH monitoring for the explicit L1 signaling in a set of subframes within a radio frame
Proposal #5: The explicit L1 signaling includes the information of both starting subframe and subframe length a UE can assume the signaling small cell is in “on” state.
Proposal #6: For uplink, non-contention-based uplink triggering signaling is utilized for a UE to trigger an “off” small cell so as to reduce the latency of uplink data transmission.

· FFS which uplink physical signal, e.g. PRACH, PUCCH or PUSCH
Proposal #7: In carrier aggregation, explicit L1 signaling can be transmitted on either Pcell from a macro cell or a Scell from a small cell.

Proposal #8: In dual connectivity, explicit L1 signaling is transmitted on pScell from a small cell.
