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1 Introduction
 In RAN1#76bis new L1 procedure was discussed to further reduce the transition time between on/off states for activated SCell in the context of small cell on/off. The following guidelines can be considered for further discussions.
	Conclusions:

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


 This contribution discusses a new L1 procedure for activated SCell and a specification impact to facilitate small cell on/off operation assuming it is introduced in Rel-12.
2  Discussions
Delay requirements for activating and deactivating an SCell are specified in [1] for different cases as follows:  
· SCell deactivation delay for activated Scell: no later than 8ms 

· SCell activation delay for deactivated Scell

· “Cold-Start 1” (worst case): no later than 34ms
· SCell RF is not activated

· Timing information is unknown

· Not possible for intra-band contiguous CA

· “Cold-Start 2” (typical case): no later than 24ms
· SCell RF is not activated

· Timing information is known
· “Warm-Start”: not defined
· RF is already activated. 

· Timing information is known

 Based on the above requirements as well as a typical assumption that the time required for RF warm-up (including AGC settling) and tracking warm-up is about 10ms, it would not be feasible to make small cell on/off less than 10ms granularity with CA activation/deactivation mechanism for Cold-Start 1 and Cold-Start 2.  
Observation 1: It would not be feasible to operate small cell on/off less than 10ms granularity with CA activation/deactivation mechanism for Cold-Start 1 and Cold-Start 2.
In [2], for each configured SCell, if the UE receives an Activation/Deactivation MAC CE activating the SCell, the UE shall apply the normal SCell operation including SRS transmission on the SCell, CQI/PMI/RI/PTI reporting for the SCell, and PDCCH monitoring for the SCell. Therefore, once an SCell is activated, the existing scheduling operation by PDCCH can be directly applied to enable small cell on/off. Figure 1 shows an example of small cell on/off using the existing cross-carrier scheduling.
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Figure 1 Existing scheduling based small cell on/off (cross-carrier scheduling case)
However, according to the current specifications, CRS needs to be transmitted every subframe including non-scheduled subframes. Therefore, new UE behaviors should be defined, e.g., UE does not perform RRM/CQI measurements in non-scheduled subframes.

Observation 2: The existing scheduling operation by PDCCH can support small cell on/off in subframe level as long as additional UE behaviors are defined, e.g., UE does not perform RRM/CQI measurement in non-scheduled subframes.
It may be argued that the above scheduling based operation would cause unnecessary UE power consumption since the UE receiver for SCell needs to be turned on all the time. This would not be a concern if the ON subframes occur frequently. If not, DRX configuration can be used together to save UE power consumption. Figure 2 shows an example of DRX pattern configuration for small cell on/off operation. Alternatively, cross-subframe scheduling (or cross-carrier/subframe) can be used, with which UE does not need to buffer the received signal before completing the PDCCH decoding.
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Figure 2 DRX pattern configuration for small cell on/off operation
Observation 3: UE power consumption can be reduced when DRX is used together with small cell on/off.

3  Conclusion
 We have discussed a few aspects of new L1 procedure for activated SCell and specification impact to facilitate small cell on/off operation assuming it is introduced in Rel-12. Our observations are summarized as follows:
  Observation 1: It would not be feasible to operate small cell on/off less than 10ms granularity with CA activation/deactivation mechanism for Cold-Start 1 and Cold-Start 2.

Observation 2: The existing scheduling operation by PDCCH can support small cell on/off in subframe level as long as additional UE behaviors are defined, e.g., UE does not perform RRM/CQI measurement in non-scheduled subframes.

Observation 3: UE power consumption can be reduced when DRX is used together with small cell on/off.

References
[1] TS36.133, Requirements for support of radio resource management
[2] TS36.321, Medium Access Control (MAC) protocol specification
[3] R4-126025, Way Forward on SCell Activation Delay, Ericsson, ST-Ericsson, Intel, Renesas, Samsung, CATT
PAGE  
1/4

