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1. Introduction
 RAN1-76bis considered aspects that 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 behaviors/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 analyze the proposal suggested in [3] in the light of guidelines. 
2. Uplink Signals based Fast Handover 
   A way to reduce the time required to turn the state of small cell eNB from off to on, and subsequently handover the UE to the small cell eNB was discussed in [3]. This contribution proposes UL sensing by the small cell eNB of the SRS signal transmitted from a UE to its serving eNB as a trigger from off to on state. The small cell derives estimates of PL, link quality and TA of the UE through sensing. These information can be shared with the serving eNB to assist in handover.
The above method will reduce the off to on transition time when there is no UE associated it.  The transition time includes time taken for handover/dual connectivity. The general understanding of handover of a UE to a small cell that is in off state involves -

1. Measurements of CRS and/or DRS (which is in discussion) and reporting it to serving eNB.

2. Serving eNB will trigger the small cell eNB to switch to on state. 

3. If the DRS is not sufficient for handover measurement, the UE may have do further CRS based RRM measurements, after small cell is turned on and report to serving eNB.
4. Serving eNB takes a decision on handover or dual connectivity.

Subsequent handover related procedure will add to delay up to 80 ms [5].  


In UL sensing approach the small cell eNB can sense the UL signals such as SRS, PRACH for determining proximity of UE from small cell. Time taken for step 1 is reduced as SRS can be configured to be more frequent than DRS. Furthermore in low mobility scenarios small cell eNB may have to measure only a few instances of SRS. This is particularly true for scenarios we considered for small cells. In addition step 2 is not required which can save up to 30-40 ms in case of non-ideal back haul. 

In the case of UE hand over in addition to the reduced small cell off to on transition time step 3 is not required. There are further savings in handover procedures possible such as avoidance of RACH procedures etc. 

Additionally the small cell eNB can schedule a newly handed over UE because it can measure additional information about the small cell eNB – UE link such as UL Timing advance, CSI information by UL sensing.

Information related to guidelines for small cell on/off
–Transition time between on/off states and the definition of transition time used.
There are two types of small cell off to on transitions in our view. 1) When DTX operation of small cell, where UEs are already connected where transition time is simply the time taken for small cell to start/stop, which can be small in the order of frames. 2) The  small cell is off with no UE associated where the definition of transition time should also include measurement period + starting time/stopping time of small cell + handover + additional overheads is more accurate.
–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).
We assume when a UE is handed over its data is available in small cell eNB.  
–Assumptions on CSI availability.
The small cell has a rough estimate of function of CSI of the UE using UL sensing.
–Assumptions on TA availability.
The small cell has a rough estimate of TA of the UE using UL sensing.
–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. 

There are RSRP/RSRQ like measurements available in small cell eNB based on UL sensing which can be used to trigger handover.
–Preferred criteria to trigger on/off transitions.
In case of small cell without any UE, The small cell eNB should decide to “on” based information gathered by UL sensing. Also measurement reports from a UE based on DRS can be used by its serving eNB to trigger the small cell eNB.
–Specification impacts including any new UE behaviors/procedures needed, in addition to those already agreed until RAN1#76bis meeting.
X2 signaling to share UE specific SRS configuration for UL sensing. In case fast handover is implemented X2 signaling for measurement report from target small cell to serving macro cell. Provision to carry TA and other relevant information in HO command also required.
–How to enable time/frequency tracking and automatic gain control at off to on transition.
3. Conclusion
In this contribution, we presented why UL based sensing schemes can reduce small cell off to on transition time.  This scheme has the following benefits,
· Backward compatible with legacy UEs (Rel-8 onwards).

· Reduction in UE battery consumption.
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