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1.

Introduction
The agreements from RAN1#74-bis include 
· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off.
· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting.
This contribution discusses various aspects and possible reduction of transition times in the current RAN3 dormant mode mechanism, while retaining backward compatibility.
2.

Dormant Mode Transition time
The baseline RAN3 eNB dormant mode mechanism which is fully backward compatible is outlined in [2]. In our view, this mechanism involves the following major procedures and associated time scales, considering any involved UEs are in RRC_CONNECTED mode without DRX, and assuming a conservative one-way backhaul latency of 50ms, while other time periods are as discussed in [3]: 
a) Macro initiates load balancing process based on small cell traffic reports [A = 100 ms], where delay is due to backhaul latency and RESOURCE STATUS REQUEST/RESPONSE timing.

b) Macro commands dormant small cells to initiate probing signal transmission [B = 50 ms].

c) Macro configures Immediate MDT logging [4] at UEs [C = 2ms].

d) UEs acquire and measure cells transmitting probing signals, [D 
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 400 ms] for intra-frequency measurement (small cell scenario 1); [D 
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 2000 ms] for inter-frequency measurement (other scenarios).
e) UEs report measurements to macro [E = 2ms].

f) Macro activates suitable dormant small cells [F = 50ms].

g) UEs are handed over to newly-activated small cells and receive first DL data [G = 93.5ms] [3].

Total transition time from macro serving cell to first DL transmission from newly-activated small cell: A+B+C+D+E+F+G = 697.5ms ~ 2297.5ms.

Observation 1: Baseline existing RAN3 dormant mode mechanism has a transition time scale on the order of 0.7 to 2.3 seconds.

If backward compatibility is to be retained, then having dormant small cells activate periodically to transmit probing signals without macro intervention is a potential measure to reduce the overall transition time. There are two possibilities: (i) no reference signals are transmitted during dormant state as in the existing RAN3 mechanism, and (ii) low duty cycle reference signals are transmitted even in dormant state as discussed in RAN1#74. The first case requires lesser modification to the existing RAN3 dormant mode mechanism and can be viewed as an initial enhancement. The resulting trade-off between increased energy consumption/RS pollution and faster transition times for either case needs to be studied further. 

Proposal 1: As one potential enhancement, transition time of baseline RAN3 dormant mode may be reduced by 150ms while retaining backward compatibility, by having dormant small cells periodically activate and transmit probing signals without macro intervention.
Semi-static on-off switching and dynamic on-off switching which have transition times from less than 10ms to up to a few hundred ms were deemed to be non-backward compatible in RAN1#74-b [1]. However, transition times of a few hundred ms can be achieved without losing backward compatibility in CA scenarios where small cells transmit at least two CCs. The major savings in transition time compared to Observation 1 are obtained by obviating the need for inter-eNB signalling and reduced measurement delays [3]. 
Observation 2: Reduced dormant mode transition times on the order of 480ms to 880ms can be achieved in CA-based small cell scenarios.
3.

Conclusion
We have the following observations and proposals:
Observation 1: Baseline existing RAN3 dormant mode mechanism has a transition time scale on the order of 0.7 to 2.3 seconds.
Proposal 1: As one potential enhancement, transition time of baseline RAN3 dormant mode may be reduced by 150ms while retaining backward compatibility, by having dormant small cells periodically activate and transmit probing signals without macro intervention.
Observation 2:  Reduced dormant mode transition times of the order of 480ms to 880ms can be achieved in CA-based small cell scenarios.
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