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Introduction
Small cell deployments are a major area of emphasis in Rel-12 LTE [1], [2]. Various scenarios for small cell deployments have been outlined in [2] and assumptions for evaluation are documented in [3]. The high density, clustered nature, and time-varying user traffic loads of small cells can lead to challenging interference characteristics of these deployments. 
Small cell on/off switching or discontinuous transmission (DTX) is one of the candidate techniques for downlink interference avoidance and coordination [1]. According to [1], for each of the candidate techniques, further study should include the following:

–
Feasible time scale (i.e., how fast or slow the technique is applied)

–
Performance analysis/gain

–
Necessary enhancements of mechanism and procedure, and additional measurements to help the network decision

–
Consideration on its potential impacts on other system performance, for example, coverage, increased handover and signaling, energy consumption, possible impact on IDLE mode UEs
In this contribution, we examine different methods for reactivation of dormant small cell eNBs from OFF state, their corresponding time scales, and associated pros and cons.
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Reactivation of dormant eNBs
In [4], it is shown that initiating DTX by shutting down under-loaded small cell eNBs can be beneficial for interference mitigation in both sparse and dense small cell deployments. There is currently no agreement on the duration and precise definition of small cell DTX regarding whether only PDSCH transmissions are muted, or if common/broadcast/discovery signals are also suspended. A lower bound on the duration of DTX can be determined by disallowing interference at UEs to fluctuate on a per-subframe basis (else measurement and feedback is difficult) – thus DTX timescale choice should also factor this into account.
The second major aspect of DTX is to determine how and when inactive or dormant small cells are reactivated. Unnecessary reactivation will increase intra-frequency interference and distort interference measurements without corresponding load balancing. In this contribution, we share our views on three possible mechanisms for dormant eNB reactivation with different signalling requirements and time scales.
Network-controlled reactivation
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Fig. 1: Macro-controlled reactivation via backhaul

Network-controlled reactivation implies control by a macro eNB or small cell clusterhead via backhaul as shown in Fig. 1. UE-triggered eNB reactivation via monitoring of discovery signals [5] could have a negative impact on UE power consumption due to prolonged inter/intra-frequency scanning. Furthermore, it is FFS if small cells even transmit discovery signals when dormant. We suggest that it may be more energy- and spectrally efficient for the macro eNB/clusterhead to directly control reactivation for load-balancing based on traffic loads and interference levels of adjacent active small cells. This mechanism is thus load-balancing oriented. Obviously, the same mechanism can be applied for initiating DTX (sending eNBs to dormant mode). 
There are multiple possibilities regarding the signalling needed to enable network-controlled reactivation:
· Proposal 1a): Existing mechanisms such as RNTP bitmaps or Mobility Load Balancing resource status requests of active cells represent a baseline for network-controlled reactivation of dormant small cells. 
The use of RNTP bitmaps of adjacent active small cells as a reactivation criterion is unsatisfactory for two reasons: the RNTP does not provide a complete picture of downlink interference conditions, and has a high latency since it can be sent every 200 ms at most. MLB reporting periodicity is limited to 1s to 10s, which may not be fast enough for dynamic DTX operation.
· Proposal 1b): Creation of a new backhaul signaling mechanism for downlink interference levels perceived by an active small cell (analogous to UL OI), but at a faster time scale.
In terms of time-scale, it is seen that the latency of network controlled reactivation is limited by restrictions on the frequency of backhaul signaling, in addition to delays due to non-ideal backhaul. 

UE monitoring

In UE monitoring-based reactivation, the dormant eNBs do not transmit discovery signals on the downlink, but instead monitor uplink signals such as PRACH or SRS to detect proximate UEs [5], [6]. No network control is needed and small cells can reactivate autonomously. This scheme is refined and studied in more detail next.
UE monitoring entails two cases of varying complexity, assuming some knowledge of the PRACH configuration of adjacent active small cells:

· Dormant eNBs continuously monitor a feasible subset of the small cell system BW for PRACH signals. The feasible subset is determined by PRACH reception band of active eNBs. This is equivalent to also monitoring a subset of macro system BW for co-channel deployments (Scenario 1).
· Dormant eNBs continuously monitor a feasible subset of both small cell and macro system BW in non-co-channel deployments (Scenarios 2, 3) for PRACH signals. This may incur additional complexity, but the detection of proximate UEs is enhanced.

UEs can make at most 1 PRACH attempt per frame. Therefore, the small cell reactivation criterion based on UE monitoring is stated as:
· Proposal 2: For UE monitoring, reactivate if at least X PRACH signals of at least P dBm RSSI are detected within a window of 10 ms.

The rationale behind this criterion is that by setting threshold P appropriately, UEs that exceed this threshold would be likely to perceive a high RSRP from the reactivated eNB and associate to it with high probability. By setting X appropriately, the dormant eNB can avoid being severely under-loaded upon reactivation and causing unnecessary interference to neighboring small cells. This mechanism is traffic-oriented, and has significantly lower latency compared to network-controlled reactivation based on RNTP/MLB.
To gain insight into choices for X and P, an evaluation of uplink received power at eNBs for Scenario 2a is shown in Fig. 2 for a total of 20 overall UE drops (parameters given in the Appendix). For a relatively dense small cell deployment, the 95th percentile for uplink power is in excess of -100dBm. From Fig. 3, setting P = -90dBm and X = 3 appears to be a reasonable compromise. Note that parameters X and P are dependent on the density of the small scale deployment and offered traffic load, and therefore can be time-varying.
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Fig. 2: Uplink received power from UEs at eNBs, scenario #2a with 16 small cells per cell.
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Fig. 3: Number of uplink received signals at SCs exceeding threshold, scenario #2a with 16 small cells per cell.
Network listen mode
In this scheme, dormant small cells potentially operate in NLM to monitor adjacent small cells. It has been proposed previously that dormant eNBs can potentially indicate their being in OFF status by toggling the cell-barred field in SIB1, which can be decoded by adjacent small cells. For a small cell cluster in scenarios #1 and #2, decoding of adjacent cell SI is expected to be reliable in general since the inter-eNB distance is between 20 m to 100 m at most, and small cell transmit power can be as high as 37 dBm. Alternatively, the DTX status of neighbor small cells can be exchanged via backhaul signaling with minimal overhead. The autonomous reactivation criterion is then stated as:

· Proposal 3: For NLM, reactivate if Y or more neighbor small cells indicate being in OFF mode.

The rationale is that by appropriately choosing Y, coverage holes can be avoided. This mechanism is thus coverage-oriented. The NLM-based mechanism has latency higher than UE monitoring since SIB1 is transmitted every 80 ms.
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Conclusion
Observation: Three mechanisms for dormant eNB reactivation in DTX scenarios are listed in decreasing order of latency:
· Network-controlled (load-balancing oriented)

· NLM (coverage oriented)

· UE monitoring (traffic oriented)
Proposal 1a): Existing mechanisms such as RNTP bitmaps or Mobility Load Balancing resource status requests of active cells represent a baseline for network-controlled reactivation of dormant small cells. 

Proposal 1b): Creation of a new backhaul signaling mechanism for downlink interference levels perceived by an active small cell (analogous to UL OI), but at a faster time scale.
Proposal 2: For UE monitoring, reactivate if at least X PRACH signals of at least P dBm RSSI are detected within a window of 10 ms.

Proposal 3: For NLM, reactivate if Y or more neighbor small cells indicate being in OFF mode.
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Appendix 

Table 1. Simulation assumptions in addition to [3].

	Parameter
	Setting

	Number of UEs/macrocell 
	Poisson with parameter λ = 5 per drop

	Scenario
	2a

	UE transmit power
	23 dBm

	Macro sites
	19

	Carrier number
	1
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