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Discussion and decision 
1 Introduction 
From the list of open issues in the Small Cell Enhancements – Physical Layer RAN Plenary Status Report [1]:
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
This contribution provides further discussion on appropriate small cell transition time scales and proposed adaptation enhancements.
2 Small Cell Transition Time Scales
Multiple factors contribute to determining feasible adaptation time scales, including UE capabilities, deployment characteristics, measurement delay, etc. Time scales based on legacy procedures are summarized in Table 1 [2] and may be considered as a common baseline when defining semi-static on/off and discussing potential adaptation enhancements. 
	Cases
	Explanations
	Time scales of ON/OFF

	1
	Time before a UE without CA capability can use a just turned on small cell
	2000 to 4000 ms order

The major delay is the time to detect new cell by UE inter-frequency measurement.

	2
	Time before a UE without CA capability can use an already on small cell
	100 to 150 ms order

	3
	Time before a UE with CA capability can use a just turned on small cell as SCell. More than CP length level synchronization between macro and small cell
	500 to 1000 ms order

The major difference from case 1 is intra-frequency measurement.

	4
	Time before a UE with CA capability can use an already on small cell as SCell
	80 to 120 ms order

	5
	Time required switching off a cell. All UEs in a small cell were RRC_CONNECTED and no Idle UE present in a cell. All UEs already reported measurement report as the target neighbor cells.
	100 to 150 ms order


Table 1: Small cell on/off time scales based on legacy procedures
3 Adaptation Enhancements

The following section discusses potential proposed adaptation enhancements for small cells based on the above cell association/selection delay context.
3.1 Discovery enhancements

Support for placing small cells in a semi-static ‘on/off’ or ‘dormant’ mode based on geographical traffic density has been discussed as a use case for small cell enhancements in Rel-12, as captured in [2]. Small cell discovery enhancement can facilitate small cell on/off operation by providing a means to activate dormant cells which do not transmit PSS/SSS/CRS and/or by providing a means for the UE to be connected with the just turned on small cell with reduced latency. Figure 1 shows the transition between small cell in a dormant mode and non-dormant mode.
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Figure 1. Transition between small cell in a dormant mode and non-dormant mode

Both UL and DL enhancements for small cell discovery in dormant mode operation have been discussed. A UL-based “wake-up” operation could be based on the dormant eNB detecting a UL transmission of a nearby UE (e.g. PRACH, SRS, and PUSCH data and associated DMRS ) and reporting details of the detected signalling back to the Macro eNB. With this information the Macro eNB is able to identify the UE and to reactivate the dormant eNB. Either macro eNB or pico eNB may be possible to reactivate the dormant eNB. For example, in small cell scenario 3, pico eNB could determine the reactivation of the dormant eNB. From this approach, less RAN1 spec impact would be expected by reusing existing UL signals.

Instead or in addition to the UL-based approach, the dormant eNB may not transmit any downlink signal except a so-called ‘discovery signal’ to inform UEs of the presence of the cell. A discovery signal should be designed taking into account the trade-off between energy efficiency and offloading potential, e.g. DTX cycle length, resource utilization of the discovery signal, etc. 
Of course even without considering support of small cell on/off, there is no need to restrict network operation on the use of enhanced discovery mechanisms. Especially in the context of dense small cell deployment scenarios, more efficient and effective discovery procedures may reduce cell association latency and improve small cell layer adaptation over legacy PSS/SSS and CRS based approaches. 
Interference of synchronization signals/reference signals transmissions is one motivation for small cell discovery enhancement, especially considering the dense small cell clustered deployment scenarios considered in Rel-12. In addition, heterogeneous and small cell networks may be deployed on multiple carriers and inter-frequency detection enhancements may improve UE detection efficiency and complexity as well as overall mobility performance.
More detailed views on the motivation for small cell discovery as well as the relative benefits of candidate solutions are provided in [3].
Proposal 1: Small cell discovery enhancements should be considered for improving adaptation in general densely deployed small cell scenarios independent of the support for small cell on/off operation.
3.2 Load shifting

Different measurement periods have been defined in RAN4 specification for intra-frequency and inter-frequency measurement out of consideration of RSRP/RSRQ measurement accuracy. The length of the measurement period has an impact on load shifting performance, namely the effectiveness of different measurement periods in capturing the load situation of a frequency layer in a dynamic traffic environment and its impact on the resulting cell association decision.

In [4], further evaluation results are provided for cell association based on RSRQ with shortened measurement interval. The results confirm that a shortened measurement interval allows for dynamic adaptation to load change across frequency layers resulting in better cell association decision. As a result, a shortened measurement interval for small cell association should be considered by RAN1 as one of the candidate enhancements for reducing time scales of small cell adaptation.

Again, in our view these techniques may be applied independently of small cell on/off operation and may generally benefit efficient operation of dense small cell deployments. Of course, with semi-static on/off adaptation, load shifting techniques reducing latency to associate users with newly activated small cells or to move users from cells which may switch to dormant, would be beneficially supported as well.
Proposal 2: Shortened small cell association measurement interval should be considered by RAN1 as one of the candidate enhancements for reducing time scales of small cell adaptation independent of the support for small cell on/off operation.
3.3 Dual connectivity
One of the primary differences between Rel-12 ‘dual connectivity’ currently under study and Rel-10/11 carrier aggregation/CoMP is the need to address non-ideal backhaul delay between cells (different network points) which can be as large as 60ms. For example, non-co-channel small cell deployment scenarios (e.g. Scenario #2a), inter-band dual connectivity can be set up between a transmission point in a macro layer (2GHz) and a transmission point in a small cell layer (3.5GHz) to address well known problems in het-nets such connection management (handovers), mobility support, and improved resource utilization.  

Due to the assumption of non-ideal backhaul between the transmission points, dual-connectivity with CA involving multiple eNBs (or inter-eNB CA), tight coordination is not possible and potential enhancements to the existing CA operations to support dual connectivity in Rel-12 may be necessary. It seems clear that providing a means for the Rel-12 UEs to discover and be connected with the associated eNBs would be beneficial for the performance of dual connectivity and is within the overall scope of the study of adaptation enhancements. Also, the previously discussed techniques including small cell discovery enhancements would be applicable.
Proposal 3: If supported in Rel-12, dual connectivity should be included as a scenario where adaptation enhancements including small cell discovery may be supported.
4 Conclusions
This contribution has provided an overview of the motivation and benefit of candidate physical layer enhancements for reducing the time scales of small cell adaptation. The following proposals were made:
Proposal 1: Small cell discovery enhancements should be considered for improving adaptation in general densely deployed small cell scenarios independent of the support for small cell on/off operation.
Proposal 2: Shortened small cell association measurement interval should be considered by RAN1 as one of the candidate enhancements for reducing time scales of small cell adaptation independent of the support for small cell on/off operation.
Proposal 3: If supported in Rel-12, dual connectivity should be included as a scenario where adaptation enhancements including small cell discovery may be supported.
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