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Discussion and decision 
1 Introduction 
One of the most important topics identified for Rel-12 is the study of further enhancements for small cells. The scenarios and requirements for small cell enhancements were summarised in TR 36.932 [1]. A study item was defined to study potential physical-layer enhancements taking into account these scenarios and requirements [2].
The purpose of this document is to provide discussion of the study item description and raise some questions for clarification to assist in developing the evaluation methodology. 
2 Discussion
The overall objective of the study item is given in [2]: “The objective of this study is to identify potential enhancements to improve the spectrum efficiency as well as efficient small cell deployment and operation in order to meet the requirements targeted for small cell enhancements in the identified scenarios in TR36.932, and evaluate the corresponding gain, standardization impact and complexity.” 

The first task for RAN1 is to identify prioritized scenarios for evaluation and define the necessary methodology including performance metrics and simulation framework and parameters. The purpose of this section is to give an overview of certain key aspects of the study and raise some questions for clarification about the study item description to assist in developing the evaluation methodology.
Small Cell Clusters
From the study item description in [2]: “Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters.”

Previously, as defined in [3], only sparse deployments of small cells were considered with independent node locations and minimal restrictions on their placement (one small cell per hotspot for example). However for Rel-12, support for dense deployments may introduce new topologies. One such topology introduced in the study item description is the concept of a small cell cluster. However the description does not provide specific details of the composition or operation of these clusters and multiple interpretations may be envisioned. One possibility is that a cluster is defined wherein multiple or perhaps a large number of small cells are placed within a hotspot radius. An example deployment is given in Figure 1.
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Figure 1. Small-cell cluster layout
Since the nodes within the cluster are placed within such close proximity, the coordination assumed between the small cells should be clarified since it may have an impact on the performance evaluation. For example, in the case of minimal coordination the small cells within the cluster may be viewed as independent and identifiable cells from the perspective of all UEs. The inter-cell interference among the small cells within a cluster  would also be more severe with minimal coordination.
Alternatively, with a large level of coordination amongst the small cells (e.g. all the small cells in a cluster could be assumed to be controlled by a single eNodeB), the entire small cell cluster may be viewed as a single cell from the perspective of some or all of the UEs. In this case, the ‘inter-cell interference’ could also be mitigated to a large extent. In general, the level of achievable coordination is expected to be a function of the backhaul architecture and characteristics. Prioritization of backhaul classes may be also be different for coordination within the small cells cluster and coordination between macro and small cell layers.  
It is understandable that different companies may prefer to use different assumptions about the small cell clusters. While the specifications should not impose excessive restrictions on implementation options, prioritization is beneficial to limit the evaluation/standardization effort as well as the system complexity.

Further discussions on the distribution of small cells and the interference control issues among the small cells can be found in [4]
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[5].
Observation 1: The definition of a small cell cluster in the study item description needs further clarification in terms of cluster size, deployment topology, and expected level of coordination between the small cells. While the specifications should not impose excessive restrictions on implementation options prioritization is beneficial to limit the evaluation/standardization effort as well as the system complexity. 
Turning on/off small cells 

From [2]: “Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.” 

Additionally from [1]: “In a small cell deployment, it is likely that the traffic is fluctuating greatly since the number of users per small cell node is typically not so large due to small coverage.”
It is expected that introducing variability to the activity state of small cells will impact interference levels which will further affect important metrics such as user association and throughput.  However, the current wording of the study item does not provide sufficient guidance on the level of dynamic switching that should be considered as part of the evaluation methodology. For example, parameters such as how quickly small cells are expected to turn on/off and how long they are expected to remain in a given state can be incorporated into the simulation framework. Further details and discussion on the impact of dynamic on/off switching of small cells is given in a companion document [5].
Observation 2: The definition of “dynamic on/off switching of small cells” in the study item description needs further clarification in terms of the adaptation time-scale and what are the implications of this operation for the evaluation methodology.  
Dual Connectivity
As mentioned in the study item description, support of dual connectivity of a UE to the macro and small cell layer is one expected scenario for evaluation. However, there is not yet a clear definition of ‘dual connectivity’.  For example, it could mean any one of the following:

· Two complete RRC connections; one with the macro cell and the other with the small cell;
· Active RRC connection with one cell and suspended RRC connection with the other cell;
· Carrier Aggregation with the macro cell and the small cell.

In our view, at least carrier aggregation should be classified as a ‘dual connectivity’ scheme. The difference with respect to Rel-10/11 is the need to address non-ideal backhaul delay between cells which can be as large as 60ms [2]. This implies that carrier aggregation involving multiple eNodeBs (or inter-eNB CA) may not be avoidable. 
In addition, dual connectivity with the inter-eNB operation may also be implemented on the same frequency layer (co-channel deployment). In this case, dual connectivity may be accomplished by an inter-eNB CoMP operation. 
Observation 3: At least carrier aggregation should be classified as a ‘dual connectivity’ scheme. Due to the need to address deployment scenarios with non-ideal backhaul delay, inter-eNodeB carrier aggregation may not be avoidable. 

Observation 4: Dual connectivity on the same frequency layer (co-channel deployment) may be accomplished by an inter-eNB CoMP operation. 
One important issue regarding the evaluation of dual-connectivity is whether or not non-parallel uplink transmissions to multiple eNBs should be considered in addition to (or prioritised over) simultaneous uplink transmissions to multiple eNBs for better UE power efficiency. 

Observation 5: It should be discussed if non-parallel UL transmissions to multiple eNBs should be considered in addition to (or even prioritised over) simultaneous UL transmissions within a single subframe as part of the dual-connectivity operation. 
3 Conclusions
In this contribution, we propose to discuss the following observations made on the small cell enhancement SID. The outcome of the discussion should be taken into account in determining the evaluation methodology and assumptions for small cell enhancements.
Observation 1: The definition of a small cell cluster in the study item description needs further clarification in terms of cluster size, deployment topology, and expected level of coordination between the small cells. While the specifications should not impose excessive restrictions on implementation options prioritization is beneficial to limit the evaluation/standardization effort as well as the system complexity. 
Observation 2: The definition of “dynamic on/off switching of small cells” in the study item description needs further clarification in terms of the adaptation time-scale and what are the implications of this operation for the evaluation methodology. 
Observation 3: At least carrier aggregation should be classified as a ‘dual connectivity’ scheme. Due to the need to address deployment scenarios with non-ideal backhaul delay, inter-eNodeB carrier aggregation may not be avoidable. 

Observation 4: Dual connectivity on the same frequency layer (co-channel deployment) may be accomplished by an inter-eNB CoMP operation. 

Observation 5: It should be discussed if non-parallel UL transmissions to multiple eNBs should be considered in addition to (or even prioritised over) simultaneous UL transmissions within a single subframe as part of the dual-connectivity operation. 
Readers are referred to [4]

 REF _Ref346121160 \w \h 
[5] for more detailed discussions on Observation 1 and 2.
4 References
[1] RP-122032, “New Study Item Proposal for Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects.”
[2] 3GPP TR 36.932 V0.2.0, “Scenarios and Requirements for Small Cell Enhancement for E-UTRA and E-UTRAN; (Release 12).” 
[3] 3GPP TR 36.814 V9.0.0, “Further advancements for E-UTRA physical layer aspects (Release 9).”
[4] R1-130295, “Evaluation scenarios and assumptions for small cell enhancement”, Samsung
[5] R1-130301, “Evaluation assumptions for Interference control among small cells”, Samsung
Page 3

[image: image1]