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1. Introduction
Heterogeneous networks (HetNet) were studied in the context of LTE-Advanced and resulted in specifications of time domain ICIC as the outcome of the WI on enhanced non-CA based ICIC in Rel-10 [1]. Time domain ICIC provides primarily methods to coordinate downlink unicast
 transmissions across cells/layers by exchanging information between base stations and configuring terminals to report/perform measurements reflecting radio conditions in certain physical layer resources. With ICIC, base stations can take into account some prior knowledge of expected radio conditions in certain physical layer resources when scheduling users.
One objective with the HetNet system simulations conducted in Rel-10 was to evaluate the performance benefits with cell range expansion (CRE) in the case of macro-pico deployments. With CRE, a HO bias/offset is introduced to increase the uptake area of pico users, motivated by improved UL performance and potentially also improved DL capacity at high macro loads due to further macro area resource splitting gains. The consequence of CRE is evidently that pico cell edge user may operate in geometries where detection of downlink L1/L2 control channels starts to become, or are, unreliable. Time domain ICIC provides an ability to coordinate unicast transmissions across layers, but the amount of CRE will though be limited by terminals possibility to handle inter-cell CRS interference as well as maintaining time/frequency synchronization, and demodulating system information, if going beyond CRE operations considered for Rel-10 specifications.
A Rel-11 WI [2] was established as a continuation of [1] with the first priority objectives stated as follows:
The detailed objectives build on top of the time domain ICIC in Rel-10 and include the following: 

· Finalizing the leftover work from Rel-10 on inter-freq/RAT TDM restricted RRM 

· Based on system performance gains, RAN1 to first identify the scenarios for which UE performance requirements in the following two bullets will be specified  in terms of, e.g., number of interferers and their relative levels with respect to the serving cell,

· UE performance requirements and possible air-interface changes / eNB signalling to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset), depending on UE receiver implementations - (RAN1, RAN4, RAN2)

· UE performance requirements and necessary signalling to the UE for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems depending on UE receiver implementations. Improved detection based on air interface enhancements to be considered - (RAN1, RAN4, RAN2)

· Dominant interference applicable to both macro-pico and CSG scenarios and  with or without handover biasing
In this contribution, we address scenarios and propose some additions/revisions of the system baseline simulation parameters from time domain ICIC Rel-10 studies to better align with the above objectives of the present WI. 
2. Discussion
Time domain ICIC Rel-10
The time domain ICIC feature specified in Rel-10 basically corresponded to introducing RRC signalling for resource-restricted CSI/RLM/RRM measurements and X2 signalling of patterns of almost blank subframes, where an almost blank subframe (ABS) corresponds to a downlink subframe with reduced transmission power on physical downlink unicast channels
. Figure 1 illustrates the concept of ABS in a macro-pico deployment in which a pico eNB may e.g. prioritize to schedule cell edge users in protected subframes, i.e. in subframes aligned with ABS on the macro layer. The pico eNB may configure terminals to report CSI reflecting radio conditions in protected subframes as well as in subframes with potentially high interference. Via X2 signaling, the pico eNB has prior knowledge of which ABS in the ABS pattern a macro eNB intends to keep as ABS over a longer time period. A pico eNB may e.g. take that into account when configuring terminals to perform RLM and serving cell RRM measurements in certain subframes, preferably in subframes that will be protected over a longer time period.
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Figure 1 Time domain ICIC with ABS patterns configured at the macro layer.
Views on scenarios and system baseline simulation parameters for Rel-11
Scenarios with corresponding system baseline simulation parameters adopted for Rel-10 HetNet evaluations are described in the Annex of TR 36.814 [3]. These scenarios cover deployments with low-power nodes (RRHs/Pico’s, femto’s and relays) being placed throughout a macro layer. Different models for placing users and certain numbers of low-power nodes (LPN) of same type within a geographic area of a macro cell were described, covering e.g. both outdoor and indoor pico node placements as well as models for femto placements and user droppings. Among all defined open access HetNet scenarios in TR 36.814, outdoor pico site deployments with node/user placements in accordance with configuration 1 and 4b were mostly considered in the RAN1 HetNet evaluations during Rel-10. The configuration 4b represented a deployment scenario modeling traffic hotspots
 and planned placements of pico nodes, whereas configuration 1 represented a deployment scenario where the UEs and pico nodes are randomly and uniformly distributed in each macro cell (with same number of UEs and pico’s per macro cell over the entire network).
Proposal 1: For open access networks, focus evaluations on macro-pico deployments based on configuration 4b and 1, with 2 and/or 4 pico’s per macro cell.
Furthermore, in both configuration 4a and 4b the number of traffic hotspots is the same as the number of pico’s, where the pico’s are deployed in the centre of the traffic hotspots. In real networks, pico cells will most likely not be deployed in the vicinity of all identified traffic hotspots and it would be desirable to introduce a configuration that captures such a situation. There are different ways to capture such scenario, and one way is as follows:
Proposal 2: Introduce an additional traffic hotspot scenario based on configuration 4b with 4 traffic hotspots and 2 pico cells per macro cell.
With traffic statistics being similar within each traffic hotspot, the selection of which traffic hotspots to deploy pico’s within would typically be based on the macro coverage situation around the hotspot. Such pico deployment aspect could be considered in Proposal 2 above.
HetNet studies are also part of the ongoing Rel-11 CoMP SI evaluations and refer to scenario 3 and 4 described in TR 36.819 [5]. In these scenarios, low powers RRHs are placed within macro cell coverage, where RRHs may create their own cells (scenario 3) or share their cell IDs with the macro cell (scenario 4). In relation to this work, channel modeling for heterogeneous deployments with RRHs/Pico’s in TR 36.814 has been updated and captured in [5]. With this update, a consistent channel modeling (including fast fading) of the macro-pico layers was achieved.   

Proposal 3: For macro-pico evaluations, consider ITU UMa and UMi pathloss, penetration and shadowing generation methodology for macro to UE and pico to UE, respectively, inline with the agreements captured in [5].
In the revision of TR 36.814 system baseline simulator parameters, an efficiency loss parameter was added to the set of baseline parameters, with the purpose of modeling coverage limited scenarios.
Proposal 4: Introduce an efficiency loss parameter, inline with [5], also for the HetNet evaluations in the present WI.
Performance evaluations carried out by system simulations are typically conducted under assumptions of e.g., ideal detection of L1/L2 DL control channels and no inter-cell CRS interference. With time domain ICIC it will be possible to influence amount of inter-cell interference caused by unicast transmissions but the interference from neighbor cell CRS transmissions will always be present. How CRS transmissions will impact resource elements in neighbor cells depend on the cell ID (CRS frequency shift) planning in the network and number of considered antenna ports as well as presence of MBSFN subframes or not. It can be expected that CRS transmissions cause inter-cell interference towards resource elements in neighbor cells carrying DL L1/L2 control signaling, data and CRS, as well as PBCH when networks are configured with subframe offsets. Besides considering CRS-to-CRS collisions, colliding synchronization signals across layers, as well as colliding PBCH across layers, would also need to be taken into account to capture implications of  networks configured with no subframe offsets. A first step of analyzing potential enhancements of time domain ICIC Rel-10 in macro-pico deployments could be to consider impacts of CRS inter-cell interference in geometries with low to medium HO biases.
A rather detailed modeling of inter-cell CRS interference can be foreseen for the present work item, where e.g. the cell ID of cells are taking into account in the evaluations. Low power nodes will typically be deployed in an existing macro network with planned cell IDs, and re-planning cell IDs of the macro layer is not desirable whenever a low power node is deployed or its location has been changed. Statically reserving a particular set of cell IDs for pico cells may not be very efficient either, given a more dynamic nature of low-power node deployment and operation. It may therefore be interesting to study the impact of cell ID planning for low-power nodes on the performance, perhaps considering random cell ID planning as a baseline assumption since it may be difficult to find the optimal cell ID planning for low-power nodes which in practice will be very operator-specific, any way.
Proposal 5: As a baseline, consider a planned cell ID layout for macro cells and randomly selected cell IDs for low power nodes.
As in all mobile system simulations, impact of inter-cell interference from unicast traffic will not only be deployment scenario dependent but also depend on the considered traffic models/loads. Though full buffer traffic simulations is often assumed for its simplicity it does not reflects the data traffic situation in real networks. 
Proposal 6: Focus further time domain ICIC evaluations on non full buffer traffic models for system-level data performance evaluation.
A TCP model could possibly be considered as an addition to the FTP model [3].
On ABS configuration

In HetNet deployments with time domain ICIC Rel-10 being applied, impact of inter-cell interference from unicast traffic will evidently also depend on the rate of ABS/MBSFN subframes and how much the transmission power on physical downlink unicast channels is reduced in ABS. In system simulation, the density of ABS could either be adaptive by optimizing the density to the particular user/LPN realization (followed by iterating new random generator seeds) or it could be kept the same over time. In the case of ABS adaptation to particular user/pico situation in a real network, optimization of ABS densities would in practice most likely require some centralized, or possibly distributed, procedure that has full knowledge of each active user’s traffic situation/demands in the network as well as user’s radio conditions to all candidate serving cells. Though an adaptive ABS strategy could be considered in system simulations our preference is to consider a non-adaptive ABS approach.
Proposal 7: Evaluate potential time domain ICIC enhancements with optimized static ABS rate/density and with reduced transmissions power on the downlink unicast traffic in ABS.
The static ABS rate would be scenario dependent and in the case of macro-pico deployments it could be adjusted to reflect the amount of CRE providing overall best system/user performance. As a starting point, RAN1 could consider HO biases in line with the conclusions captured in RAN1#62bis minutes, i.e. that low to medium HO biases could provide performance benefits.
3. Conclusion
In this contribution, we have provided views and proposals related to scenarios to be considered in the evaluation on further enhancements of time domain ICIC Rel-10. The following were proposed:

Proposal 1: For open access networks, focus evaluations on macro-pico deployments based on configuration 4b and 1, with 2 and/or 4 pico’s per macro cell.
Proposal 2: Introduce an additional traffic hotspot scenario based on configuration 4b with 4 traffic hotspots and 2 pico cells per macro cell.

Proposal 3: For macro-pico evaluations, consider ITU UMa and UMi pathloss, penetration and shadowing generation methodology for macro to UE and pico to UE, respectively, inline with the agreements captured in [5]
Proposal 4: Introduce an efficiency loss parameter, inline with [5], also for the HetNet evaluations in the present WI.

Proposal 5: As a baseline, consider a planned cell ID layout for macro cells and randomly selected cell IDs for low power nodes.

Proposal 6: Focus further time domain ICIC evaluations on non full buffer traffic models for system-level data performance evaluation.

Proposal 7: Evaluate potential time domain ICIC enhancements with optimized static ABS rate/density and with reduced transmissions power on the downlink unicast traffic in ABS.
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� Unicast transmissions refer here to all transmissions dedicated to, or from, one user.


� In the case an ABS corresponds to an MBSFN subframe, CRS is only present in the control region.


� Configuration 4a models traffic hotspots with much less clustered user distributions than 4b � REF _Ref301086493 \r \h ��[4]�.





