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1. Introduction
Scenario 3 and Scenario 4 in the CoMP study item concern heterogeneous deployments where pico points (nodes) are implemented as RRUs connected via fiber to a macro point. Scenario 3 is letting each point (macro as well as pico) form a separate cell. Hence, common and UE specific control channels and CRS are all different from one point to another. Such a separate cell approach is in contrast to the approach taken in Scenario 4 where all the points within the macro node’s coverage area share the same cell. 
The CoMP evaluations are divided into two phases – Phase 1 and Phase 2. Phase 1 deals with homogenous deployments and is about to be concluded in this meeting while Phase 2 involves the two heterogeneous deployments approaches in Scenario 3 and Scenario 4. 

This contribution discusses simulation assumptions and configurations for the CoMP and non-CoMP cases for Scenario 3 and 4. It is also noted that there are many similarities between Scenario 3 and 4 but also some differences. Despite the differences, there is however good hope for devising unified solutions which automatically deal with the needs of both scenarios. In particular, it is observed that control signaling enhancements may benefit both scenarios and that a unified control signaling approach should be sought.

2. A Non-CoMP Benchmark Scheme
The non-CoMP benchmark scheme for Scenario 3 and 4 resembles Rel-10 eICIC on a principle level. Hence, during the simulation a UE is statically assigned a single point from which it is served. The selection of the point is basically similar to normal cell selection except that an offset is used so that the UE may attach to a pico node even if it receives stronger signals from a macro node. Such a UE is located in the range extension zone. 
UEs in the macro layer and the UEs in the range extension zone of the pico layer are scheduled in separate subframes while UEs in the interior of the pico nodes coverage area may be scheduled in the same subframe as a UE in the macro layer. Naturally, MU-MIMO may be exploited in the per-point scheduling. The allocation of subframes to the macro and pico layers is determined based on the number of UEs that are present in the macro and in the pico layer.
Observation
· Similar non-CoMP benchmark scheme for both Scenario 3 and 4

· UE receives signals from a statically assigned point

· Static selection of point including a selection offset for range extension

· Scheduling is conducted separately for each point

· MU-MIMO among the UEs of a point may be used

· Static split of subframes to use for data between macro UEs and pico UEs in the range extension zone 

· Pico UEs interior to a pico point’s coverage area may re-use the subframes assigned to the macro layer
· The static allocation of subframes to macro and pico layers determined based on the distribution of UEs  among the three categories of UEs – in macro layer, in range extension zone, and in interior of pico 
CRS interference from the pico points is present in Scenario 3 but not in Scenario 4. But as long as the CRS interference issue is ignored, it is reasonable to use similar models of the two scenarios using the same non-CoMP scheme as described above.
3. CoMP for Scenario 3 and Scenario 4
CSI feedback for CoMP is an area where Scenario 3 and Scenario 4 may be supported with a high degree of commonality in the standard and also in the evaluations. In both scenarios, each point essentially transmits on a certain CSI-RS resource. A CSI-RS resource is defined by the CSI-RS pattern, the subframe offset and the CSI-RS sequence. The set of transmission points a UE receives significant signals from differs from UE to UE and the CSI feedback needs to reflect that. Consequently, LTE should support the use of a UE specifically configured CSI-RS measurement set, which corresponds to the set of CSI-RS resources the UE is measuring on for (CoMP) CSI feedback. By referring to CSI-RS resources rather than to cells (c.f. “per cell feedback”), a unified mechanism for supporting CoMP feedback for both Scenario 3 and 4 can be achieved. Similarly, the set of zero-power CSI-RS should also be configured in a UE specific manner. 

The parameterization in terms of CSI-RS resources instead of in terms of cells also coincides well with how simulations typically are conducted, where which channels the UE measures on is of primary importance, not whether the corresponding points are part of a different cell or not. 
Proposal

· A CSI-RS resource is defined by the CSI-RS pattern, the subframe offset and the CSI-RS sequence

· Definition of CSI-RS measurement set

· Set of CSI-RS resources a UE is measuring on for (CoMP) CSI feedback
· Definition of zero-power CSI-RS set

· Set of zero-power CSI-RS resources assumed by a UE

· If CoMP CSI feedback is supported

· The CSI-RS measurement set and the zero-power CSI-RS set can be configured in a UE specific manner
A main difference of CoMP compared with the previously described non-CoMP scheme is that the resource split between macro and pico layer is now dynamic instead of static since the scheduling is no longer performed separately for each point. The general principle is that a certain time frequency resource may on a dynamic basis be used in either macro or pico layer or simultaneously in both layers. Such dynamic and fine granular resource allocation functionality is able to efficiently match the dynamic nature of the traffic where the relative traffic needs of the layers may change rather abruptly, making it inefficient to use a static resource split. To capture dynamics in traffic patterns, it is important to use non-full buffer traffic models. The currently used FTP model with relatively long file transfers and identical file size for each UE may not be enough to mimic the traffic variations encountered in practice. A discussion on how to model more traffic situations may therefore be worthwhile.
Observation

· In CoMP, a certain time-frequency resource may on a dynamic basis be used in either macro or pico layer or simultaneously in both layers

· Dynamic and fine granular resource allocation among the layers matches the dynamic nature of the traffic

· Current FTP based non-full buffer traffic models may not be sufficient to characterize the dynamics and variations of traffic encountered in practice
Proposal
· Consider additional non-full buffer traffic models to more fully characterize dynamics and variations of real-life traffic

Scenario 4 with its shared cell approach naturally supports dynamic allocation of resources among the layers on an RB level without restrictions. Dynamic allocation is to some degree also supported in Scenario 3 but with subframe instead of RB granularity and, due to uplink HARQ, with some resource split dependencies that restrict the scheduling. With the existing control channel structure, the resource split in Scenario 3 is necessarily coarse because the PDCCH for the macro layer and the range extension part of the pico layer needs to be transmitted in separate subframes (which in turn forces the PDSCH to be transmitted in separate subframes). 
Observation

· The shared cell approach in Scenario 4 naturally supports dynamic allocation of resources among layers on an RB level

· The separate cell approach in Scenario 3 provides a relatively coarse resource split among layers on subframe level
To support a finer granularity for Scenario 3 means that the control channel structure needs to be changed. On the other hand, also Scenario 4 may benefit from new control channel functionality.  Control channels resources are currently difficult to re-use across the points in Scenario 4 meaning there is no area splitting gain for the control channel. This can be addressed by new control channel functionality that enhances the control channel capacity. Area splitting gain in Scenario 4 is easily achieved if UE specific RS is supported also for control channels. This is a natural step to take considering that LTE as of Rel-10 moves towards heavy use of UE specific RS instead of CRS. Design efforts are greatly simplified as they do not need to start from scratch. The control channel for relays, R-PDCCH, already supports UE specific RS and hence constitutes an obvious starting point [2].
Observation

· Both Scenario 3 and Scenario 4 may benefit from control channel modifications

Note that control channel capacity enhancements via the support of UE specific RS are already discussed as part of the MIMO study item [1]. The use of UE specific RS would allow beamforming, MU-MIMO and CoMP techniques to be applied also for the control channels so as to achieve coverage as well as capacity gains and thus match the way the PDSCH is operated. Future increased use of M2M and the support of cross-carrier scheduling and PDSCH in MBSFN subframes may also trigger a need for capacity enhancements [2]. Needless to say, it would be highly desirable to develop a unified control channel solution that can address all these needs of improved capacity as well as needs in Scenario 3 and 4.
Proposal

· Consider a unified solution for control channel enhancements that addresses the needs of both Scenario 3 and Scenario 4 as well other application areas needs of higher capacity
4. Summary and Conclusions
In this contribution we discussed a non-CoMP benchmark scheme for Scenario 3 and 4 that can be used in the CoMP evaluations. We also discussed the many similarities between these two scenarios and noted that for the application of CoMP, commonality can be further strengthened with appropriate standardization of features. 
Concerning CSI-RS we propose:
· A CSI-RS resource is defined by the CSI-RS pattern, the subframe offset and the CSI-RS sequence

· Definition of CSI-RS measurement set

· Set of CSI-RS resources a UE is measuring on for (CoMP) CSI feedback
· Definition of zero-power CSI-RS set

· Set of zero-power CSI-RS resources assumed by a UE

· If CoMP CSI feedback is supported

· The CSI-RS measurement set and the zero-power CSI-RS set can be configured in a UE specific manner
With respect to traffic models we observe and propose:
· In CoMP, a certain time-frequency resource may on a dynamic basis be used in either macro or pico layer or simultaneously in both layers

· Current FTP based non-full buffer traffic models may not be sufficient to characterize the dynamics of traffic encountered in practice

· Consider additional non-full buffer traffic models to more fully characterize dynamics of real-life traffic

For control channel enhancements, we observe and propose:
· Both Scenario 3 and Scenario 4 may benefit from control channel modifications

· Consider a unified solution for control channel enhancements that addresses the needs of both Scenario 3 and Scenario 4 as well other application areas needs of higher capacity
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