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1
Introduction
Coordinated Multi Point (CoMP) techniques have received significant attention in the scope of the LTE-A study item but no consensus was reached on supporting any CoMP scheme in the Rel-10 timeframe.  With CoMP studies resuming in RAN1 for Rel-11, this document revisits the evaluation assumptions that have been captured in TR36.814 and discusses their applicability and importance.  Consistent with our high level views on CoMP [1], we believe that heterogeneous deployments should form an integral component of this study item. Evaluation assumptions should therefore provide clear guidance on how to address heterogeneous scenarios in order to develop sets of results that are based on consistent assumptions and can be used to work towards consensus on this topic. 

Our high level views on CoMP are discussed in a companion paper [1].  Backhaul imperfections are addressed in a separate contribution [2]. 

2
Discussion of CoMP related evaluation assumptions

Numerous CoMP schemes have been studied in the scope of the LTE-A study item and evaluation assumptions have been captured in TR36.814 [3] as one outcome of these discussions.  A separate set of assumptions was agreed for evaluations that focused on intra-eNB coordination only and are captured separately in [3].  
2.1
CoMP deployment scenarios

In agreement with the revised study item description [4], we believe that RAN1 should discuss and prioritize CoMP deployment scenarios jointly with formulating simulation assumptions for each of these scenarios.  In line with [4], we believe that heterogeneous macro/pico deployments have not received significant attention so far even though CoMP gains may be more pronounced in such scenarios compared to homogeneous setups.  This view is based on the fact that in heterogeneous networks, a UE’s set of dominant interferers is usually smaller.  Intuitively, limited coordination among cells therefore has the potential to mitigate interference more effectively.  

In order to mitigate interference and provide meaningful performance gains, CoMP relies on inter-cell coordination.  While limited gains may be achievable with intra-eNB coordination only, we believe that a separate focus on intra-eNB schemes is unnecessary.  In fact, previous intra-eNB specific studies were solely driven by the lack of time to standardize a multi-vendor inter-eNB interface [5] and therefore such a focus now seems obsolete.  Instead, priority should be given to identifying compelling CoMP deployment scenarios that offer significant gain even under a realistic modeling of practical impairments and limitations. 
2.2 
Modeling of practical limitations relating to CoMP operation
Previous studies on CoMP have clearly shown that the modeling of imperfections and practical limitations is of crucial importance since CoMP gains can be quite sensitive with respect to such impairments.  Establishing a consistent set of assumptions regarding channel models, CSI feedback methods, and backhaul capacity/latency is of particular importance. 

2.2.1
Assumptions relating to channel models and UE feedback
It is widely accepted that accurate CSI feedback is an important prerequisite for many CoMP schemes.  As shown in [1] the sensitivity of both coordinated beamforming (CBF) and joint transmission (JT) schemes is typically quite high, even at relatively fine feedback granularities.  In fact, previous work on CoMP has frequently assumed feedback granularities that significantly go beyond what is available in Rel-10.

Similar trends have also been observed for single-cell enhanced MU-MIMO based schemes, e.g., in the scope of the ITU self evaluation [6, 8].  If evaluation assumptions on UE feedback granularity are formulated in the scope of current CoMP studies, we believe that it is important to align these assumptions with whatever is being assumed in the general context of UE feedback enhancements for Rel-11.  Ultimately, aligning assumptions may not only help speed up progress on enhancing UE feedback but also help put CoMP gains in perspective.  Without doubt, single-cell techniques should serve as a natural performance benchmark for any CoMP scheme and thorough comparisons are essential to justify the additional complexity that inter-cell coordination introduces.
The prioritization of certain antenna configurations and channel models should be discussed jointly with the feedback framework since significant performance impacts can be expected.  Discussions in this area should keep in mind that heterogeneous deployments may serve as the target for some evaluations, and it may therefore be necessary to formulate different assumptions for macro and non-macro cells, respectively. 
For JT, assumptions relating to time/frequency synchronization are important and a simple error model should be adopted, e.g., similar to the one proposed for intra-eNB antenna port timing error [7].  The Gaussian modeling of the timing error could be retained although a larger error variance should be assumed perhaps in the order of 1µs.  In addition, the modeling of actual propagation delay differences depending on UE location could be considered.  In our view, a modeling of imperfections due to frequency error is not necessary. 
2.2.2
Assumptions relating to backhaul capacity/latency

CoMP schemes fundamentally rely on inter-cell coordination and assumptions relating to the backhaul quality may therefore have a profound impact on which types of CoMP schemes can be supported, as well as the performance gains that can be achieved by them.  A common understanding of the group is therefore desirable and sets of assumptions—specific to each CoMP deployment model—should be developed. 
CBF and JT schemes have fundamentally different requirements on backhaul quality since JT not only requires the exchange of CSI and control information but also necessitates that user data be available to all cells participating in the joint transmission to a UE.  In fact, the relaying of user data may require much more bandwidth compared to CSI and control information.  
Besides backhaul capacity, the group should also reach a common understanding on whether there are limitations regarding the number of active connections that cells maintain in support of inter-cell coordination.  The number of active inter-cell connections determines the number of cells that may exchange CSI and control information in order to coordinate transmissions.  If it is believed that the number of active inter-cell connections may become a limiting factor then an agreement on a representative maximum value should be reached. 
It should also be discussed whether the relaying of data versus CSI or control information puts different requirements on the backhaul.  For example, if JT takes place to a specific UE, is the serving cell responsible for relaying the data to all the cells involved in the joint transmission, or is some of the data relayed to the transmitting cells directly from the core network?  Proposals regarding assumptions on the backhaul should include a brief description of the assumed backhaul infrastructure as this may have a profound impact on backhaul load. 
Finally, when considering heterogeneous deployments, a common understanding should be reached on whether separate sets of backhaul quality assumptions are necessary for macro and non-macro cells, respectively.  
3
Conclusions

In summary, we believe that it is important to discuss and agree on a common set of simulation assumptions that can be used as an underlying framework for CoMP specific evaluations.  Our proposals regarding those assumptions can be summarized as follows: 
· Heterogeneous macro/pico deployments should form an important component of this study item and a framework of simulation assumptions should be formulated to facilitate work in this area. 
· Baseline assumptions on channel models, antenna configurations, and CSI feedback scheme/granularity should be formulated. 
· Assumptions regarding CSI feedback scheme/granularity should be aligned with non-CoMP related feedback enhancements in Rel-11. 
· Baseline assumptions on backhaul quality should be developed, including latency, capacity, and possibly the number of simultaneously active connections. 
· A common understanding should be reached on whether separate sets of backhaul quality assumptions are necessary for macro and non-macro cells, respectively. 
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