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1. Introduction 

Coordinated multi-point (CoMP) has been considered as one of the main enablers of high spectral efficiency requirements set forth by LTE-Advanced in TR 36.913. Various downlink CoMP techniques have been studied recently in different deployment scenarios, including regular planned WWAN deployments as well as heterogeneous deployments such as HeNodeB CSG deployments, see e.g. [1]-[4]. In this paper, we summarize high-level observations on gains seen due to spatial coordination that involves single-point transmission in various deployment scenarios and under various traffic conditions.  While we focus here on single-point transmission techniques, which essentially constitute different flavours of coordinated beamforming, we feel that more effort is needed to understand potential benefits, design aspects, requirements (in terms of e.g. backhaul infrastructure, UE feedback, propagation delay compensation etc)  and associated gains of multi-point transmission techniques such as joint transmission (JT).
2. Summary of simulation scenarios and gains
In this section, we briefly describe various scenarios used to evaluate coordinated beamforming gains as well as the underlying algorithms. All the comparisons are carried out in the context of FDD systems with uncorrelated transmit antennas hence relying on UE channel feedback for downlink precoding.  
2.1. WWAN deployments with pedestrian mobility

This analysis has been performed in the context of LTE-A self-evaluation effort, therefore is fully compliant with ITU evaluation methodology assuming 4 uncorrelated (4( spaced) antennas per cell and based on accurate system-level modelling as described in [5]. Performance gains are stated relative to a single-cell (non-cooperative) baseline that employs MU-MIMO with non-codebook based precoding. Performance evaluation is carried out for pedestrian mobility (3km/h) and 3ms scheduling delay and modelling of channel quantization errors with high feedback resolution (equivalent to 20bits/report). Coordination across cells is carried out based on network utility optimization, see [6]. Performance gains due to coordinated transmission in this scenario are labelled “WWAN pedestrian” in Table 1.
2.2. WWAN deployments without mobility

This analysis is based on a simplified version of ITU evaluation methodology wherein fast fading is modelled as i.i.d. Rayleigh time invariant channel. Full system level modelling is abstracted to constrained capacity evaluation, UE feedback is assumed perfect while scheduling and transmission algorithms are very similar to these used in the former scenario with pedestrian mobility. A more detailed description of this setup can be found in [6]. Performance gains due to coordinated transmission in this scenario are labelled “WWAN static” in Table 1.

Besides UE mobility, feedback error modelling and channel model, one notable difference between “WWAN pedestrian” and “WWAN static” is beam selection algorithm. Specifically, beam selection used in “WWAN static” strives to minimize interference caused to a co-scheduled UE (MU-MIMO) as well as UEs scheduled in the adjacent cells based on signal-to-leakage ratio (SLR) optimization. Meanwhile, beam selection used in “WWAN pedestrian” applies SLR to a co-scheduled (MU-MIMO) UE while ignoring interference caused to UEs scheduled in the adjacent cells. In other words, spatial inter-cell coordination in “WWAN static” is achieved due to a suitable beam and UE selection while UE selection only is employed in “WWAN pedestrian”. 
	Traffic model
	WWAN
	HeNodeB

	
	pedestrian (4TX/2RX)
	static (4TX/2RX)
	ICIC (RQI & SFI) (4TX/2RX)
	opportunistic (RQI) (2TX/2RX)

	Full buffer
	mean
	2%
	14%
	-12%
	N/A

	
	10%
	11%
	33%
	80%
	

	Traffic mix
	90% delay (QoS)
	N/A
	N/A
	70% reduction

	
	10% rate (FB)
	
	
	5x increase


Table 1:  Summary of gains observed in various scenarios.
2.3. HeNodeB CSG deployments

We make use of HeNodeB deployment model described in [7]-[8] with a single building in every drop. All UEs are equipped with two receive antennas and we consider the cases of two and four transmit antennas at each HeNB. We consider frequency flat Rayleigh i.i.d. fading across all transmit/receive antennas and independent block fading in time. In this deployment scenario, we consider two traffic models, namely full buffer only and a mix of 25% full buffer and 75% bursty traffic generated according to Poisson arrival model with mean inter-arrival time of 200ms and 244Kbyte packet size. In the case of full buffer only, we assume 20% penetration rate (a fraction of active HeNodeB-to-UEs links according to the HeNodeB deployment model) while in the case of traffic mix, we analyze 50% penetration rate. 

Inter-cell interference coordination is achieved due to the following feedback mechanisms:

·    Spatial feedback with interference avoidance request captured in SFI transmission to one or more dominant interferers of the target UE. Note that such transmission can be carried out over backhaul signalling provided the appropriate backhaul protocol support and adequate latency, or over the air, in which case SFI is sent to target HeNodeB(s) upon request from its serving HeNodeB.

·    Channel feedback that captures short-term channel as well as interference and is enabled due to resource specific channel quality reports (RQI) and can be further facilitated by precoded pre-scheduling reference signal transmission (RQI-RS). 

Further details on simulation settings, algorithms and performance results can be found in [9] and [10] for the case of full buffer only and traffic mix scenarios respectively. The corresponding performance gains are labelled in Table 1 as “HeNodeB ICIC” and “HeNodeB opportunistic” respectively. 
It is worthwhile noting that spatial coordination in HeNodeB deployment scenarios makes use of a simple request-grant scheme described in greater detail in [9], [10]. This scheme does not rely on fast backhaul exchange as well as sophisticated beam/scheduling optimization algorithms and enables large gains in full buffer throughput as well as latency for bursty traffic. Conversely, spatial coordination in WWAN deployments relies on an iterative scheduling and, potentially, beam optimization that requires fast backhaul exchange and delivers relatively modest gains.    
3. Conclusions

Analysis of performance gains due to coordinated single point transmission presented in this document suggests the following observations:

·    Fairly simple practically feasible coordination mechanisms can deliver substantial performance gains, namely in terms of tail user throughput as well as tail latency in heterogeneous deployments, such as HeNodeB CSG, where some UEs are exposed to a strong dominant interference.

·    Modest coordination gains have been observed in WWAN deployments. These gains are limited to low mobility (pedestrian and static) UEs and require advanced coordination techniques, fast inter-eNodeB data exchange and typically yield high feedback overhead. Practical achievability of such gains is therefore yet to be confirmed. 

These observations suggest that heterogeneous deployments as the main focus of near-term CoMP design efforts. The key enablers of substantial gains in terms of throughput and latency are:
· Means for timely communication of interference avoidance requests over-the-air or over-the-backhaul.
· Means to ensure short-term channel quality feedback for UEs exposed to strong interference.

In the meantime, more advanced coordination techniques such as joint transmission should be studied in greater details and practical feasibility of such techniques needs to be understood. Hence the ongoing CoMP design efforts, while focused on simple techniques such as coordinated silencing and beamforming, should keep in mind scalability to more advanced techniques. 
A design aspect that would be largely affected by such a scalability requirement is UE feedback in support of downlink CoMP.  Moreover, a feedback design that scales gracefully from single cell transmission techniques such as SU/MU-MIMO towards single-point coordinated transmission techniques and eventually towards joint transmission is desirable. Such a scalable feedback design is exemplified in [11].  
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