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1
Introduction

In RAN#60 plenary it has been agreed to start the study related to CoMP for LTE with non-ideal backhaul. The purpose of the RAN1 study [1], mentioned also below, is to evaluate the system performance of multi-point coordination schemes robust in face of latecy, and if sufficient gains are found, to recommend RAN3 to further study the potential impact of inter-eNB operation.
-
RAN1 evaluate coordinated scheduling and coordinated beamforming including semi-static point selection/muting as candidate techniques for CoMP involving multiple eNBs with non-ideal but typical backhaul and, if there is performance benefit, recommend for which CoMP technique(s) signalling for inter-eNB operation should be specified, considering potential impact on RAN3 work. 

•
In the evaluations, consider the level of backhaul delay achievable with non-ideal backhaul.

•
Evaluation should be on the CoMP operation between macro eNBs (CoMP scenario 2 except for the backhaul assumptions), between macro eNB and small cell eNB (small cell scenario #1 with non-ideal backhaul), and between small cell eNBs (small cell scenario #2a with non-ideal backhaul)., 

•
The study will taking into account the outcome of the small cell enhancement study item and previous work on Rel-11 CoMP SI/WI.  

The throughput gains potentially achievable from the studied techniques should be evaluated, while also taking into account estimation errors, downlink overhead, complexity, feedback overhead, backward compatibility and practical UE implementations. Rel-11 MMSE-IRC is used as a baseline receiver for evaluating performance gain.

In this contribution we provide initial views on the effect on backhaul delay on CoMP operation. 
2
CoMP operation with non-ideal backhaul
CoMP has been extensively studied during several releases already. Durign Release 11, CoMP operation with the assumption of ideal backhaul has been standardized. More precisely, the Release 11 scenarios implied centralized control and one scheduling entity per scenario. The standardized feedback mechanism of per point CSI feedback and multiple CSI processes enabled the support for CoMP schemes such as joint transmission and dynamic point selection/blanking since the network is able to configure different interference assumptions for the CSI processes. As the multiple CSI processes require UE assistance, several sensitive constrains have been considered thoughout the Release 11 CoMP design, these being related to the number of CSI processes and the UE processing time. The scope of the current Release 12 study is to focus the investigations of Release 11 CoMP framework with more realistic assumption on backhaul delay and with scenarios that imply distributed control. Hence, the cooperation of eNBs having separate scheduling entities. The scenarios considered in Release 12, have also an emphasis on small cells and densification. 
Observation:

· The existing feedback framework supports CoMP schemes that are relevant for this study and should not be changed.
CoMP schemes that may be considered for cooperation between independent scheduling entities (eNBs) interconnected with a non-ideal backhaul, are schemes where user data is scheduled from one point only. As a consequence, schemes like joint transmission and dynamic point selection are not feasible for non-ideal backhaul, as for those, data needs to be available in multiple points and this requirement is impractical when considering realistic backhaul delays. Hence, schemes like coordinated scheduling and beamforming are more realistic candidates. The per point CSI feedback with multiple CSI processes supports well these type of schemes assuming that the eNBs are able to also coordinate the interference measured from the CSI-IM of the configured CSI process.
Observation:

· Schemes requiring presence of data in multiple points are impractical when considering non-ideal backhauls. 
· Schemes based on coordinated scheduling/beamforming or exploiting more static coordination are better candidates for non-ideal backhaul.
3
System performance 
We have simulated single point dynamic point blanking (DPB), where the user is served by single point and the assisting point decides on blanking based on user feedback that includes CQIs reflecting the signal quality for both muted and non-muted case. The blanking is per subband while CoMP scenario 2 is considered. The effect of backhaul delay is taken into account such that it is assumed that the scheduling of all users is delayed by 2 ms and 10 ms that is consumed by the inter-eNB communication. In addition, the typical feedback delay of 6ms is used, which adds up to the inter-eNB delay. The exact inter-eNB communication is not important for this evaluation but it is assumed that the eNBs agree on beneficial muting patterns jointly via the signaling. One example of an operation for two eNBs achieving this is that one eNB sends initial scheduling decisions and the CoMP feedback, that is muted and non-muted CQIs, to the other eNB which then is able to make joint scheduling decisions using its own and other eNB’s muting patterns. The other eNB then signals the outcome muting patterns and both eNBs make schedulings accordingly, resulting in a joint eNB-eNB scheduling process.
In Table 1 we show the system performance. As a preliminary study we have simulated full buffer traffic, however we understand that finite traffic buffer would be used further during the study. We note that modest gains are possible with the ideal backhaul while these gains can be somehow preserved when small backhaul delays are experienced. Once the CSI feedback delays are increased the system performance is degraded, ending with major losses when large backhaul delay is experienced. This is not suprising as it is well known the system sensitivity with respect to the feedback accuracy. A scheme relying as less as possible on inter-eNB communication should be more robust in such environment, especially the ones utilizing a-priory known scheduling/beamforming strategies.
Table 1. User throughputs.
	
	5% throughput (kbps)
	Average throughput

(Mbps)

	Baseline
	421.1 [0%]
	19.86 [0%]

	DPB ideal backhaul
	434.4[+3.1%]
	19.43[-2.2%]

	DPB 2ms delay
	426.9[+1.3%]
	19.16[-3.6%]

	DPB 10 ms delay
	391.4[-7.5%]
	18.01[-10%]


The baseline considered in this contribution is single point transmission with single user MIMO. However, previous releases considered network coordination mechanisms which might be robust in face of non-ideal backhaul. For example the utilization of a muting subframe might require slow coordination of the order of several hundreds of radio frames. Looking into perspective, elevation/tilt coordination with active antennas can be performed in a semi-static manner. This calls for a carefull selection of the baseline and the considered legacy schemes. 
 Observation:

· Legacy schemes requiring NW coordination should be considered as potential baseline. 

4
Conclusions

In this contribution we have provided initial views and system performance of CoMP operation with non-ideal backhaul. Our observations are as follows:
Observations: 
· The existing feedback framework supports CoMP schemes that are relevant for this study and should not be changed.
· Schemes requiring presence of data in multiple points are impractical when considering non-ideal backhauls. 
· Schemes based on coordinated scheduling/beamforming or exploiting more static coordination are better candidates for non-ideal backhaul.
· Legacy schemes requiring NW coordination should be considered as potential baseline. 
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Appendix A – Simulation assumptions

	Parameter
	Value

	Simulation case/Deployment scenarios
	CoMP scenario 2 with 21 macro cells, 10 UEs per cell,  ITU UMa 

	Carrier frequency
	2.00 GHz

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Feedback mode 
	Feedback mode 3-1,

Rel’10 codebook,
CSI feedback delay for all UEs: 6 ms

	CoMP reporting threshold
	6dB (RSRP), Max. 2 reported points 

	Backhaul characteristics 
	Non-ideal backhaul of [2, 10] ms according to Table 6.1-1 of 36.932

	Traffic model
	Full buffer

	Channel estimation
	Realistic for both CSI-RS and DM-RS

	UE receiver
	IRC with Wishart 


