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1 Introduction

In the RAN#60 meeting, a Study Item [1] for CoMP with Non-Ideal Backhaul (CoMP-NIB) was approved. This study item focuses on the evaluation of “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” [1].

The evaluation should be on the CoMP operation for following scenarios:

· CoMP scenario 2 except for the backhaul assumptions
· Small cell scenario #1 with non-ideal backhaul

· Small cell scenario #2a with non-ideal backhaul

In this contribution, coordinated scheduling/beamforming (CS/CB) schemes tailored for the aforementioned scenarios are discussed. Potentially required signalling for inter-eNB operation and minimum UE requirement(s) for Rel.12 CoMP-NIB are also analyzed. 

2 CS/CB schemes
Ideal backhaul is assumed for the CoMP schemes specified in LTE Rel-11 CoMP WI. As for CoMP-NIB in Rel-12, various backhaul latency values ranging from very low (e.g. 2ms) to very high (e.g. 50ms) shall be all taken into account. In other word, Rel-12 CoMP-NIB schemes should provide robust performance gain(s) for various backhaul latencies. 

Coordinated scheduling implies that time-frequency-power resources are coordinated between transmission points. The time scale for coordination could be dynamic or semi-static, depending on the latency as well as bandwidth of backhaul. It should be noted that dynamic point blanking, as a special case of CS was already specified in Rel-11 CoMP WI. Extension of dynamic point blanking (DPB) scheme from Rel-11 to any time scale for various backhaul requirements seems a good starting point of Rel-12 CoMP-NIB. 

Coordinated beamforming on the other hand implies that space resources (beam directions) are coordinated between transmission points. Some CB schemes such as CBS (Coordinated Beam Switching) and CBB (Coordinated Beam Blanking) were proposed in Rel-11 for non-ideal backhaul scenarios [3][4][5][6]. Unfortunately these CB schemes were not specified in Rel-11 due to the prioritization of idea backhaul scenario. These CB schemes are also deemed to fit well the case of CoMP-NIB.
2.1 Extension of Dynamic Point Blanking
The procedure of extended dynamic point blanking for CoMP-NIB is illustrated as follows, 

1st step: UE measures IMR(Interference Measurement Resource) and report serving cell about short term CSI(s) with the configuration of all neighbouring cells on and/or all neighbouring cells off; UE measures and report RSRP (long term) of all neighbouring cells 

IMR is supported by Rel-11 UE in transmission mode TM10. Instantaneous interference measurement can better reflect the interference situation of UE within time duration. 
2nd step: Central scheduler collects CSI, RSRP and UE historic data rate information from the cells involved

3rd step: Central scheduler computes the sum of PF metrics of a set of cells to determine the optimal power allocation.

The utility of a set of cells is maximized, as shown in the following formula.  
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4th step: Central scheduler sends the recommended power allocation results to the set of cells

5th step: Each individual cell within the set conducts localized scheduling (space/time/frequency resource allocation for users) with link adaptation compensation (MCS adjustment based on RSRP report)

It should be noted step 3 and step 5 can be merged (both scheduling and power allocation conducted by central scheduler) when backhaul latency is small enough. In this case, extension of dynamic point blanking to any time scale degrades to dynamic point blanking specified in Rel-11. 

Proposal 1: 

· Extension of dynamic point selection to any time scale should be supported in Rel-12

· RSRP feedback of neighbouring cells should be studied. 

2.2 CBS/CBB
In CBS [7], each cell determines its own beam cyclic period/pattern and schedules the UE to its preferred beam(s) in the pre-defined beam position. This is an effective method to alleviate the flashlight effect and it may work well in a small cell network where the interferences from the neighbouring cells are more random and severe. The beam patterns are semi-statically configured and exchanged among the coordinated cells over the backhaul. As no dynamic information needs to be exchanged over the backhaul, CBS is suitable for CoMP-NIB and should be considered as a candidate scheme for CoMP-NIB SI.
In CBB [7], an interfering cell performs interference avoidance in the spatial domain towards the cell edge UEs of another cell over the time-frequency resources semi-statically configured for CBB. This can be viewed as the interfering cell sending a blank beam towards victim UEs and hence the name CBB. The beam pattern exchange over the backhaul is needed only semi-statically. Performance benefits of CBB for the CoMP scenarios were provided in [4]. To perform CBB, the interfering cell can utilize the relevant long-term statistical information (e.g., long-term CSI) concerning its interference toward the victim UEs, which can be obtained via the backhaul link. The faster the backhaul is, the more frequent the long-term CSI may be exchanged, and the more dynamic the spatial domain interference avoidance may be done. Therefore, CBB can be applicable to various cases with backhaul connections ranging from ideal/fast backhaul to slow backhaul, and should be considered for CoMP-NIB studies.
Therefore, some CS/CB schemes have very low requirements on backhaul connections, and they may be able to flexibly utilize what the backhaul connection can offer. If a backhaul connection with a lower latency is available, faster coordination is possible and hence better performance may be obtained. Most of the physical layer components needed for CBS/CBB are already included in the existing framework of CS/CB as described in TR 36.819 [2] and any addition is considered as minor (see [6] for a detailed discussion).

Regarding the network-side operations to support CS/CB schemes with NIB (including CBS/CBB), generally existing inter-eNB coordination procedure and signalling may be used with some appropriate modifications. For example, first the dominant interferers (which in the clustered scenarios are the intra-cluster cells, and in the macro-pico co-channel cases are the macro cells) need to be identified, and interference statistics need to be collected; in this step network-coordinated configuration of UE measurements/reporting and network-side information exchange are needed. Then coordination patterns in spatial/time/frequency/power-domain may be determined. Finally the coordination decisions may be sent over the backhaul to eNBs to be used for scheduling/beamforming. 

Observation 1: Coordinated beamforming (including CBS/CBB) may be supported with limited physical layer standards impacts, and enhancements of network-side coordination and signalling may be considered useful.

Proposal 2: Consider enhancements of network-side coordination and signalling to support coordinated beamforming (including CBS/CBB) with non-ideal backhaul.
3 Scenarios Analysis
In this section, potentially required inter-eNB signalling and minimum UE requirements for the aforementioned three scenarios (Small cell scenario #2a, Small cell scenario #1 and CoMP scenario 2) are analyzed. 
3.1 Small cell scenario #2a 
Multi-Stream Aggregation (MSA), as a promising solution to promote UE throughout and improve mobility performance was hotly discussed in RAN2 Rel-12 small cell SI. MSA enables UE to receive traffic streams from multiple transmission nodes in Hetnet scenario with intra-frequency or inter-frequency deployment of multiple nodes, even when non-ideal backhaul is applied. C-plane/U-plane split, as a component technology of MSA is illustrated in Figure 1. C-plane functionalities (connection management, mobility) are served by the macro cell layer. U-plane data is served by either macro or small cell, or both based on required QoS and mobility. In small cell scenario #2a, when we study the CoMP-NIB of small cells, it is reasonable to assume MSA technology applied for the further performance enhancements.
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Figure 1: C/U-plane Split: component technology of MSA

If C-plane is served only by the macro cell layer, MSA can avoid frequent handover between macro and small cells, and between small cells. It will facilitate the semi-static point selection (SSPS) between macro and small cells or between small cells. The points serve a UE is semi-statically selected. There are 3 levels of point selection, inter bearer splitting, intra bearer splitting and physical layer splitting. Radio bearer carries the control plane signaling or user plane data between UE and EUTRAN. For inter bearer splitting, the data from the same radio bearer is transmitted only via one selected point. For intra bearer splitting, the data from the same bearer is split at higher layer and transmitted via more than one selected points. For physical layer splitting, the data from higher layer is split by physical layer of eNB and is transmitted via selected points. Inter and intra bearer splitting point selection is semi-statically controlled by higher layer, which does not require fast information exchange through backhaul. Physical layer splitting point selection is controlled by physical layer of eNB. The information of CSI, interference and load may be exchanged frequently for point selection decision. 
Observation 2: 

· MSA facilitates the semi-static point selection between cells.

· SSPS contains several levels point selection:

· Level1: Inter-bearer-splitting point selection: for non-ideal backhaul

· Level2: Intra-bearer-splitting point selection: for non-ideal backhaul

· Level3: Physical layer splitting point selection: only for ideal backhaul scenario

3.1.1 Inter-eNB signalling
The extension of dynamic point blanking is applicable for the coordination among small cells in small cell scenario 2a. With the assumption of MSA, a UE could always connect to the macro cell. One of the small cells is semi-statically selected to serve the UE simultaneously. In small cell scenario #2a, MSA could be combined with extended dynamic point blanking as an integrated scheme to obtain additional performance benefit. This combined scheme is semi-static point selection plus blanking.

For the MSA solution, there are some Xn signalling between macro cell (Master eNB) and small cells (Secondary eNB) supporting MSA operation. The macro cell can control some functionality of small cells through Xn signalling. 

Proposal 3: Define additional Xn signalling between Master eNB and Secondary eNB to support extended dynamic point blanking on top of MSA for small cell scenario #2a.

3.1.2 Minimum UE Requirement

As discussed, extension of dynamic point blanking scheme also need precise UE CSI measurement, as normal Rel-11 CoMP UE. Moreover, minimum UE requirement for MSA is ongoing in RAN2 discussions. Hence, we propose minimum UE requirement for MSA with additional Rel-11 CoMP UE requirement on small cell layer as the minimum UE requirement for CoMP-NIB in small cell scenario #2a.

Proposal 4: 

· The working assumption of minimum UE requirement for CoMP-NIB (at least for evaluation purpose) in small cell scenario #2a is UE requirement for MSA plus Rel-11 CoMP UE requirement on small cell layer.

· UE should support TM10 and instantaneous interference measurement
3.2 Small cell scenario #1
As specified, it’s reasonable to assume MSA could be combined with extended dynamic point blanking as an integrated scheme for better performance. This also applies to scenario #1.

Proposal 5: Define additional Xn signalling between Master eNB and Secondary eNB to support extended dynamic point blanking on top of MSA for small cell scenario #1.
Proposal 6: 

· The working assumption of minimum UE requirement for CoMP-NIB (at least for evaluation purpose) in small cell scenario #1 is Rel-11 CoMP UE requirement.

· UE should support TM10 and instantaneous interference measurement
3.3 CoMP scenario 2
We notice that the increase of CS/CB gain from CoMP scenario 1 to 2 is somehow marginal referring to table 7.1.1.1-9 and 7.2.1.1-9 in [2]. Of course UE measurement on IMR is not assumed in the evaluation during Rel-11 CoMP SI. Given that, we recommend to evaluate the gain increase of CoMP scenario 2 over scenario 1 with the assumption of UE measurement on IMR. Inter-eNB CoMP specification in scenario 2 should be preceded after the confirmation of significant gain over intra-eNB CoMP.  
Proposal 7: Justification of significant gain of inter-eNB CoMP over intra-eNB CoMP is needed prior to inter-eNB CoMP specification in CoMP scenario 2.

4 Conclusion

In this contribution, the schemes of resource coordination are discussed. The resource coordination includes power allocation and beam coordination. Several coordinated scheduling/beamforming (CS/CB) schemes with non-ideal backhaul and their details in different scenarios are discussed. Then, the required signalling and minimum UE capability for these candidate schemes are also provided. The following are proposed. 
Proposal 1: 

· Extension of dynamic point selection to any time scale should be supported in Rel-12

· RSRP feedback of neighbouring cells should be studied. 

Proposal 2: Consider enhancements of network-side coordination and signalling to support coordinated beamforming (including CBS/CBB) with non-ideal backhaul.
Proposal 3: Define additional Xn signalling between Master eNB and Secondary eNB to support extended dynamic point blanking on top of MSA for small cell scenario #2a.

Proposal 4: 

· The working assumption of minimum UE requirement for CoMP-NIB (at least for evaluation purpose) in small cell scenario #2a is UE requirement for MSA plus Rel-11 CoMP UE requirement on small cell layer.

· UE should support TM10 and instantaneous interference measurement

Proposal 5: Define additional Xn signalling between Master eNB and Secondary eNB to support extended dynamic point blanking on top of MSA for small cell scenario #1.
Proposal 6: 

· The working assumption of minimum UE requirement for CoMP-NIB (at least for evaluation purpose) in small cell scenario #1 is Rel-11 CoMP UE requirement.

· UE should support TM10 and instantaneous interference measurement
Proposal 7: Justification of significant gain of inter-eNB CoMP over intra-eNB CoMP is needed prior to inter-eNB CoMP specification in CoMP scenario 2.
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