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Discussion 
1 Introduction
Based on the objectives listed in CoMP SID (RP-101425), in relation with the evaluation of CoMP techniques for heterogeneous networks, RAN1 should study the “Coordination between different cell layers and within a cell layer in heterogeneous networks: coordination is performed between a macro cell(s) and small cells in the coverage of the macro cell(s).” 
However it was omitted, when RAN1 has addressed this SI, to add a scenario in which the small cells are created by RNs (relay nodes).

DAC-UPC has found that by using a coherent JT CoMP approach for the backhauling segment of the RNs it is possible to achieve spectral efficiencies compatible with some results of the CoMP study, addressing regular eNB access to the UE. DAC-UPC results, used together with the ubiquitous and fast deployment of the RNs, may be attractive for operators, which can benefit from the relay-based deployment.
Accordingly, we believe that 3GPP community should carefully study the CoMP usage in relay-based networks. We propose two potential alternatives: 

Option 1: Add a new scenario to the CoMP study, including specific topologies and simulation parameters, and postpone accordingly the approval of TR 36.819;

Option 2: Continue with the CoMP SID as planned and initiate a new study item addressing both the CoMP benefits in relay-based networks and the impact on E-UTRA standards. We believe that this option is more suitable, because it will not affect the existing work plan and it will give sufficient time for this study. 

In this contribution we provide details on simulations, requested standards support and aspects to be studied.
2 Technical justification
DAC-UPC has simulated a complex environment, with multiple levels of CoMP / eICIC approaches:

· Use of coherent JT in the backhaul segment of the relays;
· Use of eICIC almost blank MBSFN subframes in the access (relay only) segment;
· Power and spectral efficiency optimization in both segments.

As a reference to each studied approach, we used the almost blank MBSFN subframes for isolating in time the eNB-RN links.

2.1 Topology
The topology preferred by us is based on three cooperating macro transmission points, as shown in Fig. 1. Each donor macro transmission point communicates with two RNs. The macro transmission points may be either three DeNBs (see Fig. 1A) or one DeNB with two RRHs (D-RRH), as exemplified in Fig. 1B.
The CoMP set is composed by the three macro transmission points and the six RNs.
	Note: this work has been partially supported by the EC through FP7 project FREEDOM, ICT-2007-4-248891


In continuation, for the simplicity of notation, we will use the term DeNB for any type of macro transmission point.
2.1.1 DeNB-RN link (first hop)
This topology has the benefit that, when used in conjunction with the ZF-BD (Zero-Forcing with Block Diagonalization) algorithm, it resolves the interference created by the strongest DeNB interferers to the DeNB-RN links. For avoiding the interference between the reference signals, different cells IDs for the macro transmission points are necessary with the approach in Fig.1A or the support for 12 antennas is needed with the approach in Fig. 1B. 


[image: image1]
Fig. 1  Topology for Scenarios 1&2

The advantage of the topology in fig. 1A is the relatively low volume of data to be exchanged over X2 between the DeNBs in the collaborating set. For the 9 or more transmission points in the JP CoMP set, the data and CSI are exchanged only between three of them. The rate at which the CSI is exchanged is much lower, due to the fixed position of the relays, implying less frequent channel changes. 
The big advantage of the topology in fig. 1B is that there is only one DeNB for the entire coordinated area, such that there are no delays due to the data exchange between the macro transmission points. There are also other advantages belonging to RRH approach.

The topology in Fig.1 has also some advantages in reducing the interference created by the other eNBs, as shown in  Fig. 2.
The inter-cell interference is reduced, because the number of interferers is lower and the distance between the strongest interfering eNBs and the victim RN is significantly higher. For exemplification, see the dashed lines in Fig. 2B (CoMP Scenario 3 or 4) as compared with the situation in Fig. 2A (our topology). 
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Fig. 2  External interference over the DL coordinated area

2.1.2 Access to UE (second hop)
The scheduling approach in the access phase used an orthogonal split between the operation of DeNB (first hop) and the operation of RNs towards the UEs (2nd hop). In case that DeNB’ transmission durations are equal and time-aligned, this orthogonal split had also an influence on the topology in each of the access DeNB and RN phases. Each UE is associated to a single RN, so up to 6 UE are served during a frame, according to the scenario in Fig. 2. No UEs are directly served by DeNB in the simulations shown below in order not to mask the benefits of the proposed access scheme.
Fig. 3 shows an example of the formation of an eICIC group in the 2nd hop, formed by three RNs associated with two different eNBs. As there are only two RNs per DeNB, the implication is that this coordination has to be performed over two DeNBs. There may be cases when the coordination will be done over all three DeNBs.
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Fig. 3 Grouping of relays belonging to different DeNBs, F=3
2.2 Simulation parameters
Our simulations used the parameters established for the CoMP study, scenarios 3 or 4, TDD, downlink. Relays were used as low power transmission points. Additional parameters were:

· Channel model DeNB-RN, for links within the CoMP set: B5a, WINNER II [4];

· Channel model DeNB-RN, for eNBs outside the CoMP set: C1, WINNER II [4];

· DeNB (Donor eNB) macro cell: three in the collaborating set, 4*2 MU-MIMO in downlink;

· Different Cell ID for DeNBs;

· RNs per cell: 2, UEs per RN: 1, implementing 2*2MIMO in the RN DL access segment;

· Traffic scheduling: full buffer;

· No tilt for eNB antennas;

· Interference reduction approaches:

· DeNB eICIC: orthogonal transmissions of the DeNBs, almost blank MBSFN based;
· DeNB-RN link: 
· JT only, at each simulation instance, each eNB can have its own un-coordinated transmission duration;
· JT + coordinated (equal and time-aligned) transmission intervals for each simulation instance;

· Access to UEs: time split between DeNB and RN operation. Each UE is served by one RNs;

· RN-eICIC: almost blank MBSFN-based, orthogonal RN operation using two phases (F=2) or three phases (F=3), in opposition to reuse 1 (F=1).

2.3 Simulations
We have used the ZF-BD algorithm for creating an N-MIMO system between the macro transmission points and the receiving RNs. This JT coherent CoMP approach is a simple and efficient way to mitigate the interference between different self-backhauling links. A condition for its successful operation is the knowledge of CSI, condition easy to fulfill in TDD operation. In FDD operation the quantity of required CSI data is reduced due to the small relay number in a cell and also due the typically static usage of relays. With other words, the RN acts as proxy, avoiding the need of transmitting large traffic of CSI information and by this significantly reducing the CoMP overhead in FDD networks.
We use in our simulations as reference the DeNB eICIC mode, where each DeNB transmits to its RNs in a sub-frame, while the other DeNB nodes use that specific sub-frame in a MBFSN mode, avoiding creating interference.

The maximum performance in relay networks is obtained when the self-backhauling capacity equals the 2nd hop capacity. Given the various spectral efficiencies of the two different hops, this condition is fulfilled for suitable ratio of the durations of the first and second hop. In order to streamline the reading of simulation results, we have intentionally omitted to present the exact split for each case, however all the used splits were compatible with the 10ms frame duration and a single DL/UL switch point.
In our study we have used the eICIC-based interference mitigation also in the second hop. We have implemented again the MBFSN approach, creating two or three operation phases, such that during the access interval of a given RN the other RNs will insert MBFSN sub-frames.

In addition to the average and cell-edge spectral efficiencies, we present the spectral efficiency of the DeNB-RN segment, as the performance of this segment has a major influence on the system spectral efficiency.

Below are presented simulation results for different interference environments and different eICIC approaches. 

2.3.1 Study 1 – Isolated R-CoMP set, not coordinated DeNB-RN durations 
In this study the interference created by the macro transmission points external to the R-CoMP set is ignored. The DeNB-RN transmissions have different un-correlated durations at each simulation instance.
The results of study are shown in Table 1. Details on the ZF-BF algorithm and UPC approach can be found in [2]. The good performance results shown below indicate the high potential of the ZF-BD algorithm for increasing the system performance.
Table 1 Spectral efficiency (b/s/Hz/cell), single CoMP set, not coordinated DeNB-RN durations
	Inter-site distance
	
	500m
	750m
	1000m


	DeNB eICIC, DeNB-RN segment
	Hop 1 avg.
	3.66
	3.57
	3.45

	DeNB eICIC, CoMP set, F=1
	Cell avg.
	1.37
	1.32
	1.25

	DeNB eICIC, CoMP set, F=1
	Cell edge
	0.24
	0.24
	0.23

	JT, DeNB-RN segment
	Hop 1 avg.
	6.98
	6.78
	6.73

	JT, CoMP set, F=1  
	Cell avg.
	3.63
	3.51
	3.47

	JT, CoMP set, F=1  
	Cell edge
	0.24
	0.23
	0.23

	JT, CoMP set, F=2  
	Cell avg.
	3.40
	3.32
	3.27

	JT, CoMP set, F=2 
	Cell edge
	0.21
	0.21
	0.21

	JT, CoMP set, F=3  
	Cell avg.
	2.95
	2.89
	2.82

	JT, CoMP set, F=3 
	Cell edge
	0.19
	0.17
	0.17


2.3.2 Study 2 – Isolated R-CoMP set, coordinated DeNB-RN durations 

Again the interference created by the macro transmission points external to the R-CoMP set is ignored. The results of study are shown in Table 2. Details on the ZF-BF algorithm and UPC approach can be found in [3]. 
Table 2 Spectral efficiency (b/s/Hz/cell), single COMP set, coordinated DeNB-RN duration

	Inter-site distance
	
	500m
	750m
	1000m



	DeNB eICIC, DeNB-RN segment
	Hop1 avg.
	3.66
	3.57
	3.45

	DeNB eICIC, CoMP set, F=1
	Cell avg.
	1.34
	1.29
	1.21

	DeNB eICIC, CoMP set, F=1
	Cell edge
	0.11
	0.11
	0.12

	JT, DeNB-RN segment
	Hop 1 avg.
	9.15
	9.03
	8.94

	JT, CoMP set, F=1  
	Cell avg.
	3.50
	3.41
	3.39

	JT, CoMP set, F=1  
	Cell edge
	0.19
	0.20
	0.21

	JT, CoMP set, F=2  
	Cell avg.
	3.25
	3.17
	3.15

	JT, CoMP set, F=2 
	Cell edge
	0.20
	0.21
	0.21

	JT, CoMP set, F=3  
	Cell avg.
	2.79
	2.71
	2.67

	JT, CoMP set, F=3 
	Cell edge
	0.22
	0.24
	0.25


2.3.3 Study 3 – Full deployment, not coordinated DeNB-RN durations 

In this study the surrounding interference is taken into account. We generate random non-equal DeNB-RN transmissions at each simulation instance. The performance is shown in Table 3. It can be observed the reduction of the spectral efficiency due to the surrounding interference, as compared to Table 1. In the same time, it can be appreciated that the system is robust to a variety of the inter-cell distances.
Table 3 Spectral efficiency (b/s/Hz/cell), full deployment, not coordinated DeNB-RN duration

	Inter-site distance
	
	500m
	750m
	1000m



	DeNB eICIC, DeNB-RN segment
	Hop 1 avg.
	1.29
	1.31
	1.34

	DeNB eICIC, CoMP set, F=1
	Cell avg.
	1.06
	1.07
	1.08

	DeNB eICIC, CoMP set, F=1
	Cell edge
	0.11
	0.12
	0.12

	JT, DeNB-RN segment
	Hop 1 avg.
	3.35
	3.44
	3.61

	JT, CoMP set, F=1  
	Cell avg.
	2.15
	2.16
	2.18

	JT, CoMP set, F=1  
	Cell edge
	0.17
	0.18
	0.19

	JT, CoMP set, F=2  
	Cell avg.
	2.09
	2.06
	2.05

	JT, CoMP set, F=2 
	Cell edge
	0.11
	0.11
	0.12

	JT, CoMP set, F=3  
	Cell avg.
	1.88
	1.89
	1.89

	JT, CoMP set, F=3 
	Cell edge
	0.09
	0.10
	0.11


2.3.4 Study 4 - Full deployment, coordinated DeNB-RN durations 

The results of study are shown in Table 4. Note that when the number of phases is increased, the blank MBSFN sub-frames contribute to the reduction of the average spectral efficiency and this is most evident for the cell edge statistics. However a specific user located at the cell edge will enjoy an absolute traffic value which is F times higher in absolute value than the traffic computed using the cell edge average spectral efficiency value.
Table 4 Spectral efficiency (b/s/Hz/cell), full deployment, coordinated DeNB-RN durations
	Inter-site distance
	
	500m
	750m
	1000m



	DeNB eICIC, DeNB-RN segment
	Hop 1 avg.
	2.76
	2.82
	2.85

	DeNB eICIC, CoMP set, F=1
	Cell avg.
	0.92
	0.94
	0.95

	DeNB eICIC, CoMP set, F=1
	Cell edge
	0.24
	0.23
	0.23

	JT, DeNB-RN segment
	Hop 1 avg.
	5.04
	5.16
	5.25

	JT, CoMP set, F=1  
	Cell avg.
	2.08
	2.10
	2.11

	JT, CoMP set, F=1  
	Cell edge
	0.2
	0.2
	0.2

	JT, CoMP set, F=2  
	Cell avg.
	2.05
	2.05
	2.06

	JT, CoMP set, F=2 
	Cell edge
	0.1
	0.1
	0.1

	JT, CoMP set, F=3  
	Cell avg.
	1.76
	1.8
	1.81

	JT, CoMP set, F=3 
	Cell edge
	0.08
	0.08
	0.08


2.4 Technical conclusions

The simulations presented above justify the use of CoMP technologies in relay networks. The spectral efficiencies obtained in the last studies are extremely attractive from point of view of performance. In addition, the requirements related to fiber /copper availability or to the CSI amount to be exchanged between DeNBs are favourable to this type of deployment.
3 Impact on standards
We found a number of potential improvements of the existing standards, listed in continuation:
1. Non-colliding CSI-RS are necessary within the cooperating set. Based on our assumptions, this makes 12 non-colliding CSI-RS signals, four for each cell. We note that the current CSI-RS mapping is not dependent of the Cell ID, such that it will be necessary a new mapping of the CSI-RS signals.
2. For supporting the deployment of RRHs instead of some DeNBs, the CSI-RS support should be extended from 8 antennas to 12 antennas.
3. The alignment and use of identical durations in the R-CoMP set for the DeNB-RN transmissions have proved to be a factor of interest. We note that the current X2 interface does not support this coordinated approach.
4. Coordination over X2 interface of almost blank MBSFN-based eICIC in DeNB-RN transmissions.
5. Coordination over X2 interface of almost blank MBSFN-based eICIC in RN-UE transmissions, when the RNs are served by different DeNBs.
6. Adaptation of CSI exchange rate to fixed relays.
7. Alignment of Un (DeNB to/from RN) interfaces with the new X2 features indicated above.
8. Support of a possible scenario implementing the interdiction of UE association with a backhauling DeNB – architecture and standards. 
4 Items for study
Based on DAC-UPC simulations, CoMP mechanisms applied to relay operation (R-CoMP) proved to provide a viable approach for the deployment of LTE networks. The main differences of the DAC-UPC approach versus the Scenarios 1…4 agreed in the CoMP study are:

1. A different topology, to boost the rate and reduce the interference during the backhauling interval.
2. Coordination of the relay backhauling intervals.
In addition, such a study should:

3. Study the suitable environment for the relay-based deployment; for example, the existing CoMP study was focused on urban environment, while the CoMP relay approach may be more suitable to the sub-urban environment.
4. Define the suitable channel models for the DeNB-RN link.
5. Study the use of RRH in conjunction to R-CoMP.
6. Define the DeNB and RN suitable antennas.
7. Study the multi-carrier aggregation in the backhauling segment.
5 Conclusions
DAC-UPC has found that by using a coherent JT CoMP approach for the backhauling segment of the RNs it is possible to achieve spectral efficiencies compatible with some results of the CoMP study, addressing regular eNB access to the UE. DAC-UPC study results, used together with the ubiquitous and fast deployment of the RNs, may be attractive for operators, which can benefit from the relay deployment.

Accordingly, we believe that 3GPP community should carefully study the CoMP usage in relay-based networks. We propose two potential alternatives: 

Option 1: Add a new scenario to the CoMP study, including specific topologies and simulation parameters, and postpone accordingly the approval of TR 36.819;

Option 2: Continue with CoMP SID as planned and initiate a new study item addressing the both the CoMP benefits in relay-based networks and the impact on E-UTRA standards. We believe that this option is more suitable, because it will not affect the existing work plan and it will give sufficient time for this study. 
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7 Apendix
Parameters used for simulations
	Parameter
	Value

	Central frequency
	2 GHz

	Duplex method and Bandwidth
	10 MHz in FDD, 20 MHz in TDD

	Cell layout
	19 macro-cells, 3cells per macro-cell; 2 RNs as low power node-cells per cell, one UE per RN

	Macro-cell ISD
	500 m, 750m, 1000m

	Minimum distance between low power node-cells
	40 m

	Minimum distance between macro-cell and low power node-cell
	75 m

	Minimum distance between macro-UE and macro-cell
	35 m

	Minimum distance between low power node-UE and low power node
	10 m

	Total Tx power
	Macro-cell
	46 dBn

	
	Low power node-cell
	30 dBm

	Antenna pattern
	Macro-cell
	120deg., no tilt, 3D pattern defined in TR.36.814

	 
	Low power node-cell
	2D pattern, omnidirectional.

	Antenna gain computation method
	(B) antenna gain of TP-UE boresight

	Antenna gain
	Macro-cell
	17 dBi

	
	Low power node-cell
	5 dBi

	Transmission point antenna height
	Macro-cell
	25 m

	
	Low power node-cell
	10 m

	Path loss
	DeNB-RN, within the CoMP set
	B5a, WINNER II

	
	eNB-RN, for eNB outside the CoMP set
	C1, WINNER II

	
	Low power node-cell-to-UE
	ITU UMi with 10 m Tx antenna height

	Shadowing standard deviation
	DeNB-RN, within the CoMP set
	B5a, WINNER II

	
	eNB-RN, for eNB outside the CoMP set
	C1, WINNER II

	
	Low power node-cell-to-UE
	ITU UMi

	Shadowing correlation
	Macro cell
	0 between macro-cell sites, 1 between macro-cells

	 
	Low power node-cell
	0 between low power node-cells

	Hand over margin
	1 dB

	UE height
	1.5 m

	UE noise figure
	9 dB

	Feeder loss
	0 dB
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Fig. 2A DAC-UPC topology





Fig. 2B CoMP Scenarios 3, 4 topology


























































































































Fig. 1B – One DeNB, two D-RRHs





Fig. 1A – Three DeNBs
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