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1. Introduction 
Relays can be used to enhance system throughput and extend coverage. In 3GPP RAN1 #56, it is agreed that at least “Type 1” relay nodes are part of LTE-Advanced. A “Type 1” relay node is an in-band relaying node characterized by the following:

· It controls cells, each of which appears to a UE as a separate cell distinct from the donor cell.

· Each cell shall have its own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node.

· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible).

· To LTE-Advanced UEs, it should be possible for a Type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
Furthermore, considerable work has been done on the backhaul design between the type-I relay and its Donor eNB. Over the backhaul, it is agreed that the R-PDCCH is the control channel to deliver the scheduling information and other layer 1control information from the DeNB to the RN [2]. Due to the close coupling between the DeNB and the Type-I relays inside the Donor cell, CoMP may be a potential solution to further improve the system performance. For example, the existence of the efficient backhaul may be used to deliver fast collaboration for the CoMP purpose. In this paper, we consider this issue in more details and the preliminary simulation results show that the performance could be potentially much improved. 
2. Intra-donor cell CoMP with Type-I relay 
Figure 1 outlines a basic topology for the use of RNs in a cellular system, e.g., 2-hop RN model. 
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Figure 1. A basic heterogeneous layout utilizing RNs

The transmission power of the BS is normally much higher than the RN, for example, the transmission power of the BS could be 46dBm while the transmission power of the RN could be 30dBm. Therefore, in all practicality, the Relay can only cover a very small area. For the users in the relay cell edge but close to the DeNB, it is better to use CoMP to further improve the throughput. Additional advantages are illustrated as below to apply CoMP in this case:

1) DeNB needs to transmit the data to the RN anyway for the forwarding purpose. Hence the DeNB always has a copy of the data available. There is no extra forwarding.

2) Fast backhaul control signalling is available via the R-PDCCH or R-PDSCH. Hence the coordination between the DeNB and the RN could be quite efficient. 

3) DeNB could provide master control of the CoMP operations, .e.g, centralized scheduling. 

Figure 2 shows a CoMP scenario for the intra-donor cell case. 
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Figure 2. CoMP operation for intra-donor cell

Both the DeNB and the RN could be the CoMP serving node:
1) In the case that DeNB is the CoMP serving node, the RN may forward the resource availability information back to the DeNB. The DeNB determines the transmission mode, PMI/RI, MCS and the scheduling information and delivers this information to the RN for the coordinated transmission.    
2) In the case that the RN is the serving node, there are two different options. 
a. One option is that the DeNB simply forwards the data to the RN as well as the resource availability information. The DeNB maintains a copy of the data. The RN makes the CoMP decision and then forwards the CoMP control information back to the DeNB. 
b. The other option is that the DeNB still behaves as the master control and the RN forwards all the channel information it received from the UE back to the DeNB. The DeNB makes the decision and sends back the CoMP/Scheduling information to the RN. The RN then delivers the PDCCH to the UE. 
We do not have a preference on either options but for the latter option, the DeNB could have more information for smart CoMP decisions, for example, coordinate among multiple RNs in the same donor cell.  Another fact is that the latter option may keep both options working in the similar way, for example, R-PDCCH delivers the CoMP control information /scheduling information. 
There are many ways to deliver the CoMP control information as well as the scheduling information over the backhaul. The following are some possible alternatives.
1) Over the R-PDCCH.

The R-PDCCH contains the CoMP control information and scheduling information. Note that multi-user multiplexing may be applied over the backhaul link, e.g., MAC PDU multiplexing. The R-PDCCH may need to incorporate CoMP/scheduling information for multiple users, each identified by the user ID or implicitly identified by the transmission order. 
2) Over the R-PDSCH.
The CoMP/scheduling information is transmitted as layer 2 information, for example, as MAC control elements, which may be concatenated with the MAC PDU from the same user. Another alternative is to put the CoMP/scheduling information inside the MAC header. This scheme is quite flexible and can work well when multi-user multiplexing is applied over the backhaul link.  
3. Preliminary Simulation Results  
In this section, we show the SINR performance of the PDSCH for the CoMP within the Donor cell. We assume a perfect backhaul link between the eNB and RN. The serving cell selection simply follows the strongest DL RS signal criteria. The CoMP cell selection criteria are as follows: 
· eNB/RN CoMP or RN/RN CoMP transmission if | signal strength from the serving node – signal strength from RN/eNB | < X dB

We used X=5dB in simulation. The following two CoMP scenarios are considered:

· eNB + RN CoMP (scenario 1)

· RN + RN CoMP (scenario 2)

The SINR of cooperative transmission is calculated as the sum of signal powers from CoMP cells (eNB/RN) divided     by the interference. More detailed simulation parameters are shown in table 1 of the Appendix below. Example of the RN layout is shown in Figure 3. Figure 4 and Figure 5 show the SINR performance of the CoMP inside the Donor cell. 
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Figure 3. Example of RN layout (RN=2/cell)
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Figure 4. SINR performance for the CoMP inside Donor Cell (RN=4).
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Figure 5. SINR performance for the CoMP inside Donor Cell (RN=10).
We can observe that using CoMP, around 0.5dB gain is achieved in 4 RN/cell case and around 1dB gain is achieved in 10RN/cell case. We also found that most of the users are still attached to the DeNB due to the large transmission power of the DeNB. The coverage of the RN is actually quite small. Both Scenario 1 CoMP and Scenario 2 CoMP are quite possible scenarios. 
1) In the 4 RN/cell case, around 79% UEs are attached with the RNs only or eNB only; around 21% UEs are in the CoMP mode.  For the UEs in the CoMP mode, there is 17% eNB and single RN CoMP, 2% eNB and multiple RN CoMP and 2% multiple RN CoMP (no eNB). 
2) In the 10 RN/cell case, around 68% UEs are attached with the RNs only or eNB only; around 32% UEs are in the CoMP mode.  For the UEs in the CoMP mode, there is 12% eNB and single RN CoMP, 5% eNB and multiple RN CoMP and 15% multiple RN CoMP (no eNB). 

In the Figure 6, we show the SINR improvement for the UEs that are in the CoMP mode. It is observed that on the average at least 2dB SINR improvement has been achieved by the CoMP operation. 
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Figure 6. SINR improvement for the Users using CoMP in a Donor Cell
4. Conclusions
In this paper, we discussed the CoMP operations inside Donor cell, i.e, DeNB/RN CoMP. We investigate the possible ways to exchange the CoMP/Scheduling information over the backhaul and the possible CoMP scheduling mechanisms. We also provide preliminary simulation results which show that the CoMP in the Donor cell can substantially improve the SINR performance.  
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Appendix
Table 1: simulation parameters

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB, 3 sectors per cell, wrapped‑around

	Relay layout
	1/2/4/10 RNs per macro eNB cell at 2/3 of cell radius  

	Inter-site distance (ISD)
	500 m (DS case 1), 1732 m (DS case 3) 

	Distance-dependent path loss for eNB(UE
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for RN(UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R), R in km   PLLOS(R)=103.8+20.9log10(R)
PLNLOS(R)=145.4+37.5log10(R)
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))
Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095)) 



	Distance-dependent path loss for eNB->relay
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R), R in km

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	Shadowing standard deviation
	10dB (RN to UE);    8dB (eNB to UE), 6dB (eNB to RN)

	Shadowing correlation
	0.5 between sites (including eNB and RN); 1 between sectors per site

	Penetration loss 
	20dB from eNB to UE, 20dB from RN to UE, 0dB from eNB to RN

	Antenna pattern for macro eNBs to UEs (horizontal)
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 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for macro eNBs to UEs (vertical)
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 = 10 degrees,  SLAv = 20 dB, antenna downtilt 6 degrees for Case 3

	Combining method in 3D antenna pattern
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	Antenna pattern for relays to UEs (horizontal)


	0dB for all directions

	Carrier frequency 
	2GHz

	Bandwidth
	10MHz

	Minimum distance between UE and eNB/RN
	35m between UE and eNB, 10m between UE and RN

	Tx power
	46dBm for eNB, 30dBm for RN

	BS antenna gain (incl. cable loss)
	14dBi

	Relay antenna gain (incl. cable loss)
	5dBi

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	eNB noise figure 
	5dB

	Fast fading
	disabled
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