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1. Introduction 
In RAN1#56bis, it was agreed that Type II relay should be studied and the framework is defined as follows [1]:

· Type II relay should not have a separate cell ID and thus would not create any new cell(s)

· The type II relay should be able to relay also to/from Release 8 UEs  

· At least a Release 8 UE should not be aware of the presence of a type II relay

· Transparency also for Release >8 UEs is preferred
In this paper, we analyzed the UL/DL imbalance issue and the UE association for an UL/DL imbalanced Type-II relay network.
2. UL/DL coverage imbalance in a relay network
In a network with relay nodes, there can be a big difference between an eNB transmission power (e.g. 46 dBm) and a relay node transmission power (e.g. 30 dBm) according to [2].  This leads to different coverage areas for the relay node and eNB. There are times when the UE receives a stronger DL transmission from the eNB than from the RN while the RN receives a stronger UL UE transmission than the eNB does. This is caused by the imbalanced UL/DL coverage imbalance. Another way to look at the imbalance situation is that on the UL, the best serving node will be the one that has the smallest coupling loss (path loss plus antenna gains) with the UE while on the DL, the best serving node will be the one that provides the strongest DL received power at the UE (i.e., includes the transmit power of the node).
To investigate the impact of UL/DL imbalance, a simulation was run for a type-II relay network. Two type-II RNs are placed at 3/4th radius away from the eNB @70 and 110 degrees angle in the center sector.  500*57 UEs were uniformly distributed in the 57 sectors.  Only path loss and shadowing are considered (fast fading is not considered). The detailed simulation parameters are shown in the appendix. The cell selection is solely based on eNB’s DL signal strength. Once a UE selects the serving cell, given that there are two relay nodes in the above locations, the simulation will investigate UL and DL receiving power for the UEs in the center sector.  Due to the UL/DL imbalance condition described above, it is possible that a UE can receive a strong DL power from eNB but receive a strong UL signal from a relay. 
Figure 3 shows the simulation results. Nearly 68.3% are in blue. They represent the UEs where the strongest DL receive power and the smallest UL coupling loss are both with the eNB. There are 14.5% of the UEs in green whose best UL coupling loss and DL receive power will be with an RN (i.e. both UL and DL would be served by the RN). Finally, there are 17.2% UEs in red that are in the UL/DL imbalance region, where they have the strongest DL receive power from the eNB while the smallest UL coupling loss is with a RN.   
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Figure 1. UE distribution in an UL/DL imbalanced relay network
3.  UE Association in an UL/DL imbalanced Type-II relay network
UE association is an important procedure for the Type II relay network. A Type-II relay can help an eNB with DL transmission, or UL transmissions, or both.  Due to the UL/DL imbalance condition described in the previous section, a UE may experience more complicated DL and UL signal transmission environments than in traditional cellular network. In order to leverage this UL/DL imbalance condition, the following 4 association types are defined (also summarized in table 1). 
Association Type  1. A UE is associated with the eNB only. In this case, the RN will not help with any transmissions to or from that UE. The RN does not need to decode the PDCCH for that UE. 

Association Type  2. A UE is associated with the eNB and an RN on both UL and DL. In this case, the RN will assist with both UL and DL transmissions from/to that UE.  So the RN will need to decode the PDCCH with all DCI formats except DCI format 3 for that UE. 

Association Type  3. A UE is associated with a RN only on UL but with an eNB on both UL and DL. In this case, the RN will only assist with UE’s UL transmission. So the RN will only need to decode the PDCCH with DCI format 0 for that UE. 

Association Type  4. A UE is associated with a RN only on DL but with an eNB on both UL and DL. In this case, the RN will help UE’s DL transmission.  So the RN will only need to decode the PDCCH with DCI formats 1’s and 2’s for that UE.

Table 1. UE association types in a Type-II relay network
	Association Type
	UL with
	DL with

	1
	eNB
	eNB

	2
	eNB + RN
	eNB + RN

	3
	eNB + RN
	eNB

	4
	eNB
	eNB + RN


As pointed in the simulation results, a UE could receive a strong DL signal from the eNB while it has a smaller UL coupling loss is with a RN than with the eNB. If this imbalance exceeds certain threshold x, for example, the DL signal from the eNB is x dB better than the DL signal from any Type-II RNs in its cell while the UE still has a smaller coupling loss with one of the Type-II relays,  the eNB can decide that this UE goes for Association type 3. The addition of association type 3 has the following advantages. For UEs with Association Type 3, the eNB does not need to transmit the UE’s DL control and data to the RN in the case that type-II relay may assist the initial transmission as well. Further this association type could help reduce DL interference to other sectors and reduce the amount of the RN PDCCH blind decoding. It is not difficult to find that Association Type 4 only happens when a Type-II relay node has a greater transmission power than that of the eNB. This is a rare case to happen in reality.  
As an example, in Figure 1, the UEs in the blue region could use Association Type 1, while the UEs in the green region could use Association Type 2 and the UEs in red region could use Association Type 3.  Since a margin is usually used when considering UL and DL association, the mapping may be slightly different. In order to show the UE association results, we use the same simulation set up. The following association scheme is used in the simulation as an example. 

1. If the eNB receives a stronger UL signal from the UE than all the RNs in its cell by x dB, e.g., x=5dB.
a. If this UE receives a DL signal from the eNB that is stronger than that received by all the RNs in its cell by y dB, then this UE is given Association Type 1. 

2. If one RN i in this cell receives a UL signal that is not x dB smaller than the eNB

a. If this UE receives a DL signal for the eNB still stronger than all the RNs in its cell by y dB, e.g., y=5dB, then this UE is given Association Type 3. 

b.  Otherwise, this UE is given Association Type 2. 

Table 2. UE association results 
	Association Type
	% of UEs
(x = y = 0 dB)
	% of UEs
(x = y = 2 dB)
	        % of UEs
(x = y =5 dB)
	% f UEs

(x = y =10 dB)

	1
	68.3%
	65%
	60%
	48.7%

	2
	14.5%
	16.6%
	19.2%
	24.2%

	3
	17.2%
	18.4%
	20.8%
	27.1%


Table 2 shows the percentage of UEs in each association type.  As we can see, the increase of the margin values leads to more help from RNs and also more benefits from proposed association scheme. 
We further compare two other association schemes. In the association scheme 2, the association type of a UE is only decided based on the DL received signal strength:
1. If the DL signal the eNB is x dB stronger than that from all the RNs in its cell, this UE is associated with eNB only on both UL and DL. 
2. Else, the UE will be associated with both eNB and a RN on its UL/DL. 

In association scheme 3, the association type of a UE is only based on UL signal strength:

1. If the eNB’s received UL signal is x dB stronger than all the RNs in its cell, this UE is associated with the eNB only on both UL and DL. 

2. Else, the UE will be associated with both eNB and a RN on its UL/DL. 

Table 3. UE association results for 3 different schemes (x=y = 5dB)
	Association Type
	Proposed UE association scheme
	Association scheme  2
	Association scheme 3

	1
	60%
	80.8%
	60%

	2
	19.2%
	19.2%
	40%

	3
	20.8%
	N/A
	N/A


From table 3, we can see the results from three different association schemes.  Association scheme 2 needs the least help from RNs.  It may have less backhaul loading, interference level and RN blind decoding. But it ignores 20.8% UEs, which have better UL signal from a relay node but somehow cannot get any help from RNs.  On the other hand, Association scheme 3 needs the most help from RN. It may have more backhaul loading, higher interference level and higher RN blind decoding. Among 40% UEs that need help from RN on both UL and DL, about 20.8% UEs have very good DL receiving power from eNB while they do not need help on DL from any RN node.  The suggested association scheme explores the imbalance situation and outperforms other two association schemes. 
4. Conclusions
In this paper, we discussed the UE association schemes in a Type-II relay network.  For a Type-II relay network, there exists UL/DL imbalance coverage so an association scheme by considering this imbalance is defined.  The suggested scheme reduces wireless backhaul loading, relay PDCCH blind decoding overhead and the overall interference level.  
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Appendix: simulation assumptions

	Parameter
	Assumption/Value

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

	Relay layout
	2 RNs per sector uniformly distributed at 3/4 of cell radius  

	Inter-site distance (ISD)
	1732 m (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
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R),  R in km

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))

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

	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

	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 
	Omni-directional

	Carrier frequency 
	2GHz

	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
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