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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 discussed 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 PDCCH channels with DCI format 0 (UL scheduling grant) and with DCI formats 1’s and 2’s (DL scheduling grants) 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 help with both UL and DL transmissions from/to that UE.  So the RN will need to decode all PDCCH channels with DCI formats 0, 1’s, 2’s 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 help with UE’s UL transmission. So the RN will only need to decode the PDCCH channel 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 channels 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.  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.  The advantages of the using the above association scheme are:

1. For UEs with Association Type 3, the eNB does not need to transmit these UE’s DL control and data to the RN. It will reduce the backhaul traffic load. The addition of Association Type 3 can help reduce DL interference to other sectors and also reduce RN PDCCH blind decoding complexity as well as backhaul traffic load, e.g., the eNB does not need to transmit these UE’s DL control and data to the RN
2. Reduce inter-cell interference level caused by transmissions from both wireless backhaul and Uu interface between RN and UE 
3. Reduce RN PDCCH blind decoding time. 

Actually we can match the association types to the UE distribution shown in Figure 1.  It is recommended that the UEs in the blue region use Association Type 1, that the UEs in the green region use Association Type 2 and the UEs in red region use Association Type 3.  Of course, since a margin is usually used when considering UL and DL association, the mapping relationship should be slightly different. In order to show the UE association results, we use the same simulation set up in Table 1. A simple example of the association algorithm is used in the simulation follows. 

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. 

b.  Otherwise, this UE is given Association Type 4

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 actually leads to more help from RNs and also more benefits from proposed association scheme. This is intuitively correct.  The increase of help from relay comes from help from both UL and DL (association 2) while or help with UL only (association 3).  Let’s compare with two other association schemes. In the association scheme 2, the association type of a UE is 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 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 schemes.  Association scheme 2 needs the least help from RNs.  It tends to have the smallest backhaul load, interference level and RN blind decoding process. But it ignores 20.8% UEs, which have better UL signal from a relay node but somehow cannot get any help from RNs.  This could defeat the purpose of having a type-II relay network. However, on the other hand, Association scheme 3 needs the most help from RN. It tends to have the biggest backhaul load, highest interference level and highest RN blind decoding process. 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. Actually they do not need help on DL from any RN node.  As a summary, a good association scheme should have a balance between wireless backhaul load, interference level, RN blind decoding complexity and the UE SNR level. 
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 can reduce wireless backhaul load, relay PDCCH blind decoding overhead and the overall interference level.  
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Appendix: simulation assumptions
	Parameter
	Assumption/Values

	Cellular layout 
	19 cells 57 sectors

	Relay layout 
	2 RNs per macro eNB cell

	Inter-site distance (ISD)
	1732 m 

	Path loss for eNB<->UE 
	L = 128.1 + 37.6log10(R), R in kilometers 

	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)

Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

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

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

	Antenna pattern (horizontal)
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eNB:                                            beamwidth 

70 degrees,  

Am = 20 dB.

RN: omni-directional

	Minimum distance between UE and eNB
	35m between UE and eNB

	Tx power
	46dBm for eNB, 30dBm for RN

	BS antenna gain
	14 dBi

	Relay antenna gain
	5 dBi. 
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