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1. Introduction

Several TDD relaying methods were discussed in previous meetings [1-3], and one conclusion is that a single relaying method proposed so far cannot be a complete solution that can cover all the UL-DL subframe configurations. This contribution analyzes the feasibility of the relaying methods for each subframe configuration and shows that one relaying method is complementary to the others.
______________________________________________________________________
2. Relaying Methods in TDD Mode
Three different methods are considered in this contribution. We assume that macro and relay cells uses the same UL-DL configuration in order to avoid UE-to-UE interference that can be incurred in a scheme which uses difference configurations such as the configuration pairing in [2]. In addition, we assume that a special subframe cannot be used as a backhaul subframe. This is because, if a special subframe is used, the amount of OFDM symbols available to the backhaul signal transmission should be adjusted in consideration of the round trip time of the backhaul link as depicted in Figure 1. As a result, the backhaul subframe structure becomes much complicated in a special subframe in contrast to the normal DL or UL subframe. For example, the impact of a variable backhaul subframe length should be taken into consideration in designing the backhaul link channel (e.g., DM RS pattern in backhaul subframe). Moreover, when the backhaul link round trip time is long, only a limited number of OFDM symbols become available for the backhaul transmission which will result in serious backhaul shortage problem.
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Figure 1. An example of subframe boundary alignment when a special subframe is used for the backhaul link transmission. (TDD configuration 1 is assumed).
· Method 1 which uses DL for eNB-to-RN link and UL for RN-to-eNB link
In Method 1, eNB sends backhaul signal to RN via DL subframes and RN uses UL subframes for backhaul transmission to eNB. This method is already captured in TR 36.814 as a solution of backhaul signal transmission [4], and RN should configure the DL subframe in which it is receiving the backhaul signal from eNB as an MBSFN subframe. This fake MBSFN trick is used to inform LTE UE’s that RN is not transmitting CRS during the subframes allocated to eNB-to-RN link.
· Method 2 which uses UL for eNB-to-RN and RN-to-eNB links (UL subframe stealing)
In Method 2 which is referred to as UL subframe stealing [1], UL subframes are stolen to establish eNB-to-RN link. The fake MBSFN trick is not necessary for Method 2 as DL subframes are not used for the backhaul transmission and reception. There has been raised some concerns on the possibility of eNB-to-eNB jamming caused by eNB’s backhaul signal transmission in UL subframes, but, as shown in [5],  an adequate level of backhaul transmission power achieves the link quality comparable with or even better than that of Method 1 while limiting the eNB-to-eNB interference at a manageable level.
· Method 3 which uses DL for eNB-to-RN and RN-to-eNB links (DL subframe stealing)
Method 3 may be called DL subframe stealing as RN transmits backhaul signal to eNB via DL subframes. The fake MBSFN trick is necessary for eNB to receive the signal transmitted by RN.
_____________________________________________________________________
3. Feasibility of Each Relaying Method
In this section, we check the feasibility of each relaying method for the seven UL-DL subframe configurations defined in [6] in the descending order of the number of UL subframes.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Table 1. UL-DL subframe configurations.

· Configuration 0
Method 1 and 3 are not applicable to Configuration 0 because there is no subframe to open the eNB-to-RN link; subframe #0, #1, #5, and #6 are non-MBSFN-configurable subframes. On the other hand, Method 2 is feasible as eNB-to-RN and RN-to-eNB links can be established by using the six UL subframes (at least one subframe should be left for the access link). Table 2 summarizes the possible usage of each subframe under the three relaying methods. Here, A1 and A2 mean that the subframe can be allocated to the eNB(or RN)-to-UE and UE-to-eNB(or RN) links, respectively. B1 and B2 mean that the subframe can be allocated to the eNB-to-RN and RN-to-eNB links, respectively. B12 implies that the subframe can be used for any direction of eNB-to-RN and RN-to-eNB links.
	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(U)
	4(U)
	5(D)
	6(S)
	7(U)
	8(U)
	9(U)

	Method 1
	A1
	A1
	A2/B2
	A2/B2
	A2/B2
	A1
	A1
	A2/B2
	A2/B2
	A2/B2

	Method 2
	A1
	A1
	A2/B12
	A2/B12
	A2/B12
	A1
	A1
	A2/B12
	A2/B12
	A2/B12

	Method 3
	A1
	A1
	A2
	A2
	A2
	A1
	A1
	A2
	A2
	A2


Table 2. Possible usage of each subframe in Configuration 0.

· Configuration 6
Method 1 is applicable to Configuration 6 by allocating the only MBSFN-configurable subframe (subframe #9) to eNB-to-RN link. The backhaul data delivered during subframe #9 is forwarded to the RN UEs via subframes #0, #1, #5, and #6. This operation will suffer from backhaul shortage problem unless the backhaul link efficiency is 4 times better than that of the access link. This backhaul shortage problem will become more serious when the resource of subframe #9 is shared by several RNs connected to a single eNB. This problem can be solved by employing Method 2 to steal several UL subframes for eNB-to-RN link.
Method 3 is not feasible in this configuration because it requires at least two MBSFN-configurable DL subframes.

	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(U)
	4(U)
	5(D)
	6(S)
	7(U)
	8(U)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A2/B2
	A2/B2
	A1
	A1
	A2/B2
	A2/B2
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A2/B12
	A2/B12
	A1
	A1
	A2/B12
	A2/B12
	A1

	Method 3
	A1
	A1
	A2
	A2
	A2
	A1
	A1
	A2
	A2
	A1/B12


Table 3. Possible usage of each subframe in Configuration 6.

· Configuration 1
All the three methods are feasible in Configuration 1 as shown in Table 4. The backhaul shortage problem of Method 1 may still occur in this configuration because two backhaul subframes (#4 and #9) may be insufficient to support four access link subframes (#0, #1, #5, and #6) if they are shared by a plural number of RNs. We note that, in most cases, the system performance is bottlenecked by the backhaul resource shortage and considerable improvement can be attained if a part of UL resource can be allocated to the backhaul link [7]. So, Method 2 can be used on top of Method 1 to resolve the problem.
	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(U)
	4(D)
	5(D)
	6(S)
	7(U)
	8(U)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A2/B2
	A1/B1
	A1
	A1
	A2/B2
	A2/B2
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A2/B12
	A1
	A1
	A1
	A2/B12
	A2/B12
	A1

	Method 3
	A1
	A1
	A2
	A2
	A1/B12
	A1
	A1
	A2
	A2
	A1/B12


Table 4. Possible usage of each subframe in Configuration 1.
· Configuration 3
All the three methods are feasible in Configuration 3 as shown in Table 5. It seems that Method 1 is the best choice as the other methods have only three subframes which may be not sufficient to accommodate both eNB-to-RN and RN-to-eNB links. It is also possible to use a proper combination of the three methods depending on the traffic intensity, channel condition, etc.
	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(U)
	4(U)
	5(D)
	6(D)
	7(D)
	8(D)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A2/B2
	A2/B2
	A1
	A1
	A1/B1
	A1/B1
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A2/B12
	A2/B12
	A1
	A1
	A1
	A1
	A1

	Method 3
	A1
	A1
	A2
	A2
	A2
	A1
	A1
	A1/B12
	A1/B12
	A1/B12


Table 5. Possible usage of each subframe in Configuration 3.
· Configuration 2 and 4
It is possible to employ Method 2 in these configurations, but the access and backhaul signal should be multiplexed within a single subframe. If we assume that subframes #2 and #7 in Configuration 2 are allocated to the eNB-to-RN and RN-to-eNB links, respectively, then there is no UL subframe that can be allocated solely to the access link. As a result, the relay UE’s signal should be multiplexed with eNB’s backhaul transmission in subframe #2 and similar resource sharing between the marco UE’s signal and RN’s backhaul transmission is required in subframe #7.
Method 1 is feasible in this configuration but it may suffer from UL resource shortage problem as there are only two UL subframes (one for access link and the other for backhaul link). Method 3 can be used to solve this problem.
	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(D)
	4(D)
	5(D)
	6(S)
	7(U)
	8(D)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A1/B1
	A1/B1
	A1
	A1
	A2/B2
	A1/B1
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A1
	A1
	A1
	A1
	A2/B12
	A1
	A1

	Method 3
	A1
	A1
	A2
	A1/B12
	A1/B12
	A1
	A1
	A2
	A1/B12
	A1/B12


Table 6. Possible usage of each subframe in Configuration 2.
	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(U)
	4(D)
	5(D)
	6(D)
	7(D)
	8(D)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A2/B2
	A1/B1
	A1
	A1
	A1/B1
	A1/B1
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A2/B12
	A1
	A1
	A1
	A1
	A1
	A1

	Method 3
	A1
	A1
	A2
	A2
	A1/B12
	A1
	A1
	A1/B12
	A1/B12
	A1/B12


Table 7. Possible usage of each subframe in Configuration 4.
· Configuration 5
Method 1 and 2 are infeasible in this configuration under the assumption that a relaying system should have at least one UL backhaul subframe and one UL access subframe in a single radio frame. Under this assumption, Method 3 is the only feasible way for this configuration as shown in Table 8.

	
	
Subframe number

	
	0(D)
	1(S)
	2(U)
	3(D)
	4(D)
	5(D)
	6(D)
	7(D)
	8(D)
	9(D)

	Method 1
	A1
	A1
	A2/B2
	A1/B1
	A1/B1
	A1
	A1
	A1/B1
	A1/B1
	A1/B1

	Method 2
	A1
	A1
	A2/B12
	A1
	A1
	A1
	A1
	A1
	A1
	A1

	Method 3
	A1
	A1
	A2
	A1/B12
	A1/B12
	A1
	A1
	A1/B12
	A1/B12
	A1/B12


Table 8. Possible usage of each subframe in Configuration 5.

However, if it is allowed to open UL backhaul subframe once in a multiple radio frames, it becomes possible to support relaying in Configuration 5 without introducing Method 3. Figure 2 shows such an example where UL backhaul subframe is allocated once in two consecutive radio frames.
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Figure 2. An example of relaying in TDD configuration 5 with Method 1.

_____________________________________________________________________
4. Conclusion
The feasibility of each relaying method has been discussed in this contribution. We can conclude that none of the considered method can be a complete solution that covers all the configurations. We can observe that, with only a single method, the relaying system is infeasible in some TDD configurations and seriously suffers from lack of backhaul resource in some other configurations. Therefore, a proper combination of relaying methods should be considered for the completeness and flexibility of relaying operation in TDD mode.
______________________________________________________________________
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