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1. Introduction & Background
For both FDD and TDD relay, TDD duplex between backhaul and access links may result in the interference at the Tx-to-Rx and Rx-to-Tx switch points, which is similar to tranditional TDD systems [1]. In [2], further considerations and conclusions have been proposed as follows.
· For both FDD and TDD relay, in order to overcome the interference at Rx-to-Tx switch points, it is required to implement the absolute synchronization between RNs and RN and other nodes.
· For both FDD and TDD relay, in order to reject the interference at Tx-to-Rx switch points, the absolute synchronization between RNs is necessary, and the GP between Tx and Rx must be large enough for all scenarios to reject the interference.
The contribution will focus on the backhaul interference analyses at Tx-to-Rx switch points for different backhaul timing cases.
2. Basic assumptions & Scenarios
It is difficult to evaluate the backhaul interference since there is no pathloss model between RNs. In order to get some preliminary conclusions, a reasonable assumption about the pathloss model between RNs is proposed.
Proposal 1: With the assumption of the same propagation distance, the pathloss between RNs should be larger than the pathloss between eNB and RN， but smaller than the pathloss between RN and UE.

Table.1: Pathloss model for eNB-RN and RN-UE [3]
	
	LOS
	NLOS

	eNB-RN
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	RN-UE
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Based on the above assumption, the upper and lower bounds of the interference between RNs can be got. In [4], several typical evaluation scenarios for relay have been agreed, which includes urban, suburban and rural. In table.2, some related parameters are relisted to faciliate the following analyses.
Table. 2: RN parameters for different scenarios [4]
	Scenarios
	RF Power
	Antenna Height
	RN density (#/cell)

	Urban
	30dBm
	Below rooftop
	2~3 for coverage; 5~10 for capacity

	Suburban
	30~37dBm
	Above rooftop
	5~10

	Rural
	40~43dBm
	Like eNB
	2~3


3. DL Backhaul Interference for Different Timing Cases
For inband relay, the reception at DL backhaul subframe at RN may be disturbed by the PDCCHs from other nodes. In the section, the interference scenarios between RNs are analyzed for the different DL backhaul timing cases [5].

· Case 1.
For case 1, there is a fixed offset at RN DL backhaul subframe to provide the time for the second GP, namely for the transition from Rx to Tx. If the transition periods for both Tx-to-Rx and Rx-to-Tx are 20us, the gap (
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) between PDCCH and R-Backhaul at RN is about 30us and 40us for normal and extend CPs, respetively. If the propagation delay between RNs is larger than the gap, the interference will happen. 
Based on the above assumptions, the interference analyses are shown in Table.3. In fact, the gap in the practice must be less than 
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 because of the different propagation delays between RNs and their donor eNBs. In addition, if there are multiple RNs that can disturb each other, the interference must be larger than the results in Table.3.
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Fig.1: DL backhaul timing case 1.
Table.3: DL backhaul interference estimation between RNs for case 1 timing
	
	Urban 

(RF=30dBm)
	Suburban 
（RF=37dBm）
	Rural

(RF=43dBm)

	
	30us/9km

(normal)
	40us/12km

(extend)
	30us/9km

(normal)
	40us/12km

(extend)
	30us/9km

(normal)
	40us/12km

(extend)

	Pathloss

(LOS)
	Upper
	124dB
	127dB
	124dB
	127dB
	124dB
	127dB

	
	Lower
	123dB
	126dB
	123dB
	126dB
	123dB
	126dB

	Interference

(LOS)
	Upper
	-93dBm
	-97dBm
	-86dBm
	-89dBm
	-80dBm
	-83dBm

	
	Lower
	-94dBm
	-96dBm
	-87dBm
	-90dBm
	-81dBm
	-84dBm

	Pathloss

(NLOS)
	Upper
	181dB
	186dB
	181dB
	186dB
	181dB
	186dB

	
	Lower
	160dB
	164dB
	160dB
	164dB
	160dB
	164dB

	Interference

(NLOS)
	Upper
	-130dBm
	-134dBm
	-123dBm
	-127dBm
	-117dBm
	-121dBm

	
	Lower
	-151dBm
	-156dBm
	-144dBm
	-149dBm
	-138dBm
	-143dBm


For urban scenarios, the NLOS results should be paid more attention to because of the below rooftop deployment of RN. The interference is far smaller than thermal noise (-101dBm for 20MHz), and therefore the backhaul should be limited by noise. However, for suburban and rural scenarios, the LOS results should be concerned because of the above rooftop deployment of RN. For these scenarios, the interference is far larger than thermal noise, and therefore the backhaul capacity is limited by interference. 

· Case 2.
Case 2 is based on the fast transition between Tx and Rx. If the 2us transition time can be implemented, the gap between the PDCCH transmitting and R-backhaul receiving is up to 2.7us for normal CP and 14.7us for extend CP. Please note that the delay spread at RN is not taken into account, and therefore the interference evaluation results in Table.4 should be better than practice.
Table.4: DL backhaul interference estimation between RNs for case 2 timing
	
	Urban 

(RF=30dBm)
	Suburban 

（RF=37dBm）
	Rural

(RF=43dBm)

	
	0.8km

(2.7us)
	4.4km

(14.7us)
	0.8km

(2.7us)
	4.4km

(14.7us)
	0.8km

(2.7us)
	4.4km

(14.7us)

	Pathloss

(LOS)
	Upper
	102dB
	117dB
	102dB
	117dB
	102dB
	117dB

	
	Lower
	98dB
	116dB
	98dB
	116dB
	98dB
	116dB

	Interference

(LOS)
	Upper
	-68dBm
	-86dBm
	-65dBm
	-80dBm
	-59dBm
	-74dBm

	
	Lower
	-72dBm
	-87dBm
	-61dBm
	-79dBm
	-55dBm
	-73dBm

	Pathloss

(NLOS)
	Upper
	142dB
	170dB
	142dB
	170dB
	142dB
	170dB

	
	Lower
	122dB
	149dB
	122dB
	149dB
	122dB
	149dB

	Interference

(NLOS)
	Upper
	-92dBm
	-119dBm
	-85dBm
	-112dBm
	-79dBm
	-106dBm

	
	Lower
	-112dBm
	-140dBm
	-105dBm
	-133dBm
	-99dBm
	-127dBm


For NLOS channel model between RNs, the interference is close to the thermal noise. However, for LOS channel model, the interference is so strong to limit the backhaul capacity especially in rural and suburban scenarios. 
· Case 3.
For case 3, if the transition periods for both Tx-to-Rx and Rx-to-Tx are 20us, the gap (
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) between PDCCH and R-Backhaul at RN is larger than 50us for normal CP and 60us for extend CP. The analyses results are listed in Table.5.
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Fig.2: DL backhaul timing case 3.
Table.5: DL backhaul interference estimation between RNs for case 3 timing

	
	Urban 

(RF=30dBm)
	Suburban 

（RF=37dBm）
	Rural

(RF=43dBm)

	
	50us/15km

(normal)
	60us/18km

(extend)
	50us/15km

(normal)
	60us/18km

(extend)
	50us/15km

(normal)
	60us/18km

(extend)

	Pathloss

(LOS)
	Upper
	128dB
	130dB
	128dB
	130dB
	128dB
	130dB

	
	Lower
	128dB
	130dB
	128dB
	130dB
	128dB
	130dB

	Interference

(LOS)
	Upper
	-98dBm
	-100dBm
	-91dBm
	-93dBm
	-85dBm
	-88dBm

	
	Lower
	-98dBm
	-100dBm
	-91dBm
	-93dBm
	-85dBm
	-88dBm

	Pathloss

(NLOS)
	Upper
	190dB
	192dB
	190dB
	192dB
	190dB
	192dB

	
	Lower
	169dB
	171dB
	169dB
	171dB
	169dB
	171dB

	Interference

(NLOS)
	Upper
	-139dBm
	-141dBm
	-132dBm
	-134dBm
	-126dBm
	-128dBm

	
	Lower
	-160dBm
	-162dBm
	-153dBm
	-155dBm
	-147dBm
	-149dBm


For NLOS propagation between RNs, the interference can be omitted. For LOS propagation, the interference is close to thermal noise in urban, and larger about 10 to 15dB than thermal noise in suburban and rural scenarios.
· Case 4.
The interference analyses for case 4 are similar to the analyses for case 1 or 2. 
Please note that the interference from only one RN is taken into account in the above analyses. If there are multiple RNs that can disturb each other, the interference must be more severe. In order to enhance the rejection to the interference between RNs, only one PDCCH at RN can be taken into account if there are only two antenna ports for the access link. 

4. UL Backhaul Interference for Different Timing Cases
For TDD systems, if the UL backhaul subframe is followed by a DL subframe, the Tx-to-Rx transition at the UL backhaul subframe can be avoided. However, for FDD, as long as the UL backhaul subframe is followed by a UL access subframe, the Tx-to-Rx transition must happen. If there is no enough GP to reject the interference, the reception at the next UL access subframe may be disturbed. In the section, only the interference scenarios between RNs are analyzed for different UL timing cases.
· Case 1.
For case 1, there is a fixed offset at RN UL backhaul subframe to provide the time for the second GP, namely for the transition from Tx to Rx. It should be noted that there is not any additional GP to reject the Tx-to-Rx interference except for the CP at the first SC-FDMA symbol at the next UL access subframe. If the propagation delay between RNs is larger than the CP, the interference will happen. 
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Fig.3: UL backhaul timing case 1.
The interference analyses for UL case 1 should be similar to the analyses for DL case 2. As the whole CP can be used to separate the backhaul Tx and access Rx, the interference should be slightly lower than the analyses results in Table.4. 

· Case 2a.
UL case 2a is also based on the fast transition between Tx and Rx. If the 2us transition time is taken into account, all of analyses should be same to the analyses for DL case 2.
· Case 2b&3.
For case 2b and 3, the UL access and backhaul subframe boundary is staggered by a fixed gap. For case 2b, the fixed gaps consume the resource of the last OFDM symbol at the UL access subframe. For case 3, the fixed gaps expend the resource of the last OFDM symbol at the UL backhaul subframe. As case 2b has the same fixed gaps as case 3, the interference analyses should be aslo same.
Except for the transition time for both Tx-to-Rx and Rx-to-Tx, if the whole residual time is used to reject the interference from Tx to Rx, the maximum gap between backhual transmitting and access receiving is about 30us for normal CP and 40us for extend CP. Therefore, the numerical results should be same to those in Table.3.
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Fig.4: UL backhaul timing case 3.
· Case 4.
UL case 4 is similar to DL case 3. If the transition time from Tx to Rx is 20us, the gap (
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) as shown in Fig.5 should be larger than 50us for normal CP and 60us for extend CP. Therefore, the analyses results are same to the numerical results in Table.5.
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Fig.5: UL backhaul timing case 4.
As the analyses in section 3, if there are multiple RNs that can disturb each other, the interference must be more serious.
5. Discussions
· Urban

For urban scenarios, as RN is deployed below rooftop, the NLOS results should be paid more attention to. All of analyses results in urban NLOS scenarios are close or larger than the thermal noise, and therefore the backhaul capacity should not be degraded by the interference.
· Suburban & Rural

For suburban and rural scenarios, as RN deployment is above rooftop or even similar to eNB, the LOS results should be concerned. 
For DL, the interference rejection in case 2 is the worst, and the interference rejection in case 3 is the best. For example, in rural LOS scenarios, if the distance between RN and its donor eNB (RF=46dBm) is 3km, the worst signal-to-interference ratio (SIR) for normal CP is about 14dB for case 1, -9dB for case 2 and 19dB for case 3.If the antenna gain of eNB is larger 10dB than that of RN, the worst SIR can increase to 24dB for case 1, 1dB for case 2 and 29dB for case 3.
For UL, the interference rejection in case 2a is the worst, and the interference rejection in case 4 is the best. For example, in rural LOS scenarios, if the distance between RN and UE (RF=26dBm) is 100m (LOS), the worst SIR for normal CP is about 0dB for case 1 and 2a, 23dB for case 2b and 3 and 28dB for case 4. If the antenna gain for RN is larger 7dB than that of UE, the worst SIR can decrease to -7dB for case 1 and 2a, 16dB for case 2b and 3, and 21dB for case 4.
6. Conclusion
According to the above analyses, if eNB has a significant antenna gain than RN, the Tx-to-Rx interference at DL backhaul subframe can be effectively rejected except for DL case 2. Otherwise, only DL case 3 can provide the enough GP to reject the Tx-to-Rx interference in all possible scenarios. For the Tx-to-Rx interference at the UL backhaul subframe, only case 4 can provide the large enough GP to ensure the backhaul capacity in all possible scenarios. Please note that if multiple interference RNs are taken into account, the interference will be more serious than above analyses. According to above analyses, several proposals are presented.
Proposal 1: Not only the effective backhaul symbols but also the backhaul interference should be taken into account to evaluate the backhaul efficiency.

Proposal 2: The absolute synchronization between RNs is necessary to ensure the effective GP to reject the transition interference at the Tx-to-Rx switch points.
Proposal 3: If eNB has a significant antenna gain than RN, the Tx-to-Rx interference at DL backhaul subframe can be effectively rejected except for DL case 2. Otherwise, only DL case 3 can provide the enough GP to reject the Tx-to-Rx interference in all possible scenarios.

Porposal 4: For DL backhaul transimission, the configurable GP to reject the transition interference for different scenarios and requirements can be implemented by reducing the PDCCH symbols of the MBSFN subframes at RN.

Proposal 5: For UL backhaul transmission, only case 4 can provide the large enough GP to ensure the backhaul capacity in all possible scenarios.
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