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1. Introduction
Type 1 relay node (RN) has been proposed and decided in RAN1#56, which appears to a UE as a separate cell distinct from the donor cell [1][2]. The transmission in access link is similar to that between eNB and R8 UE, and the standardization work needs more considerations for relay frame structure in backhaul link.
For TDD relay, it is necessary to consider the frame structure respectively for the seven configurations of uplink-downlink allocation already defined. The contribution mainly analyzes the solutions that have been proposed for TDD relay frame structure.
2. Discussion
In TDD in-band relay, a set of UL and DL subframes need to be reserved for backhaul link and access link. All the solutions proposed in RAN1 devote to the allocation of subframes for backhaul link and access link. However, since the asymmetry of DL and UL subframes, some TDD configurations have no enough DL or UL subframes to support in-band relay functionality which is seen as a different issue from FDD.
2.1. Current MBSFN solution
The current solution is aligned with the latest version of TR 36.814[1], in which the same TDD configuration is applied for eNB and relay node. To support backward compatibility with R8 UEs, some of the DL subframes are set to MBSFN subframes in access link to allow RN to receive from eNB, and some of the UL subframes in access link are blanked when RN is transmitting to eNB. 
TDD Configuration 0 and 5 could not work with the solution because of no enough DL or UL subframes can be used for backhaul link. For the other configurations, DL and UL subframes could be reserved for the transmission in backhaul link, and especially in TDD configuration 6, subframes in access link are reserved dynamically to support backhaul link transmission. By doing that, it is inevitable that number of DL and UL HARQ processes in access link is reduced if the existing HARQ timing is maintained. We will take TDD configuration 2 and 6 for example to analyze HARQ process with the solution.
TDD Configuration 2:
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Figure 1. HARQ process in access link for TDD configuration 2

As figure 1, subframe #3 and subframe #7 in each radio frame are employed for transmission in backhaul link.
For DL HARQ, subframe #3 configured as MBSFN subframe in RN side has no PDSCH transmitted in access link, which will reduce a DL HARQ process. On the other hand, PDSCH transmitted in subframe #0, subframe #1 and subframe #9 have no ACK/NACK feedback opportunity for subframe #7 is nulled in access link.
For UL HARQ, subframe #7 in access link is nulled and has no PUSCH transmitted, which will reduce a UL HARQ process. Because MBSFN subframes in RN side could always feedback ACK/NACK for PUSCH transmission, UL HARQ process will not be reduced with the absence of ACK/NACK feedback.
The analysis of TDD configuration 1, 3 and 4 is similar to configuration 2.

TDD Configuration 6: 
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Figure 2. HARQ process in access link for configuration 6

For TDD configuration 6, the DL-UL allocation in two half frames are different, which results in the ACK/NACK feedback and retransmission timing for UL HARQ are periodically cycled. If we want to not change the HARQ timing in access link when introducing relay, we could reserve subframes for backhaul link dynamically.

Because subframe #0, #1, #5 and #6 could not be configured as MBSFN subframes, only subframe #9 in a radio frame could be applied for eNB-to-RN transmission. The UL subframes reserved for RN-to-eNB transmission could be different in each radio frame. We could find all the retransmission subframes for an UL HARQ process, and reserve all the corresponding UL subframes in access link for RN-to-eNB transmission. As figure 2 displayed, subframe #2 is reserved for backhaul link in the first radio frame, and then subframe #3 in the second radio frame, subframe #4 in the third one, etc. Thus only one UL HARQ process is reserved in access link without changing the HARQ timing. The reservation of subframes is periodically cycled every six radio frames. Table 1 gives some alternatives for such dynamically subframe reservation.
Table 1. Alternatives for reserved subframes in 60ms period

	
	10ms
	10ms
	10ms
	10ms
	10ms
	10ms

	Alternative 1
	#2
	#3
	#4
	#7
	#8
	N

	Alternative 2
	#3
	#4
	#7
	#8
	N
	#2

	Alternative 3
	#4
	#7
	#8
	N
	#2
	#3

	Alternative 4
	#7
	#8
	N
	#2
	#3
	#4

	Alternative 5
	#8
	N
	#2
	#3
	#4
	#7

	Alternative 6
	N
	#2
	#3
	#4
	#7
	#8


                           * N represents no reserved subframe for backhaul link in the 10ms period
We could also reserve multiple UL HARQ processes when plenty of data needs to be transmitted in backhaul link. The cycled period of subframes reservation may change.
The current solution could support relay deployment except for TDD configuration 0 and 5, and has no change of DL and UL HARQ timing. Importantly, there are no interference problems for the solution.
2.2. Applying different TDD configurations in backhaul link and access link
The solution proposed in [4]
 advocates using different TDD configurations in backhaul link and access link, and MBSFN subframe needs to be allocated only in access link. The MBSFN subframes could be employed for DL or UL transmission in backhaul link, which is named as DL MBSFN or UL MBSFN subframe respectively.
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Figure 3. Interference scenario

The solution may be beneficial in some aspects, e.g. TDD configuration 5 could be used for relaying, and no HARQ feedback loss is found. However, the interference problems could not be neglected in the UL MBSFN subframes.
As shown in figure 3, it is inevitable that downlink control signaling transmitted from RN to relay UE will interfere the UL transmission from macro UE to eNB in the neighbor cell. According to the simulation result for scenario 5 in [6], the received SINRs at eNB from almost all UEs are lower than 0dB, under which the uplink transmission could not be demodulated correctly. The interference severely affects the reception at eNB, which is unacceptable. Moreover, the reception of PDCCH and PHICH at the relay UE may be severely corrupted by the UL transmission of macro UE. In [6], the simulation result for scenario 4 reveals that the area with SINR higher than -2dB (the PDCCH demodulation requirements) is very limited, which is also unacceptable.
To eliminate the interference, donor cell can sacrifice the UL transmission for macro UEs in the UL MBSFN suframe by not granting them. But the solution must be carefully weighed with the complexity of scheduling and the transmission efficiency. In addition, the solution could not be applied for TDD configuration 0.
2.3. UL subframe stealing 

UL subframe stealing method is proposed in [5]
, which supports to use UL subframes for DL transmission in backhaul link. The solution may be beneficial to some TDD configurations in which no enough DL subframes can be applied for backhaul link, e.g. TDD configuration 0. However, the inter-cell interference between DL and UL transmission may also arise.
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Figure 4. Inter-cell interference scenario for UL subframe stealing

As figure 4 displayed, the donor cell steals some UL subframe for eNB-to-RN transmission, but neighbor cells do not do so since no relay node is deployed. The DL transmission in eNB-to-RN link in donor cell will severely affect the reception of UL transmission at eNB in neighbor cells. Even though the transmission power of eNB in the stolen subframe could be limited, according to the simulation results for scenario 1 in [6], the reception SINRs at eNB from  macro UEs located at almost 40％ of the cell area in the neighbor cell are lower than -5dB, which is closed to the minimum required SINR for PUSCH demodulation specified in TS36.104. So with the interference from the DL backhaul, the PUSCH transmitted from nearly half of the cell are can not be correctly demodulated in neighbor cell. If interference comes from multiple cells is taken into account other than only one cell is considered in [6], the uplink transmission could not work any more in most area in the cell.
To avoid inter-cell interference between DL and UL, neighbor cells should also steal the corresponding UL subframes by allowing no UEs to transmit at the time even no relay node deployed, which will result in resource waste for R8 UEs for they could not receive on a UL subframe. 
2.4. Special subframe for backhaul link transmission
As proposed in the meeting and email discussions, a special subframe could be used for RN-eNB transmission on backhaul link by using a portion of guard period (GP), while the other special subframe (e.g. the configuration 0, 1, 2 or 6) could service the eNB-RN link in a similar fashion. The aim is to make all the TDD configurations support relay deployment.
The solution has no impact on DL or UL HARQ timing and no HARQ process loss, which seems apparently a good approach for TDD relay frame structure. But it is necessary to consider the complexity of network deployment and possible inter-cell interference between DL and UL.
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Figure 5. Inter-cell interference scenario
· A cell with large radius will have no enough GP for transmission in backhaul link;
· When different neighbor cells are configured with different special subframe patterns due to different demand, the possibility of inter-cell interference between DL and UL arises as figure 5. The simulation result is identical to that in figure 4;
· To avoid the inter-cell interference stated above, neighbor cells should configure the same special subframe patterns, which will degrade transmission efficiency in some cells without relay node deployment.
The solution needs carefully network planning, which will increase the complexity of TDD deployment.
3. Conclusion
In the contribution, we analyzed several solutions for TDD relay frame structure. Our current view is that the solutions for TDD relaying need to be aligned with TR 36.814 and solutions which will result in interference between DL and UL are not expected. Moreover, we also propose that not all TDD configurations need to support relaying, e.g. TDD configuration 0 and configuration 5. So we prefer to keep the current MBSFN solution for TDD relay application. 
4. References

[1]. TR 36.814 v0.4.1 (2009.02), Relaying functionality
[2]. R1-091112, “Text proposal on type 1 relaying”, Ericsson, Athens, Greece, February 9-13, 2009
[3]. R1-084357, “Efficient support of relays through MBSFN subframes”, Ericsson, Prague, November 10-14, 2008
[4]. R1-090734, “Considerations on TDD Relay”, Nokia, Nokia Siemens Networks, Athens, Greece, February 9-13, 2009
[5]. R1-090665, “UL subframe stealing for in-band relaying in TDD mode”, LG Electronics, Athens, Greece, February 9-13, 2009
[6]. R1-091522, “Interference analysis and simulation for DL-UL swapping in TDD relay system”, CATT, CMCC, Seoul, Korea, March, 23-27, 2009


[image: image6.emf]DSTUUDSUUMDSU UDSUU DSUU DSUU DSUUUDS U DSUUUDSU DSUUUDSUU

3 A 4 A 7 A 8 A 2 A

4 A 7 A 8 A 2 A 3 A

7 A 8 A 2 A 3 A 4

8 A 2 A 3 A 4 A 7

2 A 3 A 4 A 7 A 8

M M M M M T T T T DSTUUDSUUM

3

4

A 7

A 8

A

DSU

2

0 A 1 A 5 A 6 A 0

1 A 5 A 6 A 0 A 1

5 A 6 A 1 A 5

0 A 1 A 5 A 6 A 0

RN FS

UL HARQ

DL HARQ

2 3 A 8 A 7 A 4 A A 2

T

UL subframe for backhaul link

M

MBSFN  subframe

3

PUSCH transmission subframe

A

ACK/NACK feedback for PDSCH

0

PDSCH transmission subframe

A

ACK/NACK feedback for PDSCH

2

Reserved UL subframe for backhaul link

DL&UL transmission in backhaul link

To eNB

From eNB To eNB To eNB To eNB To eNB To eNB From eNB From eNB From eNB From eNB From eNB From eNB

0 1 345678 012 45678 0123 5678 0123 56 8 4 123 56 4 0 7 123 56 4 0 78 0 1 345678 012

 Figure 2. HARQ process in access link for configuration 6
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