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1 Introduction

Relaying is a technique considered within the scope of LTE-A to improve system throughput and to extend coverage. It is strongly preferred that relays can support legacy Rel-8 UEs to provide backward compatibility [1][2]. Different types of relays are studied for their different characteristic and merit consideration, where one main attractive point of self-backhauling relays is that they can provide cost-efficient backhauling. 
Self-backhauling relays are involved in two communication links, access link and backhaul link. In the access link, relays act as eNB serving their own UEs, while in the backhaul link, relays act as UEs in its donor cell with large capacity requirement.  For in-band relaying in TDD, there are several contributions on discussing frame structure design (arranging backhaul link and access link) to avoid interference in case of simultaneous transmission and receiving in the same band at relay station [3-6]. All these frame structure designs are basically in a way of TDM backhaul link and access link and they are:
· Straightforward MBSFN subframe approach [3-4].

· Configurations pairing approach [5].

· UL subframe stealing approach [6].

In this contribution, the comprehensive study of existing relay frame structures proposed in the previous meetings [3-6] is first provided. Then the pros and cons of all available relay frame structures are listed and finally our suggestions are presented.
2 Summary of Relay Frame Structures
For backward compatibility, the common channel, HARQ timeline and grant association in Rel-8 specification should be strictly obeyed by Rel-8 UE. The HARQ timeline and common channel are outlined below:

1) PDSCH vs. UL ACK.NACK

2) PUSCH vs. PHICH

3) PHICH/UL Grant vs. PUSCH

4) Synchronous UL HARQ timeline

5) Common channel, BCH, SCH, paging, message position 

For the way of TDM backhaul link and relay link, these several factors should be carefully considered when arranging backhaul link and access link. 
The following table presents the HARQ timeline and grant association of all TDD configurations according to Rel-8 specification, where figures following “D/S/U” indicate subframes  at least 4ms later (in the same radio frame or next frame) in which HARQ feedbacks corresponding to the PDSCH/PUSCH are sent. For example, in Configuration 1, “D7” in the column of subframe #0 indicates that the PDSCH transmitted on subframe #0 will get HARQ feedback on uplink subframe #7. Similarly, figures following “G” indicate the subframes in which the PUSCH associated to the corresponding UL Grants given on the DL subframes are sent. For example, in Configuration 1, “G7” in the column of subframe #1 indicateds that the PUSCH associated to the UL Grant transmitted on subframe #1 will be sent on subframe #7. 
	Configurations
	Subframes number

	
	0
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	D3
	D3
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	G3

	4
	D2
	S2
	U8
	U9
	D2
	D2
	D3
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	D2
	S2
	U8
	D2
	D2
	D2
	D2
	D2
	D2
	D2

	
	
	
	
	
	
	
	
	
	G2
	

	6
	D7
	S8
	U6
	U9
	U0
	D2
	S3
	U1
	U5
	D4

	
	G7
	G8
	
	
	
	G2
	G3
	
	
	G4


Table 1.  HARQ timing and Grant association of TDD configurations
As for Common channel in TDD frame configurations, BCH, SCH and paging, etc. are transmitted on subframes of #0,#1,#5,#6, so these 4 subframes are always used in access link in all frame design.
2.1 Straightforward MBSFN subframe approach

Using MBSFN subframes for downlink transmission in backhaul link was suggested in RAN#42 meeting. A straightforward way to use MBSFN mechanism is that in the configuration configured at relay station, configuring some DL subframe as MBSFN subframe for downlink transmission and “blanking” some UL subframe by proper scheduling for uplink transmission in the access link, while both backhaul link and access link run with a same existing TDD DL/UL configuration, i.e., same downlink subframe and uplink subframe allocation, same HARQ timing and same UL grant association. 

This straightforward way is feasible in some configurations, but suffers from the inefficiency of access link due to the constraint of HARQ timing in some TDD configurations. For example, when a UL subframe is used for the backhaul link transmission from relay to eNB, this UL subframes must be “blanked” in the access link. Consequently, the normal DL subframes used for the access link who expect HARQ feedbacks on the “blanked’ UL subframes will never get feedbacks (i.e., HARQ feedback loss). HARQ feedback loss will lead to the waste of time-frequency resource, i.e. these DL subframes may not transmit PDSCH.

Here TDD configuration 4 is considered as an example. In all figures of this contribution, figures in the row of “ACK/NAK” and “GRANT” will be interpreted in a similar way as in Table 1.  For example, the figure “2” at the cross of the row of “ACK/NAK” and the column of subframe #0 indicates that the PDSCH transmitted on subframe #0 will get HARQ feedback on uplink subframe #2 in the next frame and the figure “2” in the column of subframe #8 means the UL grant transmitted on DL subframe #8 associating with the PUSCH sent on the UL subframe #2 in the next frame.
In TDD configuration 4, the HARQ feedback of subframes #0,#1,#5 and #6 are carried either on subframe #2 or #3 according to Rel-8 specification. With the straightforward MBSFN approach, at least one uplink subframe among subframe #2 and #3 must be occupied by backhaul link. So at least one subframe among subframes #0,#1,#5,#6 can not get HARQ feedback.
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Figure 1. HARQ timing and UL grant of TDD configuration 4
2.2 Configurations pairing 

To deal with the HARQ feedback loss issue, configurations pairing approach was presented [5]. In this approach, configurations configured at donor eNB and relay are different and only MBSFN subframe needs to be configured in the frame configuration of access link. Thus there is indeed no HARQ feedback loss issue anymore. Furthermore, it does not have the complexity of scheduling for relay station to “blank” a UL subframe while relay to eNB transmission is ongoing. 
However, for all feasible pairs, there always exists at least one subframe where in the configuration configured at eNB there is a uplink subframe while in configuration configured at relay there is a MBSFN subframe, which may raise interference between uplink transmission of donor cell and neighbouring eNB cell and downlink transmission of relay cell. 
Figure 2 shows an example of this situation, where on subframe #3 in donor cell and neighbouring eNB cell UEs are transmitting but in relay cell relay are transmitting with the whole band. Principally, to eliminate the interference, donor cell and neighbour eNB cell can sacrifice their respective uplink transmission on subframe #3 (i.e., blank subframe #3), but the sacrifice should be carefully weighted and the “complexity of scheduling” mentioned above now is transformed to eNB. (Note: in this contribution, the number of configured MBSFN subframes should be based on system requirements and may not be completely shown in the figures.)
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Figure 2.  Configuration 4 pairs with configuration 5
(“M” denotes MBSFN subframe)
2.3 UL subframe stealing approach

In this approach, slots of some UL subframes in donor cell will be used for DL transmission from eNB to relay [6]. To make sure UEs are not aware of this change and behave normally, no UE served by donor cell is scheduled in these subframes. But, there will be DL and UL interference to/from the neighbouring cells with no relays unless no UEs scheduled in the stolen subframe in neighbouring cell. Note that another UL subframes are needed for uplink transmission, i.e, at least two UL subframes are used for backhaul link, which will make relaying with TDD configurations with at most two UL subframes not workable (no uplink subframe for access link). See the following illustration in Figure 3. 
In addition, compared with the straightforward MBSFN subframe approach, this approach suffers more severe HARQ feedback loss issue in some TDD configurations for at least two UL subframes “blanked” by proper scheduling in access link. 
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Figure 3. Stolen UL subframe approach
2.4 Adjusting the HARQ timing

One direct approach of solving the issue of HARQ feedback loss is changing the HARQ timing, but we probably immediately reject it with the reason that this approach will not back compatible with Rel-8 specification.  However, with a close analysis, we can make this approach work without impacting Rel-8 UEs’ behaviour. Firstly, look at an instance of this approach, shown in Figure 4.
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Figure 4. An instance of HARQ timing tuning

In figure 4, the configuration in donor cell is TDD configuration 4. If we apply the straightforward MBSFN approach, subframe #6 can not get HARQ feedback for subframe #3 which is used for the backhaul link.
In this new solution, we pair configuration 4 with the so-called configuration “New 4” where subframes #7, #8, #9 are configured as MBSFN subframe and UL subframe #3 is “blanked” by proper scheduling for backhaul link use. Here LTE-A UEs will know this configuration “New 4”. In this way, for LTE-A UEs in the access link, there is no HARQ process affected.

 It can be seen that the only difference between configurations 4 and “New 4” is the feedback position corresponding to subframe #6. To make Rel-8 UEs work and reuse existing broadcasting mechanism, the relay will still broadcast its frame configuration as configuration 4 but work with configuration “New 4” and never gives DL grant to Rel-8 UEs (no PDSCH to Rel-8 UEs) on subframe #6.  Thus, with respect to Rel-8 UEs, it is still TDD configuration 4. Additionally, LTE-A UEs, after receiving the 3 bits configuration information, will decide to behave following configuration “New 4” or real configuration 4 respectively. This can be done by using the superfluous bits of 6 or 24 MBSFN indication bits in TDD. Finally, note that all resource used in access link can be freely assigned to LTE-A UEs, so there is no resource waste.

It should be noted that these changes do not break the baseline of backward compatibility to LTE Rel-8 UEs, because there is not any impact on the behaviour of Rel-8 UEs. Hence, we can change slightly the HARQ timing of some current TDD configurations if there is HARQ feedback loss issue when applying straightforward MBSFN approach. Clearly, there is no interference between DL and UL transmission (i.e. between relay->UEs in relay and UEs->eNB in donor cell and neighbouring cells) and also no waste of resource in the access link anymore. Of course, the trading cost is slightly increased complexity of LTE-A UEs and relays for working under more if-else sentences..

Same as above, the configuration “New 2” to pair with TDD Configuration 2 is provided for supporting relay (see Figure 5).
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Figure 5. Configuration “New 2” pairs with configuration 2
3 High-level Comparison

All frame structures discussed above are briefly listed in the following table:
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Table 2. Frame structures for relaying in TDD
3.1 Straightforward MBSFN subframe
· Pros:

simple and direct
· Cons:
Resource waste for losing HARQ feedback in some configurations
Configuration 0 doesn’t work as no DL subframe available for backhaul link

Configuration 5 doesn’t work as no UL subframe available for backhaul link
3.2 Configurations pairing

· Pros:

Just configure MBSFN subframes in the access link

Avoid potential complexity of scheduling for blanking UL subframes

No HARQ feedback loss issue

· Cons:
 Interference between downlink and uplink

Configuration 0 doesn’t work as no DL subframe available for backhaul link

3.3 UL subframe stealing
· Pros:

Freely use the 1ms of UL subframes for downlink transmission
· Cons:
No UEs can be scheduled in donor cell and neighboring cell for DL/UL interference

Resource waste for losing HARQ feedback 
Configuration 2, 4, 5 does not work as no UL subframes available for access link

3.4 Adjusting the HARQ timing
· Pros:

No HARQ feedback loss issue to LTE-A UEs

No interference between DL and UL transmission

No constraint on resource allocation to UEs in donor cell and neighboring cells

· Cons:
LTE-A UEs and relays need to deal with more configurations

Configuration 0 doesn’t work for as DL subframe available backhaul link

Configuration 5 doesn’t work for as UL subframe available backhaul link
4 Conclusions
With the constraint of backward compatibility, we summarized the existing TDD relay frame structure designs. The advantage and disadvantage of those frame structures are analyzed. We prefer adjusting the HARQ timing combined with straightforward MBSFN approach but we also suggest that all those approaches need to be further studied.
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