3GPP TSG-RAN1 #58bis 
R1-094257
Miyazaki, Japan, October 12 – 16, 2009
Agenda Item:
7.8
Source: 
Fujitsu

Title: 
Discussion on Backhaul link of Type-1 Relay for LTE-A TDD
Document for:
Discussion and Decision
1. Introduction
TDM based resource allocation should be used for relay backhaul link and access link. Due to this restriction, different TDD subframe configurations should use different relay methods. A way forward [1] related with using relay in TDD systems was agreed on in e-mail discussion after RAN1 #56 meeting, where it stated:
· A scheme supported in TDD:
· eNB → RN in DL subframes of the eNB and RN
· RN → eNB in UL subframes of the eNB and RN
· Support of DL backhaul using UL resources for eNB → RN communication or UL backhaul using DL MBSFN for RN→ eNB FFS
In this contribution, we gave the main issues of using type-1 relay in TDD systems. Subframe pairing with the scheme in the first bullet in the WF above was proposed for TDD subframe configurations #1, #3 and #6.
2. Discussion
Type-1 relay is in-band relay and cannot be in transmitting mode and receiving mode simultaneously due to the self-interference. Therefore if the data transmission is not carefully scheduled, two types of collision may occur:

· Type I collision: For example, one DL subframe is used for relay access link, and the UL subframe corresponding to its ACK/NACK feedback is scheduled as UL backhaul subframe. The collision occurs and relay cannot properly receive ACK/NACK feedback as it is now in transmitting mode.
· Type II collision: There are correspondingly two typical situations. The first is if one DL subframe is used for backhaul link, and the UL subframe corresponding to this DL backhaul link ACK/NACK feedback is scheduled as UL relay access link. Then the collision occurs and relay cannot properly receive the UL data. The second is if one UL subframe is served as UL backhaul link, and the DL subframe corresponding to this UL backhaul link ACK/NACK feedback is served as DL relay access link. Then relay cannot transmit data burst to it served UEs, otherwise collision occurs.
To avoid these two types of collision, we strongly recommended that the DL and UL backhaul subframe should be paired together, each with its counterpart’s ACK/NACK feedback. The UL backhaul data and control signal are multiplexed in the same UL subframe.
For FDD system, it is simple to implement subframe pairing. For example, if DL backhaul data and control signal were transmitted in subframe n, UL backhaul data and control signal are transmitted in subframe n+4.  DL subframe n and UL subframe n+4 are paired. Here the backhaul link HARQ timing is same with that of defined in Rel.8 specifications. The method was also proposed in [2, 3]. 
For TDD system, however, as there are totally seven frame configurations, each with different DL and UL subframe ratios, it is difficult to use unified solutions to introduce relay for all the configurations. Jointly considering the scheme proposed in the first bullet in the WF [], we proposed to use subframe pairing method for TDD configuration #1, #3 and #6. 
As subframe #0, #1, #5, and #6 only serve for access link, the UL subframe corresponding to ACK/NACK feedback of these for subframes cannot be paried to be UL backhaul subframe. Other UL subframes are served as candidates for UL backhaul subframes.

The following figures illustrate the subframe pairing for configuration #1, #3 and #6, where the first row indicates the subframe index. The second row is the configuration number.  The third row is the ACK/NACK feedback suframe index specified in Rel.8 specification. For example, data burst transmitted in subframe #0 gets ACK/NACK feedback in subframe #7.  Data burst transmitted in subframe #2 gets ACK/NACK feedback in subframe #6, etc.

For configuration 1, subframes #3 and #9 are paired such that subframe #3 serves as UL backhaul and subframe #9 serves as DL backhaul. Other subframes are scheduled as access link subframe. As subframe #3 is only corresponding to ACK/NACK feedback of subframe #9 and subframe #9 does not contains RN to UEs’ data transmission, type I collision is avoided. Similarly, type II collision is avoided because after eNB transmitting data to RN in subframe #9, RN feeds back ACK/NACK to eNB in subframe #3 multiplexing with data. Alternatively, Subframe #4 and #9 can also be paired with the same reason. 
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Fig.1 subframe pairing for configuration #1

Fig.2 depicts subframe pairing for configuration #3. Subframe #3 and (#7,#8) are paired such that  subframe #3 serves as UL backhaul and subframe (#7, #8) serves as DL backhaul. Type I collision is avoided because subframe #3 is only corresponding to ACK/NACK feedback of subframe #7 and #8. Similarly, Type II collision is avoided after changing relay HARQ timing, i.e., changing eNB ACK/NACK feedback to RN in subframe #8, instead of in subframe #9. The HARQ timing change for backhaul link is presented in the fourth row in Fig.2.
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Fig.2 subframe pairing for configuration #3
Fig.3 depicts subframe pairing for configuration #6. The two types of collision are avoided with pairing subframe #4 and #9. Here UL backhaul link ACK/NACK feedback for subframe #4 should be changed from subframe #0 to subframe #9, as depicted in Fig.3.
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Fig.3 subframe pairing for configuration #6
3. Conclusions

In this contribution, we have discussed two types of collision issues when introducing type-1 relay in LTE-A TDD system. Subframe pairing was proposed to avoid the collision for configuration #1, #3 and #6. Relay may adjust backhaul link ACK/NACK feedback timing to do subframe pairing.
Reference

[1] R1-091124, “WF on Access-Backhaul partitioning of Relays”, Nokia, Nokia Siemens Networks.
[2] R1-091939, “Relay Design for LTE-A”, Motorola.
[3] R1-091807, “Consideration on FDD Type 1 Relay Frame Structure”, Huawei.











































































































































































































































































































































































 1

_1299047032.vsd
U


0


1


2


3


4


5


6


7


8


9


D


S


U


U


U


D


D


D


D


D


4


2


8


9


0


2


2


3


3


4


Configuration 3


Subframe index


Access link ACK/NACK


RN->BS


BS->RN


Backhaul link ACK/NACK


8


3


3



_1307906280.vsd
U


0


1


2


3


4


5


6


7


9


8


4


9


D


S


U


U


U


D


S


U


U


D


7


8


6


9


0


2


3


1


5


4


Configuration 6


Subframe index


Access link ACK/NACK


RN->BS


BS->RN


Backhaul link ACK/NACK



_1299047002.vsd
U


0


1


2


3


4


5


6


7


8


9


D


S


U


U


D


D


S


U


U


D


7


7


6


9


8


2


2


1


4


3


Configuration 1


Subframe index


ACK/NACK feedback


RN->BS


BS->RN


BS->RN


RN->BS



