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1. Introduction

In [1], a Type I relay is defined which does not transmit and receive in the same frequency band simultaneously. In essence, a Type I relay operates in a half-duplex fashion, to avoid self-interference. Further, an MBSFN approach is captured in [1] as a possible design of DL backhaul subframes for Type I relay in LTE-A, as shown in Figure 1. Relay transmits to its UEs in normal subframes, and receives transmission from its donor eNB in an MBSFN subframe. The DL subframes used for DL backhaul transmissions can be indicated by the donor eNB. Subsequently, relay node configures those DL subframes as MBSFN subframes in its own cell. 
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Figure 1 [1]: Example of relay-to-UE communication using normal subframes (left) and 
eNodeB-to-relay communication using MBSFN subframes (right).
To create transmission opportunities in UL backhaul, it is stated in [1] that this “can be facilitated by not allowing any terminal-to-relay transmissions in some subframes.” However, it is not clearly stated how the UL backhaul subframes are determined by the eNB or relay. Without knowing the UL backhaul subframe indices, relay is unable to create gaps for UL backhaul by not allowing terminal-to-relay transmissions. In this contribution, we discuss the design options for UL backhaul subframes.
2. UL Backhaul Subframes Indication

2.1. UL Backhaul Subframes Known by Relay Node
If the UL backhaul subframe indices are unknown by the relay node (RN), then RN is free to schedule UL transmission in any uplink subframes in its cell. Figure 2 shows an example, where an MBSFN subframe n is used for DL backhaul transmission. RN may receive DL backhaul data (or UL grant) from eNB in subframe n and transmit a corresponding ACK/NAK (or PUSCH) in subframe n+4. In case an UL grant is also issued for a relay UE (named as R-UE hereafter) in subframe n, it shall transmit PUSCH in subframe n+4. Therefore, UE-to-RN transmission collides with RN-to-eNB transmission in subframe n+4. Due to the half-duplex property of the relay node, the signal from R-UE shall be ignored by the RN. While it seems to work fine logically, the option of RN ignoring R-UE transmission in UL backhaul subframes has several drawbacks:
· R-UE wasting transmission power;

· R-UE creating excessive inter-interference;

· RN wasting transmission power issuing UL grant for R-UE.


[image: image2.emf]n n+4

MBSFN

eNB 

à

 RN DL data or eNB 

à

 RN UL grant

RN 

à

 R-UE UL grant

R-UE 

à

 RN UL data

RN 

à

 eNB ACK/NAK or RN 

à

 eNB UL data

eNB

RN

R-UE


Figure 2: Possible Collision between UE-to-RN and RN-to-eNB transmissions
The above drawbacks can be avoided if UL backhaul subframe indices are known by the RN in advance. Subsequently, RN can avoid scheduling any UE-to-RN transmission in the UL backhaul subframes. Note that the types of UE-to-RN transmission may include dynamic PUSCH transmission, SPS PUSCH transmissions, and CQI/SRS/SRI transmissions. Therefore, it seems reasonable to have: 

Proposal 1: UL backhaul subframe indices are known by a Type I RN.
2.2.  Options for UL Backhaul Subframes Indication

A most straightforward approach to determine the UL backhaul subframes is to use the Rel-8 HARQ timing combined with DL backhaul subframe indication. For example, in FDD, if subframe n is used for DL backhaul transmission, then subframe n+4 is used for UL backhaul transmission. For TDD, a similar approach can be adopted, where the HARQ timing depends on the DL subframe index as well as the DL/UL subframe configuration. Note that this is an implicit UL backhaul subframe indication approach. 

Figure 3 shown an example in FDD, where subframes n and n+8 are used for DL backhaul transmissions. Upon receiving the DL backhaul subframe configurations, RN can implicitly derive that subframes n+4 and n+12 are used for UL backhaul transmissions. In other words, on the RN-UE access link, subframes n and n+8 are blocked in DL and subframe n+4 and n+12 are blocked in UL. Therefore, gaps are created for both DL and UL backhaul transmissions.
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Figure 3: Implicit UL backhaul subframe indication in FDD

One property of the “implicit” approach discussed above is that the number of DL backhaul subframes is the same as the number of UL backhaul subframes in FDD and in some TDD DL/UL subframe configurations. Figure 4 and Figure 5 show examples of TDD DL/UL configuration 1, with 1 or 2 DL/UL backhaul subframes per radio frame, respectively. 
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Figure 4: TDD DL/UL subframe configuration 1, with 1 DL and 1 UL backhaul subframe per radio frame
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Figure 5: TDD DL/UL subframe configuration 1, with 2 DL and 2 UL backhaul subframes per radio frame
Note that the price of configuring a DL or UL backhaul subframe is significant, since the corresponding subframe on the access link shall be blocked. In some scenarios, it may be necessary to configure asymmetric number of DL and UL backhaul subframes, e.g. depending on the traffics. Figure 6 shows an example of TDD DL/UL subframe configuration 1, where 2 DL subframes and 1 UL subframe per radio frame are allocated for DL and UL backhaul transmissions, respectively. Note such DL/UL backhaul subframe configuration requires explicit indication on the UL backhaul subframe indices.
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Figure 6: TDD DL/UL subframe configuration 1, with 2 DL and 1 UL backhaul subframe per radio frame
In general, an approach to explicitly indicate the UL backhaul subframes can also be considered. Such an explicit approach shall offer maximum flexibility in assigning DL/UL backhaul subframes in both FDD and TDD. Therefore, we have:

Proposal 2: UL backhaul subframe indices can be obtained by

· An implicit approach based on DL backhaul subframe indices and HARQ timing,
· An explicit approach where UL backhaul subframe indices are explicitly signaled.
3. Conclusions
In the contribution, we study the UL backhaul subframe allocation for Type I relay in LTE-A. Our preference is that UL backhaul subframes shall be known by RN, in order to create UL backhaul transmission gaps and avoid R-UE wasting its transmission power. It is further discussed that UL backhaul subframe indices can be either implicitly determined based on the DL backhaul subframe indices and HARQ timing, or explicitly signaled by eNB.
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