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1. Introduction

In relaying, one of the technology components considered for LTE-Advanced, UE(s) communicates with the relay which in turn communicates with an anchor-eNB. The (anchor) eNB may, in addition to serving one or several relays, also communicate with non-relayed UEs directly according to the Rel-8 specifications.

If the anchor-to-relay link operates in the same spectrum as the relay-to-UEs link, which is highly desirable if relaying is to be an attractive solution, simultaneous reception from the anchor-eNB and transmission to UEs by the relay can be troublesome due to interference from the relay downlink transmitter to the relay downlink receiver. This is illustrated in Figure 1 and holds for any type of relay. A similar problem occurs for simultaneous transmission from UEs and the relay. 

A consequence of this is that it should be possible to operate the relay such that the relay is not transmitting in the downlink when it is supposed to receive data from the donor cell, i.e. to create “holes” in the relay-to-UE transmission.

In principle, avoiding relay-to-UE transmissions in some subframes is not an issue if backwards compatibility with Rel-8 is sacrificed. However, backwards compatibility in the sense that a relay should be able to support also Rel-8 UEs is required (or in some cases strongly beneficial) as stated in TR 36.814. Therefore, a mechanism to inform Rel-8 UEs not to expect downlink transmissions from the relay in the “holes” is required. Note that such a mechanism is required already in Rel-8 and cannot be added in later releases.
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Figure 1: Downlink interference in backhaul link.

2. Discussion

Two possibilities to create the above-mentioned downlink “holes” in the relay-to-UE transmission were mentioned during RAN1#54bis:

· blank subframes, proposed in ‎[1], which is new functionality that would be needed in Rel-8

· MBSFN subframes, which makes use of functionality already existing in Rel-8

Common to both approaches is the need to handle inherent 10 ms “structure” due to synchronization signals transmitted in subframe 0 and 5. To ensure proper behavior of Rel-8 UEs connecting to the relay, these subframes should be transmitted
. Furthermore, for FDD, subframe 9 and, in some configurations, subframe 4 are used for paging (for TDD, subframe 1 and 6 are used for paging) and should be possible to transmit in the downlink by the relay. Thus, the set of “mandatory unicast” (or “unblankable”) subframes is {0, 4, 5, 9} for FDD and {0, 1, 5, 6} for TDD. This set has been taken into account in the definition of MBSFN subframes in Rel-8. Also, the set of “unblankable” subframes constitutes the minimum set upon which the UE can perform mobility measurements.
The corresponding uplink “holes” for the UE-to-relay transmission can be created by scheduling the UE transmission activity properly. However, due to the structure of the synchronous hybrid-ARQ in the LTE uplink, there will be an 8 ms “structure” in the uplink. Hence, irrespective of the method, there will be different time “structures” for uplink and downlink.

2.1. Blank subframes

With blank subframes, new signaling is introduced to blank one or several downlink subframes. As there is no possibility to send ACK/NAK from the relay to the UE in the blank subframes, the corresponding uplink subframes are preferably used for relay-to-anchor communication rather than uplink transmissions from the UEs to the relay. Thus, the uplink and downlink are coupled as downlink blank subframes are defined with an 8 ms periodicity to match the uplink 8 ms hybrid-ARQ RTT. Note that uplink scheduling grants and ACK/NAK in response to uplink transmissions cannot be transmitted from the relay in subframes where it receives data from the anchor eNB as there is no downlink control signaling from the relay in those subframes. In essence, blank subframes can be seen as MBSFN subframes with a zero-size control region (and some additional flexibility in the subframe assignment).

If the periodicity of the blank subframes would result in a collision with an unblankable downlink subframe, this subframe is not blanked. As illustrated in Figure 2, this results in some irregularity in the subframes available for anchor-to-relay communication.

Note that this approach requires new functionality to be introduced in Rel-8.
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Figure 2: Example of backhaul link with blank subframes (FDD).
2.2. MBSFN subframes

MBSFN subframes provide a possibility to create “holes” using tools already available in Rel-8. Some of the downlink subframes transmitted by the relay can be configured as MBSFN subframes and Rel-8 terminals will thus ignore all but the unicast region of these subframes (the unicast region is the first one or two OFDM symbols in an MBSFN subframe and is used for hybrid-ARQ acknowledgements and scheduling grants). The presence of the unicast region is useful as it can be used to decouple the “periodicity” of the uplink and downlink. Thus, in contrast to the blank subframes, hybrid-ARQ acknowledgements in response to uplink transmissions from UEs, as well as scheduling grants, can be transmitted from the relay in any downlink subframe.
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Figure 3: Example of backhaul link with MBSFN subframes (FDD).

The anchor-to-relay communication occurs in the MBSFN subframes. As the unicast region occupies the first one (or two) OFDM symbols, the anchor-to-relay link uses the latter part of the subframe. In this case, the relay will ignore the first OFDM symbol(s) of a subframe and cannot receive downlink L1/L2 control signaling from the anchor-eNB (at least not with the Rel-8 structure). In many cases this is not a problem as the anchor-to-relay link most likely is semi-persistently scheduled. Alternatively, staggering of the anchor-to-relay and relay-to-UE links can be used as illustrated in Figure 4 in which case the relay ignores the last OFDM symbol(s) of the transmission
. The use of staggering has no impact on Rel-8 specifications and can be treated as part of the LTE-Advanced discussions.
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Figure 4: Staggering.
3. Conclusions

From a relaying perspective, no strong reasons for blanking has been found and it is proposed to support relaying in LTE-Advanced by reusing the MBSFN subframes already present in Rel-8.

4. References

[1] R1-083817, “Specifying blank subframes for efficient support of relays”, Qualcomm

� Not transmitting the sync signals would, from a terminal perspective, be similar to a deep fading dip which, although not detrimental to the operation, would cause an increase in the cell serach time. 


� This is similar to half-duplex FDD, where the UE may ignore the last OFDM symbol(s) of a downlink subframe immediately preceeding an uplink subframe.
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