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Backward compatibility requirements for relaying
Relaying is being examined as part to the LTE-Advanced study item as a technology to enhance coverage and capacity. The backwards compatibility requirements as stated in [1] and [2] are not exhaustive, at least it is apparent that the minimum requirement is that a R8 UE can still operate in a LTE-A network, but not necessarily connect to all nodes. So there is no final conclusion yet, whether it is essential to allow R8 UEs to connect to relays, or whether it is sufficient if they can connect to eNBs. Noting that relaying may be a good tool to provide coverage extension, it is desirable to also allow legacy R8 UEs to connect to a relay, otherwise these UEs will not experience the coverage increase and consequently relays cannot provide the full coverage extension either. 
Implementation options
Implementation constraints and options for relaying

The fundamental difference between relays and UEs and eNBs is that Relays need to implement 4 links, not only two: Both UL and DL to/from both the mother eNB and the UE need to be supported and consequently 4 sets of resources need to be available, not just 2. While UL and DL can be separated using the “normal” duplex mode (either FDD or TDD, depending on the duplexing mode), the links to mother eNB and UE need to be separated in a different way. One such way could be to use different frequencies for these two directions (also called out of band relaying). This is an appealing straight forward option, but can not be considered a universal solution because it requires access to another band. Therefore reserving some subframes for the backhaul is the more universal option. 
Backward compatible constraints of using subframes for backhaul

Assuming a set of subframe is reserved for backhaul, the relay is not able to transmit to the UE during those subframes, because it receives data from the eNB on the DL band (or portion of frame in case of TDD, we will use the FDD nomenclature for simplicity, without loss of generality) during that time. However R8 UEs expect signals to be available on some or all of the subframes to allow efficient synchronization, demodulation and mobility related measurements. This includes synchronization signals in the center part of subframes 0 and 5 (PSS, SSS, also PBCH) and common reference signals in all subframes. 
In order to allow efficient channel estimation and tracking, common reference signals are scattered over the entire subframe, with the exception of the MBSFN subframe where they are concentrated at the beginning in the first one or two OFDM symbols. The remaining part of the MBSFN subframe is inaccessible for the R8 UE, as MBSFN is not fully specified in R8 and consequently R8 UEs will not be able to support MBSFN.
So the obvious choice is to use MBSFN subframes on other subframes than 0 and 5 to reserve resources for the backhaul link.

Alternatives to usage of  MBSFN subframes
Another proposal to free subframe for the backhaul was to specify a new type of subframe which does not contain any OFDM symbols, called blank subframe [3, 4]. Unfortunately, such a subframe does not exist in the LTE specification, so this would require a rather low level (hardware) change. It would considerably affect the implementation of channel estimation for serving and neighbor cells and mobility procedures. While TDD already does have some subframes without DL transmission, i.e. the UL subframes, the DL subframes are always allocated sequentially without gaps, therefore similar consequences apply to TDD as well (as stated above, the DL/UL split in TDD rather corresponds to the split of bandwidth in UL and DL band). As blank subframes are not expected to be implemented soon in the networks, there is little chance to test the behavior of UEs with such a new subframe 
If both relaying and MBSFN are to be supported, then the allocation of both types of subframes needs to be signaled to R8 UEs, causing twice the overhead compared to signaling only a MBSFN allocation.

The blank subframe lacks not only reference symbols but also any PDCCH and therefore does not allow control signaling that relates to UL transmission. Therefore blank subframes will also have an additional indirect impact on the UL transmission and thus may require more subsequent changes.
Commonalities of MBSFN and blank subframes:
· Impact on eNB RN link: Both subframes free some time for the RN to connect with the mother eNB. However, because some switching time will be required and because the subframes will not be perfectly aligned due to propagation delay (and the symbols devoted for RS in casa of MBSFN), no full overlap of the reception window with the subframe transmitted by the eNB can be achieved
Consequently some modifications of the link between eNB and RN (compared to the existing R8 eNB UE link) need to be done in any case. This may include the necessity to design modifications to shared and control channels. Taking specific properties of relays into account (less relays i.e. less addressing overhead, trunking of data for several UEs, typically good and  not quickly changing channel), the new control channel can be designed more efficiently, then there is little or no loss if the first few OFDM symbols containing the R8 PDCCH cannot be received.
· Impact on HARQ operation on link to UE: A smooth operation of HARQ processes requires that subframes available for retransmissions reoccur with 8ms periodicity and control signaling on the opposite link are available offset by 4 ms. (for TDD similar associations exist, but the exact timing depends on the selected subframe configuration)
The subframes that are set aside for relaying should not interfere with this reoccurrence and as a consequence they should also reoccur with the same periodicity.
Unfortunately a reoccurrence of 8ms will inevitably eventually hit subframes 0 or 5, no matter which subframe it starts with, but this is less critical: It means just that a HARQ process on the backhaul link has to pause shortly, but as modifications on that link are required anyhow, this should not be too big an issue.
· Distribution of reserved subframes: If several subframes are required for backhaul operation within one frame, they should be well separated to avoid extended periods where no communication is possible on either the backhaul or access link, because the latter would cause unnecessary delay. This is unfortunately in contradiction with the presently defined allocation of MBSFN subframes, which are allocated in a grouped fashion in order to optimize DRX operation for UEs tuning to MBSFN transmission.
As a consequence, it would be more suitably, if the allocation of reserved subframes could be designed to support both relaying and multicast operation. 
Summary

Efficient legacy support of relaying requires to set aside some subframes for backhaul communication. If the subframe allocation can be made slightly more flexible than the current allocation of MBSFN subframes, then performance can be optimized for both the backhaul and access links. This requires changes to control messages only.

Both MBSFN and blank subframes can support relaying. The efficiency will vary somewhat, but the basic principle will be very similar. Impact on existing designs is much more severe for the case of blank subframe because this affects a broad range of implementation aspects including physical layer (HW) changes. Impact of blank subframes on mobility performance would also need to be investigated.
Conclusion

As long as no severe advantages of the blank subframe are investigated, but severe impacts on current R8 implementation and time-frame are apparent, the introduction of new subframes is not justified.

We therefore propose to utilize the existing MBSFN subframes to support relaying.
A somewhat more flexible allocation of MBSNF subframes can enhance performance of both the access and backhaul link by better spacing the available transmission opportunities. If it is feasible for RAN2 to implement such slightly more flexible allocations without impact on the R8 timeline, it might be worth to consider this option. 
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