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1. Introduction
Technical requirements of LTE-A include backwards compatibility of Rel-8 UEs by a LTE-A Relay (per TR36.814). The contribution discusses a backwards-compatible full-service inband relay solution using the MBSFN based signaling. Some related contributions discussing MBSFN-based Relay frame structure from RAN1#55, Prague2 are [1-5].  This document is a resubmission of R1-090798 from RAN1#56. 
A conventional RN multiplexing mechanism (see companion contribution [6]) is assumed in this contribution where the RN backhauls through the eNB (see Fig. 1).  Since a full-service RN has its own distinct PCID it appears as a regular eNB to the UEs. In this relay operation, eNB→RN link and eNB→UE link share the DL carrier (F1), and similarly RN→eNB link and UE→eNB link share the UL carrier (F2). From the eNB perspective, the RN may appear as a regular or special UE, while simultaneously, RN may appear as a regular eNB to a UE2 that is being served by the RN (i.e., UE2 camps on and gets service from RN in a way that is the same as from a regular eNB). For clarity, it is assumed that UE1 is a UE that is being served by the eNB and UE2 is a UE that is being served via the RN.
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Figure 1 - Conventional duplexing diagram for Relay
 Since, the Relay Node (RN) cannot simultaneously Tx and Rx in the same DL frequency band (F1), the eNB→RN and RN→UE2 links have to time multiplexed. (Similarly, the RN→eNB and UE2→RN links are also time multiplexed in the UL frequency band, F2). To support this time-multiplexing, the RN can exploit the Rel-8 MBSFN subframe definition. In an MBSFN subframe, the number of OFDM symbols reserved for PDCCH is either one or two (for 1 or 2 antenna ports case) or two (for 4 antenna ports case) and a Rel-8 UE makes no assumptions regarding the contents of the rest of the MBSFN subframe (no CRS transmitted in second slot). 

Per Rel-8 specification, DL subframes #0,#4,#5,#9 in FDD (and #0,#1,#5,#6 in TDD) are mandatory normal subframes (CRS transmitted in both slots) and hence these cannot be labeled as MBSFN. Furthermore, there is a bitmap provisioned in System Information to label each of the remaining six subframes {#1,#2,#3,#6,#7,#8 in case of FDD} in a Radio Frame as a MBSFN subframe or normal subframe using either a length-6 bitmap (for periodicity of a 1 Radio Frame) or length-24 bitmap (for four consecutive Radio Frames and a periodicity of 4 Radio Frames) – either bitmaps can be used to support Relays as described below.
2. Backward compatible Relay Frame structure and operation 

A Full-service Relay is assumed, i.e., the RN has its own distinct Physical Cell-ID (or PCID) and appears as a usual eNB to UE2. Thus if the RN has to receive DL transmissions from the eNB, the RN has to signal to  the UEs in the Relay cell that there are MBSFN subframes with a particular bitmap describing the MBSFN pattern. Thus, a RN can signal a DL subframe as an MBSFN and transmit the nominal PDCCH of one or two OFDM symbols, and then switch to receive from the downlink transmissions from the eNB. The RN can then switch again to start the next DL subframe transmission to UE2. This is illustrated in Figure 2, wherein the eNB transmits on the DL to the RN and a UE1 via FDM in a subframe. Since the corresponding RN DL subframe is labeled as an MBSFN subframe in the Relay cell, the DL transmission from the RN spans first one or two OFDM symbols following which the RN switches to receive mode. The RN receives a portion of a subframe and switches again to transmit mode to start transmitting the next subframe to UE2. From UE2 perspective, since the RN DL subframe is labeled as an MBSFN subframe, a UE2 receives and processes only the PDCCH from the RN as shown. Note that no new eNB behavior (as opposed to SDD Relaying) is necessary except of course to communicate properly in the shortened subframes with the RN. 
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Figure 2 - Backwards compatible DL Frame Structure. (See Appendix for UL Frame structure)
The RN receives transmissions from the eNB in a subset of DL subframes in a Radio Frame. In the Relay cell, the corresponding DL subframes are labelled as MBSFN subframes using the bitmap. For uplink transmission from RN to eNB, the RN can transmit the uplink ACK to eNB 4 subframes later for each received DL subframe received from the eNB for FDD case. The RN can inhibit UE2 uplink transmissions (as much as possible) in the corresponding UL subframes by not scheduling any data via the PDCCH in the MBSFN subframes although it may or may not be possible to temporarily over-ride the configured PUCCH transmissions from UE2.  The RN can ignore any UE2 PUCCH transmissions when RN is transmitting on the UL to eNB. Note that the RN has to send ACKs on PHICH to UE2 in the MBSFN subframes to prevent non-adaptive UL HARQ retransmission. This implies that the corresponding UL HARQ processes experience some additional delay.

Since the MBSFN signalling pattern has a length-24 bitmap for four consecutive Radio Frames (or length-6  bitmap in a Radio Frame), it is possible to assign MBSFN in a way so as to minimize the impact on uplink HARQ on the UE2(RN link. Following are some examples (See [2] for additional details on the frame structure, RN Tx and Rx operations, and its impact on UL HARQ processes.)

· Assign MBSFN pattern with period of 10 ms (e.g., by labelling DL subframes k = 1, 11, 21, 31, as MBSFN subframes – here the subframes in four Radio Frames are enumerated from 0 to 39). Thus the eNB transmits to the RN on DL on subframes k = 1, 11,…  and corresponding the RN transmits on the uplink to the eNB on subframes k+4 = 5, 15, 25, 35. Thus, the UL HARQ processes for UE2 that get blocked are (k+4) mod 8 = 5, 7, 1, 3. Thus, only the odd UL HARQ processes get blocked once in every 40 ms (five transmission opportunities). The even HARQ processes do not experience any blocking. In this case, the eNB ->RN link is available every 10 ms. 

· Assign MBSFN pattern with period of 5 ms (e.g., by labelling subframes k = 1,6,11,16,21,26,31,36 as MBSFN subframes – here the subframes in four Radio Frames are enumerated from 0 to 39). Correspondingly, the UL HARQ processes for UE2 that get blocked are (k+4) mod 8 = 5, 2, 7, 4, 1, 6, 3, 0. Thus, each UL HARQ process gets blocked once in every 40 ms (five transmission opportunities). In this case, the eNB to RN link is available every 5ms. 

· It is also possible to assign MBSFN pattern in an uneven fashion to minimize the number of affected UL HARQ processes (e.g., by labelling DL subframes k = 8, 16, 32, as MBSFN subframes – here the subframes in four Radio Frames are enumerated from 0 to 39). Correspondingly, the UL HARQ processes for UE2 that get blocked are (k+4) mod 8 =4, 4, 4. Thus, only the UL HARQ processes #4 gets blocked three times in every 40 ms (five transmission opportunities) – thus the RN scheduler can choose to not utilize HARQ process #4 or decide to allocate a delay-tolerant traffic. None of the remaining UL HARQ processes experience blocking. However, the delay is increased as the eNB ->RN link is available sporadically with delays ranging from 16 ms to 8 ms. 

The above examples show that with proper MBSFN signalling pattern, a full-service Relay can efficiently TDM the eNB->RN and RN->UE links on DL (and similarly the respective uplinks). The MBSFN-based operation simplifies the backhaul link between the eNB and RN and it allows a Relay to minimize the impact on the UL HARQ processes. A key benefit of the proposed frame structure is that it is fully backwards compatible with Rel-8 specification. 

3. Conclusions 

A backwards compatible frame structure for full-service Relays using existing MBSFN signalling is discussed. 
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Figure 3 - Backwards compatible UL Frame Structure
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