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1. Introduction
In RAN1#57, a text proposal on backhaul resource assignment for Relay nodes was agreed [1]. It was agreed that a new physical control channel (“R-PDCCH”) is used to assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (the “R-PDSCH”). This document discusses some aspects regarding the structure and contents of R-PDCCH. 

Frame structure :  Several RAN1 contributions have discussed frame structures wherein the eNB can support the DL backhaul in any subframe (i.e. enabling FDM of eNB-UE and eNB-RN traffic). However, to receive the DL backhaul from the eNB, the relays have to enable a transmission gap (e.g. via MBSFN signaling, etc) on the RN-UE downlink. (See Figure 1 for an example). See R1-091937 for some discussion on frame structure and backhaul subframe assignment. 
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Figure 1 - Backwards compatible DL Frame Structure.
Number of relay nodes (RNs) in the cell - From a cost perspective, it is anticipated that the number of RNs per cell would be small (e.g. compared to the number of UEs per cell). The simulation results shown so far in RAN1 contributions vary from 1~10 RNs per cell. Therefore, it is sensible to target the RPDCCH design to support a reasonable number of relays.  

Access Link Vs Backhaul Link -

The bottleneck in a relay cell may be either the access or backhaul link and hence both links need to be of high-quality to achieve high throughputs. Therefore, to maximize benefits, the backhaul resources available or assigned to an RN would have to be coordinated with the allocatable resources on the RN-UE link. 

Multiplexing of Backhaul Links for multiple RNs on eNB-RN link - 
Per the agreed TP, semi-statically assigned sub-frames are used for backhaul data transmissions. Several choices for assigning these subframes exist when multiple RNs are supported by the eNB (for convenience, it is assumed that the subframes and Radio Frames in all access and backhaul links are aligned). In general, the subframe assignment would depend on the backhaul link quality, projected access link data rates, number of relays in the eNB, backhaul delay, etc. However, the RPDCCH design can be made simple or complex, depending on the number of relays. 
· Small number of relays -

· Each RN can create transmission gap in a different subframe (or different set of subframes) to receive the backhaul. This enables TDM of eNB-RN1 and eNB-RN2, simplifying the RPDCCH design.

· For instance, if the three relays are to be supported, then RN1 can declare subframe {1,6} as MBSFN subframes to enable its backhaul link, while RN2 uses subframes {2,7} and RN3 uses {3,8} to enable their respective backhauls. Since, the eNB serves only one RN per subframe, in this case, a RPDCCH design can be made very simple (e.g dedicated RPDCCH). Each RN has potentially two whole subframes dedicated for backhaul and eight subframes to serve the access link. 
· Large number of relays -

· The RNs may have to create transmission gap (e.g.. declare MBSFN subframe) during the same subframe (or same set of subframes) to receive the backhaul. In this case, the eNB-RN1 and eNB-RN2 link would be FDMed with the same subframe (or same set of subframes).

· One example, the backhaul for all relays is concentrated in the same set of subframes. For example, with nine relays, each relay may decide to declare SF{1,2,3,6,7,8} as MBSFN to receive the backhaul. Thus, an RN has only four subframes to serve the access link and upto six subframes dedicated for backhaul. This may increase the control channel overhead.  

· It may be easier for the eNB to group the RNs into smaller sets and serve each set in a distinct subframe (or set of subframes). For example, the first set of RNs may be served in subframes 1,6, while second set of RNs are served in subframes 2,7 and the third set is served in subframes 3,8. Thus, the number of RNs to be supported in the RPDCCH in a given subframe can be made smaller and this could also lead to reduced control channel overhead and better usage of resources for access link. In this case, Each RN has potentially two whole subframes dedicated for backhaul and eight subframes to serve the access link.
2. Structure

The baseline assumption is that the RN decodes the RPDCCH that is sent in a subset of PRBs in a subframe. One motivation for this is the increased flexibility in multiplexing (eNB-RN and eNB-UE traffic). It should be possible to dynamic allocate resources (i.e. RBs) within the subset of PRBs on the backhaul (for RPDCCH) instead of a fixed or semi-static allocation of resource blocks. For example, when the RN serves no UEs or has no backhaul traffic, then it should be possible to assign the resources blocks used for RPDCCH to the Rel-8 UEs. To minimize resource wastage, an RN should be able to rate match around the RPDCCH region in this set of PRBs.  
· The RPDCCH region may vary depending on the PCFICH value employed in the macro-eNB’s PDCCH region. Hence the RN may have to resort to blind detection or assumes the eNB uses a fixed PCFICH value in the subframes used for backhaul. In any case, it is desirable to reduce resource wastage by over-dimensioning the eNB control region span. Typically, the eNB may be scheduling lesser number of users in a DL subframe that is also carrying the Relay backhaul traffic and therefore always using the largest possible PCFICH value in the eNB may not be preferable. 
· Given the good quality of backhaul that is expected, (support for at least QPSK R=3/4) it is expected a small number of CCEs (1~2 CCEs) per RN may be sufficient. In this case, it may be possible to have an RN-specific RPDCCH region. Each RN blindly decodes it RPDCCH in a subset of PRBs in the assigned subframes. In this case, an RN is able to rate match around the RPDCCH region and hence can reduce resource wastage.  
· Assuming the eNB-RN control region spans two OFDM symbols, each RB contains 24 REs for control and thus one to two RBs may be sufficient to carry the control information for an RN (e.g. 73-bits for 20MHz TDD 4Tx antenna DCI type 2 means that R=0.76=73/(2*48) given QPSK). Thus, for a 20 MHz bandwidth, this corresponds to roughly 50~100 blind decodes which should be simple for relays, and this number can be controlled via design restriction. It is possible to define a simple CCE structure that span across a smaller number of PRBs. 

· The eNB can FDM the RPDCCH and PDSCH for Rel-8 UEs in a subframe. It is noted that the RBs that contain RPDCCH for Relays can be assigned to carry the RPDSCH as these RBs may not be preferred to be scheduled for PDSCH for Rel-8 UEs.

· It is should be possible to schedule multiple transport blocks from the eNB to the RN in a backhaul subframe. An upper limit on the sum of TBs received in a subframe can be imposed to limit the data rate. Multi-bit uplink A/N can be considered on the uplink backhaul. 
· With an RN-specific RPDCCH, one relay’s R-PDSCH region should preferably not contain the R-PDCCH meant for other relays. One relay cannot rate-match around the R-PDCCH region of other relays, if this region is not known to the RN. 
· The SPS and per subframe PDCCH as in Rel-8 may be sufficient to enable both the downlink and uplink backhauling. Additional mechanisms such as a single R-PDCCH indicating a mulit-subframe assignment may not be necessary especially given that each backhaul DL subframe could have R-PDCCH (control region).
In certain cases, the eNB may want to send only an UL grant to an RN, then the PRBs used for the R-PDCCH region may be wasted unnecessarily. Therefore, an UL grant for an RN may be accompanied by a DL grant or some mechanism should be considered to improve PRB usage. For instance, the DL grant may point the location and length of the UL grant. 

· In another example, the UL grants may be sent by puncturing the PDSCH region. The RN hypothesizes and tries to decode the UL grant to check if the CRC matches. A small amount of REs may be corrupted in the PDSCH. 

· A single assignment containing both UL and DL grants protected with one CRC should also be considered along with the possibility of merging the PHICH into the UL or DL grant. 

Placement of the relay control signaling 

Three choices for multiplexing the R-PDCCH were described in R1-092532.  These were a pure TDM placement, mixed TDM + FDM placement and pure FDM placement. 
· It is noted that while pure TDM placement may not be desirable, it may be quite useful when the system bandwidth is small (e.g. <=10 RBs) – therefore pure TDM cannot be ruled out at this stage until further study. 

· Pure FDM placement suffers from increased decoding latency compared to the pure TDM or mixed TDM + FDM placement. For reduced control decoding latency, it is preferred to limit the eNB-RN control region to within the first slot of the sub-frame which is termed as the mixed TDM + FDM placement.  Also granularity in terms of REs/PDCCH is too large such that the RB(s) used for sending UL grants may not be fully used.
· In [3] it was also mentioned that with mixed TDM + FDM placement of relay control (e.g. limited to one slot), power sharing between R-PDCCH and PDSCH is difficult. However, it is anticipated that link adaptation is enough and no power boosting may be needed for R-PDCCH. Link budget analysis can be used to determine how many R-PDCCH resources are needed for full coverage but it should be assumed that the backhaul link will need to be at least 3 or 4 dB SINR for adequate relay performance.   Also R-PDCCH deboosting should not be a problem (e.g. no EVM issues regarding PDSCH) and should still be possible
3. UL backhaul

In the uplink, the RN(eNB uplink can be facilitated by not scheduling any UE(RN transmissions in some uplink subframes although it may not be possible to over-ride pre-configured PUCCH transmissions from the UE.  In that case, the RN can ignore any UE PUCCH transmissions when RN is transmitting on the UL to eNB. The uplink-downlink subframe relationship in the backhaul can be similar to Rel-8 (i.e. in FDD, for a downlink transmission from eNB to RN in subframe n, the UL ACK from RN to eNB is transmitted in uplink subframe n+4).  This mechanism has the least impact on the uplink HARQ processes of the UEs served by the RNs. However, other uplink-downlink subframe relationships can also be considered, especially if reduced latency is desired on the backhaul link, for example, for a downlink transmission from eNB to RN in subframe n, the UL ACK from RN to eNB is transmitted in uplink subframe n+x. Slot-level transmissions (i.e a shortened UL subframe) on the UL backhaul can be considered to enable the RN to recover some partial uplink control or data from the UEs served by the RN. 

In the TDD mode, for certain DL/UL configurations, the uplink subframes for the uplink backhaul may be scarce or not available at all. For example in DL/UL configuration 5 (in a RN cell), since the RN has only one uplink subframe, it means the RN can transmit to the eNB , thereby causing severe DL throughput loss  (on the RN to UE link) because of the loss of the uplink ACKs sent by the UE to the RN. Similar problems to the different ACK timing may be encountered in other DL/UL configurations, which however can be resolved via proper scheduling. Special subframes with suitable (DwPTS/GP/UpPTS) configuration can be used effectively to provide transmission gaps for uplink and downlink configurations, especially for configurations like 0 and 5. Special subframe has the least impact on the downlink/uplink HARQ on the access link as well. See a companion contribution [2] for discussion on special subframe use for TDD backhaul.

In R1-092780, it was agreed that the set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship. 
· If the amount of backhaul subframes on DL and UL is symmetric, then a straightforward solution is to follow the Rel-8 DL/UL timing principle, i.e. assume that the uplink backhaul subframes are derived implicitly from the downlink backhaul subframes and the HARQ timing. The eNB can dynamically schedule the relay uplink on this set of semi-statically configured uplink backhaul subframes.
· An explicit assignment of UL backhaul subframes is warranted when the subframe assignment is asymmetric, i.e. when the number of uplink backhaul subframes is more than the number of DL backhaul subframes. However, the need for asymmetric subframe usage is not yet proven.  
Conclusions
This document discusses the backhaul design for relay nodes. It is proposed that a simple RN-specific backhaul control region be studied. 
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