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1. Introduction
In RAN1#56 and follow-up e-mail discussions, some agreements were made regarding relay node (RN) design for LTE-A:

At least “Type 1” relay nodes are part of LTE-Advanced. A “type 1” relay node is an inband relaying node characterized by the following [1]:

· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell
· The cells shall have its own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …
· In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node
· It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 
· To LTE-Advanced UEs, it should be possible for a type 1 relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.

The decision whether “Type 1” relay node implements the full L2/L3 stack or some sub-layers only is deferred to RAN2 and RAN3 in [2]. As elaborated in [3], in this contribution, we assume the following function split between RN and eNB:
· Control plane: up to limited or complete RRC

· User plane forwarding of PDCP PDUs

For inband backhauling RN, the Access-Backhaul partitioning of RN is as follows [4]:

· eNB → RN and RN → UE links are TDM in a single frequency band (only one active at a time)

· RN → eNB and UE → RN links are TDM in a single frequency band (only one active at a time)

· A scheme supported in FDD: 

· eNB → RN in DL frequency
· RN → eNB in UL frequency

· A scheme supported in TDD:

· eNB → RN in DL subframes of the eNB and RN 
· RN → eNB in UL subframes of the eNB and RN
· Support of DL backhaul using UL resources for eNB → RN communication or UL backhaul using DL MBSFN for RN→ eNB FFS
In this contribution, we further elaborate on some L1-related design aspects, building upon the above decisions.

2. Inband backhaul
2.1. Backhaul subframes

One constraint resulting from supporting inband backhaul is that the RN cannot receive and transmit simultaneously on the same band. Another constraint comes from the fact that Rel-8 UEs always expect to receive cell-specific reference signals (CRS) in all DL subframes. Therefore, an attractive approach to insert relays in Rel-8 networks is to use MBSFN subframes, as already provisioned in LTE to address forward compatibility beyond the control symbols [5]

 REF _Ref218914790 \n \h 
 \* MERGEFORMAT [6]. In MBSFN subframes, Rel-8 UEs are aware that CRS are only transmitted in the first and second OFDM symbols. Therefore, RN has the opportunity to receive data from the eNB while not transmitting to UE during the following symbols. This is illustrated in Figure 1 showing an example of RN inband backhaul transmissions being configured on MBSFN subframes #3 and #8. Note the eNB also serves its own UEs in all subframes, but these transmissions are omitted in the figure for readability.
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Figure 1: RN inband backhaul subframes involving simultaneous UL/DL transmissions

It should be noted though that MBSFN subframes need to be used only for subframes involving eNB-to-RN (DL) transmissions. In practice, RN-to-eNB (UL) transmissions can take place in any subframes, provided the RN can configure “blank” UL subframes by not allocating or cancelling any UE-to-RN UL transmission during these subframes (see Section 2.4). This is further illustrated in Figure 2 showing an example of inband backhaul subframes only involving one-way transmissions.
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Figure 2: RN inband backhaul subframes involving one-way transmissions

The flexibility in configuring the inband backhaul subframes where DL transmission takes place is limited by the MBSFN subframe configurability, which has a periodic pattern of one frame period and cannot be configured in subframes #0, #4, #5 and #9 [5]
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 \* MERGEFORMAT [6]. Table 1 provides the existing MBSFN patterns.
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Table 1: MBSFN patterns

2.2. Backhaul slot granularity
The previous section discussed the use of specific subframes for running inband backhaul transmissions, assuming no RN<->UE transmission can occur during these subframes, except the legacy DL control symbols. However, UL RN-to-eNB backhaul transmissions can be limited to one slot (the first slot) in these subframes, thus enabling UE-to-RN transmissions in the second slot. This provides the benefit to the RN to receive PUCCH ACK/NACK and SRI of good geometry UEs as well as SRS. The RN can further anticipate provision for this by boosting the PUCCH transmissions accordingly through the PUCCH-specific power control command.
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Figure 3: Slot-based inband UL backhaul

2.3. Backhaul allocations

From the above discussion it results that:

· The RN can never receive PCFICH, PHICH and PDCCH from the eNB

· The inband backhaul transmissions take place on “configured” subframes

Therefore:

· the UL/DL grants defining the resource for the transmission of the MAC PDU conveying the aggregated PDCP PDUs for/from the UEs under RN’s coverage can be conveyed  in a DL MAC PDU, denoted e.g. “backhaul grant PDU”, similar to what is done for the Random Access Response (RAR).

· the resource allocation of this backhaul grant PDU is semi-persistently allocated (RRC).
2.4. Relay behavior during inband backhaul subframes

From the discussion in Sections 2.1 and 2.2 above it results that, during inband backhaul subframes:

· relay shall not schedule RN-to-UE PDSCH (initial) transmissions, if RN is expecting to receive data from eNB.

· relay shall not schedule UE-to-RN PUSCH (initial) transmissions, if RN is expecting to transmit data to eNB.
· relay will cancel, whenever possible, the semi persistent allocations of its serving UEs or rely on HARQ to recover them

· the relay will ignore and reply NACK to non-adaptive retransmissions received from its serving UEs
· PUCCH transmissions from UE: the relay will

· either address unavoidable ACK/NACK and SRI transmissions as DTX if inband backhaul UL transmission takes place on both slots of the subframe

· or attempt to detect ACK/NACK and SRI transmissions if inband backhaul UL transmission takes place on the first slot of the subframe

2.5. Relay Control Channel (RCCH)

To support the proper operation of relay node in the network, the donor eNB shall be able to configure its RN. A new logical channel, e.g. named relay control channel (RCCH) is necessary for such a purpose. As mentioned in Section 1, from protocol layer point of view, although PDCP seems unnecessary for U-plane in the RN, it can be needed for C-plane. One possible use of RCCH is to enable eNB to configure the RLC and MAC at RN. Overall, RN can be viewed as an off-site buffer for eNB. Therefore, the properties of the RLC and MAC in eNB shall be largely replicated at RN. The association between UE and radio bearers, the priorities among multiple UEs, the priorities of multiple logical channels of a single UE, the QoS of multiple radio bearers, etc., shall be conveyed to the RN by the eNB.   

3. Conclusions
In this document, we build upon the way-forwards agreed in RAN1#56 and discuss further relay design options as summarized below:
· Time multiplexed Access-Backhaul links:
· Use MBSFN subframes for DL inband backhaul (eNB-to-RN)
· RN-to-eNB (UL) transmissions can take place in any subframes or slot, provided the RN can configure “blank” UL subframes by not allocating or cancelling any UE-to-RN UL transmission during these subframes
· The PDCP PDUs for/from the UEs under RN’s coverage are aggregated on the inband backhaul in a single MAC PDU which resource allocation is provided by the eNB to the RN in a “backhaul grant” PDU, semi-persistently allocated.
· A logical control channel, e.g. relay control channel (RCCH) may be needed for eNB to configure the relay MAC and/or RLC. Some RRC function may need to be implemented in the relay node.
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