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1. Introduction
In this contribution, we generally discuss the handling of Rel-10 relay features, as well as the higher layer signaling needed in support of Rel-10 relay physical layer functions. 
2. Rel-10 relay feature handling
During initialization, a Rel-10 relay functions as a UE, in order to receive the necessary configurations from its donor eNB. Therefore, the Rel-10 relay shall support some of the UE features. During normal operations, the Rel-10 relay shall support the Rel-10 relay specific features. Therefore, it is necessary to separately discuss the relay feature handling corresponding to Rel-10 UE features and Rel-10 relay features. 
2.1. Handling of Rel-10 UE features for Rel-10 relay

Generally, the following three approaches can be taken to handle the Rel-10 UE features for Rel-10 relay.
· Approach 1: All Rel-10 UE features are optional for Rel-10 relays. This approach is not desirable for IoT.
· Approach 2: A minimum set of Rel-10 UE features are mandatory for Rel-10 relays. All remaining Rel-10 UE features are optional for Rel-10 relays. The mandatory features shall guarantee reliable communication between donor eNB and relays, during the initial configuration. 
· Approach 3: A minimum set of Rel-10 UE features are mandatory for Rel-10 relays. A set of Rel-10 UE features are not supported by Rel-10 relays. And all remaining Rel-10 UE features are optional for Rel-10 relays. The mandatory features shall guarantee reliable communication between donor eNB and relays, during the initial configuration. The Rel-10 UE features without use case on backhaul link or requiring significant design for backhaul link shall not be supported by Rel-10 relays. For example, it has been agreed that Rel-10 relays shall not support transmission rank greater than 4 on backhaul link.
It is proposed that Approach 3 is adopted as the method to handling Rel-10 UE features supported by Rel-10 relays. RAN1 shall further discuss the minimum set of Rel-10 PHY UE features mandatory for Rel-10 relays, as well as the set of Rel-10 PHY UE features not supported by Rel-10 relays.
2.2. Handling of Rel-10 relay specific features
Similar to handling of Rel-10 UEs features for Rel-10 relays, a set of the newly defined Rel-10 relay features in TS36.216 shall be mandatory to facilitate IoT. One of the major Rel-10 relay specific features is the R-PDCCH design. Currently the following two options are supported for R-PDCCH in Rel-10:

· Non-interleaved R-PDCCH

· Interleaved R-PDCCH

It is desirable that one of the above R-PDCCH features is mandatory. In addition, it is noted that non-interleaved R-PDCCH can be demodulated with either DM RS or CRS, while interleaved R-PDCCH is supported with CRS only. Since backhaul subframe can be either MBSFN or non-MBSFN in the donor cell, the application of non-interleaved R-PDCCH is more general than the interleaved R-PDCCH. Therefore, it is proposed that non-interleaved R-PDCCH is mandatory for Rel-10 relays.
3. Higher layer signaling
With the Rel-10 relay features specified in TS 36.216, the following higher layer signaling is needed to support the Rel-10 PHY relay features.
3.1. Indication of backhaul subframe allocation

 Donor eNB shall configure the set of subframes used for backhaul transmission. One of the following two alternatives can be adopted:
· Alt1: higher layer signaling indicates the backhaul subframe configuration index, where the list of possible configurations is specified in TS36.216.
· Alt2: higher layer signaling configures the set of backhaul subframes with bit-mapping. 
· FDD: DL backhaul subframes are allocated with a periodicity of 8 ms. In case the allocated DL subframes are non-MBSFN subframes, they shall not be used as DL backhaul subframes. Consequently, DL backhaul subframe allocation periodicity is 40ms. UL backhaul subframes can be either explicitly or implicitly derived.

· TDD: Both DL and UL backhaul subframes are allocated with a periodicity of 10ms. A 6-bit bitmap is sufficient for explicit indication of both DL and UL backhaul subframes.  
3.2. Starting and ending OFDM symbol in a DL backhaul subframe

 Higher layers shall also indicate the starting and ending OFDM symbol with a DL backhaul subframe. The following two approaches are possible:
· Alt1: Higher layers separately configure the starting and ending OFDM symbol in a DL backhaul subframe with two parameters, one for the starting OFDM symbol and one for the ending OFMD symbol. TS36.216 specifies the possible configurations for the starting and ending OFDM symbol separately.
· Alt2: Higher layers configure the starting and ending OFDM symbol in a DL backhaul subframe using one parameter. TS36.216 shall specify the possible combinations of starting and ending OFDM symbol in a DL backhaul subframe.
It is further noted that the configuration of ending OFDM symbol in a DL backhaul subframe is tied to the eNB/RN DL timing requirement as specified by RAN4. In case tight synchronization between eNB and RN is required, at least one OFDM symbol at the end of subframe cannot be used for DL backhaul transmission.
3.3. Configuration of R-PDCCH PRBs
It is likely that R-PDCCH can only be transmitted in a subset of PRBs within the system bandwidth. The configuration of R-PDCCH PRBs is closely related to the R-PDCCH design, with the following alternatives:

· Alt1: Higher layers configure the set of R-PDCCH PRBs, e.g. with Rel-8 resource allocation type 0 or 1 
· Alt2: Higher layers configure the starting PRB index of each R-PDCCH candidates.

Alt1 is applicable for both interleaved and non-interleaved R-PDCCH. It is noted that for interleaved R-PDCCH, the Rel-8 PDCCH design shall be maximally reused. Alt2 is not applicable to interleaved R-PDCCH.
3.4. R-PDCCH interleaving and reference signal type
Currently, the following combinations of R-PDCCH interleaving and reference signal type are supported:
· Non-interleaved R-PDCCH with CRS

· Non-interleaved R-PDCCH with DM RS

· Interleaved R-PDCCH with CRS
Higher layer shall configure the RN to use one of the above three options for R-PDCCH decoding.
3.5. Backhaul PUCCH ACK/NAK resource

It is agreed that the PUCCH ACK/NAK resource on backhaul is always semi-statically configured. In other words, a Rel-10 relay shall not use the Rel-8 implicit PUCCH format 1a/1b resource for the transmission of ACK/NAK on UL backhaul. Hence, higher layers shall provide the corresponding configuration of the backhaul PUCCH ACK/NAK resource.
4. Conclusions
In this contribution, we discuss the handling of Rel-10 relay features and the higher layer signaling needed to support Rel-10 relay PHY. It is proposed that further discussion on these issues shall be taken place in RAN1.
