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1 Introduction
During RAN2 meetings, the architecture for “type 1” relay has been discussed and control plane/user plane structures for the Uu interface were agreed. Also, issues related to S1 protocol termination of relays are under extensive discussion. In this contribution, we consider MAC procedures for the efficient support of the Un interface based on the outcome of RAN1/RAN2 discussions.
2 Discussions
RAN2 has decided to make use of the same protocol architecture (MAC, RLC, PDCP, and RRC) on the Un interface. In addition, minor modifications of the architecture for enhancement were left to FFS. In order to progress the discussion, this contribution focuses on uplink procedures and points out some considerations for efficient relaying operation.
2.1 Random access procedure
The relay should perform a random access for initial access and network synchronization, because relays are connected to their DeNBs with radio interface. The straightforward way is to utilize the same random access procedure as UE, which means that a relay behaves like an LTE UE when it needs a random access. The relay transmits a preamble using the identical uplink resource as DeNB UEs. It also includes the relay uses the same physical channel resources for PDCCH, PDSCH, PUSCH to perform RAR and Msg3 signaling. This procedure is also performed for the case where a relay runs as a cell by broadcasting system information and receiving MBSFN subframes on Un interface. This approach has many advantages since the procedure is exactly the same as the current MAC spec. We believe that it will reduce standardization effort and lead to reuse the well-defined procedure.
Proposal 1: relay uses the same random access procedure as UE on Un interface.

Proposal 2: radio resources for the random access are identical to the DeNB Uu interface. 

One drawback is that the procedure interrupts relaying operation while a relay is running cell functions, because a relay cannot receive and transmit simultaneously. Hence, relays should stop Uu operations such as receiving preambles from UEs and transmitting system information during the random access procedure on the Un interface. Therefore, the triggering of the random access should be avoided for stable relay operation.

In our view, random access procedures are triggered mainly for reacquiring uplink synchronization while relays carry out cell functions. The occasion can be avoided by maintaining the synchronization using the time alignment timer (timeAlignmentTimer) in LTE spec. Besides, periodic uplink data transmission for timing advance reduces a possibility of triggering the random access. The operation can be supported without changing the current MAC procedure and the feature is easily implemented by configuring relay nodes. We do not exclude the case where a random access to recover backhaul link failure is always allowed.
Proposal 3: random access should be avoided except for initial access and backhaul link failure.

Proposal 4: periodic uplink data transmission for timing advance is used for synchronization.

2.2 UL-SCH transmission
The traffic behavior on the Un interface would be different comparing with the Uu interface, because the Un interface conveys multiple UEs data. Also, relaying increases latency arises from transferring UE data to DeNB via relay node. Therefore, it is better to consider optimized procedures for uplink data transmission on the Un interface.

One approach is to employ a periodic BSR rather than SR (Scheduling Request). When a relay wants to transmit uplink data, the relay should inform it to be granted from DeNB. If we use the SR, the relay should consequently transmit a BSR to deliver DeNB about detailed uplink buffer status. This procedure may postpone uplink data transfer more than 8 ms and the time will be increased when we consider MBSFN subframe intervals for uplink grant. Therefore, it might be better omitting SR and sending periodic BSR to request uplink transmission of relays.

Moreover, we could utilize the semi-persistent scheduling for periodic BSR. When we assume MBSFN subframe is configured with 10ms period, uplink grant can be transmitted every 10ms. In this configuration, a relay node needs more than 20ms to receive two grants for BSR and data. To lessen waiting time, we propose to apply SPS allocation to BSR transmission on the Un interface as shown in Figure 1. Then, the BSR can be transmitted regardless of MBSFN subframe intervals and associated uplink data transmission requires only one uplink grant. 
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Figure 1: UL SPS allocation for BSR (and TA) on the Un interface
Proposal 5: BSR is used periodically rather than using Scheduling Request to reduce uplink latency.

Proposal 6: uplink resources for BSR could be reserved by using semi-persistent scheduling.

The buffer status report procedure is performed to provide information about the amount of data in the uplink buffers of the UE. When we follow the MAC procedure on the Un interface, relays can easily provide their buffer status to DeNB for uplink backhauling. However, the procedure may be triggered after UE UL data are arrived in relay’s uplink buffers and the relay reports buffer status by calculating buffered data size. In order to minimize relaying latency of uplink data transmission arising from reporting, the relay could start the BSR procedure earlier than the current MAC spec.
We propose a relay triggers a BSR procedure right after the relay receives BSR from UE. Also, the relay transmits a BSR which includes not only buffered data information but also BSR information received from UE. UE’s data which are associated with BSR can be arrived in relay’s uplink buffers, at the time the relay receives uplink grant from DeNB. Since the BSR shows the amount of UE data available for transmission, the relay could guarantee the handling of the transmission unless exceptional error occurs. Hence, the relay could forward UE’s uplink data more quickly cooperating with DeNB scheduling.
Proposal 7: BSR on the Un interface can include information of BSR on the Uu interface.
3 Conclusion

We investigated uplink procedures for efficient Un interface and described some optimized MAC procedures for latency minimization. We summarized the following proposals based on above descriptions:
Proposal 1: relay uses the same random access procedure as UE on Un interface.

Proposal 2: radio resources for the random access are identical to the DeNB Uu interface. 

Proposal 3: random access should be avoided except for initial access and backhaul link failure.

Proposal 4: periodic uplink data transmission for timing advance is used for synchronization.

Proposal 5: BSR is used periodically rather than using Scheduling Request to reduce uplink latency.

Proposal 6: uplink resources for BSR could be reserved by using semi-persistent scheduling.

Proposal 7: BSR on the Un interface can include information of BSR on the Uu interface.
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