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1. Introduction
In Uu interface, UE uplink rate control function manages sharing of uplink resource among UE bearers. From DeNB point of view, RN looks like a special UE. Therefore, RN also needs to perform rate control function to manage sharing of uplink resource on Un interface. As RN aggregates the traffic from different UEs on to the same Un bearer, RN uplink rate control should be carefully considered to guarantee the fairness among the UEs in the relay backhaul link. In this contribution, we discuss issues with regards to RN uplink rate control on Un interface.
2. Discussion
The UE uplink rate control function in Uu interface is managed by RRC. RRC allocates each UE bearer a priority level, priority bit rate (PBR) and bucket size duration (BSD) to be used in rate control function. For each new transmission, the UE performs logical channel priority handling and resource scheduling to control UE bearer rate according to the associated PBRs and BSDs of the bearers. The uplink rate control function in Uu interface is defined in MAC sublayer and it adopts token bucket algorithm. 
In RN, UE UL bearers are mapped to Un UL bearers. Each Un bearer aggregates a group of UE bearers from different UEs. The mapping scheme can be based on UE bearer QoS, i.e. UE bearers with similar QoS are mapped onto the same Un bearer. 
RN access link and backhaul link are separately scheduled by RN and DeNB respectively. This applies for all three relay types: type 1, type 1a and type 1b. DeNB grants backhaul uplink resource according to Un bearer buffer status. When RN receives a UL grant, it allocates the granted resource among Un UL bearers following Rel-8 logical channel prioritisation procedure. This can guarantee average transmission rate and maximum burst size corresponding to PBR of each Un UL bearer 
A type1/1a/1b relay appears as a separated cell and UEs attached to the RN are scheduled by the RN itself. Due to the varying channel quality of the access and backhaul links, the RN access link resource may sometime be larger than its granted backhaul resource. Based on LTE release 8 Logical Prioritization procedure Step 3 [1], if any resource remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted. That means in access link the UE can transmit amount of data exceeding its maximum allowed burst size (PBR×BSD) of the bearer. The data above the PBR value may cause unfair treatment to the other users which are mapped onto the same Un bearer as indicated in Figure 1 or may cause resource starvation to the lower priority Un bearers.
Referring to Figure 1, UE1 has been granted enough resource to transmit data above the PBR1 bearer 1 while UE2 and UE3 have been granted resources up to the PBR2 of bearer 2 and PBR3 of bearer 3 respectively. Bearer 1, 2 and 3 are mapped onto the same Un bearer 1. PBRun1 of the Un bearer 1 is set to the aggregate of PBRs of bearer1, 2 and 3. the rate control function at the RN allows the transmission of the data up to the PBRun1 from the Un bearer 1.  The traffic from UE1 is assumed to be arrived at the RN first. Traffic of UE2 and UE3 arrive later and queue behind the traffic from UE1. A first-come-first-serve queue management is employed at the RN. First arrived data, which is from UE1, in the queue will take the granted resources for the transmission on the Un interface.  The traffic from UE1 in this example will block the traffic from UE2 and UE3 hence data from UE2 and UE3 may experience extra delay in backhaul link, i.e. UE2 and UE3 are unfairly treated although they have the same priority.
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Figure 1  No UE bearer rate control for Type 1/1a/1b relay
The problem described above is only seen in instantaneous scheduling interval. Even though, it is possible to delay the transmission of traffic from some UEs due to the transmission of data above PBR value of another UE, the problem will not be persist over a period of time. Hence, RN level rate control is sufficient and should be the baseline for UL rate control of Un bearers.

Proposal 1: Rel-8 UL rate control is the baseline for UL rate control of Un bearers.

To minimise the impact due to the transmission of data above PBR of one UE bearer on the other bearers which are mapped to the same Un bearer, the PBR of the Un bearer could be set slightly higher than the aggregate of the PBRs of UE bearers. However this has the negative effect on lower priority Un bearers. According to the Rel-8 rate control mechanism, data up to the PBR of the bearers are treated with decreasing priority of the bearers. Any remaining data above the PBR of the bearers are treated only if there is remaining granted resources. Therefore, the data above PBR of the bearer is treated with priority lower than the lowest priority of the bearer with data to be transmitted. In order to avoid the starvation of lower priority Un bearer due to the data above PBR of high priority UE bearers, the PBR of the Un bearer should be set equal to the aggregate of the PBRs of the UE bearers which are mapped to the corresponding Un bearer.

Proposal 2: The setting of PBR of Un bearer is an implementation choice and it should be set to aggregate of PBRs of the corresponding UE bearers. 

The problem described in Figure 1 above can be solved by taking the buffer status of Un bearers in to account in scheduling the UEs which are attached to the RN. On the other hand, the UE bearer rate control can be mirrored at the RN prior to the rate control function for Un bearers at RN as shown in Figure 2.
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Figure 2 Uplink rate control for the Un interface

In Architecture alternative 2, RN sets up a GTP tunnel between RN and DeNB for each UE bearer. The GTP tunnel is switched to another GTP tunnel in DeNB. By this way, the UE bearer is associated with its SGW/PGW via two concatenated GTP tunnels. In RN, each RN bearer has a PDCP entity. In fact, the mapping between UE bearer and RN bearer is the mapping between GTP tunnel and PDCP entity. During mapping process, RN could control traffic rate of Un bearer by mirroring the rate control function performed at the UE. The control parameters (priority, PBR and BSD) used of rate control function at the UE are also known to the RN. Therefore, the UE rate control function can be mirrored at the RN as an implementation based enhancement without impacting the specification. 
Proposal 3: In additional to the Rel-8 rate control function, rate control function can be enhanced at the RN taking into account the buffer status of the Un bearers and/or mirroring the UE rate control function at the RN. These enhancements should be left to the implementation.
3. Conclusion
The contribution discusses the uplink rate control for transmission of data over Un interface. Considering that the RN aggregates traffic from different UEs to the same Un bearer for transmission over the Un interface, RN uplink rate control should be carefully designed to guarantee fairness among the UE bearers which are mapped onto the same Un bearer and also to guarantee the fairness among the different Un bearers. RAN2 is requested to consider the following proposals with respect to the UL rate control function on Un interface.

Proposal 1: Rel-8 UL rate control is the baseline for UL rate control of Un bearers.

Proposal 2: The setting of PBR of Un bearer is an implementation choice and it should be set to aggregate of PBRs of the corresponding UE bearers. 

Proposal 3: In additional to the Rel-8 rate control function, rate control function can be enhanced at the RN taking into account the buffer status of the Un bearers and/or mirroring the UE rate control function at the RN. These enhancements should be left to the implementation.
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