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1 Introduction

The uplink rate control function in the UE is responsible for the sharing of assigned uplink resources among established radio bearers. It thereby considers the configured priority, PBR and MBR of each radio bearer. This contribution discusses the need to consider also the type of resource allocation, i.e. dynamic respectively persistent allocation, within the rate control functionality. 

2 Background

In LTE there are two different types of uplink resource allocations, which are also referred to as scheduling modes in the following, resource allocations by dynamic grants and persistent resource allocations. Persistently allocated resources are similar to the concept of non-scheduled grants in HSUPA. The scheduling mode is radio bearer specific, i.e. a VoIP service is most likely assigned resources persistently every 20ms during a talk-spurt, whereas a FTP service is only scheduled by dynamic grants.
According to the current rules defined for the uplink rate control function the UE serves the radio bearers in decreasing priority order taking into account the configured PBR respectively MBR restrictions of each radio bearer. However currently the UE does not consider the scheduling mode of a radio bearer in the uplink rate control function, hence eNB cannot really control the allocation of resources to a radio bearer. 
In the following, we discuss some scenarios, which are relevant for the uplink rate control function in the UE.

2.1 Discussion

In the first scenario, an uplink resource is persistently allocated to an UE in a given TTI, for example in order to allow for the transmission of a VoIP packet. In case there is data of a higher priority bearer available in the buffer, i.e. RRC signalling, the UE would first serve the higher priority bearer according to the current defined rules. Consequently, the UE might not be able to transmit the VoIP packet on the intended resources. This would be an undesired behaviour in our view. First of all the persistent allocated resources are matched to the requirements of the VoIP flow, i.e. pre-assgined uplink resource are aligned to the VoIP packet sizes. Therefore, the UE should transmit the VoIP packet in that case rather than some higher priority data. Furthermore in case the higher priority data is transmitted on the persistent allocated resource eNB would have to change the scheduling strategy in order to account for the VoIP packet that was not transmitted in the intended preassigned TTI. Another drawback is the fact that no overhead reduction can be achieved by using a simplified MAC header in case data of other radio bearers than the VoIP flow can be transmitted on the persistent allocated resource. As explained in [1] multiplexing information, i.e. LCID, can be omitted in the MAC header in case there is only data of a known service in a MAC PDU, i.e. VoIP packet. Therefore we propose that resources assigned persistently to a radio bearer shall only allowed to be used by that radio bearer, i.e. VoIP. Radio bearers, which are scheduled by dynamic grants, are not allowed to use persistent allocated resources. 

Proposal 1: Persistent allocated uplink resources shall only be used by the radio bearer configured with persistent resource allocation. Radio bearers, which are scheduled by dynamic grants, are not allowed to use persistent allocated resources.

In the same way, it also needs to be clarified whether a radio bearer, which is assigned resources persistently, is allowed to use resources that are scheduled by a dynamic grant.  In order to conclude on that aspect we need to distinguish between two different cases. 
In the first scenario, a dynamic grant overrides a persistent resource allocation in a given TTI. It might be beneficial if the radio bearer that is assigned the persistent allocated resource is also allowed to use the dynamic grant in this case. eNB could for example schedule some bigger uncompressed VoIP packets dynamically by overriding the persistent resource allocation. Another possibility could be that eNB allows the UE to send more uplink data in addition to the VoIP packet in that TTI. In light of these considerations, we see some benefit when a radio bearer configured with a persistent resource allocation can also use the dynamically allocated resources in this scenario. 
On the other hand allowing a radio bearer configured with a persistent resource allocation to use a dynamic grant in a TTI where no uplink resource is preassigned to that radio bearer would be inefficient in terms of resource usage, because the following persistently allocated resource would be left unused. Therefore a radio bearer configured with a persistent resource allocation shall not be allowed to use a dynamic grant in a TTI where no uplink resource is persistently allocated for that radio bearer.   

Proposal 2:  In case a dynamic grant overrides a persistent resource allocation, the radio bearer associated with the persistent resource allocation is allowed to use the resoure assigned by the dynamic grant.


Proposal 3: A radio bearer configured with a persistent resource allocation is not allowed to use a dynamic grant in a TTI where no uplink resource is persistently allocated for that radio bearer.

As discussed above the uplink rate control function in the UE should also consider the scheduling mode of a radio bearer, i.e. whether a radio bearer is scheduled by dynamic grants or whether a radio bearer is configured with a persistent resource allocation, when sharing the uplink resources and filling the transport block. One straightforward solution to allow the uplink rate control function considering the scheduling mode is to use RRC signalling in order to inform UE about the configuration of a radio bearer. The scheduling mode is for example configured at radio bearer setup similar to the other radio bearer attributes which are input to the rate control function like priority, PBR and MBR. 
Same configuration method is also used in HSUPA where RRC signalling configures whether a logical channel is scheduled by either dynamic or by a non-scheduled grant. Similar to the uplink rate control function in LTE, the E-TFC selection entity in HSUPA considers the scheduling mode when filling a transport block with data. 
As already mentioned above an eNB might also want to schedule a VoIP flow in some situations by dynamic grants, i.e. the first uncompressed big VoIP packets. This can be achieved by either overriding the persistent resource allocation with a dynamic grant as mentioned in proposal 2 or by reconfiguring the scheduling mode of the radio bearer to dynamic scheduling.   


Proposal 4: The scheduling mode of a radio bearer indicates whether the radio bearer is scheduled by dynamic grants or configured with a persistent resource allocation. RRC signalling is used to configure the scheduling mode of a radio bearer by the network. 

3 Conclusion 

This contribution discusses the connection between uplink rate control function in the UE and the type of resource allocations, i.e. dynamic or persistent resource allocation. It’s proposed that RAN2 discusses the topic and agrees on on the following:

· Proposal 1:  Persistent allocated uplink resources shall only be used by the radio bearer configured with persistent resource allocation. Radio bearers, which are scheduled by dynamic grants, are not allowed to use persistent allocated resources.
· Proposal 2:  In case a dynamic grant overrides a persistent resource allocation, the radio bearer associated with the persistent resource allocation is allowed to use the resoure assigned by the dynamic grant.
· Proposal 3: A radio bearer configured with a persistent resource allocation is not allowed to use a dynamic grant in a TTI where no uplink resource is persistently allocated for that radio bearer.
· Proposal 4: The scheduling mode of a radio bearer indicates whether the radio bearer is scheduled by dynamic grants or configured with a persistent resource allocation. RRC signalling is used to configure the scheduling mode of a radio bearerby the network.
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