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Discussion
1 Introduction

LTE UL scheduler is based on per UE grant and per RB group buffer status report. Since the grant is per UE and not per RB, the Network cannot fully control the allocation of resources to each RB, even though it can drive it with the setting of parameters like PBR and priorities and taking into account the buffer status reports.
According to the defined rules for rate control and assuming for simplicity PRB=0 for all RBs, the UE serves all RBs in order according to their priorities.

The eNB should allocate resources according to the buffer status in order to satisfy the need of all RBs in the UE, but in case new packets arrive in the RB buffer just after the status report, an unexpected UE behaviour can occur.
Furthermore in case of persistent scheduling a dynamic grant can override the persistent allocation and in that case the current rules for rate control are applied across all RBs of the same the UE.
In the following section we analyse three main scenarios and the relevant UE behaviour.
2 Discussion

The following main scenarios and UE behaviour have been identified:
SCENARIO 1: dynamically scheduled RBs: RB1 and RB2 with PRIO1>PRIO2
According to this scenario it can occur that the grant for RB2 is assigned while RB1 has an empty buffer, so the NW assigns resources only for RB2, however a new packet arrives in RB1 buffer and takes the grant assigned for RB2. This is the normal foreseen behaviour by the current rules for rate control.
For example according to this scenario a higher priority RRC signalling can pre-empt a lower priority VoIP dynamic scheduled packet, if needed.
SCENARIO 2: dynamically scheduled RB1 and persistently (or semi-persistently) scheduled RB2 with PRIO1>PRIO2
In this case the persistently scheduled resources are reserved to that specific logical channel (RB2) and the persistent handling should not be involved in any rule involving priorities. As a consequence in case a packet arrives for the higher priority RB1 just before the persistent occasion, the allocation of persistent resources to the RB1 should be forbidden.
For example in this case an incoming RRC signalling should not pre-empt a persistently scheduled VoIP packet. In a non-congestion case the scheduler will assign soon enough resources to serve the RRC signalling. In a congestion case it is up to the NW to move resources from other UEs to that specific UE with an RRC high priority RB to serve or to override the persistent grant with a dynamic grant and in that case to serve RBs in their priority order according to scenario 1, where RRC is served before VoIP.
Specifications do not explicitly include this point and if RAN2 agree on the described behaviour, we think that it is worthwhile to clearly specify that resources allocated for persistently scheduled RB are dedicated to that specific RB only.
SCENARIO 3: Persistently (or semi-persistently) scheduled RB1 and dynamically scheduled RB2 with PRIO1>PRIO2
The last considered scenario is shown in the figure through an example involving two services for the same UE: VoIP mapped to a higher priority persistently scheduled RB1 and BE mapped to a lower priority RB2. It can happen that a VoIP packet (the dotted green arrow) is in the buffer when a dynamic grant for BE is allocated by the Network. 


[image: image1]
Since the grant assignment is per UE, the grant is not reserved to the BE and the UE behaviour is not specified in this case.
There are two main possibilities in handling this case: to follow the current rules of priorities or not to involve at all the persistent RB in the distribution of dynamic resources.

The first solution is not really appropriate, since according to the rule for rate control, the UE behaviour should be such that the VoIP packet is served before the BE. As a consequence in case a new packet enters the buffer just before the dynamic grant was received and it is served with the dynamic grant, the following pre-allocated resources is not needed anymore and it is wasted if the eNB cannot re-assign it, leading to an increase of signalling. 
The second solution seems the most suitable: all the logical channels linked to the persistently allocation should not be involved at all in the dynamic resource allocation to RBs and the VoIP packet in the example should wait till the next persistently allocated TTI. As a consequence a dynamic grant can override a persistent allocation only in the persistently allocated TTIs, whereas in all other TTIs it will never involve the persistent logical channel.
We think that also this third scenario should be captured together with the second one in the specifications.

3 Conclusions 

The UE behaviour according to the current rules for rate control in UL has been analysed in three main scenarios. In the first scenario which involves only dynamically scheduled RBs, the UE behaviour is clear and captured by current specifications, whereas we think that for the second and third scenario, which involve persistent scheduling, it should be clearly defined to avoid ambiguity. 
To avoid any ambiguity the following rules can be specified:

· A tight association between persistently allocated resources and relevant logical channel should be preserved. As a consequence:

· persistently assigned resources can be used only by the associated logical channel
· persistently allocated transmissions (for re-tx it is automatically implied since HARQ is synchronous) can be served only during the persistent TTIs
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