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1. Introduction

RAN2  has recently been discussing two approaches for starvation avoidance in LTE: a UE centric solution and a network centric solution. So far the UE centric solution is assumed to be very simple in operation: only the MBR and GBR/MinBR need to be signalled to the UE who should take it into account during UL transport block filling. 

In this contribution we would like to bring forward two aspects that have not been discussed so far in RAN2, which should demonstrate that a UE centric solution is not as simple to operate as it might look at a first glance.

2. Token bucket handling 


The UE centric solution will probably be specified based on a number of token buckets: 


GBR bearers:

1 token bucket per bearer for the MBR





1 token bucket per bearer for the GBR


Non-GBR bearers:
1 token bucket per bearer for the MinBR





1 token bucket for the aMBR

Each token could e.g. correspond to one bit or byte. Figure 1 provides an example token bucket configuration for a UE configured with 2 GBR and 2 non-GBR bearers.
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Figure 1: Token bucket example configuration

A token bucket is not categorised by the fill rate alone: a bucket also has a size which corresponds to the allowed burstiness of the outgoing traffic. Thus in addition to the MBR, aMBR, GBR and MinBR, corresponding token bucket sizes will have to be signalled to the UE in order to have consistent behaviour across different UE’s.

It should also be clarified how the tokens arrive in the buckets: e.g. assume a GBR of 64kbps has been allocated to an SAE bearer. One potential interpretation would be that this leads to an allocation of 64 bits for this SAE bearer every slot/subframe. However this type of implementation would result in a large L2 overhead due to the heavy fragmentation.

It seems smarter to only really allocate resources on the Uu when a certain size of grant is present. This can be modelled by indicating that the tokens are not delivered in the buckets every subframe, but e.g. with a certain “inter-token arrival period”.

The setting of the inter-token arrival period would probably be SAE bearer specific: a bearer with a large delay tolerance could work with a larger inter-token arrival period thereby increasing the L2 efficiency, whereas a bearer with a low delay tolerance should probably use a shorter arrival period. 

For the moment we assume that the inter-token arrival period would be configured per bucket: at least for non-GBR bearers this seems the logical thing to do. For GBR bearers it might be possible to use the same value for the GBR and MBR bucket.
As a result, e.g. for a configuration with 2 GBR bearers and 2 non-GBR bearers, the following parameters might need to be signalled to the UE:

	Bearer
	Bucket
	Parameter

	GBR bearer 1
	GBR token bucket
	GBR

	
	
	GBRtokenbucketsize (GBRtbs)

	
	
	GBRinter-token arrival period (GBRitap)

	
	MBR token bucket
	MBR

	
	
	MBRtokenbucketsize (MBRtbs)

	
	
	MBRinter-token arrival period (MBRitap)

	GBR bearer 2
	GBR token bucket
	GBR

	
	
	GBRtokenbucketsize (GBRtbs)

	
	
	GBRinter-token arrival period (GBRitap)

	
	MBR token bucket
	MBR

	
	
	MBRtokenbucketsize (MBRtbs)

	
	
	MBRinter-token arrival period (MBRitap)

	Non-GBR bearer 3
	Min-BR token bucket
	MinBR

	
	
	MinBRtokenbucketsize (MinBRtbs)

	
	
	MinBRinter-token arrival period (MinBRitap)

	Non-GBR bearer 4
	Min-BR token bucket
	MinBR

	
	
	MinBRtokenbucketsize (MinBRtbs)

	
	
	MinBRinter-token arrival period (MinBRitap)

	Non-GBR bearers
	aMBR token bucket
	aMBR

	
	
	aMBRtokenbucketsize (aMBRtbs)

	
	
	aMBRinter-token arrival period (aMBRitap)


3. “Grant Loss”
So far the relation between the buffer status reporting (BSR) and the configured MBR/GBR has not really been discussed. One area that may require some further study is the relation between the GBR and the BSR.
Since the UE does not know with what rate it will receive grants, it is also not possible for the UE to determine upfront whether a certain buffer level will exceed the configured MBR/aMBR when this buffer level is handled. So it does not seem possible for the UE to take the configured MBR/aMBR into account when reporting the BSR.

As a result, a situation might occur in which a UE reports a certain buffer level, but when it is obtaining UL grants for handling this buffer level it is not allowed to schedule the concerning SAE bearer because that would mean crossing the configured MBR/aMBR. This could be called “Grant Loss”.
Note that this Grant Loss may occur even if the eNB is only providing grants corresponding to data indicated in the BSR.

Example:
E.g. assume that a certain SAE bearer has just been scheduled quite a lot, and the corresponding token buckets are empty.

Still there might be a significant amount of data in the UE buffer. 

Then the situation might occur that the UE reports a non-empty BSR, but still the eNB should not schedule that UE/service, because if it does “Grant Loss” would occur.

In order to prevent this situation from occurring, the only possible solution seems to be that the eNB also is in detail aware of the token bucket situation in the UE (Mirroring), and thus knows when it is of no use to allocate additional grants to this UE.

As a result, this means that the full token bucket handling present in the UE also need to be present in the eNB. In addition, some level of synchronisation will be required between the token bucket management present in the UE and token bucket management present in the eNB.
4  Conclusion
In this contribution we have shown that the UE centric solution is not that simple:

· Additional parameters will have to be signalled to the UE compared to what was assumed so far;

· In order to avoid grant loss, there will need to be a quite detailed synchronisation between the token bucket management in the UE and the token bucket management in the eNB;
RAN2 is kindly asked to take this complexity into account when making a decision between the starvation avoidance solutions.
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