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1 Introduction
For the work item on Carrier Aggregation enhancements beyond 5 carriers the peak throughput will be extended to up to 25 Gbps. The current BSR MAC CE is not designed to support such high bitrates and hence the eNB may not have sufficient information about the UE’s buffer size which could limit the achievable throughput. Hence it needs to be extended which we look in to in this contribution.
2 Discussion
2.1 Need for extending the BSR

With the introduction of CA enhancements beyond 5 carriers the potential throughput will reach 25 Gbps for DL and 9.6 Gbps in UL. However if 256 QAM and 8 layer MIMO is added also for UL then the potential throughput would be 25 Gbps in both DL and UL so to be futureproof we here assume also an UL throughput of 25 Gbps. With this throughput the UE could send up to 25 Mbit in one TTI.
The current (extended) BSR format can only indicate 3 MB, which equals 24 Mbit. So in a scenario which CA enhancements beyond 5 CCs address, the UE can send all that data in one TTI. With the limitation on the size of the BSR; if a large packet arrives in the UE’s UL buffers the UE can empty the buffer in one TTI and the eNB will not know whether to schedule the UE in one or more TTIs. The eNB would then need to guess whether to schedule the UE in multiple TTIs or not, which results in inefficiencies.

For example, if the UE sends a BSR to the eNB indicating 3 MB buffer size, the eNB may schedule the UE on all carriers in a TTI. But then the eNB will not know whether the UE had only 3 MB of data or whether it was actually more than 3 MB so the eNB needs to guess whether the UE needs to be schedule in more TTIs or not.
If the UE had only 3 MB UL data and the eNB guesses that the UE had more data (and hence scheduled the UE on subsequent TTIs) then the UE would send padding in the subsequent TTIs and radio resources will be wasted.

If the UE had more than 3 MB UL data and the eNB guesses that the UE only had 3 MB data (and hence does not schedule the UE in subsequent TTIs) then the eNB would need to wait for a subsequent BSR to figure out that actually the UE had more data and hence the additional data will be delayed.

Observation 1 With current maximum size of the BSR, radio resources may be wasted and unnecessary delay may be added.

Of course, the above scenario may not happen all the time, for example during the initial data burst the TCP entity will be in the slow start phase and hence the amount of data delivered to the LTE stack is limited. However, the TCP-window will be larger if the UE has previously sent some traffic and if that is the case then the 3 MB buffer size can be limiting.

Further, one may argue that the enormous peak rate of 25 Gbps will not likely to happen in the next couple of years, but this work item is addressing scenarios which are not likely to happen in the next couple of years and the whole point of the work item was to be future proof and prepare for future scenarios. Hence we suggest that the BSR should be further extended to support also the high bit-rates achievable with CA enhancements beyond 5 CCs.
Proposal 1 The BSR should be further extended to support 25 Gbps.

2.2 How to extend the BSR

When the values in the existing mapping tables for the BSR where selected, the code points where mapped according to the following exponential function:
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Bmin is the minimum buffer size level, in both existing tables this is set to 10 bytes.

Bmax is the maximum buffer size level and set to: Bmax  = (max TB * 2 * RTT * number of CCs).

N is the number of reported buffer size levels. In both existing tables this is 62 because code point 0 and 63 are mapped to fixed values.

We assume that the new mapping table should follow the same formula. We also assume that the new mapping table should have 64 code points as this would allow us to reuse the existing MAC CE format.
Proposal 2 The values in the Rel-13 BSR mapping table is calculated using the same formula as for the existing mapping tables.

Proposal 3 The Rel-13 BSR mapping table has 64 code points.
2.3 When new mapping table is used

In Rel-10 a new BSR mapping table was added. It was then discussed when the UE should apply the old and the new BSR mapping table. It was discussed whether the tables it should be decided based on RRC signalling or dynamically selected by the UE. At that point in time RAN2 decided that the eNB indicates via RRC signalling which table the UE is going to use. We see no reason to have a new behaviour for selection of BSR tables in Rel-13, i.e. we propose that the eNB signals via RRC which mapping table the UE shall use.

Proposal 4 eNB indicates via RRC signalling which BSR mapping table (Rel-8, Rel-10 or Rel-13) the UE uses. 

Further, it was also discussed whether a new LCID is needed for the Rel-10 mapping table, but this was not deemed necessary and hence the same LCID was uses for both currently existing tables. Hence we think that we should use the same LCID also for the new table.

Proposal 5 The same LCID is used for all BSR mapping tables.

3 Conclusions
Based on the above discussion, we propose the following:
Proposal 1
The BSR should be further extended to support 25 Gbps.
Proposal 2
The values in the Rel-13 BSR mapping table is calculated using the same formula as for the existing mapping tables.
Proposal 3
The Rel-13 BSR mapping table has 64 code points.
Proposal 4
eNB indicates via RRC signalling which BSR mapping table (Rel-8, Rel-10 or Rel-13) the UE uses.
Proposal 5
The same LCID is used for all BSR mapping tables.

If these proposals are agreed the CR in [1] can be adopted.
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