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1
Introduction
RAN#67 has agreed a work item on Dual Connectivity Enhancements which contains the support of uplink bearer split [RP-150490]. RAN2 meeting #69bis concluded the following for BSR reporting:
-
For a split bearer, go for double reporting + threshold;
-
If the PDCP data amount is above threshold, both MAC entities triggers BSRs;

-
If the PDCP data amount is less than threshold, only one MAC entity triggers BSR.

2
Triggering of the BSR

In MAC, a BSR is triggering according to the following four conditions [36.321]:

1.
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

2.
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

3
retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

4
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".

Before discussing how the threshold affects those triggers, it is important to remember that the threshold does not influence LCP and that as long as there is data buffered, it will be normally treated in LCP and sent in uplink if the grant allows it, regardless of what the last BSR indicated. In that respect, it seems more logical that the threshold only affects the request of new resources, not the actual buffer size calculation i.e. that the threshold only concerns data becoming available. 
NOTE:
If the threshold also affected buffer size calculation - for instance by only reporting data to the other CG when it exceeds the threshold - scheduling would become problematic with bearers apparently having no data to send still filling uplink transport blocks. 
Proposal 1: the threshold applies to UL data becoming available in PDCP only.
In PDCP, the data available for transmission is indicated according to the following [36.323] [R2-151704]:
For split bearers, when indicating the data available for transmission to the MAC entity, the UE shall:
-
if ul-DataSplitDRB-ViaSCG is set to TRUE by upper layer [3]:

-
indicate the data available for transmission to the MAC entity configured for SCG;
-
else:

-
indicate the data available for transmission to the MAC entity configured for MCG.
And in MAC, the data available for transmission is calculated as follows [36.321]:

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after all MAC PDUs for the TTI have been built. The amount of data is indicated in number of bytes. It shall include all data that is available for transmission in the RLC layer and in the PDCP layer; the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively.
Therefore, there exists two alternatives to implement the threshold:
1.
In PDCP

-
benefit: only the PDCP layer needs to be configured with the threshold and the MeNB is sole responsible for the configuration;

-
drawback: the threshold refers to a buffer size that is calculated in MAC.

2.
In MAC

-
benefit: the threshold refers to a buffer size that is calculated in MAC;

-
drawback: both MAC entities need to be configured with the threshold, increasing signalling complexity between MeNB and SeNB.

For simplicity, having the threshold in PDCP seems preferred.

Proposal 2: the threshold is configured at PDCP level by the MeNB in pdcp-Config.
2
Signalling of Thresholds
A split bearer involves two independent schedulers: one in the MeNB and another one in the SeNB. Since a BSR affects how a UE is scheduled in uplink in each eNB, it would be useful for the SeNB to be aware of the threshold value configured by the MeNB. When a split bearer is setup pdcp-Config is signalled to the SeNB as a part of the SCG-ConfigInfo:
SCG-ConfigInfo → radioResourceConfigDedMCG → drb-ToAddModList → pdcp-Config

Proposal 3: as part of SCG-ConfigInfo, the MeNB signals the threshold to the SeNB.
3
Conclusion

This contribution has made three proposals for the thresholds of split bearers in uplink:
Proposal 1: the threshold applies to UL data becoming available in PDCP only.

Proposal 2: the threshold is configured at PDCP level by the MeNB in pdcp-Config.
Proposal 3: as part of SCG-ConfigInfo, the MeNB signals the threshold to the SeNB.

An example of the changes to capture proposal 1 and 2 in 36.323 are given below assuming the following:
-
corrections suggested in R2-152099 as agreed;

-
threshold consisting of two parts configured by RRC:

-
threshold-cg {mcg; scg}: specifies to which CG a BSR is only triggered when the amount of available data for transmission is below the threshold.
-
threshold-val: the value of the threshold;

NOTE:
for the example above, the threshold unit is not relevant and can be discussed later i.e. whether it is a number of SDUs or bytes.
Beginning of Text Proposal
For split bearers, the UE shall:
-
if ul-DataPath is set to scg by upper layer [3]:

-
consider the data becoming available for transmission for BSR triggering and the data being available for transmission for Buffer Size calculation in the MAC entity configured for SCG only;
-
else if ul-DataPath is set to mcg:

-
consider the data becoming available for transmission for BSR triggering and the data being available for transmission for Buffer Size calculation in the MAC entity configured for MCG only.
-
else:

-
for BSR triggering, when new data becomes available for transmission:
-
if the total amount of data being available for transmission is inferior or equal to threshold-val set by upper layer [3], only consider the data becoming available for transmission in the MAC entity given by threshold-cg set by upper layer [3];
-
else consider the data becoming available for transmission in both MAC entities.
-
for Buffer Size calculation, consider the data being available for transmission in both MAC entities always.



