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1
Introduction
During RAN2#83bis, following agreements would impact how SR/BSR works for dual connectivity: 

-
Continue with 1A and 3C UP architectures to support operation with and without bearer split. 

-
Aim to realize options 1A and/or 3C by RRC Configuration. Deviations in the protocol stack for different configurations should be limited. (we should not introduce a new specification for PDCP-SeNB) 

-
For eNB-specific bearer, UE sends BSR information related to specific bearer towards the eNB for which corresponding bearer belongs to.

How different types of bearers are to be configured by RRC is discussed in [R2-133854]. This contribution investigates the details of SR/BSR triggering and reporting based on the configuration, assuming UL bearer split is supported [R2-133868].

2
Discussion
Three different types of bearers can be configured with option 1A and 3C supported [3]: 

· Type 1: served only by MeNB, one RLC entity only to MeNB;
· Type 2: served by both MeNB and SeNB, two RLC entities to both MeNB and SeNB;
· Type 3: served only by SeNB, one RLC entity only to SeNB.

[image: image1.emf]UE

MAC

RLC

PDCP

Uu

UE

MAC

RLC

PDCP

UE

Uu

RLC

MAC MAC

RLC

PDCP

MeNB

PDCP

RLC

MAC

SeNB

S1

MeNB SeNB

S1

MAC

PDCP

RLC

MAC

RLC

Uu

MeNB

PDCP

RLC

MAC

SeNB

S1


Figure 1: Dual Connectivity Options in Uplink

Assuming that two MAC entities are configured for MeNB and SeNB [3], it follows that two BSR and SR procedures are separately running for the two MAC entities.
Proposal 1: in Dual Connectivity, two BSR and SR procedures are separately running for the two MAC entities.
In the following, we are going to investigate the implications of this proposal on BSR content, trigger and SR.

2.1
BSR content
In current MAC specification [4], buffer size is defined as:

	-
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. The size of the RLC and MAC headers are not considered in the buffer size computation. The length of this field is 6 bits. If extendedBSR-Sizes is not configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-1. If extendedBSR-Sizes is configured, the values taken by the Buffer Size field are shown in Table 6.1.3.1-2.


In RLC specification [5], data available for transmission is defined as:

	4.5
Data available for transmission

For the purpose of MAC buffer status reporting, the UE shall consider the following as data available for transmission in the RLC layer:

-
RLC SDUs, or segments thereof, that have not yet been included in an RLC data PDU;

-
RLC data PDUs, or portions thereof, that are pending for retransmission (RLC AM).

In addition, if a STATUS PDU has been triggered and the status prohibit timer is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as data available for transmission in the RLC layer.


In PDCP specification [6], data available for transmission is defined as:

	4.5
Data available for transmission
For the purpose of MAC buffer status reporting, the UE shall consider PDCP Control PDUs, as well as the following as data available for transmission in the PDCP layer:

For SDUs for which no PDU has been submitted to lower layers:

· the SDU itself, if the SDU has not yet been processed by PDCP, or

· the PDU if the SDU has been processed by PDCP.

In addition, for radio bearers that are mapped on RLC AM, if the PDCP entity has previously performed the re-establishment procedure, the UE shall also consider the following as data available for transmission in the PDCP layer:

For SDUs for which a corresponding PDU has only been submitted to lower layers prior to the PDCP re-establishment, starting from the first SDU for which the delivery of the corresponding PDUs has not been confirmed by the lower layer, except the SDUs which are indicated as successfully delivered by the PDCP status report, if received:

· the SDU, if it has not yet been processed by PDCP, or

· the PDU once it has been processed by PDCP.


For the bearers that are served by one MAC entity only, the current definition of data available for transmission can still apply at RLC and PDCP.

For split bearers i.e. for the bearers that are served by two MAC entities, a joint buffer at PDCP is used. When an UL grant is received, a complete PDCP PDU is delivered to the corresponding RLC entity and that RLC entity handles the complete PDCP PDU, i.e., a PDCP PDU is never segmented between two RLC entities. Once the PDCP PDU is delivered to the RLC layer and (at least part of it) is transmitted by the RLC layer, the retransmissions and the transmissions of the rest of the PDCP PDU is restricted to the peer RLC entity. The same applies to RLC status reports. Therefore, RLC SDUs or segments thereof that have not yet been included in a RLC data PDU, RLC data PDUs, or portions thereof that are pending for retransmission and RLC status report should be calculated as the data available for transmission to the corresponding MAC entity. In other words, the same current definition of data available for transmission can still apply at RLC.

At PDCP however, because the buffered data can be transmitted to either node depending on the grants received by the two MAC entities, it would be possible to either report the same amount of data identically to both eNBs, or report the data as being available for transmission towards one eNB only. As a starting point however, it would seem simpler to report the same amount to both eNBs.
Observation 1: in Dual Connectivity, having two BSR procedures separately running for the two MAC entities does not require any change to the definition of data available for transmission for the content of the BSR.
2.2
BSR triggering and report

In current MAC specification [5], the following BSR trigger events are defined:
	
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
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";

-
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";

-
retxBSR-Timer expires and the UE 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";

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


Having separate MAC entities with two BSR procedures separately running (cf. proposal 1 above) mean having separate triggers and contents:

-
data arrival on a bearer mapped to the MeNB will only trigger a BSR from the MAC entity corresponding to the MeNB;

-
the data available for transmission of a bearer mapped to the MeNB will only be reflected in the BSR sent from the MAC entity corresponding to MeNB;

-
data arrival on a bearer mapped to SeNB will only trigger a BSR from the MAC entity corresponding to the SeNB;

-
the data available for transmission of a bearer mapped to the SeNB will only be reflected in the BSR sent from the MAC entity corresponding to SeNB;

-
data arrival on a split bearer will trigger two separate BSRs from the two MAC entities.

-
the data available for transmission of a split bearer will be equally reflected in the two BSRs;

-
padding BSR can be triggered at the same time in the two MAC entities.

-
retxBSR-Timer and periodicBSR-Timer are configured and separately maintained for the two MAC entities.
NOTE:
in the above analysis, the configuration of LCG was not taken into account i.e. that the data available for transmission on a bearer may not be reflected in a BSR towards a MAC entity if the logical channel of that bearer does not belong to any LCG for that MAC entity.

As can be seen above, having separate MAC entities with two BSR procedures separately running efficiently supports Dual Connectivity.

Observation 2: in Dual Connectivity, having two BSR procedures separately running for the two MAC entities does not require any change to the BSR triggering mechanisms.
2.3
SR trigger

Upon triggering of BSR, it will be included in the PDU if there is an UL grant for new transmission while if there is no UL grant for new transmission and if the BSR is a regular BSR triggered by higher priority data arrival or retx-timer expiry, SR will be triggered [5]:
	
If the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-
start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-
start or restart retxBSR-Timer.

-
else if a Regular BSR has been triggered:

-
if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-
a Scheduling Request shall be triggered.


Having separate MAC entities with two SR procedures separately running (cf. proposal 1 above) mean having separate triggers:

-
data arrival on a bearer mapped on the MeNB may trigger an SR from the MAC entity corresponding to the MeNB;

-
data arrival on a bearer mapped on the SeNB may trigger an SR from the MAC entity corresponding to the SeNB;

-
data arrival on a split bearer may trigger two SRs from the two MAC entities.

NOTE:
in the above, the configuration of logicalChannelSR-mask was not taken into account i.e. that data arrival on a bearer may not trigger an SR for a MAC entity always when SPS is configured.

As can be seen above, having separate MAC entities with two SR procedures separately running efficiently supports Dual Connectivity. In one scenario though, it could be discussed whether further restrictions should be introduced. Considering the case where the UE has no resources granted in either eNB, sending two SRs for a split bearer might not always be desirable (for instance logicalChannelSR-mask could be used also when no SPS grant is configured).
Observation 3: in Dual Connectivity, having two SR procedures separately running for the two MAC entities does not require any change to the SR triggering mechanisms, with the possible exception of split bearer, where sending two SRs for the same data in parallel is FFS.

3
Conclusion
Based on the assumption that two MAC entities are configured to provide dual connectivity, this contribution has proposed that two BSR and SR procedures are separately running for the two MAC entities. The impacts of this proposal have been studied and the following observations were made:

Observation 1: in Dual Connectivity, having two BSR procedures separately running for the two MAC entities does not require any change to the definition of data available for transmission for the content of the BSR.
Observation 2: in Dual Connectivity, having two BSR procedures separately running for the two MAC entities does not require any change to the BSR triggering mechanisms.
Observation 3: in Dual Connectivity, having two SR procedures separately running for the two MAC entities does not require any change to the SR triggering mechanisms, with the possible exception of split bearer, where sending two SRs for the same data in parallel is FFS.
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