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1. Introduction
This document summarizes off-line discussions on BSR calculation for mobility. A proposal on a way forward on how to reflect the outcome of the discussions in the MAC specifications is also provided.

The definition of the Buffer Size field of the MAC BSR CE in the MAC specifications ‎[3]:
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has 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. RLC control PDUs to be transmitted, RLC PDUs that have been transmitted and negatively acknowledged by the peer entity and PDCP control PDUs shall also be included in the buffer size computation. The RLC and MAC header sizes are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].
As per the current text in MAC above, the main principle is that the BSR calculation includes all data that is available for transmission in the RLC and PDCP layers.

It was mentioned by more than one participant that data available for transmission means:

· Data in the PDCP layer to be transmitted, i.e. PDCP SDUs or PDUs not yet handed to RLC, including any PDCP Control PDU.
(Rapporteur’s note: from the perspective of the PDCP layer, a PDCP PDU cannot be considered available for transmission once it has been handed over to the RLC layer for transmission.)
· Data in the RLC layer (SDUs or PDUs) yet to be transmitted for the first time, including RLC control PDUs yet to be transmitted for the first time;

· RLC PDUs already transmitted, negatively acknowledged by the peer RLC entity, and yet to have started a retransmission;

The discussion focused on the mobility case, trying to answer whether or not PDCP Data PDUs that have not been cumulatively acknowledged by RLC before RLC was reset at handover shall be considered as data available for transmission in the PDCP layer when calculating the BSR; and if so, whether this data shall be considered before or only after processing of the PDCP SR.

In addition, the rapporteur also proposes that it should be clarified that the PDCP headers are always included in the BSR calculation, for both the mobility case and for the non-mobility case.
2. Summary of the Offline Discussions
Firstly, the impact of including or not the size of the PDCP data to be retransmitted in the BSR calculation was discussed. It was a general understanding:

· that BSR calculation is not totally accurate, and

· that scheduling will rely on the UE signaling empty buffers when it has no more data to send;

therefore:

· when the amount of data reported in the first BSR after handover is less than the amount of data the UE needs to transmit, it is expected that the eNB will continue to allocate UL resources to that UE until the UE reports empty buffers;

· when the amount of data reported in the first BSR after handover is larger than the amount of data the UE needs to transmit, it is expected that the eNB will stop allocating UL resources to that UE when the UE reports empty buffers (padding);

It was thus the opinion of most participants that possible differences in performance from both cases above are minimal, and that the decision should be based on avoiding introducing possible error cases.

Secondly, for the PDCP retransmissions (mobility case), two alternatives were discussed. More specifically, when a handover occurs and when RLC indicates it is being reset:
Alternative 1) 
Any PDCP Data PDU that has not been cumulatively acknowledged by RLC is considered available for transmission.

When the RLC indicates that it is being reset, any data still buffered in the PDCP layer (consequently only PDUs that have not been consecutively acknowledged) is considered available for transmission, and is thus included in the BSR calculation.
When a PDCP Status Report (SR) is received from the eNB, because the UE discards the PDUs for which the PDCP SR indicates a retransmission is not needed, those PDUs are thus not available for transmission anymore in the calculation of the BSR.
At least one participant mentioned that this alternative could in fact represent a better alignment between the mobility and the non-mobility case, also pointing out that this alternative might not require any change to the current text in the MAC specifications.
Alternative 2) 
PDCP Data PDUs that have not been cumulatively acknowledged by RLC are never considered available for transmission (i.e. the corresponding user plane data can only be considered available for transmission when it reaches RLC). 
The intent with this proposal is to identify a UE behavior that would be the same for the mobility and for the non-mobility case. In the non-mobility case, data that has been transmitted but not yet cumulatively acknowledged by RLC is kept in the UE’s buffer in case a handover would occur, but is not considered available for transmission anymore.
It was mentioned that a UE could be implemented so that PDCP PDUs to be retransmitted be submitted to RLC as new data available for transmission when triggered by a grant received by the eNB, or from the processing of a PDCP SR.

It was agreed that there could be error cases that should be addressed if this alternative is adopted, which could lead in some PDCP data being delayed and/or stalled:

· in case the UE has not new data to send after the handover:

A possible undesired consequence of this alternative was discussed, i.e. when the UE has no new data to send after the handover and the UE would report empty buffers in the first BSR. Most likely, the eNB would then not issue a grant to the UE, and PDCP data to be retransmitted might not be submitted as new data to the RLC. 

There is thus at least one case where some data could be delayed or stalled, at least until the next BSR trigger (from new data). It was noted that the periodic trigger would not help and would be cancelled, since there would be no “new” data to send in the UE.

Based on the above, it was agreed to use alternative 1 as a baseline, and that companies that wish to revisit this agreement at the next meeting could bring contributions, but only in case it can be showed that it is possible to achieve a common behavior for mobility and non-mobility case with alternative 2. It was also agreed that such proposal should also address e.g. the scenario mentioned above.

3. Proposed Way Forward
Based on off-line discussions and comments received, the rapporteur proposes the following way forward. RAN2 should either:

a) confirm the interpretation of the current MAC text as described in section 1 above, and:

· agree that no modifications are needed in the MAC specifications to handle the mobility case for the BSR calculation;

b) otherwise, if the interpretation of the current text cannot be agreed, discuss whether a description of what data is available for transmission should be included in the RLC and PDCP specifications, in case further clarifications are needed, leaving the current MAC text untouched.

This alternative has the following advantages:

· it helps to avoid describing RLC and PDCP behavior in the MAC specifications;

· it helps to avoid duplication of text across different specifications.

One possible approach could be as follow, for TS 36.323:

For the purpose of buffer status reporting, data available for transmission in the PDCP layer is:

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

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

· the PDCP PDU (control or data) once it has been processed.

For PDCP SDUs for which a PDU has been submitted to lower layers for transmission before a handover has occurred:

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

· the PDCP PDU (data only) once it has been processed.

Rapporteur’s note: there is no need to mention the impact of the PDCP Status Report on the above, since the SR indicates what SDU to consider, and not what data to consider for a specific SDU. 
Rapporteur’s note: a similar exercise could be done for the RLC specifications. 

c) otherwise, if the interpretation of the current text cannot be agreed, discuss the text proposal for alternative c) below.
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------------------------ Text Proposal to TS 36.321 - ALTERNATIVE A ----------------------------

------------------------------------------- Sections Omitted -----------------------------------------------

6.1.3
MAC Control Elements

6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:
-
Short BSR format: one LCG ID field and one corresponding BS field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #1 through #4 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-1.

The fields LCG ID and BS are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits.

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has 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, including the PDCP header sizes. RLC control PDUs to be transmitted, RLC PDUs that have been transmitted and negatively acknowledged by the peer entity and PDCP control PDUs shall also be included in the buffer size computation. The RLC and MAC header sizes are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].
------------------------------ Untouched Text and Sections Omitted -----------------------------------

------------------------ Text Proposal to TS 36.321 - ALTERNATIVE C ----------------------------

------------------------------------------- Sections Omitted -----------------------------------------------

6.1.3
MAC Control Elements

6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:
-
Short BSR format: one LCG ID field and one corresponding BS field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #1 through #4 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1.-1.

The fields LCG ID and BS are defined as follow:

-
LCG ID: The Logical Channel Group ID field identifies the group of logical channel(s) which buffer status is being reported. The length of the field is 2 bits.

-
Buffer Size: The Buffer Size field identifies the total amount of data available across all logical channels of a logical channel group after the MAC PDU has 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, including the PDCP header sizes. At handover, for bearers configured with RLC AM, data corresponding to PDCP SDUs that have been transmitted by RLC and negatively acknowledged by the peer RLC entity shall be included in the calculation of the Buffer Size field, with the exception of any PDCP SDU acknowledged by a PDCP status report if the status report has been received and processed when this value is computed. RLC control PDUs to be transmitted, RLC PDUs that have been transmitted and negatively acknowledged by the peer entity and PDCP control PDUs shall also be included in the buffer size computation. The RLC and MAC header sizes are not considered in the buffer size computation. The length of this field is 6 bits. The values taken by the Buffer Size field are shown in [Table 6.1.2.1-1].
------------------------------ Untouched Text and Sections Omitted -----------------------------------


















































































































































































