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Discussion and Decision

1
Introduction
At WG2#69bis and WG2#70, decisions were made that define how BSRs are to be included in MAC PDUs when multiple grants are available for a TTI. This enables a text proposal for [1] to be made capturing these agreements and this is the subject of this Tdoc. A solution is proposed for the open issue of what should be specified regarding the transmission of multiple BSRs within a TTI. This Tdoc does not address open issues relating to the number, content and use of BSR tables in the BSR MAC CE which are covered in a separate Tdoc.
2
Discussion
At WG2#69bis it was agreed that:-
	Agreements:

1
REL-8 BSR triggers are assumed as baseline

4
The buffer size field is determined after all MAC PDUs have built for the TTI.

6
As like REL-8, only one (padding or normal) BSR is allowed per MAC PDU in REL-10.




And at WG2#70 it was agreed that:-
	Agreements:

1
The BSR may be transmitted on any CC. 


- note that LCP priorities for scheduling remain as in Rel8

2
Allow only zero or one normal BSR, and zero or more padding BSR's in a TTI (still max 1 BSR per TB). If multiple BSR's are included in one TTI, for any LCG always the same value shall be indicated

3
Will specify at least one additional BSR table which can be used in case of higher data rates.


- details on number of values, values and how it is used are FFS.



These decisions sufficiently define the behaviour of a UE relating to the transmission of BSR MAC CEs when there are multiple grants assigned for a TTI for a text proposal to [1] to be made.
One issue that requires clarification is what UE behaviour should be relating to the transmission of multiple BSRs within a TTI. Following discussions during WG2#70 it was agreed to ‘allow only zero or one normal BSR, and zero or more padding BSRs in a TTI’. The discussions that lead to this conclusion considered restricting the number of padding BSRs to one per TTI but the view of some companies was that implementations should be allowed to provide multiple BSRs. The implication from the discussion is that there should be implementation flexibility in relation to whether there a UE includes more than one BSR within a TTI. Consequently, it is proposed to capture the following statement in [1]:-
When multiple grants are received for a TTI and multiple BSRs are triggered it is left to UE implementation whether a BSR is included in more than one MAC PDU.

The consequence of this is that if a regular or periodic BSR is triggered it is left to UE implementation whether a triggered padding BSR is also included in the TTI and if more than one padding BSR is triggered it is left to UE implementation which to transmit.

It is also proposed here that, if a UE includes more than one truncated BSR in a TTI they should each contain the same information i.e. a report for the highest priority LCG that has data available for transmission. Adopting this means that no change to the specification is required.
Following from the agreements made at WG2#69bis and WG2#70 and the proposals made above, the following text changes to capture the operation of BSR reporting when multiple grants are received for a TTI are proposed.

In section 5.4.3.1 of [1]:-

· A statement is added to indicate that there is only one MAC control element for BSR, except for BSR included for padding, included in a TTI and that the MAC PDU that includes this MAC control element is not specified.
· A note is added to indicate that when multiple grants are received for a TTI and multiple BSRs are triggered it is left to UE implementation whether a BSR is included in more than one MAC PDU.

In section 5.4.5 of [1]:-

· A statement is added to indicate that where multiple BSRs are transmitted in a TTI, reports made for each LCG shall be the same.

In section 6.1.3.1 of [1]:-
-
Text is changed to indicate that, when there are multiple grants received for a TTI, the buffer status is that after all MAC PDUs have been built.
4
Conclusion
The following text proposal is made:-
Beginning of Text Proposal
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The UE shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);

-
Step 2: the UE shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible;

-
UE should maximise the transmission of data.

The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.
When, as a result of carrier aggregation, multiple grants are received for a TTI, only one MAC control element for a Regular or Periodic BSR, shall be included in the TTI. The MAC PDU that includes this MAC control element is not specified.
NOTE:
If, as a result of carrier aggregation, a Regular or Periodic BSR and one or more Padding BSRs, or more than one Padding BSR is triggered for a TTI, it is left to UE implementation whether a MAC control element for BSR is included in more than one MAC PDU.
--------xxxxxxxxxxx------ Next changed section
5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data  available for transmission in the UL buffers of the UE. RRC controls BSR reporting by configuring the two timers  periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8].

For the Buffer Status reporting procedure, the UE shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.

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".
For Regular and Periodic BSR:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;

-
else report Short BSR.

For Padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;

-
else report Short BSR.

-
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR.
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 a BSR MAC control element;

-
start or restart periodicBSR-Timer except when the BSR is a Truncated BSR;

-
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 with the logicalChannel-SRmask set to true:

-
a Scheduling Request shall be triggered.

A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.
If, as a result of carrier aggregation, more than one MAC BSR control element is included in a TTI, reports made for an LCG in more than one control element shall be the same.
The UE shall restart retxBSR-Timer upon indication of a grant for transmission of new data on UL-SCH.

All triggered BSRs shall be cancelled in case the UL grant can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.
--------xxxxxxxxxxx------ Next changed section
6.1.3.1
Buffer Status Report MAC Control Elements

Buffer Status Report (BSR) MAC control elements consist of either:

-
Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field (figure 6.1.3.1-1); or

-
Long BSR format: four Buffer Size fields, corresponding to LCG IDs #0 through #3 (figure 6.1.3.1-2).

The BSR formats are identified by MAC PDU subheaders with LCIDs as specified in table 6.2.1-2.

The fields LCG ID and Buffer Size 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 all of the MAC PDUs to be transmitted in 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. The values taken by the Buffer Size field are shown in Table 6.1.3.1-1.
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Figure 6.1.3.1-1: Short BSR and Truncated BSR MAC control element
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Figure 6.1.3.1-2: Long BSR MAC control element

End of Text Proposal
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