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1
Introduction
At RAN2#60bis meeting, it was agreed to have two kinds of BSR: a short and a long one (1 and 3 bytes respectively) [1] [2]. This contribution discusses possible criteria for the two so that the UE always knows when to send which.
2
Criteria
In its simplest form, the criteria can simply depend on the amount of data that is buffered in the different Logical Channel Groups (LCG):

-
If only one LCG has buffered data: report the short BSR format;

-
As soon as more than one LCG has buffered data: report the long BSR format.
As a result, not only the overhead is minimised but when the eNB receives a short BSR, it knows that other LCGs than the one reported do not have any data buffered.
Proposal 1: if only one LCG has buffered data, report short BSR; as soon as more than one LCG has buffered data, report long BSR.

BSR can also replace padding bits. If the criteria above were used for that case as well, a long BSR would only be sent if the amount of padding exceeds 4 bytes. This means that even though a short BSR could be reported, padding would still be sent as long as more than one LCG has buffered data. In order to minimise padding always, it is proposed to apply different criteria when BSR replaces padding: select the BSR that fits best. In other words:

-
If the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the Long BSR:

-
Report Short BSR;

-
Else if the number of padding bits is equal to or larger than the size of the Long BSR:

-
Report Long BSR;

Proposal 2: when BSR replaces padding, the largest possible “padding BSR” is always sent.

Although it minimises padding always, one drawback is that it does not allow the eNB to rely on the presence of a short BSR to know that other LCGs than the one reported do not have any data buffered. In order to retain this aspect, the eNB must be able to differentiate a regular BSR from a “padding” BSR. This can be achieved by using the order in which a MAC PDU is built:
-
Regular BSR is always sent first - as already agreed;

-
Padding BSR is always sent last, just before padding if there is any left.

Another benefit is that the order of each element inside a MAC PDU would then naturally follow the building process of the uplink transport block where padding is always known last i.e. Padding BSR really replaces padding
Proposal 3: padding BSR is sent last always, just before padding if any.
3
Conclusion
Criteria for the long and short BSR were discussed. In order to minimise the overhead, and allow the eNB to know that when it receives a short BSR other LCGs than the one reported do not have any data buffered, while simplifying UE implementation, three proposals were made:
Proposal 1: if only one LCG has buffered data, report short BSR; as soon as more than one LCG has buffered data, report long BSR.

Proposal 2: when BSR replaces padding, the largest possible “padding BSR” is always sent.

Proposal 3: padding BSR is sent last always, just before padding if any.
Which can be translated in the following description for regular and padding BSR?
For regular BSR:

-
Always sent at the beginning of the MAC PDU, before any MAC SDU;

-
If only one LCG has buffered data: report short BSR;

-
As soon as more than one LCG has buffered data: report long BSR.

For padding BSR:

-
Always sent at the end of the MAC PDU, just before padding if there is any left.

-
If the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the Long BSR one, report Short BSR of the highest priority LCG;

-
Else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR,
A text proposal to the MAC specification [3] is proposed below.

Beginning of Text Proposal
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Active Time: time that the UE is awake. When DRX is configured by higher layer, this includes the On Duration, the time UE is continuously monitoring the PDCCH while the DRX Inactivity Timer has not expired and the time UE is continuously monitoring the PDCCH while the DRX Retransmission Timer has not expired.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below).
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Figure 3.1-1: DRX Cycle

DRX Inactivity Timer: Specifies the number of consecutive TTIs during which the UE shall monitor the PDCCH after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.

DRX Retransmission Timer: Specifies the number of consecutive TTIs the UE shall monitor the PDCCH for as soon as a DL retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive TTIs the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired.

HARQ RTT Timer: This parameter specifies the minimum amount of TTIs before a DL HARQ retransmission is expected by the UE. 

On Duration Timer: Specifies the number of consecutive TTIs during which the UE shall monitor the PDCCH for possible allocations. The On Duration Timer is a part of a DRX Cycle.
Padding BSR: BSR which replaces padding at the end of a MAC PDU.
RA-RNTI: The Random Access RNTI is used on the [PDCCH] when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.
Next Modified Section
5.4.5
Buffer Status Reporting

 Editor’s note: This subclause describes the handling and reporting of buffer status reports.

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel group with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred below to as “Regular BSR”;

-
UL resources are allocated and number of padding bits is larger than the size of the Short Buffer Status Report MAC control element, in which case the BSR is referred below to as “Padding BSR”;

-
A serving cell change occurs, in which case the BSR is referred below to as “Regular BSR”.

For regular BSR:

-
If only one LCG has buffered data: report short BSR;

-
As soon as more than one LCG has buffered data: report long BSR.

For padding BSR:

-
If the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the Long BSR one, report Short BSR of the highest priority LCG;

-
Else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR,
If the Buffer Status reporting procedure determines that a BSR is pending:

-
If the UE has UL resources allocated for this TTI, instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
Else
 a Scheduling Request shall be triggered.
NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR is included in the MAC PDU.

A pending BSR is cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition.
Next Modified Section
6.1.2
MAC PDU (DL-SCH and UL-SCH)

A MAC PDU consists of a MAC header, zero or more MAC Service Data Units (MAC SDU), zero, or more MAC Control elements, and optionally padding; as described in figure 6.1.2-3. 

Both the MAC header and the MAC SDUs are of variable sizes.
A MAC PDU header consists of one or more MAC PDU sub-headers; each sub-header corresponding to either a MAC SDU, a MAC Control element or padding. 

A MAC PDU sub-header corresponding to a MAC SDU consists of the six header fields LCID/E/R/R/F/L (as described in figure 6.1.2-1) but for the last sub-header in the MAC PDU which consists solely of the four header fields LCID/E/R/R (as described in figure 6.1.2-2).

A MAC PDU sub-header corresponding to a MAC Control element consists of the six header fields LCID/E/R/R/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC Control elements which consist solely of the four header fields LCID/E/R/R.
A MAC PDU sub-header corresponding to padding consists of the four header fields LCID/E/R/R.
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Figure 6.1.2-1: LCID/E/R/R/F/L MAC sub-header
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Figure 6.1.2-2: LCID/E/R/R MAC sub-header

MAC PDU sub-headers have the same order as the corresponding MAC SDUs, MAC Control elements and padding.
MAC Control elements, with the exception of Padding BSR are always placed before any MAC SDU. Padding BSR and padding occurs at the end of the MAC PDU.

A maximum of one MAC PDU can be transmitted per TB per UE. [Depending on the physical layer category], one or two TBs can be transmitted per TTI per UE.
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Figure 6.1.2-3: MAC PDU consisting of MAC header, MAC Control elements, MAC SDUs and padding

Next Modified Section
6.2.1
MAC header for DL-SCH and UL-SCH 

The MAC header is of variable size and consists of the following fields:

-
LCID: The Logical Channel ID field identifies the logical channel instance of the corresponding MAC SDU or the type of the corresponding MAC Control element or padding as described in tables 6.2.1-1 and 6.2.1-2 for the DL and UL-SCH respectively. There is one LCID field for each MAC SDU, MAC Control element or padding included in the MAC PDU. The LCID field size is 5 bits.
-
L: The Length field indicates the length of the corresponding MAC SDU or MAC Control element in bytes. There is one L field per MAC SDU included in the MAC PDU except for the last MAC SDU. For MAC Control elements, the presence of an L field depends on the type of MAC Control element. The size of the L field is indicated by the F field.

-
F: The Format field indicates the size of the Length field as indicated in table 6.2.1-3. There is one F field per MAC SDU included in the MAC PDU except for the last MAC SDU. The size of the F field is 1 bit.

-
E: The Extension field is a flag indicating if more fields are present in the MAC header or not. The E field is set to "1" to indicate another set of at least LCID/E/R/R fields. The E field is set to "0" to indicate that either a MAC SDU, a MAC control element or padding starts at the next byte

-
R: Reserved bits.

The MAC header and sub-headers are octet aligned.

Table 6.2.1-1 Values of LCID for DL-SCH; 

	Index
	LCID values

	00000-xxxxx
	Identity of the logical channel

	xxxxx-11011
	reserved

	11100
	[RACH Message 2]

	11101
	[Timing Advance]

	11110
	[DRX]

	11111
	Padding


Table 6.2.1-2 Values of LCID for UL-SCH; 

	Index
	LCID values

	00000-yyyyy
	Identity of the logical channel

	yyyyy-11100
	reserved

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding


Table 6.2.1-3 Values of F field:

	Index
	Size of Length field (in bits)

	0
	7

	1
	15


End of Text Proposal
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