TSG-RAN WG2 Meeting #60bis
R2-081045
Sorrento, Italy, February 11th-15th, 2008

Source: 
Ericsson

Title:
Details of MAC Happy Bits for UL
Agenda Item:
5.1.1.5
Document for:
Discussion and decision
1. Introduction
Contribution R2-080763 ‎[1] motivates the definition of a small buffer report in the MAC sub-header, also referred to as “MAC Happy Bits”. This contribution discusses the details of a two-bit Happy Bits field in the MAC subheader.
We propose using the two currently unused bits in the MAC PDU sub-header as follow:

· a small buffer report is defined using the two reserved bits in the MAC PDU sub-header;

· these bits are set by the UE according to a mapping table;

· one code-point indicates an empty buffer in the mapping table;

· the other values in the table are defined in relation to the current Transport Block (TB) size;

· what the value of the happy bit field represents depends on the location of the sub-header in the MAC PDU, and whether there is at least one sub-header corresponding to a MAC control element or to padding in the MAC PDU;

· the reported values exclude the data in the current TB;

· the mapping table is configured  by RRC.
The following sections provide more details on our reasoning, as well as a text proposal to TS 36.321.

2. Happy Bits as a Complement to the Detailed BSR
We propose to define the happy bits according to a table. The values reported exclude the amount of data carried in the current transport block.
One code-point should indicate that the UE’s buffer does not contain any further data.
The values associated to the remaining three code-points depend on the location of the Happy Bit (HB) field in the MAC PDU, and whether one or more MAC Control Element(s) and/or padding is present in the MAC PDU:
When there is no MAC CE and no padding in the MAC PDU:

· for the last sub-header of the PDU (including when there is only one sub-header), the HB field reports the cumulative non-zero buffer size of all radio bearers for which no data is included in the PDU;

· otherwise, the HB field indicates the total amount of data in the buffer for the logical channel, excluding the data included in the PDU;

When there is at least one MAC CE and/or padding in the MAC PDU:

· for a sub-header that corresponds to a MAC CE or to padding, the HB field reports the cumulative non-zero buffer size of all radio bearers for which no data is included in the PDU; 

· otherwise, the HB field indicates the total amount of data in the buffer for the logical channel, excluding the data included in the PDU; 

To increase the granularity of the report, we propose to put the report in relation to the size of the transport block in which it is sent. Configurable factors to be multiplied with the transport format size have shown good performance in simulations (see section ‎5). For example the UE could be configured to set the happy bit according to the following table:
	Buffer Size
	Code Point

	0
	00

	≤ 2 * Transport Format
	01

	≤ 8 * Transport Format
	10

	> 8 * Transport Format
	11


The eNodeB can estimate the amount of data available for transmission in the UE by multiplying the size of the transport format with the factor associated to the code-point reported. Details of the buffer size estimation by the eNB are implementation specific.

In the table above, the codepoints “10” and “11” are based on “8 * Transport Format” while in our simulations, those codepoints were defined using “9 * Transport Format”. The change in the table above was made to make the calculation in the UE and in the eNB simpler, to a simple shift operation of an integer. In addition, the simulations were performed with simplified semantics for the happy bits, where only the cumulative non-zero buffer size of all radio bearers was reported. This does not impact the conclusions that can be drawn from our simulation results.
Our simulations (see also section ‎5‎) indicate that the following mapping performs well when the UE is configured as shown in the table above:

	Reported Code Point
	Estimated Buffer Size

	00
	0

	01
	0.5 * Transport Format

	10
	2 * Transport Format

	11
	9 * Transport Format


The simulation results provided in section ‎5‎ show that the same scheduling efficiency is achieved using the combination of the BSR and the happy bits, as for when only BSRs are used, but with significantly less overhead.

Finally, the mapping table used by the UE should be configurable by upper layers, i.e. by RRC.
3. Conclusion
It is proposed that RAN2 discusses the proposals listed in this contribution:

Proposal 1: 
The UE sets the two bits of the small buffer status report according to a mapping table. 

Proposal 2: 
One code-point in the mapping table indicates an empty buffer.

Proposal 3: 
The values in the mapping table are set in relation to the current transport block size. 

Proposal 4: 
The value reported depends on the location of the happy bits in the MAC PDU:

· If there is no MAC Control Element (CE) and no padding in the MAC PDU, and if the sub-header is not the last sub-header in the MAC PDU:

· the happy bits in the sub-header indicate the amount of data for the logical channel indicated in the sub-header, excluding the data included in the PDU;

· Otherwise, the happy bits in the sub-header indicate the cumulative non-zero buffer size of all radio bearers, excluding the data included in the PDU.

· The happy bits in a sub-header that corresponds to a MAC control element or to padding indicate the cumulative non-zero buffer size of all radio bearers, excluding the data included in the PDU; 

Proposal 5: 
The value reported excludes the data in the current TB. 
Proposal 6: 
The mapping table is configured by RRC.
A text proposal to TS 36.321 ‎[2] that reflects the above proposal is included below.
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5. Simulation Results

This section presents some results from system simulations investigating the efficiency of the 2-bit buffer report compared with the efficiency of only using BSRs. 

The simulation set-up consists of 7 sites with 3 sectors each (21 cells total). Web users uploading a 10 Mb file are simulated in a 19.5 mHz bandwidth (100 subbands) system.

The simulator models the HARQ round trip delay (8 ms), which has a significant impact on the performance of both buffer status reporting schemes, since the scheduler requires up-to-date information to make accurate decisions. The simulations use the assumption that the detailed buffer report comprises 8 bits (one octet) for a small report and 24 bits (three octets) for large report. The UE’s buffer size is represented in 64 steps, with a logarithmic distribution similar to EUL but with the range increased to 290kByte {0, …, 290 kByte}. In addition, a header of 8 bits is assumed.

In the simulations, a BSR is triggered according to the agreed criteria [2]. If a BSR is triggered and the UE has data in more than two queues, a large BSR is triggered if it fits in the TBS, otherwise a small one will be sent (if it fits).

Two alternatives where the scheduler is provided with continuous updates are compared. First the BSR is complemented with the “happy bit” described above in this contribution. Secondly, a timer-based BSR trigger where the timer is set to 50 ms which gives a scheduler performance that is comparable to the performance for the “happy bits”. The overhead for the two alternatives is then compared in Figure 1 below. As can be seen from the figure, the alternative with the happy bits provides the same scheduling efficiency, but with much less overhead compared to the timer-based triggered BSR. 
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Figure 1: Comparison of the average signaling overhead in the cell. 

------------------------------------- Text Proposal to TS 36.321 -----------------------------------------

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

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 five header fields LCID/E/HB/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 three header fields LCID/E/HB (as described in figure 6.1.2-2).

A MAC PDU sub-header corresponding to a MAC Control element consists of the five header fields LCID/E/HB/F/L but for the last sub-header in the MAC PDU and for fixed sized MAC Control elements which consist solely of the three header fields LCID/E/HB.
A MAC PDU sub-header corresponding to padding consists of the three header fields LCID/E/HB.
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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

-------------------------------------------    Text Omitted    -----------------------------------------------

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

6.2
Formats and Parameters

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

-
HB: The Happy Bit field is a small compressed buffer report. The HB field is set as follow: 
If there is no sub-header in the MAC PDU that is either associated with a LCID corresponding to a MAC Control Element or to padding:

· if the HB field is in the last sub-header, it is set to the cumulative non-zero buffer size of all radio bearers for which no data is included in the PDU;

· otherwise it is set to the total amount of data in the buffer for the logical channel, excluding the data included in the PDU;

Otherwise:

· if the HB field is in a sub-header corresponding to a MAC CE or to padding, it is set to the cumulative non-zero buffer size of all radio bearers for which no data is included in the PDU; 

· otherwise it is set to the total amount of data in the buffer for the logical channel, excluding the data included in the PDU.
The HB field use the codepoints in the table (x.x.x) below: 
	Buffer Size
	Code Point

	0
	00

	≤ 2 * Transport Format
	01

	≤ 8 * Transport Format
	10

	> 8 * Transport Format
	11
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Note: The pictures need to be updated. Apologies to the MAC editors for not doing this.
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