TSG-RAN WG2 Meeting #60bis
R2-080763
Sorrento, Italy, February 11th-15th, 2008

Source: 
Ericsson

Title:
On the need for MAC Happy Bits for UL
Agenda Item:
5.1.1.5
Document for:
Discussion and decision
1. Introduction
This contribution discusses the definition of a small buffer status report in the MAC header, i.e. a two-bit Happy Bits field.
In particular, we argue that by using two currently unused bits in the MAC PDU sub-header:

· the reliability of the buffer status reporting to HARQ failures can be improved;

· the cost of the detailed BSR overhead can be reduced.
Consequently, as a complement to the detailed buffer status report, we suggest that:

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

The following sections provide more details on our reasoning.
2. Background
Scheduling and resource assignments
In LTE, the uplink scheduler resides in the eNodeB. The scheduler assigns resources and selects the Transport Format (TF) for uplink transmissions. The scheduler needs information about the current state of the UE buffer to manage radio resources efficiently.

At RAN2#60, a signaling framework based on Buffer Status Reports (BSR) and Scheduling Requests (SR) following well-defined triggers and reporting criteria was agreed ‎[1]

 REF _Ref188966539 \r \h 
‎[2].     

BSR and SR are triggered when UL data arrives in the UE transmission buffer and the data belongs to a radio bearer (logical channel) group with higher priority than those for which data already existed in the buffer. With this type of triggering, the scheduler can quickly be made aware when data with higher priority is available for transmission, without excessive reporting ‎[3].

At RAN2#61bis, it was agreed to introduce a periodic timer-based approach per UE to handle reporting for a continuous flow ‎[4].

Buffer Status Reporting - Error Cases

The BSR framework is sensitive to error cases due to HARQ failures (NACK to ACK errors), as explained in R2-080086 ‎[5]. These error cases can be recovered with the periodic timer-based trigger, but only to some extent and only when the UE gets a grant. One possible way to address this would be for the UE to piggyback a fresh BSR on UL transmission, i.e. to increase the frequency of the BSR reporting.
· Detailed BSR send in MAC CE is sensitive to HARQ errors and failures

Buffer Status Reporting - Overhead
The BSR MAC Control Element reports the amount of data in the buffers for one (short format) or four (long format) groups of logical channels ‎[2], i.e. for one radio bearer group. The short BSR format is 1 byte, and the long format is 3 bytes. Assuming that the MAC header requires only a LCID and E field, and that the L field can be omitted because the BSR CE has a fixed length, these 6 bits lead to one additional byte in the MAC header and thus the total overhead for each MAC PDU that carries a BSR is 2 bytes or 4 bytes, respectively.

The BSR framework requires tuning of the triggering parameters to avoid excessive overhead. In the case where the UE transmission buffers are continuously filled with data, the scheduler typically needs frequent BSRs. For continuous flows, the timer-based approach will ensure that BSRs will be send periodically. Parameter tuning depends on the characteristics of the traffic, which is difficult to predict; the frequency of the BSR will typically be configured for the worst-case traffic behavior.

· When a detailed BSR is transmitted frequently, number of bits of overhead is costly.
Buffer Status Reporting - Semi-persistent scheduling

The eNB can configure semi-persistent resources for a UE, when e.g. a radio bearer carrying a VoIP service is setup. The resources are typically configured to match the bit rate of the service and the radio characteristics, taking into account header compression if also configured.

Considering the current agreements, the following events trigger a BSR in the above scenario:

1) RTCP arrives in the UE transmission buffer (i.e. new data with the same or lower priority);

2) header compression does not produce the smallest header size.

If the UE only has semi-persistent resources allocated at the time the event occurs, the UE would then send the regular BSR using the semi-persistent resource together with some of the data, e.g. likely a segment of a speech frame; the eNB can then allocate additional dynamic resources for the remainder of the data. It could be desirable to avoid this overhead with the possibility to not send the BSR.
· A low-cost small status report indicating that the UE has more data to send simplifies semi-persistent scheduling (unless the persistent resources are over dimensioned)
3. Happy Bits as a Complement to the Detailed BSR
Figure 1 below shows the MAC sub-header format agreed in ‎[2]. In each sub-header, there are two bits which are reserved (R bits). This is due to the requirement to have header byte alignment for all important MAC PDU formats (i.e. single RLC PDU, one RLC PDU with one MAC CE, and two RLC PDUs multiplexed). Instead of wasting two bits in the MAC header, we suggest to include an indication similar to the “happy bit” for EUL ‎‎[6], to improve the reliability of the buffer status reporting and to decrease its overhead.


[image: image1.emf]LCID E

F L

LCID/E/R/R/F/L sub-header with 

7-bits L field

LCID/E/R/R/F/L sub-header with 

15-bits L field

R R LCID E

F L

R R

L

Oct 1

Oct 2

Oct 1

Oct 2

Oct 3


Figure 1: MAC sub-header ‎[2]
· The two-bit happy bit field comes at no cost in terms of overhead for the most frequent cases, as there are two spare bits in all MAC headers ‎[2]. 
We believe that these bits add simplicity and robustness to the buffer status reporting mechanisms.
Proposal: 
As a complement to the detailed buffer status report, we propose to define a small buffer report, using the two reserved bits of the MAC PDU sub-header, for UL PDUs. 

4. Advantages of the Happy Bits
Simplicity:  Happy bits are continuously transmitted; there is no need for tuning the triggering conditions as for the case where only BSRs are used. 

Robustness: BSRs are sensitive to HARQ errors and HARQ failures. Happy bits mitigate the effect of these errors, as they are included in each UL transmission.
Overhead:  Assuming that the happy bit field is defined using the two currently reserved (R) bits in the MAC PDU sub-header, the happy bits come with no cost in overhead. This can be compared to a BSR, which costs 2-4 bytes. 

Handover efficiency:  It is of great importance for the HO efficiency to keep message 3 in the RACH procedure small to allow for a robust selection of coding and modulation and to avoid unnecessarily delaying the HO Complete message. It is thus beneficial to, if possible, avoid including a BSR in message 3. The happy bit field provides the scheduler with similar information about the buffer state, while avoiding the overhead of a BSR; the complete BSR can then be sent soon enough using the first opportunity after the HO.
5. Conclusion
The happy bit field adds simplicity and robustness to the current BSR mechanism, and also offers significant savings in terms of signaling overhead. Based on this, it is proposed that RAN2 discusses the following proposal:

Proposal: 
As a complement to the detailed buffer status report, we propose to define a small buffer report, using the two reserved bits of the MAC PDU sub-header for UL PDUs. 
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