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1
Introduction
Both MAC header formats proposed in [2] and [3] have a few spare/reserved bits in the MAC header for MAC SDU. In this document we propose using these bits for the transmission of uplink buffer status information [3] [4]. Based on previous HSUPA nomenclature, this MAC header element dedicated to buffer status reports is also referred to as “happy bit(s)”. In this contribution we also introduce the criteria to set those happy bits, which - unlike in HSUPA - allow the eNB to differentiate between radio bearers with different QoS requirements. 
2
Happy Bits
Figure 1 shows an example of MAC header format [2]. In each set of header elements for MAC SDU there is a reserved bit field which we propose to use for buffer status reporting (also known as “happy bits”). Depending on the number of bits required for the LCID, there is 1 or 2 bits available. 

[image: image1.emf]M

A

C

 

P

D

U

LCID

E=1

Payload 

(RLC control + RLC PDU)

L

Reserved

LCID

F=1

L

L

HE

Payload 

(RLC control + RLC PDU)

M

A

C

 

h

e

a

d

e

r

LCID

= MAC control

F=1

L

MAC Ctl 

type

MAC control message

E=1

Con

t.

F=0

E-0

Reserved

L (cont.)


Figure 1: Example of MAC PDU format [2]
Proposal 1: in the set of header elements for MAC SDU, a 1 or 2 bit field - happy bit(s) - is dedicated to the transmission of buffer status information.

The next issue to look at is the setting of the happy bit(s). A straightforward solution would be to use the MAC header element to signal the buffer status per logical channel (i.e. per radio bearer) based on the amount of buffered data for the corresponding radio bearer. The main drawback of such a solution would be that the UE can only convey to the eNB information on the buffer status of the radio bearer(s) that are actually transmitted in the current transport block (TB). 
As an example let us consider the case where the UE has a VoIP connection in the uplink, with an uplink grant tailored for that traffic, and at some point data from a bearer of lower priority arrive in the buffer. The UE will not be able to inform the NB of this occurrence by using the happy bit field in the MAC header. The UE will need to wait until the packet scheduler allocates more resources than are needed for VoIP, or alternatively send a “dedicated” buffer status report in the uplink (which on the other hand is taking some extra capacity).

To overcome this drawback, the following criteria for setting the happy bits in the MAC header of a MAC SDU are proposed:

1. The happy bits are based on the relation between the measured data rate and the Prioritized Bit Rate (PBR) for the corresponding radio bearer.
Due to the way data from different PBR bearers is filled into the TB [1], with this approach the eNB can derive information on the buffer status of the corresponding bearer, as well as of other PBR bearers. E.g., if the MAC header element of the first transmitted bearer is set to 1 (i.e. PBR requirement is “exceeded” for the corresponding bearer), this automatically indicates that the PBR requirements of all lower priority PBR bearers are fulfilled. If the MAC header element of the second transmitted PBR bearer is set to 1, this automatically indicates that the first transmitted PBR bearer did not have any more data to transmit.
2. The happy bits are based on the amount of buffered data for radio bearers not included in the current TB.
In this way the eNB can derive information on the buffer status of non-PBR bearers of priority lower than the transmitted ones.
By decoding the MAC header element, the eNB can then extract information on the buffer status of the radio bearers that are included in the current TB, but also of the bearers that are not.
If there are two happy bits available per MAC SDU:
Proposal 2A: the two happy bits in the MAC header of a MAC SDU are set according to the following rules:

· First happy bit is set to 1 if Ri > PBRi, 0 otherwise (first criteria above)

· Second happy bit is set to 1 if Bout > 0, 0 otherwise (second criteria above)
Ri is the measured data rate at the UE for radio bearer i (used anyway for prioritization between PBR radio bearers), PBRi the PBR of radio bearer i, and Bout is the amount of buffered data of radio bearers not included in the current TB.
If there is only one happy bit available per MAC SDU as proposed in [2] and [3]:
Proposal 2B: the happy bit in the MAC header of a MAC SDU is set according to the following rules:

· If the corresponding radio bearer is not the last in the MAC PDU, then the happy bit is set to 1 if Ri > PBRi, 0 otherwise (first criteria above)
· If the corresponding radio bearer is the last in MAC PDU (this also covers the case where the is only one radio bearer in the MAC PDU), then the happy bit is set is set to 1 if Bout > 0, 0 otherwise (second criteria above)
For bearers with no PBR, it is proposed to consider the PBR fulfilled always.
3
Examples

In order to analyse the usefulness of the happy bits as defined in section 2 above, a few examples are given:

-
All bearers with configured PBR are in the TB: for the last bearer included in the UL TB (the one of lowest priority), it is useful for the scheduler to know whether there's enough room to guarantee its PBR or not. If a bearer of higher priority carries more data than required by its PBR - indicated by its first happy bit - it means that the last bearer have had its PBR fulfilled.
-
Not all bearers with configured PBR are in the TB: knowing the assigned priorities, the eNB can identify the bearers missing between the highest priority sent and the last one. Those missing bearers have either no data to send (otherwise the low priority non PBR bearer would not be there), or those bearers have had their PBR satisfied. Then the question is what about the ones of lower priority than the lowest sent in the UL TB? Are they stuck because the UL grant is too little, or do not they have any data to send? Again, with the first happy bit, the eNB knows whether low priority bearers with PBR are stuck or not: as soon as one first happy bit of a transmitted PBR bearer is set to 1, it means that no PBR is left unsatisfied.
-
Bearers with no PBR are not included: in that case the question for the scheduler is are those bearers starving or do not they have any data to send? For that case, the second happy bit of the last bearer becomes useful: if set to 1, data of lower priority bearers is awaiting transmission.
-
Bearer with no more data to send: can easily be identified by the eNB regardless of whether a PBR is associated or not. If a PBR is associated to the bearer, the eNB knows that this bearer has no more data to send as soon as a PBR of a lower priority bearer is exceeded or as soon as data from a non-PBR lower priority bearer is sent i.e. as soon as the first happy bit of a lower priority bearer is set to 1. When no PBR is associated to the bearer, the eNB knows that this bearer has no more data to send as soon as data from a lower priority bearer is sent i.e. as soon as the first happy bit of a lower priority bearer is set to 1.
4
Conclusion
Different MAC header formats proposed in standardization have reserved bits in MAC header of MAC SDU. In this contribution we propose to use these bits to convey uplink buffer status information.
Proposal 1: in the set of header elements for MAC SDU, a 1 or 2 bit field - happy bit(s) - is dedicated to the transmission of buffer status information.

In order to allow the eNB to extract form the happy bits information on different radio bearers (with different QoS requirements), we propose to adopt the following rules:

Proposal 2A: the two happy bits in the MAC header of a MAC SDU are set according to the following rules:

· First happy bit is set to 1 if Ri > PBRi, 0 otherwise (first criteria above)

· Second happy bit is set to 1 if Bout > 0, 0 otherwise (second criteria above)
Or if only one happy bit is available:
Proposal 2B: the happy bit in the MAC header of a MAC SDU is set according to the following rules:

· If the corresponding radio bearer is not the last in the MAC PDU, then the happy bit is set to 1 if Ri > PBRi, 0 otherwise (first criteria above)
· If the corresponding radio bearer is the last in MAC PDU (this also covers the case where the is only one radio bearer in the MAC PDU), then the happy bit is set is set to 1 if Bout > 0, 0 otherwise (second criteria above)
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