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1
Introduction
Scheduling information to support uplink scheduling operation has been first introduced in HSUPA [1]. Scheduling information in HSUPA basically consists of buffer status and power headroom reports. Based on earlier proposals [3-6], this contribution proposes a way to signal E-UTRAN scheduling information that follows the same generic principles as in HSUPA but also provides more flexibility to fulfil the requirements related to scheduler operation in an orthogonal multiple access scheme.
2
Power Headroom Reports

Power headroom reports have been first introduced for HSUPA [1]. The fact is that radio optimum resource management requires the eNB to know whether or not a UE is operating close to its maximum transmission power. Moreover, due to adaptive transmission bandwidth (i.e. the user transmission bandwidth can be modified on a TTI basis), in E-UTRAN uplink it is even more important to know the power spectral density used at the UE to avoid that e.g. the eNB allocates a transmission bandwidth that cannot be supported given the maximum UE power capabilities.

Assuming a power control dynamic range of 40-60 dB and a resolution of 1 dB (finer resolution will not make sense considering the actual accuracy of transmission power measurements done at the UE), 6 bits for the transmission of a power headroom report in uplink would seem sufficient. Although the total number of bits should be of course be decided by RAN1 and RAN4, we can already assume in RAN2 that 1 byte is enough for power headroom reporting.
Proposal 1: power headroom reports are 1 byte long.
3
Buffer Status Reports
Compared to HSUPA, E-UTRAN uplink is based on an orthogonal multiple access scheme (SC-FDMA). Since under these circumstances the allocation of radio resources to a user that does not have data to transmit directly results in a capacity loss, the design of buffer status reporting scheme is relatively important in E-UTRAN uplink. 
Buffer status reports in E-UTRAN was already agreed to allow differentiation between radio bearers with different QoS requirements [2]. To allow for QoS differentiation at the eNB it is proposed to introduce priority-based buffer status reports where a priority buffer status report is a “reduced” buffer status report which contains buffer status information for different priority classes. A priority class is defined by grouping radio bearers with similar QoS requirement (but one priority class might also consist of only one radio bearer). The number of radio bearer group to report should not be too small to provide enough information to the scheduler but cannot be too large either to limit the overhead. With an agreed size of 5 bits for LCID, a total of four radio bearer groups seems to be a good compromise.
Proposal 2: radio bearers are classified into 4 radio bearer groups (RBGs).
A total of 4 RBGs requires two bits for identification of the group. Since the total size of the BSR should be byte-aligned, the candidate sizes for the buffer size are then 6 bit and 14 bit. If we take the logarithmic approach for the buffer size coding like we did in HSUPA, 14 bit buffer size table gives 16384 code points and 0.07% step size, which is clearly overkill. Six bit buffer size gives 64 code points and 12.77% step size that are comparable to 32 code points and 23.9% step size of HSUPA. So the proposal is to have 6 bit buffer size field.
Proposal 3: buffer size fields of the BSR are 6 bits long.

There are two possibilities for the meaning of the buffer size: amount of buffered data before filling the transport block or amount of data buffered after filling the transport block. Since BSR aims at helping the scheduler to allocate future resources, it is logical to consider the amount of data buffered after filling the transport block.

Proposal 4: BSR reports the amount of data left in the buffer after filling the transport block.

Data is buffered in the UE across RLC and PDCP. In RLC awaits ciphered and compressed PDCP PDUs for transmission and retransmission(s) while in PDCP it is unciphered and uncompressed PDCP SDUs that are buffered. Whether a PDCP SDU can be processed and given to RLC for transmission is mostly a matter of UE implementation. For the very same service, different UEs might therefore report different BSR depending on whether RLC or PDCP is considered. In order to reduce possible inconsistencies in reporting, it is thus proposed to report the total amount of buffered data without making any distinction between RLC and PDCP.

NOTE:
special consideration might be required for VoIP.

Proposal 5: BSR reports the total amount of buffered data per RBG regardless of whether it is RLC or PDCP

Since it is not necessary to report the 4 RBGs always (e.g. when only a limited number of bearers are configured), it is proposed to introduce two formats of BSR: one where only one RBG is reported and one where all four RBGs are. In the first case, 2 bits are required for RBG identification while in the later case, the 4 buffer size fields can be concatenated as depicted on Figure 1 & 2 below:
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Figure 1: Short BSR Type
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Figure 2: Long BSR Type

Proposal 6: there are two types of BSR, a short BSR reporting the status of one RBG only (1 byte long) and a long BSR reporting the status of the four RBGs (3 bytes long).
4
MAC Control Elements
Considering the agreements made at the last meeting on the MAC layer [7], it seems logical to use MAC control elements to carry BSR and power headroom reports.

Proposal 7: BSR and power headroom reports are carried as MAC control elements

-
one LCID is used for power headroom reports;

-
one LCID is used for short BSR;

-
one LCID is used for long BSR.

If power headroom appears to be conveyed with long or short BSR most of the time, additional LCID can be reserved for the concatenation of the two information so as to reduce the signalling overhead.
5
Conclusions

Several proposals for the transmission of scheduling information in E-UTRAN uplink have been discussed in this contribution.
Proposal 1: power headroom reports are 1 byte long.
Proposal 2: radio bearers are classified into 4 radio bearer groups (RBGs).
Proposal 3: buffer size fields of the BSR are 6 bits long.

Proposal 4: BSR reports the amount of data left in the buffer after filling the transport block.

Proposal 5: BSR reports the total amount of buffered data per RBG regardless of whether it is RLC or PDCP.

Proposal 6: there are two types of BSR, a short BSR reporting the status of one RBG only (1 byte long) and a long BSR reporting the status of the four RBGs (3 bytes long).

Proposal 7: BSR and power headroom reports are carried as MAC control elements

-
one LCID is used for power headroom reports;

-
one LCID is used for short BSR;

-
one LCID is used for long BSR.
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