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1
Introduction
Scheduling information to support uplink scheduling operation has been first introduced in HSUPA [7]. Scheduling information in HSUPA basically consists of (i) buffer status and (ii) power headroom reports. This contribution proposes a way to signal the scheduling information in the uplink of E-UTRAN which is flexible compared to what used in HSUPA, and at the same time reduces the signaling overhead.
2
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. Moreover, buffer status reports in E-UTRAN uplink should allow differentiation between radio bearers with different QoS requirements [1]. To allow for QoS differentiation at the eNode-B it is proposed to introduce priority-based buffer status reports [3]. 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). A priority based report could potentially use 2 bits per priority class. Assuming that 3-4 priority classes, a priority buffer status report might consists of e.g. 6-8 bits only.
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Figure 1: Example of priority buffer status report [3]
The main advantage of priority buffer status reports is that they convey in one single message information on basically all radio bearers active at the UE. Therefore, priority buffer status reports are particularly effective in case of a high number of active radio bearers. Figure 1 reports an example of a priority buffer status report with 4 priority classes and using 8 bits.

The overall number of priority classes could be standardized (we propose to agree on 4 different priority classes). However, to allow for a certain degree of flexibility the number of reported priority classes and the number of bits per reported priority class in a priority buffer status report could be configurable by the network (via RRC). Some default settings could be agreed in order to limit the required signalling between UE and eNB.
In case only one format for priority buffer status reports is agreed (i.e. fixed number of priority classes, and fixed number of bits per priority class), then we propose to introduce a second type of buffer status reports, namely absolute buffer status reports [3]. The information contained in an absolute buffer status report consists of (i) an identifier of the logical channel the buffer report refers to (LCID, typically 5 bits), and (ii) a corresponding data amount indicator (typically 4-5 bits). Therefore an absolute buffer status report might consist of 9-10 bits (per LCID).

3
Power Headroom Reports

Power headroom reports have been introduced for HSUPA [7]. 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. The need for power headroom reports in E-UTRAN uplink have been acknowledged in both [4] and [6].
It is therefore suggested to use MAC signalling for the transmission of power headroom reports in E-UTRAN uplink. 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), it is proposed to use 6 bits for the transmission of a power headroom report in uplink.
4
Uplink scheduling information
It is proposed that scheduling information (i.e. buffer status and/or power headroom reports) is transmitted using MAC control signalling. More specifically, it is suggested that only the MAC control header is used. Since there is actually no MAC control message per-se, then the length field in the MAC control header can be omitted (as proposed in [5]) and the “spare” bits  used for reporting scheduling information.

The MAC control message format proposed in this contribution for the transmission of uplink scheduling information is based on the MAC header format in [2], though the basic principle can be generalized to other cases. The proposal is to use the LCID field in the MAC header of MAC control messages to define different “concatenations” of fix-sized control elements, which are:

-
Priority buffer status,

-
Power headroom, and potentially also
-
Absolute buffer status
Assuming (as previously explained) that the length field can be omitted, we propose to introduce the MAC control header formats reported in Table 1 below. In order to support flexible power headroom and buffer status reporting schemes, more than one MAC control type is used for the transmission of scheduling information.

It can be noticed that with the proposed scheme the overhead can be reduced by transmitting buffer status and power headroom reports in the same MAC control message (3 bytes instead of 2+2 = 4 bytes). Furthermore, the scheme also allows transmitting the power headroom and buffer status in separate MAC control messages, thus reducing the overhead in case only information on e.g. the power headroom (or on the buffer status) is needed (2 bytes instead of 3 bytes).

Table 1: Propose ways of signalling the scheduling information in E-UTRAN uplink
	MAC Control Type
	What is reported
	# of bits
	Size of MAC header 

	Power headroom alone
	Power headroom
	6
	2 bytes

	
	Reserved
	3
	

	Priority buffer status alone
	Priority buffer status
	8
	2 bytes

	
	Reserved
	1
	

	Power headroom + 
priority buffer status
	Power headroom
	6
	3 bytes

	
	Priority buffer status
	8
	

	
	Reserved
	3
	

	Power headroom + 
absolute buffer status
	Power headroom
	6
	3 bytes

	
	LCID
	5
	

	
	Absolute buffer status
	5
	

	
	Reserved
	1
	


The criteria that in the UE trigger the transmission of uplink scheduling information are configured by the eNB via RRC signalling. Both periodic and event-triggered signalling should be allowed. Reporting criteria for buffer status and power headroom reports are discussed in [3] and [4], respectively.
5
Conclusions

Several proposals for the transmission of scheduling information in E-UTRAN uplink have been discussed in this contribution.
Proposal 1a – Buffer status reporting for LTE uplink is based on priority buffer status reports (“reduced” buffer status for all priority classes). While the overall number of priority classes is fixed (e.g. 4 priority classes exist), the number of reported priority classes and the number of bits per reported priority class in a priority buffer status report can be configured by the network (RRC). 
Proposal 1b – Alternatively (i.e. in case only one priority buffer status format is allowed by the standard), absolute buffer status reports (LCID and its corresponding buffer status) are also introduced.
Proposal 2 – Power headroom information is transmitted from the UE to the eNB using MAC signaling. We suggest using 6 bits for reporting the power headroom.

Proposal 3 – MAC control header is used for the transmission of scheduling information. The length field is omitted and actually used for the transmission of power headroom and/or buffer status reports. 
Proposal 4 – Three (potentially four) different MAC control header formats are proposed for the transmission of scheduling information: (i) power headroom alone, (ii) priority buffer status alone, (iii) power headroom and priority buffer status, and potentially (iv) power headroom and absolute buffer status.
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