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1 Introduction
In E-UTRAN, the shared channel is used to transmit different types of packet services and thus sufficient scheduling information report is important to support the efficient and QoS-aware scheduling. There are many documents discussed this issue mainly on the buffer report [1, 2, 3].In this document, we mainly concern on:
· Buffer report: a new buffer report format with bitmap method is introduced which should flexibly provide sufficient QoS differentiation information while well control the signalling overhead.

· Delay information: introduce a new concept of urgent bit(s) to fast signal the delay situation for fast response from scheduler. 
2 Discussion 
2.1 Buffer status report

For uplink scheduling, the buffer-aware scheduling can improve the scheduling efficiency. In [4] there is common understanding on the buffer status report that uplink buffer status reports may be transmitted using MAC signalling (e.g. as a specific type of MAC control PDU). A way to separately signal buffer status reports for different QoS classes may be used. In Cannes meeting, the buffer report is decided to be per group of RB report.
It is also mentioned that the buffer reporting scheme used in uplink should be flexible in order to support different types of data services. The buffer reporting criteria are setup and reconfigured on a per user basis or per radio bearer basis is FFS. 

Here we proposed that the buffer reporting criteria is based on per radio bearer or per group of RBs basis. For each report, it is not necessary to include the information of all the groups of RBs.

In general, the universal traffic in E-UTRAN could be VoIP, video conference, interactive gaming, Web browsing and FTP, and for these traffics, the required buffer report mechanism and frequency can be different. For example, Most of VoIP codecs without silence suppression generate packets at periodic sampling rate with predetermined size. In this case, E-Node B almost knows how many packets have been transmitted and how many still waiting. In principle it needs no buffer report or very infrequent buffer status report. But for VoIP with silence suppression, it will produce the packets according to on/off model. If persistent scheduling is supported for VoIP traffic, in most situations it is also no need to report the buffer, but when the retransmission is too much and the VAF (voice active factor) is large, the buffered data in UE may become large, in this situation buffer report may be required. So the periodic report may not be very usefully while the event-trigger report is more efficient for this type of traffic. In opposite, interactive gaming and FTP traffic are very burst, hence it is quite difficult for E-Node B to understand the buffer status if not provided the buffer information from the UE. For these kinds of traffics, both periodic report and event-trigger report should be beneficial. If periodic report is supported, the required report periods for these traffics are different. If event-trigged report is supported, for these traffics with different QoS requirement, the trigger could be different (it should be individually triggered for each type of traffic). Furthermore, the need bit number and report mechanism for different group of RB may be different. So we can get the conclusion that: For each report, it is not necessary to include the information of all the groups of RBs. 

Here we proposed a report format with bitmap method, the buffer report includes the bitmap and the buffer status of the reported group of RBs. The bit in the fixed position of the bitmap is used to indicate if the buffer report of the group of RBs is included in this report. The bit number of the bitmap is the maximum allowed number of groups of RBs. For example, there are four groups of RBs, but only buffer report of the first and the third group of RBs are needed in this report, the report format is as follows:
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This report method can reduce the overhead and improve the uplink throughput.

In addition to the service QoS-dependent buffer status report above, it is also important to further increase the report frequency for the burst traffic while not reducing the throughput. It is also a possible approach whenever there is padding space in MAC PDU, part of buffer status can be inserted in this MAC PDU as padding.

2.2 Urgent bit(s)

Buffer status can only report the amount of data in the buffer but the delay information of the data stayed in the buffer isn’t available for the E-Node B scheduler. The absolute delay information (head of line delay) report is proposed to report the delay information of the packet data in the buffer [3]. However, many bits could be needed to report detailed delay information. If MAC messages are used, then reported delay information becomes ineffective by consideration of HARQ retransmission delay for MAC PDU. Here urgent bit(s) is proposed to report the UE’s urgent status for data transmission. With this information, scheduler can make fast response and also give proper radio resource according to the buffer status report. The urgent bit is set according to the UE’s urgent situation which can be defined such as:
· For delay sensitive traffic: This bit is used to indicate certain amount of bits (D1) have been waiting in RLC buffer for certain time (T1).

· For loss sensitive traffic: This bit is used to indicate certain amount of bits (D2) will be discarded after certain time (T2) by RLC discard mechanism.
The D1, D2, T1, T2 are all parameters which can be decided according to the QoS requirement of each RB such as the tolerable delay threshold or tolerable packet loss rate. It is important to well control the packet loss rate in E-UTRAN for cross-layer design to improve the end to end system performance. This urgent bit information could be transmitted together with control signalling in physical layer, such as data-associated signalling (e.g., transport format or HARQ information) [7].
In uplink, there is delay for the E-Node B to know the UE buffer status and delay information, thus the absolute delay information report maybe not so meaningful, but urgent bit(s) provides an efficient and fast way to report the urgent delay and potential packet loss information while significantly reduce the significant overhead of absolute information. E-Node B can know the urgent situation of the UE from urgent bit and is required to allocate the resources to the UE to avoid that the delay and/or packets loss are un-tolerant. 

The urgent bit can well support the QoS requirement such as delay and packet loss constraints .For real-time traffics, the urgent bit is helpful for meeting the delay constraints, and for TCP-based traffics, it can also improve their performance, for example, when a UE with TCP-based traffic is in urgent situation such as high packet loss due to long-time non-scheduled, the E-Node B can allocate the resources to this UE, then the TCP of this UE can go on working in the original process, otherwise it will enter the fast retransmit process which will lead to the transmit window decrease and the performance will get worse. The cross-layer design and analysis is becoming increasingly important for improving the performance of the radio network which support multiple types of service traffic, for example the LTE scheduling introduce the cross-layer scheduling such as AMC, and from high layer point of view, the TCP based analysis is also an important topics, urgent bit report can improve the transmission of different traffics. 

About the number of urgent bits, there are two alternatives:

· There is only one bit. As long as one kind of RB meets the urgent condition, the urgent bit will be set to” urgent”. Only all the RBs are un-urgent, the urgent bit will be set to “un-urgent”.

This report method can provide the delay information with the minimum signalling cost. E-Node B allocates the resources to the UE in urgent situation, and then it is up to the UE to decide which RB can use these resources.

· There is one bit for each group of RB.

It is with fine granular just like group of RB buffer report, it can provide fine granularity delay information for each group of RB, E-Node B can do more accurate scheduling, but the signalling is relatively high compared with one bit method.
In addition, there could be 2 or 3 bits instead of one-bit. With more than one bit, several delay or loss levels can be correspondingly defined that the E-Node B has more detailed delay or packet-loss information and more flexibility that E-Node B can handle with this type of QoS information.
In conclusion, the scheduling information should include the buffer information and urgent (delay) information. By combining of these two information, the E-Node B can have an efficient and fairness scheduling.

3
Conclusions

Scheduling information is important information for uplink scheduling, it should include buffer status and delay and QoS related information. In this contribution, we discussed service QoS-dependent status reporting and leveraging the MAC PDU padding bits to report buffer status. This method can not only flexibly provide sufficient information for high efficiency scheduling and QoS differentiation, but also reduce the overhead. 

In addition, here the urgent bit (s) is introduced to indicate the delay and potential packet loss information etc to satisfy the QoS to improve the system end to end performance.
As a conclusion, we make the following four proposals:
Proposal 1: The per radio bearer or per group of radio bearers buffer reporting criteria should base on service QoS requirements. For each report, it is not necessary to include the information of all the groups of RBs. 
Proposal 2: The buffer report format with bitmap method is proposed which should flexibly provide sufficient QoS differentiation information while well control the signalling overhead.

Proposal 3: Whenever there is padding space in MAC PDU, it should be used to include the buffer status to increase the reporting frequency.

Proposal 4: Urgent bit(s) report is introduced to report the urgent situation such as delay and potential packet loss information indicating scheduler for urgent radio resource request.
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