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1.  Introduction

In this document, we will discuss the UE reporting mechanisms, which are used to assist scheduling. The discussion is mainly based on the contributions submitted during the past RAN2 meetings.
2.  Discussion
For the purpose of assisting NB scheduling, two basic quantities need to be reported from UE to NB, namely buffer status and CQI.
2.1   Reporting of UE buffer status
UE buffer status is mainly used by the NB scheduler to partition uplink resources among different UEs or possible different RBs within one UE. The detailed report mechanism and quantity are related to the uplink scheduling scheme. Two basic schemes have been discussed during the past meetings，ie Per UE and Per RB. In the Per UE scheduling, NB scheduler will decide the permitted maximum rate for each scheduled UE, while splitting resource among different RBs belong to one UE is done by the UE itself. Another scheme is Per Radio Bearer scheduling, in which NB scheduler controls the bit rate of each radio bearer within one UE. 
Table 1 provides a rough comparison of the two schemes.
Table1: Comparison of uplink scheduling schemes
	
	QoS control
	Downlink signalling overhead
	Uplink signalling overhead
(Buffer status requirement)

	Per UE scheduling
	Rough. Only maximum rate is controlled by NB.
	Low. NB only informs UE the maximum permitted rate.
	Low. Only total buffer occupancy need to be reported(BO with highest priority is also possible )

	Per RB scheduling
	Precise. Bit rate of each RB could be controlled by NB.
	High. NB will inform UE the bit rate of each scheduled RB.
	High. BO of each RB need to be reported.


As shown in table1, Per RB scheduling permits NB to control the QoS more precisely at the cost of high signalling overhead (both downlink and uplink). Per UE scheduling needs less signalling, but NB can only perform rough QoS control with this scheme. To obtain a balance between the precision of QoS control and the required signalling overhead, we propose UE reports BO of M RBs with the highest priority. Based on such BO information, it is possible for the NB to control the QoS of M RBs accurately. For example, NB can partition resource among up to M RBs within one UE and limit the bit rate of the RB with highest priority to avoid starvation of RBs with higher priority. The value of M is related to the acceptable signalling overhead and the expected QoS control precision. Besides, the UE capability may also affect M since a 20 MHz UE can transmit more data than a 10 MHz one. Further study is needed to determine the value of M and application rules of such a scheme.
2.2   Reporting of CQI
The NB scheduler is able to assign resource (DL/UL-SCH) more efficiently based on the CQI reported from UE. The size of CQI report will be affected by different resource allocation strategies. 
In general, localized resource allocation needs detailed CQI report for each possible resource block, while distributed scheme needs rough or average CQI report only. Another factor impacting the CQI size is the UE capability. When localized scheme is adopted, a 20MHz UE is usually required to transfer more bit for the CQI report than a 10MHz one. Note that it is possible to adjust the resource allocation scheme according to e.g. the status of UE mobility and the cell load.
Since the CQI may vary from different resource allocation strategies and UE capabilities, how to transfer CQI more efficiently should be considered carefully. In our current opinion, it is more suitable to carry the CQI report via HARQ PDU. Either piggybacked or through a control PDU is possible. The main benefit is that the uplink resource can be utilized more adequately since UE can split resource dynamically between CQI and traffic based on the size of CQI required to be reported.
When there is no uplink service activated in the UE, the CQI report mechanism need to be further studied. Several methods can be considered to deal with such a case as summarized below.

1. Via RACH. There is collision risk with this method. The NB scheduler may not get the CQI in time. Another problem is whether RACH can carry enough information when localized CQI need to be reported.
2. Via uplink control channel together with ACK/NACK. This is similar to current HSDPA. The problem is how to design the control channel to adapt the variety of the CQI size.

3. Allocating uplink resource periodically. This is only used to report CQI. Such resource can be allocated by RRC (persistent scheduling mode is possible) or MAC scheduler. We think MAC scheduler is more suitable since it can adjust the resource amount dynamically according to the CQI size. But the signalling overhead need to be considered.
3.  Proposals
As analyzed above, we would like to request RAN2 to discuss the ideas on the BO and CQI report.
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