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1.  Introduction

During the past RAN2 meetings, MAC scheduling was discussed by several companies. Some basic principles have been provided. This document will summarize the past achievements based on the discussion. At the end, a TP about MAC scheduling is given as a reference to 25.813.
2.  Discussion
The past discussions in RAN2 mainly focus on the following topics:

· Scheduling gap for inter-frequency measurements.

· Transmitting multiplexing of low-rate services, such as VOIP.

· Scheduling and resource allocation method(e.g. frequency selective or frequency diverse scheduling)

· Optimization of related signaling report and parameters.
The following issues have been considered in the RAN1 meetings and email group:
· Resource allocation scheme, namely distributed(frequency diverse) or localized(frequency selective)
· Size of physical resource block(375kHz is adopted as a baseline)
· Related uplink and downlink signaling parameters

Based on the existed contributions, we further discuss the scheduling related problems as below.
2.1 MAC scheduling functions and principles
The scheduler located in BS will control the physical resource allocation (e.g. frequency/time) for both downlink and uplink. Simultaneously, a slave entity in UE will execute the scheduling command received from BS and provide necessary feedback(ACK/NACK) , measurement(e.g. CQI) and HARQ related information(RV etc.) to the BS to assist scheduling.Generally, the following functions should be implemented by BS scheduler:
· Priority handling. The BS scheduler will determine the scheduling priority among UEs. The downlink flows within one UE can also be managed.Based on the scheduling priorities, the scheduler will decide the UEs that can be served during the next transmission period. Factors such as traffic QoS, buffer occupancy and CQI can be used as references when determining priorities.
· Resource selection and allocation. The scheduler will decide whether localized or distributed transmission scheme is used for each scheduled UE by considering traffic characters and UE mobility etc. At the same time, the physical resource amount and location should also be controlled by the scheduler based on e.g. CQI and traffic volume. Another factor need to be considered is the valid duration of assignment, which can be used to control persistent scheduling to decrease the signaling overhead. If PCH were mapped on the same physical resource with DL-SCH, the MAC scheduler should also manage the PCH transmission.
· CQI report control. The BS scheduler can control the CQI report frequency based on the scheduling requirement, UE mobility and uplink load etc.

· Measurement gap control. Since compression mode is not supported in LTE, the MAC scheduler will control the scheduling occasion and provide measurement gap for the UEs to perform inter-frequency/RAT measurement without data loss.
· DTX/DRX control. According to UE activity, namely traffic volume and characters etc., the BS scheduler will decide a proper DTX/DRX period for each active UE to obtain a better tradeoff between the transmission delay and UE battery consume. It is possible to consider the DTX/DRX period and the measurement gap together to further optimize the system performance.
· Others functions, FFS.

2.2 Control channel and related signaling parameters
2.2.1. Control channel structure
Although the control channel structure is more of a RAN1 topic, it will affect the operation of the MAC scheduler. Therefore, we initiate a discussion here.

Generally, the downlink control channel mainly carries the resource assignment indication for both downlink and uplink together with ACK/NACK in response to the uplink transmission. The transport format and HARQ related information should also be transmitted on the same control channel. Differently from the downlink, CQI will be carried on the uplink control channel instead of resource indication, or it can be transmitted within the HARQ PDU. It’s our proposal that the following issues should be carefully studied:
· Downlink control channel rules. It’s unambiguous that the downlink control channel could transfer downlink resource indication, uplink resource indication and ACK/NACK for the same UE. The problem is whether the channel can carry downlink resource indication for one UE, while uplink resource indication and/or ACK/NACK for another one at the same time. If this is permitted, the MAC scheduler will decide the mapping relation between the signaling parameters from different UEs and the control channel. Different UEs may decode the same control channel to obtain the required information respectively.
· CQI report manner. Two basic methods can be used to transfer the CQI, namely on uplink control channel or in HARQ PDU (Transmission of CQI through random access is not considered here). Since CQI is mainly used by the BS scheduler to control scheduling more efficiently, the data amount of CQI report will be affected by different resource allocation strategies. In general, localized resource scheme need detailed CQI report for each possible chunk, while distributed scheme need rough or average CQI report only. Another factor impacting the CQI amount is the UE capability. When localized scheme is adopted, a 20M UE is usually required to transfer more data for the CQI report than a 10M one. Therefore it is more suitable to carry the CQI report in the HARQ PDU since the data amount of CQI could vary from different resource allocation strategies and UE capabilities. When there is only downlink resource and no uplink resource is allocated to the UE, how the CQI report can be transmitted to the BS MAC scheduler should be further studied. Several methods could be considered to deal with such a case e.g. use RACH or constraint the scheduler to assign minimal uplink resource to transfer CQI if needed, or transmission with ACK/NACK on the control channel. 
· Whether the uplink transport format is determined by the BS MAC scheduler or by the UE itself should be further studied. If uplink TF is decided by the BS, the MAC scheduler should choose the proper TF and signal it to the UE.
2.2.2 Related signaling parameters
Based on the RAN1 email discussion, the following signaling parameters should be considered.
· Downlink L1/L2 Control Signaling
· Downlink scheduling information

· Resource indication, including UE ID, Resource assignment (indicate which resource units the UE(s) shall demodulate) and Duration of assignment.

· Transport format, including Modulation scheme, payload size.

· HARQ related information, which is relative to the HARQ scheme, namely asynchronous HARQ or synchronous HARQ, which is FFS in RAN1.

·  Uplink Scheduling Grant
· Resource assignment, including UE ID, Resource location and Duration of assignment
· TF. This is necessary only when it is selected by BS.

· ACK/NACK

· Uplink L1/L2 Control Signaling

· Data-associated signaling, including HARQ related information and TF if necessary
· CQI

· ACK/NACK

If MIMO is adopted, the related information should also be carried on the control channel.
3. Conclusions and Proposals
The MAC scheduler functions and control channel related problems are discussed in this document. Based on the discussion, a TP is provided as below, which is proposed to be adopted by TR 25.813.
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Scheduling

Note:
This section will explain how scheduling is implemented and what kind of rules and signalling are used (in a way that is similar to what was done for HSUPA and HSDPA). DTX concept could be included in this section or be the subject of a separate one.
7.1 MAC scheduling function and rules

The scheduler located in BS will control the physical resource allocation (e.g. frequency/time) for both downlink and uplink. Simultaneously, a slave entity in UE will execute the scheduling command received from BS and provide necessary feedback (ACK/NACK), measurement(e.g. CQI) and HARQ related information(RV etc.) to the BS to assist scheduling. Generally, the following functions should be implemented by BS scheduler:

· Priority handling. The BS scheduler will determine the scheduling priority among UEs. Factors, such as traffic QoS, buffer occupancy, CQI etc can be used to control priorities.

· Resource selection and allocation .The scheduler will determine whether localized or distributed transmission scheme is used for each scheduled UE. The resource amount, location and valid duration of assignment should also be controled by the scheduler. Besides, if PCH was mapped on the same physical resource with DL-SCH, the MAC shceduler should also manage the PCH transmission.

· CQI report control. The BS scheduler should control the CQI report frequency based on the uplink load etc.

· Measurement gap control. The MAC scheduler should control the scheduling time and provide measurement gap for the UEs need to perform inter-frequency/RAT measurement without data loss.

· DTX/DRX control., The BS scheduler will decide a proper DTX/DRX period for each active UE according to UE activity.

· Others functions, FFS.

7.2 Related signaling parameters

· Downlink L1/L2 Control Signaling

· Downlink scheduling information

· Resource indication, including UE ID, Resource assignment (indicate which resource units the UE(s) shall demodulate) and Duration of assignment.

· Transport format, including Modulation scheme, payload size.

· HARQ related information, which is relative to the HARQ scheme, namely asynchronous HARQ or synchronous HARQ.

·  Uplink Scheduling Grant

· Resource assignment, including UE ID, Resource assignment(location) and Duration of assignment

· TF. This is necessary only when it is selected by BS.

· ACK/NACK

· Other parameters, FFS

· Uplink L1/L2 Control Signaling

· Data-associated signaling, including HARQ related information and TF if necessary

· CQI

· ACK/NACK

· Other parameters, FFS
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