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1.  Introduction

At last meeting in Athens, functions of MAC scheduler were discussed in several contributions. Some basic principles have been added to the new version of TR 25.813. In this document, we will discuss the scheduling related issues, some of which are proposed to be captured by TR 25.813.
2.  Discussion

The MAC scheduler characters are described in secntion7 of TR 25.813 [1] from the following points:
· Scheduler Operation
· Signalling of Scheduler Decisions
· Measurements to Support Scheduler Operation
2.1   Scheduler Operation
As described in [1], the main function of scheduler located in eNB is to allocate physical layer resources dynamically for both DL-SCH and UL-SCH. The factors that should be taken into account when making scheduling decisions include traffic volume, QoS requirements and radio conditions etc. Besides, the valid duration of assigned resources is also proposed. But there are still some important functions not mentioned in [1], which is summarized below.
1. Scheduling new transmissions and/or retransmissions
SAW HARQ protocol is proposed to be used in LTE. The HARQ status reports, such as whether or not the HARQ PDU is transmitted successfully will be sent to the MAC scheduler. 
In the LTE downlink, asynchronous HARQ scheme with adaptive transmission attributes is agreed to be the baseline, which means that retransmissions may be postponed due to the poor radio condition or transmission of high priority data. Thus, the MAC scheduler will decide either a new transmission or a retransmission should be made together with suitable redundancy versions. If multiple transport blocks are permitted within a single TTI, new transmission and retransmission can be activated simultaneously, which is also decided by the scheduler.
While in the uplink, synchronous HARQ is the baseline. In general, retransmissions occur at fixed time. Whether the residual retransmissions can be pre-emptied or not need to be further studied. If pre-emption is permitted, some pre-defined rules may be applied or the scheduler in eNB will determine the pre-emption time.
Based on the analysis above, we propose:

The MAC scheduler in eNB will determine the time of scheduling retransmissions for the asynchronous HARQ scheme. If “adaptive” is permitted, Redundancy Versions for each transmission and retransmission should also be chosen by the scheduler. It is FFS whether pre-emption in the synchronous scheme is decided by the MAC scheduler or follows some pre-defined rules.
2. Interactions between scheduler and ARQ/HARQ
In the downlink, the MAC scheduler should evaluate the data amount that can be transmitted in the next TTI for each scheduled UE. It is also possible to decide the data amount that will be transported on per RB basis. The final decisions should be sent to the ARQ entity. Then ARQ can execute segmentation (possibly resegmentation), and route the ARQ PDUs to HARQ entity. 
In the downlink, the scheduler will decide and inform the HARQ entity to make a new transmission or retransmission. Besides, the TB size permitted during the incoming TTI should be sent to the HARQ entity. According to the above information, the HARQ entity can make up of a HARQ PDU and choose a proper HARQ process. 
Therefore we propose:
In the downlink, interactions between scheduler and ARQ/HARQ should be supported. The scheduler should inform the ARQ entity the data amount permitted in next TTI to assist segmentation/resegmentation. The scheduler should inform the HARQ entity to make a new transmission or retransmission. If a new transmission is scheduled, the TB size should also be sent to HARQ.
2.2   Signalling of Scheduler Decisions
Similar to HSPA, UEs in LTE identify whether resources are assigned to them by decoding a scheduling channel. It is proposed in [1] MAC messages (FFS for MAC headers or RRC signalling) will be used to signal scheduling decisions. 
In our opinion, the scheduling decisions made by the scheduler in eNB may be divided into two classes: 

· Downlink information used to assist decoding downlink data block as shown in table 1(refer to [2]).
· Uplink information used to assist uplink data block construction and transmission as shown in table 2(refer to [2].)
Table 1. Downlink scheduling information required by a UE
	
	Field
	Size
	Comment

	Cat. 1
(Resource indication)
	ID (UE or group specific)
	8-9
	Indicates the UE (or group of UEs) for which the data transmission is intended

	
	Resource assignment
	FFS
	Indicates which (virtual) resource units (and layers in case of multi-layer transmission) the UE(s) shall demodulate. 

	
	Duration of assignment
	2-3
	The duration for which the assignment is valid, could also be used to control the TTI or persistent scheduling.

	Cat. 2
(transport format)
	Multi-antenna related information
	FFS
	Content depends on the MIMO/beamforming schemes selected.

	
	Modulation scheme
	2
	QPSK, 16QAM, 64QAM. . In case of multi-layer transmission, multiple instances may be required.

	
	Payload size
	6
	Interpretation could depend on e.g. modulation scheme and the number of assigned resource units (c.f. HSDPA). In case of multi-layer transmission, multiple instances may be required.


Table 2. Uplink scheduling information for a UE
	Field
	Size
	Comment

	Resource assignment
	ID (UE or group specific)


	8-9
	Indicates the UE (or group of UEs) for which the grant is intended

	
	Resource assignment
	FFS
	Indicates which uplink resources, localized or distributed, the UE is allowed to use for uplink data transmission.

	
	Duration of assignment


	2-3
	The duration for which the assignment is valid. The use for other purposes, e.g., to control persistent scheduling, ‘per process’ operation, or TTI length, is FFS.

	TF
	Transmission parameters
	FFS
	The uplink transmission parameters (modulation scheme, payload size, MIMO-related information, etc) the UE shall use. If the UE is allowed to select (part of) the transport format, this field sets determines an upper limit of the transport format the UE may select. 


It’s our understanding that MAC messages are used for communication between peer MAC entities. However information in table 1 is only needed for the UE physical layer. Information in table 2 should be sent to UE MAC layer to assist constructing a data block. To reduce delay and improve robustness, we think it is more suitable to carry table 2 information on a physical control channel by means of PHY messages. The related information can be sent to UE MAC via primitives. A general procedure is shown in figure1.
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The above analysis and procedure are mainly applicable for dynamic scheduling. For persisting scheduling and MBMS (FFS) services, MAC messages /RRC signalling (possibly by broadcast) are more reasonable to decrease the overhead on the control channel since only slow change of resource assignment is necessary for such services.

Therefore we propose: 
Scheduling decisions are signalled via PHY messages. It is FFS whether resources can be assigned by other means e.g. MAC messages, MAC headers or RRC signalling.
2.3   Measurements to Support Scheduler Operation
Several measurements have been mentioned in [1] to support the scheduler operation. Since MIMO and beamforming are also optional for DL-SCH/UL-SCH. Related measurements may be useful to assist the scheduler making scheduling decisions more flexible. Hence we propose:
It is FFS whether additional measurement information is required to assist scheduling if MIMO and /or beamforming are used.
3.  Proposals
According to the proposals summarized above, we provide a text proposal as below, which is proposed to be discussed and captured into TR 25.813.
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-------------------------------------Start of Text Proposal--------------------------------------------------
7
Scheduling

In order to utilise the SCH resources efficiently, a scheduling function is used in MAC. In this subclause, an overview of the scheduler is given in terms of scheduler operation, signalling of scheduler decisions, and measurements to support scheduler operation.

Scheduler Operation:
-
MAC in eNB includes dynamic resource schedulers that allocate physical layer resources for the DL-SCH and UL-SCH transport channels. Different schedulers operate for the DL-SCH and UL-SCH.

-
Taking account the traffic volume and the QoS requirements of each UE and associated radio bearers, schedulers assign resources between UEs and potentially also between different radio bearers associated with a single UE (FFS).

-
Schedulers may assign resources taking account the radio conditions at the UE identified through measurements made at the eNB and/or reported by the UE.

-
Radio resource allocations can be valid for one or multiple TTIs.

-
Resource assignment consists of radio resources (resource blocks). Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…).
-  Schedulers in eNB will decide either a new transmission or a retransmission should be made for the asynchronous HARQ scheme. Interactions between scheduler and ARQ/HARQ should be supported in the downlink to assist ARQ/HARQ operation.
Signalling of Scheduler Decisions:

-
UEs identify whether resources are assigned to them by receiving a scheduling (resource assignment) channel. There may be separate scheduling channels for uplink and downlink resource assignment.

-
Scheduling decisions are signalled via PHY messages. It is FFS whether resources can be assigned by other means e.g. MAC messages, MAC headers or RRC signalling.

Measurements to Support Scheduler Operation:

-
Measurement reports are required to enable the scheduler to operate in both uplink and downlink. These include transport volume and measurements of a UEs radio environment. The time and frequency granularity of the UE radio environment measurement reports is FFS.

-
Uplink buffer status reports are needed to provide support for QoS-aware packet scheduling. Uplink buffer status reports refer to the data that is buffered in the logical channel queues in the UE MAC. The uplink packet scheduler in the eNB is located at MAC level. 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. To define the exact content of buffer status reports and the possible use of physical layer signalling are FFS.

-
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 (FFS) using RRC or MAC signalling (FFS). The use of System Information should also be considered for the initial setup of default buffer reporting criteria (on a per cell basis). Constraints on how often uplink buffer reports are signalled from the UEs can be specified by the network to limit the overhead from sending the reports in the uplink.

-
It is FFS whether additional measurement information is required to support the classification of UEs between localised and distributed resource allocation.

-
It is FFS whether additional measurement information is required to support cell center / cell-edge resource subdivision.
-  It is FFS whether additional measurement information is required to assist scheduling if MIMO and /or beamforming are used.
-------------------------------------End of Text Proposal--------------------------------------------------
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