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1 Introduction
Uplink resource allocation and link adaptation would be much more challenging than downlink since:

· Scheduling is done at node B while traffic is generated at UE, which leads to buffer status report from UE.

· More overheads are required to support channel dependent scheduling and link adaptation, i.e., reference signals from a number of UEs.
In this paper, we discuss some aspects related to scheduling procedure for SC-FDMA based uplink including:
· Scheduling request, e.g., buffer status, QoS parameter, power headroom (?) etc.
· Resource allocation (scheduling), e.g., channel dependent/independent, dynamic/static, etc.

· Scheduling grant which may include UE ID, resource allocation information, MCS level, HARQ related information, etc.
· HARQ, synchronous/asynchronous IR, adaptive, etc.
· Possible way to transmitting reference signals for SINR measure to support channel dependent scheduling.
· Power control and link adaptation.
2 Uplink data channel operation overview
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Figure 1. Uplink data channel operation overview

Figure 1 illustrates uplink data channel operation overview in EUTRA. UE sends a request message including e.g., buffer occupancy, QoS parameter, etc. when new data arrive in its buffer. Once receiving the request, node B might allow the UE to transmit SINR measure pilots to support channel dependent scheduling. The Node B scheduler determines which UEs are to be allowed to transmit data and send a grant message to the scheduled UE. The scheduling might be done based on C/I measured on the SINR measure pilots. The scheduled UE transmits then data using the resources assigned. After decoding the data channel, the Node B sends back ACK/NACK for a proper HARQ operation. 

3 Considerations on scheduling procedure
Taking into account the amount of overhead required for the uplink scheduled transmission, e.g., buffer status report, reference signals for SNR measure, grant message, and so on, fully scheduled data transmissions where all the packet data transmissions are dynamically scheduled may not be a good approach in an orthogonal multiple access system, e.g., SC-FDMA. In addition to the dynamic resource allocation, a semi-static one could be also considered. Decisions on which methods are to be used would be dependent on the characteristics of the services, e.g., QoS requirement, statistics on packet generation, and so on. 
In this section, the service-dependent scheduling procedure is discussed, which includes methods of request/grant, HARQ, link adaptation, and power control. Main goal is to minimize the overhead on both DL and UL so as to maximize the eventual system performance. For the convenience of discussion, a simple example of service classification is shown in Table 1.
Table 1. A simple example of scheduling service types
	Service type
	Definition
	Examples of application

	Type 1
	Real-time and fixed size packets issued at periodic interval
	VoIP without silence suppression, MNG (Mobile Network Gaming)

	Type 2
	Real-time and variable size packets issued at periodic interval
	VoIP with silence suppression, MPEG video, MNG

	Type 3
	Delay-tolerant and variable size packets. (best effort)
	FTP, HTTP


3.1 Request, resource allocation, and grant

In the sake of minimizing the overhead required to support the scheduling operation, it would be helpful to see an appropriate mechanism for each service type. Table 2 shows an appropriate scheduling mechanism for each service type from the perspective of request, resource allocation, and grant.
Table 2. An example of request, resource allocation, and grant operation for each service type
	Service type
	Request (L1/L2 signaling)
	Resource allocation
	Grant

	Type 1
	Dynamic request is not used
	Fixed amount of resource allocation with a certain period
	Semi-static grant

	Type 2
	Simplified dynamic request in a predefined set of info sizes, e.g., {160, 80, 40} bytes, which is piggybacked on data transmission. 
	Variable resource allocation with a certain period
	Simplified dynamic grant in a predefined set of amount of resources.

	Type 3
	Dynamic request is used.
Piggybacked on data transmission or a request channel
	Dynamic resource allocation
	Dynamic grant


Observations in Table 2 show a possibility of reducing the required overhead by employing service-dependent scheduling mechanism.
3.2 HARQ

HARQ schemes can be classified into synchronous HARQ (SHARQ) and asynchronous (and adaptive) HARQ (AHARQ). The pros and cons of each scheme could be summarized as in Table 3.
Table 3. Pros and cons of HARQ schemes
	HARQ scheme
	Pros
	Cons

	SHARQ
	Less signaling overhead on both DL and UL
	Less resource allocation flexibility

Worse performance

	AHARQ
	Better performance due to the capability that the scheduler can select preferable time and frequency resources for retransmitted sub-packets.

Flexibility in terms of resource allocation, which is valuable to handle packets with different QoS requirement.
	Much more signaling overhead, e.g., a grant channel in downlink for each sub-packet.


Considering those pros and cons, a service-dependent HARQ scheme would be beneficial, for example:
· SHARQ for real-time services, e.g, packets generated periodically with strict delay requirement
· Could minimize control signaling overhead for both UL and DL
· In case of early termination, the resources could be used for other users.
· AHARQ for best effort services.
· To have scheduling flexibility and higher throughput
3.3 Channel-dependent scheduling, link adaptation, and power control
In order to support frequency/time selective channel-dependent scheduling in SC-FDMA based uplink, reference signals from UEs are needed for SINR measure regardless of actual data transmission. One possibility is to use CQICH for the reference signals which may be transmitted over the whole bandwidth [1]. It would be also possible to introduce another short block in a sub-frame as shown in Figure 2, which can be used for SINR measure. The transmission of this short block can be scheduled by node B, e.g., especially for users with ‘service type 3’ in Table 1.
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Figure 2. Examples of short blocks for SNR measure at Node B
Two alternatives for power level of SNR measure pilot can be considered as follows:

· Alternative 1: Semi-fixed power level
· Power level for the SNR measure pilots is fixed (or semi-fixed) at a pre-defined level by a higher layer signaling.
· Node B can directly measure SINR from these pilot symbols
· No need for power headroom report from UE

· Difficult to power-control data-independent control channels, e.g., CQICH or ACKCH 
· Alternative 2: Closed-loop power controlled
· Closed-loop power controlled as in the current WCDMA systems
· Easy to power-control data-independent control channels
· Power headroom report from UE is needed for Node B to determine an appropriate MCS level
4 Concluding remarks

Service-dependent scheduling procedure was introduced and discussed, where request, resource allocation, grant, HARQ, AMC, and power control procedure are different according to different service types. Main goal is to minimize the overhead on both DL and UL so as to maximize the eventual system performance.
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