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1. Introduction

This contribution introduces a timer-based resource request scheme for the uplink scheduling in evolved UTRA. The resource request is defined as a process that a UE sends the SI to a target eNB in order to get an uplink resource for packet transmission. The SI may include buffer occupancy, and head-of-line (HOL) delay, and so on. For efficient scheduling, the SI should be timely reported with sufficient information. The timeliness is crucial with respect to providing QoS and bandwidth efficiency, since delayed reporting may incur latency which makes the transmitted packets obsolete to receiver. Sufficient information enables the scheduler to be flexible when applying current or future algorithms. 

Different from the downlink resource allocation for which the scheduler has all buffer information at hand, the uplink scheduling is performed mainly depending on the scheduling information (e.g. buffer occupancy, delay and so on) reported from UE. Of course, eNB can implicitly know the buffer status by receiving uplink packets. For example, since uplink VoIP packets are generated at periodic sampling rate with predetermined size. In this case, the eNB almost knows how many packets have been transmitted. However, in case of MPEG video whose packets are forwarded at periodic sampling rate but with variable size, the eNB cannot know the current buffer occupancy. Moreover, FTP packets have non-periodicity and varying size at each generation. So, it is more difficult to understand the buffer state without scheduling information (SI) reported from the UE. 
Now, contention-based random access channels are provisioned to send the SI. However, frequent random accesses may degrade the request performance. Thus, it is desirable to keep the number of random accesses limited as long as QoS is satisfied.
2. Timer-based resource request
In the timer-based resource request scheme, the resource request, if an allocation is not given at current time, is basically performed by a contention-based random access whenever a buffer status changes; if an allocation is given, the current SI can be transmitted by means of MAC status PDU (stand-alone type) or MAC data PDU (piggybacking type). The Buffer status changes when new packets arrive, or some of the packets waiting in the buffer are discarded due to a delay threshold. Excessive allocation
The scheme provides, in addition to the random access, a supplementary mechanism called query as a resource request: an eNB provides an uplink allocation for the purpose of receiving the SI from a target UE (the term query is used to discriminate the normal allocation for receiving uplink traffic form the limited allocation only for receiving the SI). The eNB maintains a query timer for each link (e.g., DTCH); if the query timer reaches a predefined threshold Tq, the eNB issues a query (whether the query is HARQ-enabled or not is FFS). On the other hand, the UE also maintains a request timer with a threshold Tr; if the timer expires, the UE tries a random access with the SI message.
Fig. 1 illustrates the basic operation of the timer-based resource request scheme, where two kinds of scenarios are introduced. For a graphical convenience, let us redesign the scheme such that the query timer increases with rate 1 and the request timer with ( = Tq/Tr with the common threshold Tq, which gives the same interpretation. First, let us consider the example 1. At time t0, new packets arrive in the buffer which is currently empty; then the UE tries the random access and reset the request timer; if the eNB successfully receives the message, it also resets the query timer. At time t1, the eNB schedules the UE for the first time, and the UE successfully receives the allocation information signalling; then the UE transmits data with the piggybacked SI. At time t2, the eNB schedules the UE once more with an allocation sufficient to transmit all packets in the buffer, which makes the buffer empty (piggybacked “buffer empty” indication is sent); both the timers are reset, but the request timer stops until new packets arrives; the eNB stops scheduling the target link.  At time t3, the UE restart the request timer since new packets arrive; the random access is tried, but the eNB fails in receiving the message at this time. At time t4, additional packets arrive, but the random access fails; at this time, the eNB still thinks of the buffer as being empty. At time t5, the query timer expires and the eNB sends the query; if successful, the eNB now recognizes that the buffer has packets, giving a scheduling chance to the link at time t6. Note that if the query is not applied, the eNB will not try to schedule the UE until the time t7. Thus, the query scheme can reduce the scheduling delay in case of successive fails of the random access. Even if new packets arrive, a random access will not be tried if an allocation is given to the UE at that time (t7). If the UE fails in receiving the allocation information signalling at time t8, the request timer is not reset and continues to increase before it expires. Afterwards, if the request timer expires prior to the query timer at time t9, then the random access is tried.
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Fig. 1 Timer-based resource request scheme
In the example 2, it is illustrated that the query scheme can prevent an excessive allocation which means that the scheduler allocates more resources than the current buffer volume. At t3, new packets arrive in the empty buffer, and the random access is tried but succeeds. At time t4, additional packets arrive but the random access fails. At time t5, however, the packets which have arrived at time t3 are discarded due to a delay threshold and the random access fails. Currently, the eNB maintains the buffer volume as being more than the exact one. At time t6, a query is sent, through which the buffer volume can be adjusted correctly. If the query scheme is not applied, an excessive allocation may be scheduled to the UE at the scheduling occasion t7. Note that the excessive allocation is not inevitable even in the query scheme if the scheduling occasion occurs in [t5, t6]. However, the possibility can be reduced by the query scheme.
If Tq<Tr, the query is more prioritized than random access; vice versa, if Tq<Tr. The resource allocation for the query can be realized by the normal allocation for data. The query can be either HARQ enabled or disabled, but the HARQ-disabled is preferred.
3. Application to different traffic types
The following traffic models are considered [1]
Table 1 Traffic models

	Traffic Models
	Model Applies to

	Best Effort Packet Service
	

	FTP
	DL or UL with TCP feedback

	HTTP
	DL with TCP feedback on UL

	PS with CS like QoS
	

	VoIP
	DL and UL

	Streaming
	DL and UL

	Video Conferencing
	DL and UL

	Gaming
	UL


Traffic types can be classified as follows in terms of inter-packet interval and packet size:

· Periodic-interval with fixed-size (PF) traffic: e.g. VoIP

· Periodic-interval with variable-size (PV) traffic: e.g. MPEG, VoIP with silence suppression and/or multi-rate
· Aperiodic-interval with variable-size (AV) traffic: e.g. FTP, gaming, TCP ACK

The PF traffic generates packets of fixed-size with periodic time interval. A well-known example is fixed-rate VoIP without silence suppression. At each sampling instance, one packet with fixed-size is generated. The PV traffic generates packets of variable-size at periodic time basis. MPEG or H.264 video is a typical example [2]. On the other hand, for VoIP with silence suppression and/or multi-rate, a set of predetermined packet sizes is specified, not completely variable but quasi-variable packet size; examples are Wideband AMR [4] and G.729B [5]. Wideband AMR has several frame compositions benefiting multi-rate transmission; it also has special-purpose frames such as for SID, speech lost and no data indications. Different from AMR, G.729B keeps fixed-length data frames for active state including SID/no-data frames for inactive state. 
One important characteristic is that VoIP or MPEG video in uplink direction experiences less jitter variation than in downlink. This is because the delay from applications to SAP (typically MAC SAP) in UE can be negligible. Note that there is latent network delay in downlink direction. 
AV traffic forwards packets with variable-size at non-periodic basis. This type of traffic may incur frequent random accesses to report SI, which will degrade uplink performance. To reduce undesirable or frequent random accesses, some efficient scheme in eNB may be needed to obtain SI timely.
3.1 FTP
The threshold values of Tq and Tr could be determined in the MAC layer, depending on the guaranteed bit rate and the delay threshold if provisioned. Or, they can be signalled by RRC. The operation is same as in Section 2.
3.2 Streaming
Fig. 2 illustrates a well-known traffic pattern of streaming services. Here is an example of operation. The values of Tq and Tr could be determined in the MAC layer, depending on the sampling period Ts in the figure and the delay threshold if provisioned. Or, they can be signalled by RRC. Basically, the request threshold is a multiple of the sampling period (Tr = n(Ts, n is a positive integer). The request offset To in the figure is an offset of the random access from every sampling instance. At time t0, packets start to arrive in the buffer, and the UE resets the request timer which does not increase before the request offset. During the request offset, if the UE does not receive the query or allocation, it activates the request timer and then tries the random access at time t1. At this time, the eNB resets the query timer if it receives the random access successfully. The query operation is identical as in Section 2. Afterwards, a series of allocations can be made to serve the waiting packets in the buffer at time t2 and/or t3. If the query timer expires because the random access or allocation has been lost to the eNB, the eNB can send the query (time t7). The random access can also be issued if the associate RTCP packets arrives (time t6). The same operation repeats every sampling instance.
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Fig. 2 An example of the timer-based resource request scheme for streaming services
If the allocation is given for all the packets in the buffer after the query or random access, the DRX/DTX operation is possible.

3.3 VoIP
Most of VoIP codecs apply the silence suppression. Hence, the basic operation is similar as in the case of streaming, except that only one packet, if any, is generated per sampling instance.
4. Conclusion

The conclusions are:

· It is desirable to keep the number of random accesses limited as long as QoS is satisfied
· Sufficient scheduling information should be transmitted in order to enable the eNB to be envisioned by good scheduling algorithms.

· The MAC header and status PDU for uplink need to be designed considering the resource request mechanism.
· Uplink-HARQ should be aligned with the resource request mechanism.
The proposal is:

· If the basic concept of the timer-based resource request scheme agreed, the result of performance analysis will be presented in the next meeting. 
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