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1. Introduction

Some considerations and schemes on scheduling issues for Uplink Enhancement had been discussed in previous RAN1 meetings [1][2][3][4]. In [1], it was mentioned that autonomous transmission for small packet should be investigated. In this contribution, autonomous transmission for small packet for Uplink Enhancement is discussed and possible solutions based on current scheduling options are given.

Note: The chapter 2 is directly written in text proposal format into TR25.896. 

2. Autonomous Transmission for small packet

----------------- Start of text proposal part 1 --------------------------
7.1.x  Autonomous Transmission

Node B controlled scheduling is one of the important techniques in Uplink Enhancement. In Node B controlled scheduling, Node B can distribute the UL radio resource to UEs according to their data rate request, power margin, and channel conditions (If available). Basically, Node B controlled Scheduling based on UEs’ feedback is an effective method for utilizing the UL radio resource. However, it will have some problems in the case that the arriving packet size is very small (for example, TCP acknowledgement to downlink traffic). For transmission of very small packet like TCP Ack, the procedure that consists of scheduling request by UE and scheduling assignment by Node B may be very inefficient from the viewpoint of signaling overhead and delay property. In this case, autonomous transmission may be more effective. Here is the analysis:

It is assumed that the explicit scheduling method is used for [E]-DCH. If there is some data packet to be transmitted, the scheduling procedure can be shown in Figure 1. Firstly, UE sends the required scheduling information such as required data rate and power margin to Node B. Then, after Node B decodes the UE scheduling information, it sends the scheduling assignment to UE. There is a time delay before the data begins to be transmitted. This delay consists of two propagation delays (Tprop), two scheduling intervals, Node B processing time (TNBP) and UE processing time (TUEP). If there are much data to be transmitted, this delay is not so considerable. However, if the amount of data is very small (it may be transmitted with the lowest data rate within one sub-frame), this time delay may be too long. Furthermore, signaling overhead is so big compared to amount of data, which seems to be so inefficient.
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Figure1 Time Delay before Data Transmission
In this scenario, autonomous transmission will be useful and effective. The Tx power for autonomous transmission is a kind of unexpected interference. But the autonomous transmission with low data rate will result in small enough receiving power at Node B. Therefore, there will be little impact on noise rise management, whilst the time delay and signaling overhead can be reduced significantly.

Actually, for some special services, such as internet surfing, there are so many small packets to be transmitted on uplink. Especially, during one TCP connection setup, most of the data for handshaking protocol are small packets. So, it will be better if autonomous transmission can be used as a supplement to Node B controlled scheduling in some special scenarios e.g. the arriving packet is very small. If the arriving packet is very small, UE can transmit it autonomously, otherwise UE transmits its packet with normal Node B controlled scheduling scheme.

7.1.x.1 
Example implementations of autonomous transmission

Autonomous transmission can be achieved without so much impact or modification on Node B controlled scheduling. To help further evaluation of autonomous transmission, this section discusses the possible examples for autonomous transmission applicable for Node B controlled scheduling schemes proposed in [R1] and [R2].

Two-threshold Node B scheduling

In the scheme [R1], Node B can move the UE threshold between minimum set of TFCs and TFC indicated by Node B threshold regardless of the initial value of the UE threshold signaled by RNC, and Node B may not restrict the use of TFCs in the minimum set of TFCs. In other words, the upper bound for UE threshold is Node B threshold, and lower bound for UE threshold is the largest TFC in minimum set of TFCs. Since Node B does NOT restrict the use of TFCs in the minimum set of TFCs, UE can transmit data with any TFC in the minimum set of TFCs regardless of UE threshold and Node B threshold. 

Therefore, autonomous transmission can be implemented by sending small size packet with TFC included in minimum set of TFCs. It may be noted that this will not require transmission of rate request on uplink as well as rate grant transmission on downlink according to the two-threshold Node B scheduling mechanisms.
Node B explicit scheduling

In this scheme [R2], UE sends some scheduling information to Node B and then Node B gives UE the scheduling assignment according to the noise rise level and other information.

Autonomous transmission can be implemented by allowing the UE to transmit small size packet whose data rate is less than a predefined limit without sending scheduling information to the Node B and acquiring scheduling assignment from the Node B. It is noted that Node B should always monitor the scheduling information carried on uplink. Therefore, to inform Node B about when there will be an autonomous transmission from the UE, an indicator of autonomous transmission can be sent as a single codeword of scheduling information. An example of scheduling information codewords is shown in Table 1.
	Patterns for Scheduling Information
	Meaning

	 0 0 0 0   0 0 0 0
	Autonomous Transmission in next transmission interval 

	0 0 0 0   0 0 0 1
	Scheduling Information 0

	 0 0 0 0   0 0 1 0
	Scheduling Information 1

	…  … 
	 …   … 


Table1 Reserving one codeword for Autonomous Transmission

One codeword (e.g. 00000000) is reserved to indicate that UE will make an autonomous transmission in next transmission interval. Other codewords denote the scheduling information from UEs, which will be used in normal Node-B controlled scheduling operation.
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3. Conclusion

In this contribution, it is analyzed that autonomous transmission should be used as a supplement to Node B controlled scheduling in some special scenarios. The Node B controlled scheduling methods [3][4] proposed so far can achieve the autonomous transmission with little modification. We propose that the text proposal is to be included into TR25.896
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