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Improving uplink multiplexing capacity
1. Introduction

Discussion on resource constraints of MTC TBFs indicates that one of the most used resource and limiting factor is USF [1]. This document outlines a possible solution for increasing the number of mobile stations sharing common PDCHs.
2. Discussion
The number of mobile stations which can be multiplexed on a common uplink channel is limited by the number of available USF values. The USF is three bit field and as such it can take one of eight available values. Unfortunately, the length of the USF field cannot be extended because there is no space in some radio block formats which could be used for this purpose. If the multiplexing capacity should be increased then a solution could be found by extending current multiplexing mechanism. 

A possible solution to the problem is to use a single USF value to schedule multiple MS. In the current system with (extended) dynamic allocation, a mobile station is allowed to transmit data in the uplink resource only if it has received a valid USF value which allocates the uplink to that mobile station. If multiple mobile stations need to share a single USF, some additional mechanism is needed. The proposal is to group mobile stations so that each group is allocated a single USF. Further, a signalling mechanism is used to indicate which mobile station shall transmit in the uplink radio block allocated by the USF assigned to the group. The principle is shown on Figure 1. In this example, TBFs identified by TFI1 and TFI3 are allocated in the group which shares a single USF value USF1. When the network wants to schedule the TBF/TFI3, it sends a control message which indicates that the next scheduled TBF by USF1 is the TBF identified by TFI3.
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Figure 1 - USF sharing

The correct reception of the control message is necessary for a proper operation. The possible combinations are summarized in the following table. MS1 and MS3 refer to mobile stations which have TFI1 and TFI3 assigned.

Table 1 - Control message reception

	Reception of control message
	Comments

	MS1
	MS3
	

	OK
	OK
	No problem

	OK
	Failed
	MS3 will not transmit in UL

BSS has to retransmit the message

	Failed
	OK
	Collision in UL

BSS may receive UL blocks with TFI1 or TFI3 or none at all

	Failed
	Failed
	MS1 continues transmission in UL

MS3 keeps silent upon reception of the USF

BSS receives UL blocks with TFI1 but cannot distinguish between (Failed, OK) case


The network may prevent the (Failed, OK) and (Failed, Failed) events from occurring by polling for a packet control acknowledgement message. The network may schedule other USFs during the RRBP period as shown on the figure above.

It should be noted that the introduction of a new control message can be avoided. The amount of information which needs to be signaled is rather small (TFI and possibly group ID). It seems that the most suitable control message is the PACKET UPLINK ACK/NACK message. The most commonly used RLC mode is RLC acknowledged mode which relies on the PUAN message. The PUAN message is needed as well in RLC non-persistent mode, but also in RLC unacknowledged mode e.g. to provide timing advance corrections or other necessary control signalling (see 3GPP TS 44.060).

The mobile station’s support of new multiplexing mechanism has to be signalled to the network. The options are to change the CHANNEL REQUEST and EGPRS PACKET CHANNEL REQUEST messages or to add the capability into MS RAC. The advantage of signalling the capability in the random access burst is that the network can immediately assign a TBF which shares USF with other mobile station. However, the signalling space in the CHANNEL REQUEST and EGPRS PACKET CHANNEL REQUEST messages is very limited and it should be carefully considered whether changes to these messages are necessary. If the capability is signalled in MS RAC then the network has to reconfigure the TBF after it has received the capabilities. The MS RAC signalling is seen as more suitable option if we assume the delay associated with two phase access is acceptable.

3. Conclusions
This document discusses a possible solution for improving the system’s multiplexing capacity in uplink. The solution described in this document would allow for multiplexing as many TBFs as it is possible to assign on the shared resource without the introduction of new control messages.
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