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Improving uplink multiplexing capacity for GERANEMDA
1. Introduction

This document outlines a possible solution for increasing the number of mobile stations sharing common PDCHs.

This concept was first presented at GERAN2#47bis in connection with the MTC study item [1].  However, while the USF address space may be a bottleneck to the performance of MTC devices [2], the focus with the introduction of the MTC work item changed toward overload and congestion control, in that a disruption to legacy services due to MTC devices accessing the network in large numbers should be mitigated. Hence improvements in regard to multiplexing efficiency on PDCH were not standardized in Rel-10. 
The concept is represented here for consideration as a USF address expansion mechanism for GERAN-EMDA.

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 may be used to send the USF. If the multiplexing capacity is to be increased then a solution may 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.


[image: image1.emf]TFI1 TFI1

USF1

Control(TFI3)

USF1

USF2

TFI2

USF2

TFI2

USF1

TFI3

USF1

TFI3


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 PUAN is used in RLC acknowledged, RLC non-persistent mode and even in RLC unacknowledged mode (where it is used to provide timing advance corrections or other necessary control signalling) (see 3GPP TS 44.060).

The mobile station’s support of a 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.
A concern with increased delay has been mentioned in previous discussions due to the inclusion of a control block. The sourcing company believes that in scenarios where a high number of TBFs should be served on a PDCH, the need for inclusion of control blocks, e.g. due to acknowledgement of uplink messages for RLC-AM, does not represent a real short coming. In addition, most low bandwidth services are not delay sensitive and can tolerate a small additional delay. 

3. Indications of performance gains

An analysis of the potential performance gains deploying this multiplexing approach for an MTC service is presented in [3].  The analysis assumed that extended uplink TBF would be deployed and that occasions would exist when all USF opportunities are used up by mobiles in this state blocking access by devices with data to send.  This situation is likely to occur frequently when networks are accessed by large numbers of mobiles using short-packet type services.  As this is the major use case under investigation in the GERAN-EMDA study item, the approach is expected to be equally applicable to that study. 
4. Conclusions
This document discusses a possible solution for improving the system’s multiplexing capacity in uplink. Capacity enhancements achieved by the approach for the MTC use case are referenced.  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, which is considered to be a scenario of interest for the GERAN-EMDA study. The sourcing company intends to further investigate this proposal in terms of increased PDCH efficiency. 
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GERAN#47bis discussion

Nokia proposal in G2-100324 to share a USF among several TBFs raised a number of concerns, in particular that it would require a two-stage scheduling i.e. to receive a control message to switch between TBFs sharing the same USF. Evaluation was requested

	G2-100324
	Improving uplink multiplexing capacity
	Nokia Corporation, Nokia Siemens Networks
	· Ericsson: interesting proposal
What is the impact on USF Scheduling and will this introduce a scheduling delay?
· Nokia: This is meant for highly loaded network, so there is already a delay. But yes, the duration of TBF is prolonged by the number of TBFs sharing USF. But in case all 8 USFs are used, this mechanism would help.

· Ericsson: would prefer extending the addressing space (i.e. USF) than to accept the overhead of this proposal. Also this proposal hampers flexibility to the expense of additional overhead – would like to see some evaluation
· Qcomm: concerns with the two-stage process proposed relying on at least one extra control message to switch TBF > Delay is incurred.
· Qcomm: simulation results needed to see the performance increase it provides

· Ericsson: agrees with Qcomm
	N


GERAN#48 discussion

Nokia/NSN proposal to share a USF among several TBFs was evaluated in GP-101897 – simulation assumptions need to be clarified. 
	GP-101897
	Shared USF Evaluation
	NOKIA Corporation
	· Huawei: Why 1.25s? In fig. 4, 1PDC+32USF overlaps with 4PDCH; does this mean more USF values gives more PDCH capacity?

· Nokia: RIM used 1.25s, used the same for consistency. Fig. 4 depicts availability.

· E///: What is the simulation setup? This solution works for a limited case, solution for more general case is preferred.

· Nokia: Benefits are gained if USF resources are limited.

· RIM: What is the value on x-axis?

· Nokia: Load per single PDCH.

· RIM: Question to E///: Isn’t the USF resource issue real with many low-bandwidth users?
	N
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