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GERANIMTC: Discussion on extension of the USF addressing space  
1 Introduction
The scope of the study item GERAN IMTC contains the objective to evaluate and if necessary provide solutions to the GERAN specification to overcome the potential threat of identifiers depletion. This document outlines an alternative on how to increase the USF addressing space which has been initially addressed in [2].
It shall be noted though that identifier depletion is already today observed in some networks and thus the scope of this paper is of a general nature and therefore should not be considered as being limited to the GERANIMTC study item.
2 Background
There have been contributions submitted to GERAN which address the potential threat of identifiers depletion when MTC takes off.
This paper proposes an alternative to the solution suggested in [1] concerning the increase of the USF addressing space. The solution proposed in [1], as already commented online during the GERAN2#47bis meeting, is considered by the sourcing company:

· adding unnecessary overhead due to necessary PACCH when multiplexing between different groups MSs that share the same USF value. 
· inflexible as multiplexing as per legacy is no longer possible 
· no specific target has been agreed regarding the extent to which multiplexing capability needs to be improved in order to realize a substantial reduction of RACH usage by keeping more mobile stations in packet transfer mode e.g. maybe a 100 fold increase of multiplexing capability should be the objective.

3 The proposed solution “coupled USFs”.
3.1 General

The USFs transmitted in two (or more) downlink radio blocks are coupled (i.e., jointly interpreted). Each MS is given a combination of USF values and is allowed to transmit only when it receives that USF combination in a predefined set of downlink radio blocks. The predefined set of radio blocks can either be received on two (or more) parallel PDCHs (i.e., PDCHs on different timeslots in the TDMA frame) during the same 20 ms radio block period, on two (or more) consecutive radio blocks on the same PDCH, or a combination of parallel PDCHs and consecutive radio blocks. The MS may be allowed to transmit on all or only on a subset of the corresponding uplink radio blocks. More USF combinations can be assigned to the same MS, allowing the MS to transmit on different subsets of the corresponding uplink radio blocks (e.g., if two USFs are coupled, three different USF combinations can give permission to send in the first, second and both of the corresponding uplink radio blocks, respectively). 

To enable multiplexing with MSs supporting only the legacy methods, the assignment of USFs to legacy MSs and USF combinations to new MSs is coordinated so that USF combinations that contain USF values also assigned to legacy MSs and that would lead to collisions on the uplink are avoided. 

3.2 Coupled USFs on parallel PDCHs
3.2.1 Dynamic Allocation operation
The case where two USFs on parallel PDCHs within the same radio block period are coupled is illustrated in Figure 1. In this example, the USFs on timeslot 2 and 3 are coupled. During TBF assignment, the network signals this information to each MS that is assigned PDCHs on timeslot 2 and 3. The network also assigns one or more USF combination(s) to each MS. For each assigned USF combination, the network decides its interpretation, i.e., on which of the corresponding uplink timeslots (in the example, timeslot 2 and 3) the MS is allowed to transmit. This information is also signaled to the MS during TBF assignment.

The MSs read the USF values and interpret them jointly. If an MS receives an USF combination that it has been assigned, the MS transmits radio blocks on the uplink timeslot(s) according to the previously received interpretation.

[image: image1]
Figure 1: Dynamic Allocation with Coupled USFs on parallel timeslots.

An example of an interpretation table is shown in Table 1. This shows the full USF combination mapping that needs to be stored by the network. Of course, each MS only has to store the USF combination(s) assigned to it. Each row in the table corresponds to an USF value (numbered 0 to 7) sent on the first timeslot, and each column to an USF value on the second timeslot (also numbered 0 to 7). For each USF combination, the table has two table cells, identifying the MS that is allowed to send on the first and second corresponding uplink timeslot, respectively. Legacy MSs (not supporting the Coupled USF method) have been denoted L0, L1, L2 and L3. New MSs (supporting the Coupled USF method) have been denoted N0, N1,…, N59. E.g., the USF combination (3,3) allows the MS N14 to transmit on the first uplink timeslot, and the MS N15 to transmit on the second uplink timeslot.

The colors of the table cells illustrate different types of USF assignments. 
The blue group contains legacy MSs. These MSs will read and interpret a received USF independently without considering the USF on the other timeslot. E.g., the MS L1 has been assigned USF value 1 on timeslot 2. Consequently, each cell in the table corresponding to this USF value says that MS L1 is allowed to transmit on the second uplink timeslot, regardless of the USF value on the first timeslot.

Yellow denotes new MSs that have been assigned three different USF combinations for full flexibility. E.g., the MS N0 is allowed to transmit on the first timeslot if it receives USF combination (2,0), on the second timeslot if it receives USF combination (0,2) and on both timeslot if it receives USF combination (2,2).

Green denotes new MSs that have been assigned two different USF combinations. These MSs can be scheduled to transmit either on the first or second timeslot, but not both. E.g., MS N6 will transmit on the first timeslot for USF combination (2,1) and on the second timeslot for USF combination (1,2).

Pink denotes new MSs that have been assigned one USF combination that allows them to transmit on one uplink timeslot. E.g., MS N12 will transmit on the first uplink timeslot if it receives USF combination (3,2). The same USF combination also allows MS N13 to transmit on the second uplink timeslot.

Orange denotes new MSs that have been assigned one USF combination that allows them to transmit on two uplink timeslots. E.g., MS N48 will transmit on both uplink timeslots if it receives USF combination (6,2).

	MS A | MS B
	USF value in 2nd radio block

	
	0
	1
	2
	3
	4
	5
	6
	7

	USF value in 1st radio block
	0
	L0
	L1
	L0
	L3
	L0
	N0
	L0
	N1
	L0
	N2
	L0
	N3
	L0
	N4
	L0
	N5

	
	1
	L2
	L1
	L2
	L3
	L2
	N6
	L2
	N7
	L2
	N8
	L2
	N9
	L2
	N10
	L2
	N11

	
	2
	N0
	L1
	N6
	L3
	N0
	N0
	N1
	N1
	N2
	N2
	N3
	N3
	N4
	N4
	N5
	N5

	
	3
	N1
	L1
	N7
	L3
	N12
	N13
	N14
	N15
	N16
	N17
	N18
	N19
	N20
	N21
	N22
	N23

	
	4
	N2
	L1
	N8
	L3
	N24
	N25
	N26
	N27
	N28
	N29
	N30
	N31
	N32
	N33
	N34
	N35

	
	5
	N3
	L1
	N9
	L3
	N36
	N37
	N38
	N39
	N40
	N41
	N42
	N43
	N44
	N45
	N46
	N47

	
	6
	N4
	L1
	N10
	L3
	N48
	N48
	N49
	N49
	N50
	N50
	N51
	N51
	N52
	N52
	N53
	N53

	
	7
	N5
	L1
	N11
	L3
	N54
	N54
	N55
	N55
	N56
	N56
	N57
	N57
	N58
	N58
	N59
	N59


Table 1: Example of USF combination interpretation table.

In the example, in total 64 MSs (60 new MSs and 4 legacy MSs) are multiplexed onto the two timeslots. With the legacy Dynamic Allocation (DA) method, only 16 MS (eight per timeslot) can be multiplexed.

If no legacy MS are present, up to 128 new MS can be multiplexed on two timeslots, since there are 8*8*2=128 table cells in the table. For each legacy MS present, this number will be reduced by eight. If three USFs on parallel downlink timeslots are coupled, up to 8*8*8*3=1536 new MS can share the corresponding downlink timeslots, if no legacy MS are present. Each legacy MS will reduce this number by 64.
3.2.2 Extended Dynamic Allocation
The case where two USFs on parallel timeslots are coupled is illustrated in Figure 2. In this example, the USFs on timeslot 2 and 3 are coupled. The MSs are assigned the four uplink timeslots 2, 3, 4 and 5. The extension of the solution for DA  to the case of EDA is straightforward. If an MS receives its assigned USF combination, it is allowed to transmit on the corresponding uplink timeslots, as in the case of DA, but also on the higher numbered pairs (in general: groups) of uplink timeslots, as illustrated in Figure 2. The change to the legacy operation is the new requirement on the MS to monitor two or more corresponding downlink time slots to read the assigned USFs.

Special consideration is needed for legacy MS in this case, since they do not consider uplink timeslot pairs (groups) but individual uplink timeslots. Therefore, it is necessary to define the USF combination interpretation table in such a way that new MSs and legacy MSs are not mixed in the table cells that correspond to a certain USF combination. In addition to that, the normal USF scheduling principles of EDA must be followed to avoid collisions between legacy MSs.

[image: image2]
Figure 2: Extended Dynamic Allocation with Coupled USFs on parallel timeslots.

An alternative implementation of EDA using the Coupled USFs is to allow for only one of the MSs scheduled by the coupled USF to transmit on the PDCHs with higher timeslot numbers in the TDMA frame, similar to the implementation today, as shown in Figure 3. Using this approach the MS transmitting on the higher TS number (MS B) could be a legacy MS with MS A being either a legacy MS or a Coupled USF compatible MS.


[image: image3]
Figure 3. Extended Dynamic Allocation with Coupled USFs on parallel timeslots, alternative implementation.

3.3 Coupled USFs on consecutive radio blocks

The case where two USFs in consecutive radio blocks are coupled is illustrated in Figure 4. In this example, the USFs on radio block period N and N+1 on timeslot 2 are coupled. In general, the solution is similar to the case of parallel PDCHs within the same radio block period (see section 3.2). The main difference is that the USFs transmitted on two (or more) consecutive radio blocks on one timeslot are coupled. The USF combination in these radio blocks allows an MS to transmit in the allocated uplink radio blocks on the corresponding timeslot. Since the MS must read two consecutive radio blocks before it can interpret the USF combination, the delay from transmission of USF to transmission of uplink radio blocks is now two radio block periods instead of one. However, it is fair to assume that this delay is negligible compared to the overall scheduling delay expected by the use case of having a large number of MSs sharing the resources which is the main object of the discussion and the trigger for this addressing extension.

[image: image4]
Figure 4: Dynamic Allocation with Coupled USFs in consecutive radio blocks.

The USF combination interpretation table is similar to the case described in section 3.2. However, the fact that the delay is two radio block periods for new MSs and one for legacy MSs needs special consideration. The problem is illustrated in Figure 5. Note that the USF in downlink radio block N, if assigned to a legacy MS, allows transmission in uplink radio block period N+1, which is scheduled by the USFs of downlink radio block periods (N-2,N-1) if Coupled USF is used. The proposed solution is as follows (with radio block period numbers according to the figure):

· If a USF assigned to a legacy MS is sent in radio block period N (being the first of two coupled consecutive radio blocks), the USF combination sent in radio block periods N-2 and N-1 (the previous USF couple) must not allow transmission for any (new) MS during uplink radio block period N+1. Consequently, some cells in the USF combination interpretation table (corresponding to uplink radio block period N+1) must be left empty.


[image: image5]
Figure 5: USF scheduling delay for Coupled USF (blue) and normal USF (red).

4 Signaling aspects 
4.1.1 General

This chapter briefly discusses some ways how to signal the coupled USF capabilities between the MS and the network.

4.1.2 MS to the network

Any mobile station capable of reading the coupled USF in the manner described herein obviously needs to make the network aware of this capability. This could be achieved in a number of ways where the most obvious one is letting the device indicate its capabilities thereof in the MS Radio Access Capability IE. Hence one additional bit needs to be added to this IE for this purpose.

This modification is however not sufficient considering a one phase access procedure where legacy USF congestion/shortage may already prevail in which case the network must be aware of mobile station’s support for coupled USFs from the very first access request.

To accommodate one phase access procedure it is thus proposed to introduce a new type of access burst in addition to the legacy ones. This access burst is then to be used by these new devices when there is an indication that coupled USFs are supported by the network in the system information. Whenever the network thus detects this new access burst, it will know that it originates from such a new device that is capable of reading the eTFI field. The new access burst could e.g. be defined as a new code point in the 3GPP 44.060 EGPRS PACKET CHANNEL REQUEST message or by introducing a new training sequence that the new device shall use when transmitting the access request message (EGPRS PACKET CHANNEL REQUEST).
4.1.3 Network to the MS

The information the network needs to provide to the device upon TBF assignment is thereafter:

· One or more USF combinations per time slot pair (or per time slot when a single time slot is considered) the MS is assigned,
· For each assigned USF combination, an indication how to interpret it, i.e. on which of the assigned uplink timeslots the USF combination gives the MS permission to transmit.
It is therefore here proposed to include such information elements in the messages transmitted from the network to the device upon TBF assignment, i.e. the uplink assignment and reconfiguration messages, such as e.g. the Packet Uplink Assignment, Multiple TBF Uplink Assignment, Packet CS Release, Packet Timeslot Reconfigure Message or Multiple TBF Timeslot Reconfigure messages.
5 Conclusion

This paper outlines a solution to increase the USF addressing space. In case that GERAN endorses this solution, the sourcing companies will provide input to the normative work to the next meeting.
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