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GERAN IMTC: Discussion on identifiers  
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 some alternatives how to increase the addressing space of the two essential RLC/MAC identifiers: TFI and USF.
The concepts discussed in this paper for the extension of the TFI and USF addressing space are very similar, though discussed separately for the sake of readability of the document.

2 Background
There have been contributions submitted to GERAN which address the potential threat of identifiers depletion when MTC takes off. This paper does not provide any simulation nor analytical evaluation results that would confirm this statement.

This paper proposes alternatives to the solution suggested in GP-101897 concerning the increased USF addressing space. The solution proposed in GP-101897, 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 is multiplexing capability should be the objective.

Furthermore, as stated in the introduction, this contribution considers also the possible threat of TFI addressing space depletion and discusses some solutions. The need for such an increase in TFI addressing space is considered to be a realistic result of any attempt to increase USF multiplexing capacity on the uplink.
3 Discussion of TFI addressing space extension

3.1 General

The proposal is:

· to reserve one or more code points from the legacy TFI addressing space 

· and on top of this to introduce a new, separate ‘extended TFI field’, eTFI, in the transmitted downlink RLC/MAC block.

· The reserved legacy TFI code points are then to be combined with the eTFI field in order to increase the total available TFI addressing space. The legacy TFI code point, which is combined with the eTFI code point, can be assigned dynamically, i.e. on a per need basis.

The bits to be used for the new eTFI field could be taken from the unused spare bits that exist in many of the RLC/MAC headers or, as an alternative, to define new RLC/MAC Headers that has room for this eTFI field. Other alternatives could include to use either the already existing PAN field for the eTFI field or to use different Training Sequence Codes, TSCs, sent orthogonally to the downlink RLC/MAC block.

The appropriate signaling between the network and the mobile station for the mobile station to inform the network about its capability to understand the eTFI field and for the network to assign an eTFI (and a legacy TFI) to the mobile device is discussed in chapter 4.

3.2 The introduction of the extended TFI field, eTFI

The suggestion is to on the one hand to use a code point from the legacy TFI addressing space and on the other hand to introduce a new, separate extended TFI field (eTFI) in the transmitted downlink RLC/MAC block. The legacy TFI code points are then to be combined with the eTFI field in order to increase the total available TFI addressing space. The legacy TFI code points that are to be combined with the new eTFI values can either be reserved or assigned dynamically. Thus the number of ‘Legacy TBFs’ and vs. the number of ‘New TBFs’ (see vocabulary in the previous section) is not only fully in control by the network but also possible to adjust dynamically during operation.

An illustration is given by the following example:

Assume that the sixteen legacy TFI values 0-15 are reserved to identify Legacy TBFs, whereas the sixteen legacy TFI values 16 through 31 are reserved for the ‘New TBFs’. Also assume that the size of the new eTFI field is 2 bits. Then it would be possible to e.g. assign sixteen ‘LegacyTBFs’ , possible to be used by legacy devices, as well as 64 ‘New TBFs’ according to the table below:

Table 1
Example of assignment using 16 reserved legacy TFI code points to indicate the presence of a new 2-bit Extended  eTFI field.

	Legacy TFI
	Extended eTFI
	Assigned to TBF

	Code point
	Value
	Code point
	Value
	

	00000
	0
	N/A
	N/A
	Legacy TBF 0

	00001
	1
	N/A
	N/A
	Legacy TBF 1

	00010
	2
	N/A
	N/A
	Legacy TBF 2

	00011
	3
	N/A
	N/A
	Legacy TBF 3

	…
	…
	…
	…
	…

	01110
	14
	N/A
	N/A
	Legacy TBF 14

	01111
	15
	N/A
	N/A
	Legacy TBF 15

	10000
	16
	00
	0
	New TBF 0

	10000
	16
	01
	1
	New TBF 1

	10000
	16
	10
	2
	New TBF 2

	10000
	16
	11
	3
	New TBF 3

	10001
	17
	00
	0
	New TBF 4

	10001
	17
	01
	1
	New TBF 5

	10001
	17
	10
	2
	New TBF 6

	10001
	17
	11
	3
	New TBF 7

	…
	…
	…
	…
	…

	11111
	31
	00
	0
	New TBF 60

	11111
	31
	01
	1
	New TBF 61

	11111
	31
	10
	2
	New TBF 62

	11111
	31
	11
	3
	New TBF 63


Here, in total 16+64 =80 TBFs are assignable compared to the 32 possible if using the legacy TFI field only, hence an increase by 150%! 

In general, by using the proposed methodology and by assuming that L legacy TFI code points are reserved for the new devices and furthermore assuming that new code points of M bits to be used for the eTFI are found, it will be possible to address 31-L legacy MSs and L*2^M new devices, as illustrated by the following Table 2:

Table 2
The number of assignable new devices and legacy MSs as a function of L (the number of legacy TFI code points reserved for the new devices) and M (the number of bits in the new eTFI field).

	
	
	
	M = Nr of Bits in the new Extended eUSF field

	
	
	
	0
	1
	2
	3
	4
	5
	9

	L = Nr of legacy TFI code points reserved for new devices
	0
	31
	0
	0
	0
	0
	0
	0
	0

	
	1
	30
	1
	2
	4
	8
	16
	32
	512

	
	2
	29
	2
	4
	8
	16
	32
	64
	1024

	
	3
	28
	3
	6
	12
	24
	48
	96
	1536

	
	4
	27
	4
	8
	16
	32
	64
	128
	2048

	
	5
	26
	5
	10
	20
	40
	80
	160
	2560

	
	6
	25
	6
	12
	24
	48
	96
	192
	3072

	
	7
	24
	7
	14
	28
	56
	112
	224
	3584

	
	8
	23
	8
	16
	32
	64
	128
	256
	4096

	
	9
	22
	9
	18
	36
	72
	144
	288
	4608

	
	10
	21
	10
	20
	40
	80
	160
	320
	5120

	
	11
	20
	11
	22
	44
	88
	176
	352
	5632

	
	12
	19
	12
	24
	48
	96
	192
	384
	6144

	
	13
	18
	13
	26
	52
	104
	208
	416
	6656

	
	14
	17
	14
	28
	56
	112
	224
	448
	7168

	
	15
	16
	15
	30
	60
	120
	240
	480
	7680

	
	16
	15
	16
	32
	64
	128
	256
	512
	8192

	
	17
	14
	17
	34
	68
	136
	272
	544
	8704

	
	18
	13
	18
	36
	72
	144
	288
	576
	9216

	
	19
	12
	19
	38
	76
	152
	304
	608
	9728

	
	20
	11
	20
	40
	80
	160
	320
	640
	10240

	
	21
	10
	21
	42
	84
	168
	336
	672
	10752

	
	22
	9
	22
	44
	88
	176
	352
	704
	11264

	
	23
	8
	23
	46
	92
	184
	368
	736
	11776

	
	24
	7
	24
	48
	96
	192
	384
	768
	12288

	
	25
	6
	25
	50
	100
	200
	400
	800
	12800

	
	26
	5
	26
	52
	104
	208
	416
	832
	13312

	
	27
	4
	27
	54
	108
	216
	432
	864
	13824

	
	28
	3
	28
	56
	112
	224
	448
	896
	14336

	
	29
	2
	29
	58
	116
	232
	464
	928
	14848

	
	30
	1
	30
	60
	120
	240
	480
	960
	15360

	
	31
	0
	31
	62
	124
	248
	496
	992
	15872

	
	
	Nr of TFI code points usable for legacy devices.
	Nr of TFI code points usable for new devices.
	 

	
	
	31-L
	L*2^M
	 


The split of which legacy TFI code points that are to be reserved for ‘Legacy TBFs’ and which legacy TFI code points that shall be used in conjunction with the new eTFI field which will be used to identify ‘New TBFs’, is fully up to the network. It will e.g. be perfectly possible for the network to dynamically change how many code points that are reserved to which category (L above). Also, a new device can of course still be assigned ‘Legacy TBFs’ that does no use the new eTFI field to construct the full TFI. Also, please note that 9 bits is by no means an optimal upper limit, and should thus only be considered as an example. 

Furthermore, the above-mentioned split between code points for ‘Legacy TBFs’ and ‘New TBFs’ shall preferably be made dynamically in the sense that which legacy TFIs that are reserved can be dynamically changed over time depending on the current mix of ‘legacy devices’ (not capable of reading the eTFI field) and ‘new devices’ (capable of reading the eTFI field) on the PDCH(s). The legacy TFI code point, to be combined with eTFI values (for ‘New TBFs’/’new devices’), can of course also be assigned dynamically at setup or change of the TBF. If the allocation concerns a new device and there are currently no legacy TFI code points already combined with eTFI values and with eTFI values available, a new legacy TFI code point is allocated and combined with eTFI values.

3.3 Signaling of the new eTFI field

For each transmitted RLC/MAC data block, control block or PAN, the problem now remains in where the additional bits for the eTFI could be found in the RLC/MAC data block, control block or PAN. There are a number of possibilities in how and where the bits needed for the eTFI-field could be conveyed and in the following sections a listing of these options can be found, together with the benefits (+) and drawbacks (-) of the respective solution for the case of RLC/MAC data or control blocks. How to convey the eTFI in the PAN is covered in a slightly different manner and is discussed in the following sections.
3.3.1 Inclusion of the eTFI field in the RLC/MAC Data or Control blocks
Solution 1: Many of the RLC/MAC header types have spare bits that are not used. These could be used to form the new eTFI field.

For the downlink transmitted RLC/MAC data blocks, the maximum number of spare bits in any downlink RLC/MAC header is 2. Hence according to Table 2 above, this means that as most 62 ‘New TBFs’ are assignable in this manner. Spare bits are however only available in downlink RLC/MAC Header Types 4 through 10 (see Section 10.3a.3 of TS 44.060) and thus the solution is only feasible for EGPRS2B and to some extent EGPRS2A, but not EGPRS, in downlink.

For the uplink transmitted RLC/MAC data blocks, the number of spare bits in the uplink RLC/MAC header is varies between 0 and 10. If avoiding the use of Header Type 3 (MCS 1-4) then this solution is fully feasible for EGPRS (without MCS 1-4) as well as EGPRS2A and EGPRS2B with at least 2 spare bits and thus again as most 62 ‘New TBFs’ are assignable in this manner. 

For the RLC/MAC control blocks (regardless of direction) it can be assured that there are at least 4 spare bits available (see Section 10.3.1 of TS 44.060) and thus as most 240 ‘New TBFs’ are assignable in this manner, which should be more than sufficient.

+
No channel coding is impacted and hence full backwards compability is possible.
-
Some limitations on which EGPRS levels and MCSs that can be used (see above).



Solution 2: Define new downlink RLC/MAC blocks
An alternative would be to define new downlink RLC/MAC blocks for all MCSs, which already from the start contain the new eTFI field in the RLC/MAC header. This of course also means that one needs to find the channel coding bits needed for the eTFI field. These coding bits thus need to be taken from the coding bits of other parts of the downlink RLC/MAC block such as e.g. from the USF, from the user-plane data or perhaps from the rest of the RLC/MAC header. Regardless which, the channel-coding will need to be re-worked and it will impact the existing fields substantially, making this a non-backwards compatible solution. 

For RLC/MAC control blocks, there are already at least 4 bits available which translates into a maximum of 240 ‘New TBFs’, which is anticipated to be more than enough. If needed anyways, it is of course also possible to define new RLC/MAC control blocks in the same way.

+
The number of bits used for the eTFI as well as its robustness can be optimized in a much better and more flexible way than if using the existing spare bits only.
+
No limitations on which EGPRS levels or MCSs that can be used.
-
Lots of work needed to define new RLC/MAC blocks and to do the required modifications to the channel coding of not only the new eTFI field but also the impact of the other fields in the downlink RLC/MAC block from where the coding bits are taken.
-
Due to the impact on the RLC/MAC headers and possibly other parts of the downlink RLC/MAC block, legacy interworking will not be possible. Hence the new devices cannot be assigned on the same downlink resources as legacy terminals, and thus legacy multiplexing is impossible.
Solution 3:  Use the Length Indicator in the RLC data block 
The length indicators used within the RLC data blocks, are used to indicate the boundaries between upper layer PDUs in the RLC layer as described in section 10.4.14a of TS 44.060. 

One alternative would thus be to define a new such reserved length indicator value (e.g. LI=125) which, when detected will e.g. indicate that the following octet will contain the eTFI value. Thus the receiving RLC entity will be able to uniquely identify the TBF to which the RLC/MAC block belongs from the Legacy TFI value signaled in the RLC/MAC header (as is today) combined with the eTFI value signaled within the RLC data block by the here described manner with the aid of a particular length indicator value (e.g. LI=125).  One additional benefit with this method is; that for radio blocks that do contain multiple RLC data blocks (such as e.g. when using EGPRS and MSC-9 which contains 2 RLC data blocks per radio block), the different RLC data block within the radio block may thus belong to different TBFs since a unique eTFI may be given for each RLC data block.


- One drawback is apparent in the situation when assuming two or more receivers (MS or NW) that each are assigned a separate TBF, which in turn of course are identified with separate TFI values. Now, assume further that these TFI values are constructed by distinctly separated eTFI values but with the same Legacy TFI value. Now, it is not possible for any of the receivers to determine if the payload is intended for it or not after having decoded the RLC/MAC header. Instead, all potential receivers will be forced to decode all included RLC data blocks payload in order to find the eTFI values included in each RLC data block, which may thus drain battery. For plugged in devices this should however present no problem.    – Another drawback is that utilizing octets in the data parts obviously reduces the achievable payload bitrate in all MCSs.
+ If considering a scenario with multiple TBFs associated with one physical device (see second bullet of Section 1.2 of this paper) then this technique would at least reduce the need of Legacy TFI values (which is the scarce resource here) to one per physical device. Any additional TBF to that device will use the same Legacy TFI value but separate eTFI values.
+ No impact on the physical layer, coding etc making the implementation pretty straightforward.

3.3.2 Inclusion of the eTFI field in the PAN

When FANR is used, a Piggy Backed Ack/Nack, PAN, may be included in the downlink data. This PAN is encoded together with its CRC separately from the user data, and can in the same way as for the USF be addressed to another user than the one to which the downlink payload is addressed. 

For SSN-based encoding of the PAN (see section 10.3a.5 of TS 44.060) the present TFI field is 5 bits. There are a few ways in how to incorporate an eTFI field in the PAN as described below:

Solution 1: Steal parts of the RB-field for the eTFI field.

The PAN contains a Reported Bitmap (RB) that is 8-12 bits long. How large it is, is dependent of the size of the RLC window size as
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, which e.g. if WS=256 equals 10 bits. It could thus be possible to re-use a few of these bits for the eTFI field instead. Or, just re-use one bit which (if set) indicates that the PAN is extended with the eTFI bits. Then any number of eTFI bits can be used by stealing only one RB bit. 

+ Very clean solution that is fully back-wards compatible, given that both NW and MS have a common understanding in how to interpret these particular bits as discussed in section 3.1.3 later.
- The reported bitmap is already today quite small (8-12) bits and using e.g. 2 bits for the eTFI fields, the RB means that two fewer RLC PDUs may be ACK/NACKed by the PAN. It is however unlikely that a large RLC window size will be used at the same time as a large amount of TBFs are needed, so this may not be a big issue after all.  
- The eTFI value will not have the same level of channel coding and thus robustness as the Legacy TFI field.

Solution 2: Xor the PAN with eTFI field also.

Today the Legacy TFI value is actually not explicitly transmitted, but rather xor:ed with the rest of the PAN as described in 45.003, see for example section 5.1.5.1.4a. 

Now, it would of course be possible to let not only the Legacy TFI but rather Legacy TFI+eTFI together be xor:ed with the PAN using the same principle. 

+ Will give same level of channel coding and thus robustness to the eTFI as the Legacy TFI.
- Work needs to be done on defining new channel coding and may thus jeopardize backwards compability with legacy terminals.

Solution 3: Create a new PAN field

Quite similar to the proposal in “Define new downlink RLC/MAC blocks” , it is of course possible to construct fully new PAN fields in a similar manner. The benefits and drawbacks will here be pretty much the same as mentioned there.
4 Extension of the USF addressing space

4.1 General

The suggestion is to:

· on the one hand, reserve one or more code points from the legacy USF addressing space 

· on the other hand to introduce a new, separate ‘extended USF field’, eUSF, in the transmitted downlink RLC/MAC block. 

· The reserved legacy USF code points are then to be combined with the eUSF field in order to increase the total available USF addressing space. The legacy USF code point, which is combined with the eUSF code point, can also be assigned dynamically.

The bits to be used for the new eUSF-field could be taken from the unused spare bits that exist in many of the RLC/MAC headers or, as an alternative, to define new RLC/MAC Headers that has room for this eUSF field. Other alternatives could include to either use the already existing PAN field for the eUSF field or to use different Training Sequence Codes, TSCs, sent orthogonally to the downlink RLC/MAC block.

The most appropriate signaling to use between the network and the mobile device for the mobile device to inform the network about its capability to understand the eUSF field and for the network to assign an eUSF (and a legacy USF) to the mobile device must also be determined, see chapter 5.

4.2 The introduction of extended USF field, eUSF

The proposal is to on the one hand to use a code point from the legacy USF addressing space and on the other hand to introduce a new, separate ‘extended USF field’, eUSF, in the transmitted downlink RLC/MAC block. The legacy USF code points are then to be combined with the eUSF field in order to increase the total available USF addressing space. The legacy USF code points that are to be combined with the new eUSF values can either be reserved or assigned dynamically.

An illustration is given by the following example:

Example: Assume the five legacy USF values 0 through 4 are reserved for legacy MSs, whereas the three legacy USF values 5 through 7 are reserved to be used together with the new eUSF field. Also assume that the size of the new eUSF filed is 2 bits. Then it would be possible to e.g. assign USFs to 5 legacy MSs as well as 12 different new devices (which could be MTC devices, but which are simply referred to as just ‘new devices’ from here on) according to the table below:

Table 1
Example of assignment using 3 reserved legacy USF code points to indicate the presence of a new 2-bit Extended  eUSF field.

	Legacy USF
	Extended eUSF
	Assigned to Terminal

	Code point
	Value
	Code point
	Value
	

	000
	0
	N/A
	N/A
	Legacy MS 0

	001
	1
	N/A
	N/A
	Legacy MS 1

	010
	2
	N/A
	N/A
	Legacy MS 2

	011
	3
	N/A
	N/A
	Legacy MS 3

	100
	4
	N/A
	N/A
	Legacy MS 4

	101
	5
	00
	0
	New Device 0

	101
	5
	01
	1
	New Device 1

	101
	5
	10
	2
	New Device 2

	101
	5
	11
	3
	New Device 3

	110
	6
	00
	0
	New Device 4

	110
	6
	01
	1
	New Device 5

	110
	6
	10
	2
	New Device 6

	110
	6
	11
	3
	New Device 7

	111
	7
	00
	0
	New Device 8

	111
	7
	01
	1
	New Device 9

	111
	7
	10
	2
	New Device 10

	111
	7
	11
	3
	New Device 11


Here, in total 5+12 =17 devices are assignable compared to the 8 possible if using the legacy USF field only, hence an increase by more than 100%! 

In general, by using the proposed methodology and by assuming that L legacy USF code points are reserved for the new devices and furthermore assuming that new code points of M bits to be used for the eUSF are found, it will be possible to address 7-L legacy MSs and L*2^M new devices, as illustrated by the following table:

Table 2
The number of assignable new devices and legacy MSs as a function of L (the number of legacy USF code points reserved for the new devices) and M (the number of bits in the new eUSF field).

	
	
	
	M = Nr of bits in the new eUSF field

	
	
	
	0
	1
	2
	3
	4
	9
	20

	L = Nr of legacy USF code points reserved for new devices
	0
	7
	0
	0
	0
	0
	0
	0
	0

	
	1
	6
	1
	2
	4
	8
	16
	512
	1048576

	
	2
	5
	2
	4
	8
	16
	32
	1024
	2097152

	
	3
	4
	3
	6
	12
	24
	48
	1536
	3145728

	
	4
	3
	4
	8
	16
	32
	64
	2048
	4194304

	
	5
	2
	5
	10
	20
	40
	80
	2560
	5242880

	
	6
	1
	6
	12
	24
	48
	96
	3072
	6291456

	
	7
	0
	7
	14
	28
	56
	112
	3584
	7340032

	
	
	Nr of legacy MSs
	Nr of new devices


The split of which legacy USF code points that are to be reserved for legacy USF operation and which shall be used in conjunction with the new eUSF field is fully up to the GERAN network. It will e.g. be perfectly possible for the network to dynamically change how many code points that are reserved to which category (L above). Also, a new device can of course still be assigned USFs in the legacy manner without the use of the new eUSF field, and can also be re-assigned between the different methodologies. Also, please note that 9 bits is by no means an upper limit, and should thus only be considered as an example.

Furthermore, the reservation of legacy USF code points shall preferably be made dynamically, which means that which legacy USFs that are reserved can be dynamically changed over time depending on the current mix of legacy and new MSs on the PDCH(s). The legacy USF code point, to be combined with eUSF values (for new devices), can also be assigned dynamically at setup of the uplink TBF. If the allocation concerns a new device and there are currently no legacy USF already combined with eUSF values and with eUSF values available, a new legacy USF code point is allocated and combined with eUSF values.
4.3 Signaling of the new eUSF field

4.3.1 Discussion
For the sake of uplink scheduling, then the problem remains in where the bits could be found in the RLC/MAC block. The legacy USF is encoded separately from the user data, and can thus be addressed to another user than the one to which the downlink payload is addressed, which obviously is important to allow even when using the eUSF field.  There are a number of possibilities in how and where the bits needed for the eUSF-fields should be conveyed from the network to the terminal/device in the downlink. Below is a listing of these possible solutions, together with the benefits (+) and drawbacks (-) of the respective solution.

Solution 1: Use the spare bits in the RLC/MAC Header.

Many of the downlink RLC/MAC header types have spare bits that are not used These could be used to form the new eUSF field. The header is not as well protected against errors as the legacy USF field but it ought to be robust enough for these purposes in almost any case anyhow. 

+
No channel coding is impacted and hence full backwards compability is possible.
-
The maximum nr of spare bits in any RLC/MAC header is 2. Hence according to Table 2 above, this means that as most 28 devices are assignable in this manner.
-
Spare bits are only available in downlink RLC/MAC Header Types 4 through 10 (see Section 10.3a.3 of TS 44.060) and thus the solution is only feasible for EGPRS2B and to some extent EGPRS2A, but not EGPRS.


Solution 2: Define new downlink RLC/MAC blocks
An alternative would be define new downlink RLC/MAC blocks for all MCSs, which already from the start contain the new eUSF field in the RLC/MAC header. This of course also means that one needs to find the channel coding bits needed for the eUSF field. These coding bits thus needs to be taken from the coding bits of other parts of the downlink RLC/MAC block such as e.g. from the legacy USF field, from the user-plane data or perhaps from the rest of the RLC/MAC header. Regardless which, the channel-coding will need to be re-worked and it will impact the existing fields substantially, making this a non-backwards compatible solution. 

+
The number of bits used for the eUSF as well as its robustness can be optimized in a much better and more flexible way than if using the existing spare bits only.
+
Downlink transmission need not be limited to EGPRS2B only.
-
Lots of work needed to define new RLC/MAC blocks and to do the required modifications to the channel coding of not only the new eUSF field but also the impact of the other fields in the downlink RLC/MAC block from where the coding bits are taken.
-
Due to the impact on the RLC/MAC headers and possibly other parts of the downlink RLC/MAC block, legacy interworking will not be possible. Hence the new devices cannot be assigned on the same downlink resources as legacy terminals, and thus legacy multiplexing is impossible.

Solution 3: Use the PAN-field for the eUSF
When FANR and/or EGPRS2 is used, the network may include a Piggy Backed Ack/Nack, PAN, in the downlink data. This PAN is encoded together with its CRC separately from the user data, and can in the same way as for the USF be addressed to another user than the one to which the downlink payload is addressed. This will, of course, limit the possibility to send PANs, and thus impact the usage of FANR, in the downlink.

The PAN field (incl. CRC) is most likely not robust enough to be used for the eUSF field directly, but this could be dealt with by reducing the number of used information bits in the PAN field (today 20bits) down to e.g. 9 bits, which would according to Table 2 above allow for up to 3584 devices (!), and thereafter…
a) … use the no-longer-used information bits for the CRC (which today is 10bits). In this example, if reducing the number information bit down to e.g. 9bits, this would give a possible CRC of up to 10+(20-9)=21 bits, which certainly will improve error correction/detection of the eUSF.
b) … decrease the code rate of the transmitted PAN field (incl. CRC), which of course also will improve the robustness of the eUSF field. In this example, if reducing the number information bit down to e.g. 9bits whilst keeping the CRC to 6 bits, this would e.g. for DAS-8 give a code-rate of (9+10)/78=0.24 to be compared with the (20+10)/78=0.38 as for the PAN field.

Of course, both these methods a) and b) can be combined to achieve even better robustness that preferably is on par with the robustness of the legacy USF.  What the exact number of bits for CRC and eUSF should be is however subject to further studies, and outside the scope of this discussion paper. If the robustness of the current PAN field is deemed good enough then all of the 20 information bits in the PAN can be used, which will provide up to a whopping 7340032 devices. Here obviously other aspect will pose limitations, but this could be seen as a fairly theoretical upper limit.

In order for the receiver to determine if it should interpret the PAN field as a PAN or as an eUSF, it is proposed that the network shall reserve one TFI value for this purpose. Upon decoding the PAN, if this reserved TFI value is detected, then the PAN field shall be interpreted it as an eUSF, otherwise as a PAN.

+
Will allow for a very large nr of bits ( <20 bits) to be used for the eUSF field, which thus may allow for several hundred, maybe thousands of new devices to be assigned unique USF values.
+
No limitations on which MCSs that can be used, except for MCS-4 and MCS-9 that cannot carry PANs, but this is no big problem since the network can easily use e.g. MCS-3 and MCS-8 instead. This also means that there are no major multiplexing limitations wrt. legacy terminals.
+
Full backwards compability is possible since the network will/must ensure that only the new eUSF field is addressed to the new  devices (see the beginning of this section for details). 
-
Modification to the channel coding will be needed, however in a very limited scale that will not impact legacy terminals.
-
The multiplexed legacy terminal needs to be FANR capable, which means Rel-7 or later.
-
Obviously, no PAN can be transmitted in the same downlink RLC/MAC block as an RLC/MAC block containing the eUSF field. This means that FANR can basically not be used, or at least be severely impacted, when used together with this new USF scheduling method.
Solution 4:  Use orthogonal TSCs as in VAMOS – 
Alternative One: Transmit only VAMOS TSC in Parallel
Currently a work item named VAMOS is standardized in 3GPP GERAN Rel-9, where new orthogonal training sequences codes, TSCs, are introduced, which could be re-used for the eUSF. This can be done by assigning each new device a (legacy) USF value as well as an additional TSC, taken from the VAMOS TSCs which and orthogonal to the legacy TSC. The (legacy) USF is a reserved USF which is used by many terminals. One specific orthogonal VAMOS training sequence thus corresponds to one value of the eUSF. 

Since the receiving MS needs only to decode the TSC and nothing more, there is no need to transmit a full radio block using the VAMOS TSC. Instead a new burst format will be created that will contain the TSC only. In this manner, the amount of interference in the rest (header, data, pan etc.) of the legacy radio block will we kept to a minimum. Still, the legacy receiver must pretty much be SAIC/DARP-I capable in order to suppress the extra interference.

Whenever a device capable of reading the eUSF finds its reserved (legacy) USF, it also tries to decode its orthogonal VAMOS TSC. In case it decodes that successfully it knows that it is USF scheduled and prepares for transmission in the next block period. When the network wants to schedule a new device it transmits the DL block including the reserved (legacy) USF where this terminal is assigned on, and then in parallel transmits a new “radio block” with the orthogonal VAMOS TSC this terminal is assigned. 

Since there are 8 legacy USF code points and 8 different VAMOS TSCs, this gives a maximum total of 8*8=64 possible new devices that could be addressed in this manner.


+ Does not require any additional spare bits and thus does not occupy any bits that can be used for other purposes.
+ Re-uses VAMOS concept which means limited implementation cost in terminal and network.
+ The amount of generated extra interference for the legacy user ought to be limited, since the parallel VAMOS-alike eUSF transmission will only overlap its TSC and not the full radio block.
- Requires that all terminals capable of using the eUSF must also support new TSCs as for VAMOS and also that these terminals be capable of decoding bursts blocks sent with different TSCs in parallel.
-Requires the any multiplexed terminals/devices to be at least SAIC/DARP-I capable in order to suppress the extra interference generated. 
- If multiplexed terminals/devices are only SAIC/DARP-I capable, then only GMSK modulation (i.e. MCS-0 to MCS-4) can be used, for the instants when the new VAMOS TSC bursts are transmitted. To avoid this limitation, then more advanced DARP-II capable terminals/devices are required.


Solution 5: Use orthogonal TSCs as in VAMOS –
Alternative Two: Transmit Full Radio Block in Parallel

The same idea of using orthogonal VAMOS TSCs as in the last bullet (“4. Use orthogonal TSCs as in VAMOS –Alternative One: Transmit only VAMOS TSC in Parallel”). However one could consider taking his one step further by instead of letting the parallel transmission not be using a new burst format that only contains the orthogonal VAMOS TSC, instead transmit a full downlink radio block / full RLC/MAC block. 

What this means is that, instead of letting each VAMOS TSC represent an individual eUSF value (as for the bullet 4 above), rather each VAMOS TSC represents a set of eUSF values. How many such eUSF values that can be accommodated per VAMOS TSC, will of course then dependent upon the amount on how much information that can be carried in the corresponding RLC/MAC block. 

Three options are possible for how to convey the eUSF values in this radio block transmitted with the orthogonal VAMOS TSC:
a) Use the legacy USF field. Since there are 8 legacy USF code points in the legacy transmitted radio block, and 8 different VAMOS TSCs and 8 legacy USF code points in the radio block send with the VAMOS TSC, this gives a maximum total of 8*8*8=64 possible new devices that could be addressed in this manner. 
b) Use new downlink RLC/MAC blocks as defined under  “4. Define new downlink RLC/MAC blocks” earlier in this section. By in addition using the orthogonal TSC-approach as described here, the impact on legacy terminals will be diminished in comparison. 
c) Let the eUSF be included as payload in e.g. a MCS-0 or CS-1 block. Since this allows for a maximum of 20 octets payload, this would make it possible to address a maximum total of 8*8*20*8=10240 devices in this manner. 

In addition to the pros and cons in the last bullet (“4. Use orthogonal TSCs as in VAMOS –Alternative One: Transmit only VAMOS TSC in Parallel”), additional benefits/drawbacks with this method include:

+ Possibility to address even more devices.
+ Work needed to define new RLC/MAC blocks incl. channel coding etc.
Solution 6: Uplink Scheduling Message

Introduce a new downlink control message providing information about uplink scheduling for the new devices, sharing legacy USF(s), for a certain number of coming radio blocks.

As described in previous chapters, the new devices are allocated both a legacy USF and an additional identity, the so called eUSF.

The new control message will then contain information about what uplink radio blocks a new device, i.e. when the combination of legacy USF and eUSF value assigned to that new devices, are scheduled for transmission. The control message is then directed to all the devices on the PDCH but it will typically only be used by the new devices, allocated an eUSF in addition to the legacy USF. It is thus a distribution message. In the downlink headers that, in the legacy mechanism, are used for scheduling of transmission in the corresponding uplink radio blocks, the legacy USF assigned to the new device is set. The legacy mobile stations will still be uplink scheduled with their legacy USF values, as today. When pre-scheduling uplink radio blocks for the new devices (with the new control message) the network will of course need to leave space for uplink scheduling of the legacy mobile stations and for RRBP polling.

The Uplink Scheduling Message shall contain information about specific uplink radio blocks where identified new devices (i.e. legacy USF/eUSF combinations) are scheduled in the near future. It is then also possible to define uplink scheduling patterns that are to be used and which then can be used in order to pre-schedule uplink radio blocks for the new devices for a longer period of time with reduced signaling.

+
Fully back-wards compatible wrt. legacy interworking
+
No updates in the legacy downlink RLC/MAC headers
+
The number of devices that can be addressed can be very high
-
Requires the definition of a new message
-
A downlink radio block is needed in order to perform uplink scheduling of the new devices (with eUSF), i.e. additional protocol overhead.
-
The uplink radio blocks where the new devices (with eUSF) are to transmit must be scheduled a lot earlier than in the legacy case.

5 Signaling aspects

5.1.1 General

The sourcing company assumes that if it will be shown that there is a need to increase the addressing space for USFs then there will be consequently also the need to increase the addressing space for the TFIs.  

This chapter briefly discusses some ways how to signal the eTFI /eUSF capabilities between the MS and the network.

5.1.2 MS to the network

Any mobile station capable of reading the eTFI/eUSF 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. 

An alternative solution is 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. 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/eUSF 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).

5.1.3 Network to the MS

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

· The legacy TFI/USF value used to fully or partially identify the TBF (reserved or dynamically assigned as described earlier).

· An indication if the device shall interpret the legacy TFI/USF in the legacy way or in the new way (i.e. as a prefix for the eTFI/eUSF field as described in chapters 3 and 4).  If the latter is true then also …

· …the new eTFI/eUSF value assigned.

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 and downlink assignment or reconfiguration messages, such as e.g. the Packet Downlink Assignment, Packet Uplink Assignment, Multiple TBF Downlink Assignment, Multiple TBF Uplink Assignment, Packet CS Release, Packet Timeslot Reconfigure Message or Multiple TBF Timeslot Reconfigure messages.

6 Conclusion

This paper outlines some alternatives to increase the TFI and USF addressing space. It provides a brief analysis listing advantages and drawbacks. The sourcing company will provide further simulations of the possible threat of identifiers depletion for the MTC use case and evaluation results of an alternative solution to combat such threat.
� Currently a work item named VAMOS is standardized in 3GPP GERAN Rel-9, where new orthogonal training sequences are introduced. The training sequences could be re-used for the eTFI.
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