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Multiple TBFs – Control message lengths

1. Introduction

The RLC/MAC control messages that allocate / reassign resources need to be modified for Iu-mode to be able to support multiple TBFs in the uplink and in the downlink.

The messages that require a new resource allocation description for multiple TBFs are:

· PACKET UPLINK ASSIGNMENT

· PACKET DOWNLINK ASSIGNMENT

· PACKET TIMESLOT RECONFIGURE

These resource allocation messages assign some or all of the uplink and downlink resources (TBFs) belonging to one MS on one or several timeslots.  Introducing multiple TBFs per mobile means that additional information on TFIs / USFs / timeslots needs to be included in the allocation structures.  

This paper presents proposed modifications to the format of these description structures to support multiple TBFs and assesses the resulting message lengths to ensure that 2 radio blocks (368 bits) is sufficient.

2. Length of resource allocation structures

In the case of the network reconfiguring or assigning resources, the MS needs to know the:

a) TFI of each TBF that is allocated to the MS

b) RB id of each TBF in order to either allocate a new TBF, or identify a TBF which has been reassigned a new TFI and TS.  The old TFI value can be determined by looking up the RB id to retrieve the TFI that the TBF was previously using.

c) Timeslots on which each TFI is valid.  This determines how many timeslots the TBF can operate on.  If there are no free TFIs on a TS, the TBF cannot use that timeslot.  

d) Full list of timeslots on which to listen (for downlink TBFs)

e) RLC mode for each TBF (for new downlink TBFs)

f) One USF assigned to each TBF

2.1. Working Assumptions

· Assume that the coding scheme is the same for all TBFs belonging to one MS

· Assume that USF granularity is the same for all TBFs belonging to one MS

· Assume that PTR message is used to reassign/allocate uplink AND downlink resources. (If only UL or only DL, the PUA or PDA message shall be used)

· Dynamic allocation shall be used for mobiles using multiple TBFs

2.2. Downlink TBF fields

The information currently provided in the resource allocation messages for a downlink TBF comprises RLC mode, timeslot allocation and downlink TFI assignment.  This needs to be modified to include the TFI and RB id for each TBF and also the timeslots on which the TBF is allowed to operate, as shown in Table 1.

	TFI value
	RB Id (new or to identify previous TFI)
	Timeslots on which this TFI is valid

	TFI2 

	RB_ID9
	2,3,4,7

	TFI14 

	RB_ID5
	2,3,4


Table 1: Downlink TBF reassignment/allocation information

The proposed coding (shown in Figure 1) has added the RLC mode and the (new or already allocated) RB ID for each TBF.  The recursive format allows several TBFs who share timeslot allocations to be defined using only one DOWNLINK_TIMESLOT_ALLOCATION bitmap.  This coding generates an approximate additional overhead of 7 bits per TBF.

	{ 0 | 1 < Downlink Assignment struct > }


	

	< Downlink Assignment struct > ::=  


< DOWNLINK_TIMESLOT_ALLOCATION: bit (8) >


< TFI Assignment struct >




{  0 | 1  < Downlink Assignment struct > };


	The DOWNLINK_TIMESLOT_ALLOCATION field for each TFI is again used to indicate on which timeslots the TFI(s) is/are valid.

	< TFI Assignment struct > ::=


< DOWNLINK_TFI_ASSIGNMENT : bit (5) >


< DOWNLINK_RB_ID : bit (5) >



< DOWNLINK_RLC_MODE : bit (1) >  





{  0 | 1  < TFI Assignment struct > };
	A recursive list of TFI_ASSIGNMENT structs indicates the TFIs and RB_IDs of the TBFs allocated to the mobile.  


Figure 1: Proposed coding for downlink TFI assignment, based on coding in [1]
The length of the description depends, not on the number of timeslots across which the TBF can operate, but rather on the number of TBFs which share the same timeslot allocation.  If, out of a total of four TBFs, three use the timeslots 2,3,4 and the other uses only timeslot 3, then the description length is calculated on two different timeslot sets.

Note that this coding has been optimised specifically for the case where all the TBF belonging to one multi-slot MS are allowed to use the same set of timeslots.

2.3. Uplink TBF Fields

In addition to the information provided for downlink TBFs, in the uplink the network needs to specify a TFI/USF pair for each timeslot on which a TBF may operate.  This information for each uplink TBF is shown in Table 2.

	TFI value
	RB Id
	Timeslots on which this TFI may be used

	TFI2 

	RB_ID7
	on 2 with USF2, on 3 with USF2, on 4 with USF4

	TFI14 

	RB_ID8
	on 2 with USF5, on 3 with USF3


Table 2: Uplink TBF reassignment/allocation information

This description uses the following fields to describe the allocation structure:

Common to all TBFs

1. Timeslot map (8 bits)

2. USF Granularity (1 bit) – see working assumptions

Per TBF

3. TFI value (5 bits)

4. RLC Data blocks granted (only used for close-ended TBFs) (8 bits)

5. Variable length list relating to the timeslot map indicating the USF for each TS.

	<Multiple TBF allocation struct > :: =

…



0 | 1 <Common Timeslot map: bit (8) >   -- i.e. 01110000 means TS 1,2,3 can be used



< USF_GRANULARITY : bit (1) >



< Uplink TFI Assignment struct >
… 

	< Uplink TFI Assignment struct > ::=




< UPLINK_TFI_ASSIGNMENT : bit (5) >


< UPLINK_RB_ID : bit (5) >


{ 0 | 1 < RLC_DATA_BLOCKS_GRANTED : bit (8) > }  


< USF Assignment struct >



{  0 | 1  < Uplink TFI Assignment struct > };



	< USF Assignment struct > ::=


{  1 < USF_ALLOCATION: bit (3) >


 | 00  -- no valid USF for this TS


 | 01 }  -- ditto, same USF valid as for previous TS


 { 0 | 1 < USF Assignment struct >  } ;


Figure 2: Proposed coding for uplink TFI assignment using dynamic allocation, [1]
This scheme uses 2-bit “ditto” markers for indicating the same USF is valid for subsequent timeslots (reducing the bit count).  If necessary, a new USF value can be inserted at any point during the listing.  The list is ordered according to the timeslot map which is common for all TBFs to prevent repeating the TS/USF pairings.

The minimum coding length is where only one USF value need be defined for each TBF.  The worst-case scenario is where a different USF value is used for each timeslot. 

3. Impact of proposed coding on control message lengths

Table 3 shows which optional fields have been included for the purpose of these message length calculations.  A consistent approach has been taken across all three messages; the bit count for each field has been indicated for mental arithmetic recalculations.

	Optional Fields
	Bits
	Field included (Y) or excluded  (N) from calculations?

	
	
	PUA
	PDA
	PTR

	Persistence Level

EGPRS Window Size (plus related info)

Packet Extended Timing Advance
P0, PR_MODE

Frequency Parameters 

Power control parameters

RLC_DATA_BLOCKS_GRANTED

TBF Starting Time
	16

5 to 12

2

5

39 (typical value)
52

8

17
	Y

Y

Y

Y

Y

N

N

N
	Y

Y

Y

Y

Y

N

N

N
	-

Y

Y

Y

Y

N

N

N


Table 3: Inclusion and exclusion of optional message fields

3.1. Packet Uplink Assignment

Using the options as shown in Table 3 plus EGPRS message contents, but no Access Technologies Request (two fields specific to PUA), the length of the PUA message for different numbers of multiple TBFs is given below.  

Simple case, MS has total number of timeslots as shown in table, each TBF can operate on any number of those timeslots (no correlation required between TBFs) BUT each USF is valid for all the TS allocated to that TBF.

Maximum case, MS has total number of timeslots as shown, each TBF operates on ALL of those timeslots and additionally has a different USF for each timeslot.

	
	Total number of TS used by MS

	Total number of UL TBFs
	1
	2
	3
	4

	1
	201
	204 (206)
	207 (211)
	210 (216)

	2
	218
	224 (228)
	230 (238)
	236 (248)

	4
	252
	264 (272)
	276 (292)
	288 (312**)

	6
	286
	304 (316)
	322 (346)**
	340 (-)

	7
	303
	324 (338)
	345   (-)
	366**

	8
	320
	344 (360)
	368** (-)
	-


**
Maximum configuration for two radio blocks

Table 4: Packet Uplink Assignment message length (in bits)

Table 4 shows clearly that the PUA message fits into two radio blocks for most cases of TBF assignment.  Up to 8 TBFs can be configured, each TBF requiring a TFI/USF combination for each of the 4 timeslots on which it can send data.  It is not anticipated that sending on any more than 4 uplink timeslots is a situation that should be given much weight.

3.2. Packet Downlink Assignment

Using the options as shown in Table 3 plus no measurement mapping, the length of the PDA message for different numbers of multiple TBFs is given below.

	
	Number of different TS sets

	Total number of DL TBFs
	1
	2
	4
	6

	1
	237
	-
	-
	-

	2
	249
	258
	-
	-

	4
	273
	282
	300
	-

	8
	321
	330
	348
	366**


**
Maximum configuration for two radio blocks

Table 5: Packet Downlink Assignment message length (in bits)

This coding uses an 8-bit timeslot map to index the list of TFI for each TBF.  This is an optimal coding for the case where all TBFs are using the same combination of downlink timeslots.

3.3. Packet Timeslot Reconfigure

Simple configuration

This calculation is done on the basis that:

· All DL TBFs operate on the same set of common timeslots (up to 8 TS)

· All UL TBFs have one USF value on one TS

	Bits
	Number of UL TBFs

	Number of DL TBFs
	1
	2
	4
	7
	8

	1
	172*
	189
	223
	257
	291

	2
	184*
	201
	235
	269
	303

	4
	208
	225
	259
	293
	327

	6
	232
	249
	283
	334
	351

	7
	244
	261
	295
	346
	363**

	8
	256
	273
	307
	358**
	375


* 
Configuration that fits into a single radio block

**
Maximum configuration for two radio blocks

Table 6: PTR message length for MS with all UL TBFs on 1 UL timeslot & all DL TBFs on common set of timeslots

With these assumptions, 2 DL and 1 UL TBFs can be addressed in a single radio block message.  This is considered to be a significant advantage in the near future as mobiles may well operate with only 1DL and 1UL TBF (even if they are capable of more).  Reconfiguring 8UL and 8DL TBFs would be achievable if a different set of optional fields was chosen.

Complex configuration

· Each DL TBF has a different set of timeslots allocated to it

· UL TBFs all have a different USF value for each timeslot it has been allocated

	Bits
	Number of UL TBFs

	Number of DL TBFs
	1
	2
	4
	8

	1
	172*
	195
	259
	363


	2
	193
	216
	280
	

	4
	235
	258
	322
	

	6
	256
	300
	364**
	

	7
	298
	321
	
	

	8
	319
	342
	
	


* 
Configuration that fits into a single radio block

**
Highest configurations for two radio blocks

Table 7: Message lengths for complex configuration

4. Conclusion

This paper provides message length information in order to decide upon a segmentation strategy.

The resource allocation message length calculations in section 3 were updated with the decisions/working assumptions agreed at the GERAN#7 meeting, Cancun were as follows:

· One USF to be allocated to each TBF (i.e. not to a group of TBFs)

· Dynamic allocation to be used for multiple TBFs (W.A.)

These calculations show that there can be no guarantee that at some point, with a particular set of optional fields and TBFs, the PACKET TIMESLOT RECONFIGURE message will not exceed two radio blocks.  

The messages increase significantly in length when:

· Uplink TBFs have a different USF value on each timeslot (for a multi-slot MS)

· Downlink TBFs use different sets of timeslots

Unless rules are introduced to limit these two factors, it is seen as advisable to ensure a segmentation mechanism is agreed upon.  This mechanism should be applicable to all RLC/MAC control messages that are sent on the PACCH to an Iu-mode mobile to allow any of the messages to be extended in the future.  

This could take the form of an additional field in the RLC/MAC control block header to indicate the status of each segmented message (which part the message contains or whether the block is the last part of the message).  The indication, of whatever form, would indicate to the MS to wait for completion of the control message before reconfiguring/changing radio resources.
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� This assumes that half of the TBFs use a common USF on their allotted timeslots
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