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Discussion Paper: The “Dynamic SLOT (s) allocation for the DL TBF in GPRS”
1. Introduction.

According to the existing GERAN’s specification(s), the network may assign a radio resource (slot(s)) on one or more PDCHs to be used for the TBF and this assignment would be active either during the “life” of the TBF or until the PACKET TIMESLOT RECONFIGURE commend would occur.  The amount of radio resource to be reserved for the TBF is a network dependent choice and initially is being assigned to the mobile station in a PACKET DOWNLINK ASSIGNMENT commend.
Once the radio resource for the DL TBF have been assigned, the MS is expected the DATA from the BS only on the assigned slot(s) of the every frame.

To reassign the slot(s), the PACKET TIMESLOT RECONFIGURE commend should be performed, what would require using additional radio recourses (signaling) as well as  spending more time, and therefore,  the PACKET TIMESLOT RECONFIGURE command can not be executed on the block by block basis.  
At the same time, very often one or even more slots could be or become “vacant” at any frame. “Vacant” implies that for the “voice” service it has been terminated and for GPRS service the BS temporarily secures the slot, which would be used by “Dynamic SLOT (s) allocation” mechanism.   
Based on the foregoing the “Dynamic SLOT (s) allocation for the DL TBF in GPRS” is being proposed.

The “Dynamic SLOT (s) allocation for the DL TBF in GPRS” concept would allow the BS dynamically allocate one or two more slot(s) to be used by the particular MS on the DL TBF starting at the very next block, and to finish such allocation at any block.

The reassignment could be used many times during the “life” of the TBF at any “vacant” at the time time-slot(s).  
2. Some of the possible implementations of the Dynamic SLOT (s) allocation
· Enable significantly speed up the DL transmission of the GPRS data for the GERAN capable MSs and therefore increase the capacity of the overall system. 
· MBMS (much faster refilling the buffer when the mobile is located at the edge of the Cell coverage and using P-to-P with the lowest CSs, such as CS1…)
· MTBF (multiple TBF)
· Reselection, without loosing the data due to much faster refilling the buffer, when the MS is receiving the data using CS1…
· Enable to use same QoS for distant MS, which is using GMSK modulation as the MS with good radio reception, which is using 8-PSK modulation.  

· Could be used in conjunction with AMR, when AMR is being used by the different user, during the pauses.   
3. Description of the Dynamic SLOT (s) allocation

Initiation:

The “Dynamic SLOT (s) allocation” always will be initiating by the BS, since: 
i) The BS will be known whether some of the slot(s) for this particular carrier (the same carrier, where the MS is currently receives the GPRS information) would be vacant, starting from the next frame.  
ii) The BS is aware, which MS and which particular TBF most significantly needs “Dynamic SLOT (s) allocation” at each particular time.

iii) The BS could dynamically reassign the “Dynamic SLOT (s) allocation” for different TBF(s) and MSs allocated at the same frequency. 

The BS will be initiating the “Dynamic SLOT (s) allocation” procedure by sending the bit-combination “11” of the “Payload Type” bits in GPRS DL DATA header. 

The MS reaction:      
As far as the MS receives the GPRS block with the bit-combination of the “Payload Type” equal “11” (initiating block), it would be notified that the next block “allocation block”.

“Initiating block” is a GPRS data block with the “Payload Type” field of the header is equal to “11” and the “FBI” bit is equal to “0”.

“Allocation block” is the GPRS data block with the “Payload Type” field of the header is equal to “11” and the “FBI” bit is equal to “1”.

The “TFI” field in “Allocation block” is occupied by the “Dynamic SLOT(s) allocation” pointers”

The very first “First Allocation block” shell immediately follow the “Initiating block” and be transmitted at the same TS that the “Initiating block”.

The all information in this “Allocation block”, but the USF, will be related to the same MS and the same TFI (TBF) as the “Initiating block”. 
The “Dynamic SLOT(s) allocation” pointers of this “First Allocation block” shell be used for identifying the dynamically allocated slot(s) for the next GPRS block, transmitted by the BS.
The next “Allocation block” will be dynamically allocated at the slot, which number was obtain from the “Dynamic SLOT(s) allocation” pointers of the first “First Allocation block”.
All other “Allocation block” shall immediately follow one after another until the second pointer of the “TFI” field would be equal to “0”, what would identify the last “Allocation block”.
As far as “Allocation block” has been identified, it would not be necessary to keep the TS (initiating slot) for this MS, and the MS could use the dynamically allocated slots only, for any period of time.  
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4.  Standardization
It seems that, for the standardization of the “Dynamic SLOT (s) allocation for the DL TBF in GPRS” the follow should be modified:

i) The description in the 3GPP TS 44.060 of the “Payload Type” in the Downlink RLC/MAC data/control headers (CS1-CS4) and 

ii) The description of the “Final block indicator” FBI bit. (3GPP TS 44.060)
iii) The TFI description. (3GPP TS 44.060)  

“Payload Type”
Based on the 3GPP TS 44.060 the legacy MS shell be performed according with the table 10.4.7.1

Table 10.4.7.1: Payload Type field

	bit
8 7
	Payload Type

	0 0
	RLC/MAC block contains an RLC data block

	0 1
	RLC/MAC block contains an RLC/MAC control block that does not include the optional octets of the RLC/MAC control header

	10
	In the downlink direction, the RLC/MAC block contains an RLC/MAC control block that includes the optional first octet of the RLC/MAC control header.
In the uplink direction, this value is reserved.

	1 1
	Reserved. In this version of the protocol, the mobile station shall ignore all fields of the RLC/MAC block except for the USF field


According with the table, the legacy MS shell ignores the bit-combination “11” and therefore such combination could be used for the signaling of the GERAN MS, capable with “Dynamic SLOT (s) allocation for the DL TBF in GPRS” that the dynamic allocation is being started.

Therefore it is proposed to use the combination of the “Payload Type” as a Dynamic allocation process initiation.

When the bit-combination of the “Payload Type” is equal to “11” and the FBI=1, the TFI field contents the “Dynamic slot allocation” pointers, which is being used for the identifying the slot(s) during the next frame on which the following block(s) will be allocated.

“Final block indicator”
Based on the 3GPP TS 44.060 the legacy MS shell be performed according with the table 10.4.8.1

Table 10.4.8.1: Final block indicator bit

	bit 1
	Final block indicator

	0
	Current block is not last RLC data block in TBF

	1
	Current block is last RLC data block in TBF


Since there is no any sense to use the “Dynamic SLOT (s) allocation” for some particular TFI (TBF) in case if the last block of this TFI (TBF) is being transmitted, it is proposed to assign the FBI when the bit-combination of the “Payload Type” is equal “11”, as follow:
	PL
	bit 1
	Final block indicator

	≠11
	0
	Current block is not last RLC data block in TBF

	≠11
	1
	Current block is last RLC data block in TBF

	11
	0
	TFI field contains the TFI  information

	11
	1
	TFI field contains the “Dynamic slot allocation” pointers


For the “legacy” MS it would be no any difference, since such MS must ignore the entire BLOCK, but USF, if the bit-combination of the “Payload Type” is equal to “11”. 
Description of the “Dynamic SLOT(s) allocation” pointers”.  
The “Dynamic SLOT(s) allocation” pointers are located at the TFI field of the GPRS DL DATA block header, if the bit-combination of the “Payload Type” is equal to “11”, according with table below:

	Bit in PL
	6
	5
	4
	3
	2
	

	No additional slot(s) allocated in the next frame
	X
	X
	0
	0
	0
	

	One slot number dynamically allocated in the next frame is TS+1
	0
	0
	0
	0
	1
	

	One slot number dynamically allocated in the next frame is  TS+2
	0
	0
	0
	1
	0
	

	One slot number dynamically allocated in the next frame is  TS+3
	0
	0
	0
	1
	1
	

	One slot number dynamically allocated in the next frame is  TS+4
	0
	0
	1
	0
	0
	

	One slot number dynamically allocated in the next frame is  TS+5
	0
	0
	1
	0
	1
	

	One slot number dynamically allocated in the next frame is  TS+6
	0
	0
	1
	1
	0
	

	One slot number dynamically allocated in the next frame is  TS+7
	0
	0
	1
	1
	1
	

	Two slots number dynamically allocated in the next frame are TS+1 and TS+4
	0
	1
	1
	0
	0
	

	Two slots number dynamically allocated in the next frame are TS+1 and TS+5
	0
	1
	1
	0
	1
	

	Two slots number dynamically allocated in the next frame are TS+1 and TS+6
	0
	1
	1
	1
	0
	

	Two slots number dynamically allocated in the next frame are TS+1 and TS+7
	0
	1
	1
	1
	1
	

	Two slots number dynamically allocated in the next frame are TS+2 and TS+4
	1
	0
	1
	0
	0
	

	Two slots number dynamically allocated in the next frame are TS+2 and TS+5
	1
	0
	1
	0
	1
	

	Two slots number dynamically allocated in the next frame are TS+2 and TS+6
	1
	0
	1
	1
	0
	

	Two slots number dynamically allocated in the next frame are TS+2 and TS+7
	1
	0
	1
	1
	1
	

	Two slots number dynamically allocated in the next frame are TS+3 and TS+4
	1
	1
	1
	0
	0
	

	Two slots number dynamically allocated in the next frame are TS+3 and TS+5
	1
	1
	1
	0
	1
	

	Two slots number dynamically allocated in the next frame are TS+3 and TS+6
	1
	1
	1
	1
	0
	

	Two slots number dynamically allocated in the next frame are TS+3 and TS+7
	1
	1
	1
	1
	1
	


There are two “Dynamic SLOT(s) allocation” pointers:
The first one is consist of the bit 5 and bit 6 of the TFI field.

The second one is consist of the bits 2-4 of the TFI field.

As it could be seen from the table above:

In case the second pointer (bits 2-4) is “0”, there is/are no any dynamically allocated slot(s) are assigned for the next 4 frames (block)

The value “00” of the first pointer means that only one additional dynamically allocated slot will be used by the BS for transmitting the block from the TFI, indicated in the initiating block.
In this case, the value of second pointer (the bits 2-4) must be added to the TS number (slot number the initiating block has been transmitted at) and the result would be the dynamically allocated slot number.

In case the first and the second pointers are not “0”, the value of the first pointer should be added to the TS number (slot number the initiating block has been transmitted at) and the result would be the first dynamically allocated slot number.
The value of the second pointer should be added to the TS number (slot number the initiating block has been transmitted at) and the result would be the second dynamically allocated slot number.

5. Conclusion 
This paper has describe the new “Dynamic SLOT (s) allocation for the DL TBF in GPRS” mechanism which could be widely used in the GERAN systems.

This mechanism has a number of advantages, which have been described in this document

At the top of already described, some of the main advantages are the follow:
           Thanks to only in-band signaling, the mechanism does not require any additional radio recourses and time to be executed. 

Using three (one the main (initiating) and two dynamically allocated slots) slots, dynamically allocated slot(s) concept would speed up the DL transmission to 3:1, using GMSK modulation and would make it comparable with EGPRS, which is using 8-PSK modulation.

This mechanism could be used by the MS with one slot operation, which would allow significantly simplify the MS, but at the same time to get the same speed of operation as the multi-slot (2-3) MS and significantly increase the capacity of the overall system.
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