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FDDA: Forward Downlink Dynamic Allocation
1
Introduction
This proposal aims at improving the DL dynamic allocation on a per radio block basis, regardless of the initial assignment of radio resources received by the mobile station in the PACKET DOWNLINK ASSIGNMENT message establishing a DL GPRS TBF, provided that the multislot capability of the mobile station is met. 
The solution is perfectly backward-compatible and requires minimal changes to the existing specifications. 
Once the radio resources for the DL GPRS TBF have been assigned, the mobile station in GPRS TBF mode has currently to decode any RLC/MAC block received on the assigned PDCHs to accept any of them including the assigned TFI and discard the other ones (unless an RLC/MAC control block not including the optional control header is received and is consequently accepted). 
The network uses the PACKET DOWNLINK ASSIGNMENT message to modify the radio resources assigned to the mobile station. The message normally sets a polling request to get a PACKET CONTROL ACKNOWLEDGEMENT message from the mobile station. That allows the network to check whether the reassignment message has been correctly received or not. The acknowledgement message is sent during an uplink radio block period according to the RRBP value: that implies a delay ranging from 40 ms up to 100 ms between the complete reception of the reassignment message and the initial transmission of the acknowledgement message. The reaction time of the network usually takes BS_CV_MAX radio block periods (specified range: 0 ÷ 300 ms); an expected optimal value is 60 ms (even though it could be expected to be higher, depending on the network implementation). Assuming the best case where both the assignment and the acknowledgement messages were correctly received and RRBP & BS_CV_MAX values are optimized, the minimum delay occurring before the network may rely on starting using the reassigned radio resources is therefore: 40 + 60 ms = 100 ms. During that period the new assigned radio resources are not used by the network for the mobile station and, as they are not used for any other mobile stations, they are wasted by the network. On the other hand, theses radio resources can be used with FDDA.

2
Use Cases
· 
· 
· It is usually recognized that an optimal usage of a radio resource (including the time when it is used in the CS domain and the time when it is used in the PS domain) is around 85% - 90%, resulting, on an average, in 12.5% of the time when the radio resource is not used, due to quick and short time periods when the radio resource is suddenly made available but cannot be exploited not only in the CS domain (due to the long-lasting CS call establishment procedures) but even in the PS domain itself (although the TBF (re)assignment procedures are remarkably faster than the establishment procedures in the CS domain, but it is not instantaneous anyway). It should be noted that the ability to use as much as possible the available radio resources (theoretically up to 100%) does not have any impact to the frequency planning, since in FDMA/TDMA systems frequency planning is (or at least should be) performed assuming the worst case of continuous transmission on each carrier at the maximum power, without any power control and any DTX (voice activity factor is not taken into account). 
· In a high traffic loaded network the BSS may be able to assign just 1 PDCH in the PACKET DOWNLINK ASSIGNMENT message establishing the DL GPRS TBF; whenever additional and temporary radio resources are made available on another PDCHs, they may instantaneously be assigned to the mobile station within 20 ms reaction time (i.e the time needed to send the first Allocation Block) compared to the minimum value of 100 ms when using PACKET DOWNLINK ASSIGNMENT message. Moreover, when such additional radio resources are no longer available, the release of them is instantaneous ( 0 ms reaction time), whereas, in case of PACKET DOWNLINK ASSIGNMENT message, a further delay of at least 100 ms occurs before the radio resources are freed.
· A Time Slot (TS) in the CS domain is released and is made available as a PDCH in the PS domain (that radio resource could not anyway be included in the first PACKET DOWNLINK ASSIGNMENT message establishing the DL GPRS TBF).

· A PDCH, not available at the point in time the first PACKET DOWNLINK ASSIGNMENT message establishing the DL GPRS TBF has been sent, is later on made available (the reasons why it was not previously available may relate to RRM policy, e.g. no more than one mobile station allocated on a given PDCH and/or QoS requirements for specific services like streaming and pseudo-real time services on a given PDCH).

· Following a handover procedure, a mobile station in DTM in the old serving cell is more likely to be assigned radio resources in the PS domain, re-entering DTM in the target cell, since even just 1 PDCH can first be assigned and then any further available radio resources can immediately be exploited by FDDA. 
· Unlike a PACKET DOWNLINK ASSIGNMENT message assigning e.g. up to 6 PDCHs to the same mobile station and implying that the mobile station shall monitor all the 6 assigned PDCHs during any radio block period to check whether and where radio blocks addressing the mobile station are sent by the network, FDDA requests the mobile station just to receive the radio blocks only on the PDCHs listed in the FDDA bitmap received in the previous radio block period, where radio blocks addressing the mobile station are surely sent by the network. That implies a remarkable battery saving in the mobile station.  





· 
· 
· 
· 
· 
· 
3
FDDA: how it works
3.1

Initiation at the BSS side

i) 
ii) 
iii) 
In the MAC header of an RLC/MAC block addressed to the mobile station (i.e. including the assigned TFI), the BSS sets the value “11” for the Payload Type field; the FBI shall be set to “0”, i.e. it is obviously not the last RLC data block sent to the mobile station for that DL GPRS TBF. That block is referred to as the “Initiating Block”. 

3.2
Behaviour at the MS side      
Upon the reception of the Initiating Block on an assigned PDCH, the mobile station shall wait for receiving the first “Allocation Block” exactly during the next radio block period on the same PDCH: the Allocation Block is an RLC/MAC block with Payload Type = “11” and FBI = “1” (where FBI = “1”, combined with Payload Type = “11”, does not denote the last RLC data block sent to the mobile station for that DL GPRS TBF).
The Allocation Block is “implicitly” addressing the mobile station, i.e. the TFI field does not include the assigned TFI; nevertheless, only the mobile station that has received the Initiating Block during the previous radio block period on the same PDCH accepts this radio block.  
The TFI field includes the FDDA bitmap: the 5-bit field denotes which PDCHs are allocated to the mobile station on the next radio block period, besides the PDCH where the Allocation Block is received and indexed relative to that PDCH, modulo 8. The FDDA bitmap is filled by the BSS regardless of the PDCHs assigned to the mobile station in the PACKET DOWNLINK ASSIGNMENT message, provided that the multislot capability of the mobile station is met. 
In that respect, any Multislot Class ranging from 2 to 45 is suitable for FDDA, even though the most versatile exploitation applies for the Multislot Classes 30 ÷ 45 and the best usage of the FDDA bitmap is for the Multislot Classes 40 ÷ 45 (i.e. the ones with RX = 6).
Any subsequent Allocation Block (Payload Type = “11” and FBI = “1”) will be sent during subsequent radio block periods on the same PDCH as the one used for sending the Initiating Block, and will be accepted only by the mobile station that has received the Initiating Block on the same PDCH and will be discarded by any other mobile stations.
 
3.3
Termination at the BSS side 

The BSS sends a “Terminating Block” with an FDDA bitmap = “00000”, denoting that is the last Allocation block and in the following radio block periods no further radio block is delivered in FDDA, unless a new Initiating Block is sent by the network. 

When the mobile station receives the Terminating Block, starting from the next radio block period it resumes the normal detection of the radio blocks on the DL, based on the last received PACKET DOWNLINK ASSIGNMENT message.
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Fig. 1 –  Example of FDDA usage 
4
Impact to the specifications: 3GPP TS 44.060

i) Payload Type description;   

ii) FBI description;
iii) TFI description.  

4.1
Payload Type
Current specification: 
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


Since the value “11” leads all the legacy mobile stations to ignore the radio block (except the USF field), it can be used for Rel-7 onwards mobile stations in FDDA, as decribed above. 


4.2
FBI
Current specification:
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


Whenever Payload Type = “11”, the FBI value assumes the new meaning for Rel-7 onwards mobile stations in FDDA, as described above and reported hereafter. 
	PT
	FBI
	TFI
	Radio block where they appear

	
	
	
	

	
	
	
	

	11
	0
	TFI field contains the TFI
	Initiating Block

	11
	1
	TFI field contains the FDDA bitmap ≠ “00000”
	Allocation Block

	11
	1
	TFI field contains the FDDA bitmap = “00000”
	Terminating Block



4.3
TFI  
Whenever the Payload Type = “11” and FBI = “1”, the TFI field contains the FDDA bitmap, whose coding is suggested to be defined as follows (any resulting value of TN+X is evaluated modulo 8 and TN denotes the PDCH where the Initiating Block has been sent):

	
	bit

	TFI content = FDDA bitmap
	6
	5
	4
	3
	2

	Terminating Block
	0
	0
	0
	0
	0

	TN, TN+1
	0
	0
	0
	0
	1

	TN, TN+2
	0
	0
	0
	1
	0

	TN, TN+1, TN+2
	0
	0
	0
	1
	1

	TN, TN+3
	0
	0
	1
	0
	0

	TN, TN+1, TN+3
	0
	0
	1
	0
	1

	TN, TN+2, TN+3
	0
	0
	1
	1
	0

	TN, TN+1, TN+2, TN+3
	0
	0
	1
	1
	1

	TN, TN+4
	0
	1
	0
	0
	0

	TN, TN+1, TN+4
	0
	1
	0
	0
	1

	TN, TN+2, TN+4
	0
	1
	0
	1
	0

	TN, TN+1, TN+2, TN+4
	0
	1
	0
	1
	1

	TN, TN+3, TN+4
	0
	1
	1
	0
	0

	TN, TN+1, TN+3, TN+4
	0
	1
	1
	0
	1

	TN, TN+2, TN+3, TN+4
	0
	1
	1
	1
	0

	TN, TN+1, TN+2, TN+3, TN+4
	0
	1
	1
	1
	1

	TN, TN+5
	1
	0
	0
	0
	0

	TN, TN+1, TN+5
	1
	0
	0
	0
	1

	TN, TN+2, TN+5
	1
	0
	0
	1
	0

	TN, TN+1, TN+2, TN+5
	1
	0
	0
	1
	1

	TN, TN+3, TN+5
	1
	0
	1
	0
	0

	TN, TN+1, TN+3, TN+5
	1
	0
	1
	0
	1

	TN, TN+2, TN+3, TN+5
	1
	0
	1
	1
	0

	TN, TN+1, TN+2, TN+3, TN+5
	1
	0
	1
	1
	1

	TN, TN+4, TN+5
	1
	1
	0
	0
	0

	TN, TN+1, TN+4, TN+5
	1
	1
	0
	0
	1

	TN, TN+2, TN+4, TN+5
	1
	1
	0
	1
	0

	TN, TN+1, TN+2, TN+4, TN+5
	1
	1
	0
	1
	1

	TN, TN+3, TN+4, TN+5
	1
	1
	1
	0
	0

	TN, TN+1, TN+3, TN+4, TN+5
	1
	1
	1
	0
	1

	TN, TN+2, TN+3, TN+4, TN+5
	1
	1
	1
	1
	0

	TN, TN+1, TN+2, TN+3, TN+4, TN+5
	1
	1
	1
	1
	1


The FDDA bitmap denotes the PDCHs where the mobile station shall receive radio blocks during the next radio block period, i.e. TN and n TN+X (1 ≤ n ≤ 5, 1 ≤ X ≤ 5), unless its value is = “00000” denoting the Terminating Block.









5
Conclusions 
FDDA allows for promptly and efficiently using spare radio resources on the DL in GPRS TBF mode which otherwise would be wasted by the network.

The suggested solution:

· does not have any impact to the legacy mobile stations; 
· does not have any HW impact to the BTS, BSC, PCU, CN;
· does not have any impact to the system planning;
· does not introduce radio resource segregation;
· it only uses in-band signaling, the mechanism does not require any additional radio recourses. 
· requests limited changes to allow for using reserved Payload Type = “11” and, in conjunction with FBI = “1”, to allow for including the FDDA bitmap in the TFI field;
· may be used for any Multislot Class ranging from 2 to 45;
· may be used in DTM as well;
· allows the network to adopt a flexible and versatile RRM policy, via a quick and optimized MAC scheduling, leading to use as much as possible spare radio resources which would otherwise be wasted in the cell;
· allows for saving battery life in the mobile stations;

· does not imply either erroneous behavior on the mobile station side or waste of radio resources in case the Initiating Block is lost by the mobile station, since only the mobile station that has received the Initiating Block may accept subsequent Allocation Blocks and the radio resources used for sending the missed Initiating Block and the subsequent Allocation Blocks would not have been used by the network anyway with the current legacy PACKET DOWNLINK ASSIGNMENT message.  
Simulation results will be provided at the next meeting to highlight the performance achievable via FDDA.
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