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Introduction
With the current system the Packet Uplink Ack/Nack (PUAN) uses one radio block even though quite often the payload has to be padded with large number of filler octets to make-up the complete RLC/MAC blocks. Similarly the Packet Uplink Control Ack (PCA) on the uplink occupies an entire radio block even though the information carried is quite small. When multiple mobile stations are multiplexed on the same PDTCH then quite a large percentage of the downlink PDCH and the uplink PDCH is used for these PACCH messages. Furthermore this can lead to longer times to release the uplink TBF and the corresponding resources (USF/TFI) for use by other mobile stations.  
Figure 1 shows a case where network wants to release channel used by 7 mobile stations, this can take 
1. 7 PDCH blocks used for downlink PACCH for Packet Uplink Ack/Nacks
2. 7 PDCH radio blocks used for uplink PACCH for Packet Control Acks
3. Higher delay in releasing an uplink TBF ( as long as 10 radio blocks or 200 ms)
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Figure 1: Legacy mechanism for sending PCA as one radio block (RRBP=00)
Analysis of field data has shown that most of the time (>94%)  PUAN has less than 8 blocks to acknowledge per mobile, see Figure 2 . This opens up the opportunity that PUAN mechanism can be improved to send acknowledgements to multiple mobiles within one radio block, thereby improving efficiency of downlink PACCH.
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Figure 2: Size of Packet Uplink Ack/Nack bit map

Furthermore, when network polls the mobile station within PUAN it generally knows the uplink path loss for different mobile devices. In this case if mobile is required to send PCA as access burst format then it could be wasteful for mobile station to send 4 access bursts when 1 or 2 may be sufficient. If the PCA mechanism is changed such that network can command MS to use either one access burst or 2 access bursts, then it is possible to double or quadruple that uplink PACCH capacity.
Combining these two mechanisms can provide significant benefits, namely:
· Reduce PDCH usage for DL-PACCH

· Reduce PDCH usage for UL-PACCH

· Speed up uplink TBF release
· Reduce uplink TFI and USF bottleneck for bursty traffic

Since most of PUAN has a small number of blocks to acknowledge, current PUAN can be easily modified to send acknowledgement to multiple terminals and command MS to send PCA in one access burst or multiple bursts. (See Appendix)
Figure 3 shows a case wherein with improved PUAN and PCA mechanisms network can send Final Ack to 7 mobiles and be able to receive PCA with one access burst. In this example
· 1 PDCH block used for downlink PACCH for Packet Uplink Ack/Nacks

· 2 PDCH radio blocks used for uplink PACCH for Packet Control Acks

· Uplink TBF release time reduced to 5 radio blocks (100ms).
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Figure 3: Enhance mechanism for sending PCA as one access burst
Table 1: Estimated savings in PDCH usage for PACCH and reduction in uplink TBF release time

	 
	Legacy PUAN, Legacy PCA
	New PUAN, Legacy PCA
	New PUAN,  New PCA  (1 access burst)
	New PUAN,  New PCA  (2 access burst)

	DL Resource Usage
	7
	1
	1
	1

	UL resource Usage
	7
	7
	2
	4

	TBF Release Time (ms) (Reduction)
	200ms
	200ms (0%)
	100ms (50%)
	140ms (30%)

	DL Resource usage reduction
	N/A
	85%
	85%
	85%

	UL Resource usage reduction
	N/A
	0%
	71%
	42%


Proposal
The proposal is to 
1. Define a new structure in Packet Uplink Ack Nack message that can acknowledge multiple devices and can command each MS to send PCA as one , two or  four access bursts depending upon channel quality. An example coding of the new structure for PUAN is shown in Appendix.
2. Define new rules to send PCA as one, two or four (legacy) access bursts, as commanded by network in modified PUAN.
Conclusion 

This paper proposes new PUAN that can send acknowledgement to multiple terminals and command the MS to send PCA in one or multiple burst(depending upon channel quality). This paper also shows that PDCH usage for uplink and downlink PACCH is reduced and uplink TBF release time is shortened.

References
Appendix
Example coding:

< Packet Uplink Ack/Nack message content > ::=


< PAGE MODE : bit (2) >


{
00 < UPLINK_TFI : bit (5) >



{ 0

-- Message escape



{
< CHANNEL_CODING_COMMAND : bit (2) >





< Ack/Nack Description : < Ack/Nack Description IE > >





{ 0 | 1
< CONTENTION_RESOLUTION_TLLI : bit (32) > }





{ 0 | 1
< Packet Timing Advance : < Packet Timing Advance IE > > }





{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }





{ 0 | 1
< Extension Bits : Extension Bits IE > }
-- sub-clause 12.26




0


-- The value '1' was allocated in an earlier version of the protocol and shall not be used.





{
null | 0 bit** = < no string >
-- Receiver backward compatible with earlier version






| 1





-- Additions for R99





{ 0 | 1 <Packet Extended Timing Advance : bit (2) >}






< TBF_EST : bit (1)>






{
null | 0 bit** = <no string>
-- Receiver backward compatible with earlier version







| 1






-- Additions for Rel-5







{ 0 | 1 < CONTENTION_RESOLUTION Identifier extension : bit (4) > }






{ 0 | 1 < RB Id : bit (5) > }






< padding bits > 






} 





}





! < Non-distribution part error : bit (*) = < no string > > 




}



| 1
-- Message escape bit used to define EGPRS message contents




{ 00 





{
< EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >>






< RESEGMENT : bit (1) >






< PRE_EMPTIVE_TRANSMISSION : bit (1) >






< PRR RETRANSMISSION REQUEST : bit (1) >






< ARAC RETRANSMISSION REQUEST : bit (1) >






{ 0 | 1
< CONTENTION_RESOLUTION_TLLI : bit (32) > }






< TBF_EST : bit (1) >






{ 0 | 1
< Packet Timing Advance : < Packet Timing Advance IE > > }






{ 0 | 1
< Packet Extended Timing Advance : bit (2) > }






{ 0 | 1
< Power Control Parameters : < Power Control Parameters IE > > }






{ 0 | 1
< Extension Bits : Extension Bits IE > }



-- sub-clause 12.26





{
< EGPRS Ack/Nack Description : < EGPRS Ack/Nack Description IE > >







0

-- The value '1' was allocated in an earlier version of the protocol and shall not be used.






} // 






{
null | 0 bit** = <no string>
-- Receiver backward compatible with earlier version







| 1






-- Additions for Rel-5







{ 0 | 1 < CONTENTION_RESOLUTION Identifier extension : bit (4) > } 







{ 0 | 1 < RB Id : bit (5) > }







< padding bits > }






! < Non-distribution part error : bit (*) = <no string> > }



  |01  ---  Extension for multiple devices
                1 {

                     < UPLINK_TFI : bit (5) >






{ 0 -- Final Ack 













0 
– MS polled in for radio block using poll format defined by broadcast parameters
 | 1
-- Send PCA in Access Burst format using  one or two Access burst(s)

 < Num of Access Bursts :bit(1)>





}






| 1  --- Not final ack so need to add additional information such as SSN etc






{

    {    0– MS is not polled 

       | 1 – MS is polled

         {   0-- Send PCA in one Radio Block in format as defined by broadcast parameter

    | 1
—Send PCA in Access Burst format using a single burst.




< Num of Access Bursts :bit(1) >


}

  }      







0  {  – GPRS Ack/Nack
                            
    



< CHANNEL_CODING_COMMAND : bit (2) >

                                      

 
< GPRS_STARTING_SEQUENCE_NUMBER : bit (7) >


                       

 

<Length of bit Map : bit(6)> 





< RECEIVED_BLOCK_BITMAP : bit ( Val(Length of bitmap ) ) >




            }


 | 1 { -- EGPRS Ack/Nack








; PPR Retransmission is assumed to be default which is cycle through all pending Ack blocks








< PRR RETRANSMISSION REQUEST : bit (1) >



                           < ARAC RETRANSMISSION REQUEST : bit (1) >

                                      < EGPRS Channel Coding Command : < EGPRS Modulation and Coding Scheme IE >>

    
                                      < BEGINNING_OF_WINDOW : bit (1) >

       

                      < END_OF_WINDOW : bit (1) >

                                                        

< EGPRS_STARTING_SEQUENCE_NUMBER : bit (11) >


                                 <Length of bit Map :bit(7))> 

                                      <RECEIVED_BLOCK_BITMAP : bit ( Val(Length of bitmap ))>

       
 }
}** 0;
Repeated as many times as necessary, limited by the space in the message

               }



! < Message escape : { 10 | 11 } bit (*) = <no string> > } } 
-- Extended for future changes

! < Address information part error : bit (*) = <no string> > }

! < Distribution part error : bit (*) = <no string> > ;
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