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DPSCH Concept Clarifications

Introduction

At the Geran WG2 #5bis the concept of DPSCH was discussed and there were proposals for the RLC/MAC header formats for radio blocks on the SACCH, FACCH and SDCCH. On these logical channels CS-1 encoding shall be used. This paper aims to clarify the following points:-

· Header formats on PDTCH, SACCH, SDCCH and FACCH

· Use of Countdown value/FBI

· Multiples TBFs

· Window size

· Stall indicator

Header Formats for PDTCH on DPSCH

The fields to be used in the headers of the RLC/MAC blocks are detailed in table Table 3.  It is envisaged that the fields will be used as per PDTCH on SPSCH, with the exceptions of the USF field which is not required as the resource is dedicated to a MS, and the stall bit. The implication of not using the USF field is that the MS will be responsible for deciding on which TBF to schedule on the UL. Although the countdown value and FBI could be replaced by use of the poll bit, it would seem that there is little benefit from changing the existing mechanism used on PDTCH. 

In the case that a SRB is sent over a PDTCH, it is assumed that the SRBId will be contained in the TFI/RB Id field, ie it will be expanded from a 2 bit field into 5 bits. Since RB Ids are pre-allocated for SRBs and the TFI is set to Rb Id for a SRB, then the TFIs for SRBs must be reserved for the PDTCH on the DPSCH.

Header Formats for SACCH, SDDCH and FACCH on DPSCH

The fields to be used in the headers of the RLC/MAC blocks are detailed in table Table 4. As many of the fields that are  used in the current RLC/MAC headers are not relevant, then it is proposed to use a reduced format as in [1].  This paper discusses further the CV, FBI indicator.

Countdown Value and FBI

Currently the countdown value is used in the UL  to indicate the number of blocks remaining in the TBF. When the network received the block with the CV = 0 it knows it has received the end of the burst, ie  the transmitters data buffer has been emptied and as far as the receiver is concerned, the RLC/MAC is not expecting receive any more data.  The network may then acknowledge the received packets.

The proposal in [2]  intends to remove the CV value.  A new poll bit has been added in both  the uplink and downlink data blocks to trigger the sending of the acks/nacks. However, it has not been defined as to when the poll bit should be set. It should be clarified that when  the MS sends the last radio block of a burst, that the poll bit should be set in this block in order to force the network to acknowledge the received blocks. The MS should not set the bit on every block ( unless the block is the end of the burst ).

In GPRS in acknowledged mode,  the FBI bit is used in the downlink direction to indicate that the RLC data block contains the highest BSN of the TBF. If the RRBP field is set to an appropriate value, the MS will respond with a packet downlink ack/nack. When the MS has received all of the radio blocks for a downlink TBF it will respond with a downlink ack/nack with FAI set. On DPSCHs, the TBFs are not released, so this mechanism can be simplified.  The poll bit should be set to indicate that sender has emptied its transmit buffer and also to trigger the receiver to send the acks/nacks.

Multiple TBFs

Acknowledgements may be either piggy backed in data blocks or be sent in blocks containing no data if there is no data available for the SRB in the direction of the transmission of the acknowledgement. In the case of multiple TBFs,  there may be the situation where an acknowledgement is required to be sent for a SRB   and there is no data available this SRB in the direction of the acknowledgement, but  there is data available for another SRB in the direction of transmission of the  acknowledgement. In this case it may be beneficial if an acknowledgement for a SRB  X may be sent with data for SRB  Y. Thus the  ack/nack bits maps may need to be exchanged between the RLC instances as shown in Figure 1 

The proposed Data blocks on the SACCH are shown in Figure 2 and Figure 3 ( these figures are as previously defined in  [2] ).  The fields used in these figures are defined in [1] and  [2] . In order to indicate whether the acknowledgements apply to a SRB other than the SRB for which the data block is intended, the definition of the AI field is extended as shown in Table 1. 

AI: Ack Indicator




00
Ack/Nack description not included – Reserved

01
Ack/Nack description included –different TFI

10
Ack/Nack description included

11
Ack/Nack description not included. No retransmission requested (all RLC blocks received, similar to FINAL_ACK_INDICATION==1)

Note: the AI is here two bits in order to avoid one extra bit in the Ack/Nack description. This prevents wasting 7 bits of RLC Data, assuming the data is byte aligned (as in GPRS).

Table 1 Ack Indicator

When the AI field indicates that the acknowledgements are for a SRB other than the SRB for which there is data, then the format of the acknowledgement bit map is shown in Table 2.  



< Ack/Nack Description IE struct> ::=

      <SRb Id: bit(2)>

<STARTING_SEQUENCE_NUMBER : bit(7)>

<RECEIVED_BLOCK_BITMAP : bit(64)>

{0|1< Ack/Nack Description IE struct> };

STARTING_SEQUENCE_NUMBER:

See 44.060 (Ack/Nack Description).

RECEIVED_BLOCK_BITMAP:

See 44.060 (Ack/Nack Description).

Table 2. Ack/Nack Description

When the AI field is set to a value 0x10, then the format of the ack/nack description shall be as in [2] .

This proposal introduces more complexity into the RLC and the following issues need consideration:-

· Can acknowledgments be sent with data for an unacknowledged radio bearer ?  The problem with sending acknowledgements on unacknowledged radio bearers is that they may get lost, and will not be retransmitted. This may cause the window to get stalled, so it may be necessary for the sender to periodically poll for a response. Alternatively the receiver could send back  an acknowledgement to indicate that it had received an ack/nack bit map on an unacknowledged radio bearer. This would involve sending  the radio bearer id, and the send sequence number of the start of the ack/nack bit map. Details are FFS.

· Retransmissions. If a data block is required to be resent, then the acknowledgements for the radio bearer that was being acknowledged in the first transmission should be sent, although the latest bit map should be sent, to avoid possible ordering problems at the receiver. In order for the sender of the ack/nack bit map to know when it can advance its window, it would be necessary to maintain copies of the bit maps on each of the bearers on which the bit map was sent.




Figure 1 Ack/Nach bit maps shared between RLC instances

Window Sizes

In GPRS the current window size is 64. As the throughput on the SDCCH and the SACCH is considerably smaller than on a PDTCH, it may be adequate to use a smaller window size. The benefits of reducing the window size are:

· Smaller range of BSN required, so fewer bits in header

· Smaller bitmap required for piggy back acks/nacks

In the case of FACCH which may have a higher bandwidth  than that of the SACCH, it may be desirable to use a window size of 64.

As TBFs are implicitly established on SACCH, FACCH or SDCCH for the DPSCH, it would be necessary to define a mechanism to set the window size. It is suggested that the window sizes are pre-configured with a value that is dependent on the logical channel type. 

Stall Indicator

The stall indicator is currently used by the MS to indicate that its transmit window has stalled, in order to trigger the network to send ack/nacks. In the case of the PDTCH, SACCH, FACCH or SDCCH logical channels, it is proposed to remove the bit, and the MS indicates that its window has been stalled by sending a new control message ( format TBD ). This mechanism saves 1 bit per radio block on  these logical channels. Sending the control packet to indicate that the window has stalled is not considered an overhead as in normal operation the transmit window should not stall.

Conclusion

This paper clarifies the following points:-

· On the SACCH, SDCCH an d FACCH the poll bit shall be used to indicate that the sender has no more data to transmit (instead of CV field) . It is also used to trigger the generation of  ack/nack messages.

· The stall indicator may be removed on the SACCH, SDCCH and FACCH. A control packet shall be used to indicate that the window has stalled.

· Acknowledgements for one radio bearer may be piggy–backed with data for a different radio bearer, which may either acknowledged or unacknowledged

· Window size could be made to be dependent on logical channel type.

RLC/MAC Fields
Status
Reason

USF

Uplink State Flag
Not used
The UL resource is already reserved (DPSCH)

R

Retry
Unchanged


SI

Stall Indicator
Not used
Send Control message to indicate that the window has stalled

S/P (ES/P)

Supplementary/Polling
Unchanged
Still need for polling

RRBP

Relative Reserved Block Period 
Unchanged
On PDTCH, the same mechanism as in GPRS applies.

CV

Count Value
Unchanged


PT

Payload Type
Changed
Depending on the logical channel used. 

FBI

Final Block Indicator
Unchanged


CPS

Coding and Puncturing Scheme
Unchanged
Wherever EGPRS channel coding is used, the CPS needs to be included

SPB

Split Bit
Unchanged
Wherever EGPRS channel coding is used, the SPB needs to be included

TI

TLLI Indicator
Not used
Contention resolution performed by RRC

AC

Address Control
TBD
TBD

FS

Final Segment
Unchanged
RLC/MAC Control Blocks may still be segmented

RTI

Radio Transaction Identifier
Unchanged
RLC/MAC Control Blocks may still be segmented

D

Direction
Unchanged
The same RBid can occur in both UL and DL directions

TFI

Temporary Flow Identifier
Unchanged
But equals the RBid

PR

Power Reduction
TBD
TBD

E

Extension
Unchanged
Segmentation and concatenation mechanisms unchanged

M

More
Unchanged
Segmentation and concatenation mechanisms unchanged

BSN

Block Sequence Number
Unchanged
A smaller BSN (hence window size) could however be considered on FACCH, SACCH and SDCCH

RBSN

Reduced Block Sequence Number
Unchanged
RLC/MAC Control Blocks may still be segmented

LI

Length Indicator
Unchanged
Segmentation and concatenation mechanisms unchanged

Table 3 RLC/MAC for PDTCH on DPSCH

RLC/MAC Fields
Status
Reason

USF

Uplink State Flag
Not used
The UL resource is already reserved (DPSCH)

R

Retry
Not used
TBFs established implicitly

SI

Stall Indicator
Not used
Send Control message to indicate that the window has stalled

S/P (ES/P)

Supplementary/Polling
Unchanged
Still need for polling

RRBP

Relative Reserved Block Period 
Not used 
RRBP does not apply on FACCH, SACCH and SDCCH.

CV

Count Value
Not used
The TBF stays on as long as the RB is alive, and the DPSCH is allocated

PT

Payload Type
Changed
Depending on the logical channel used. 

FBI

Final Block Indicator
Not used
See CV

CPS

Coding and Puncturing Scheme
Not used
Always use CS-1

SPB

Split Bit
Not used
As CPS

TI

TLLI Indicator
Not used
Contention resolution performed by RRC

AC

Address Control
TBD
TBD

FS

Final Segment
Unchanged
RLC/MAC Control Blocks may still be segmented

RTI

Radio Transaction Identifier
Unchanged
RLC/MAC Control Blocks may still be segmented

D

Direction
Unchanged
The same RBid can occur in both UL and DL directions

TFI

Temporary Flow Identifier
Unchanged
But equals the RBid

PR

Power Reduction
TBD
TBD

E

Extension
Unchanged
Segmentation and concatenation mechanisms unchanged

M

More
Unchanged
Segmentation and concatenation mechanisms unchanged

BSN

Block Sequence Number
Unchanged
A smaller BSN (hence window size) could be considered 

RBSN

Reduced Block Sequence Number
Unchanged
RLC/MAC Control Blocks may still be segmented

LI

Length Indicator
Unchanged
Segmentation and concatenation mechanisms unchanged

Table 4 RLC/MAC fields for FACCH, SACCH and SDCCH on DPSCH

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
SRBId
BSN (*)
1

BSN (*)
AI
spare
E
…

Length Indicator
M (**)
E (**)


Length Indicator (**)
M (**)
E (**)
Extension

Ack/Nack Description
Optional

RLC Data (byte aligned)
…


21/23

(*) The size of the BSN could be set smaller depending on the maximum window size.

(**) The (M)ore bit, the (E)xtension bit and the other Length Indicators are needed only if a window size bigger than 1 is used, and if in this case the concatenation at RLC/MAC level of RRC messages using the same SRBid is allowed. 

Figure 2. New Downlink RLC/MAC data block format for FACCH/SACCH/SDCCH - PT=00

Bit

8
7
6
5
4
3
2
1
Octet

PT
P
SRBid
BSN (*)
1

BSN (*)
SI
AI
E
…

Length Indicator
M (**)
E (**)


Length Indicator (**)
M (**)
E (**)
Extension 

Ack/Nack Description
Optional

RLC Data (byte aligned)
…


21/23

(*) The size of the BSN could be set smaller depending on the maximum window size.

(**) The (M)ore bit, the (E)xtension bit and the other Length Indicators are needed only if a window size bigger than 1 is used, and if in this case the concatenation at RLC/MAC level of RRC messages using the same SRBid is allowed. 

Figure 3. New Uplink RLC/MAC data block format for FACCH/SACCH/SDCCH – PT=00
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