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1.
Introduction
During the RAN meeting #32 in Qian, Lucent presented a proposal (see [1]) by which the ASN would only be sent occasionally to identify a specific, knowingly discarded TSN. This information would be included in a separate dummy payload that would be sent after the transmission of all data available for a given re-ordering queue is completed. This proposal addressed the concerns about the added overhead associated with the original ASN scheme, but did not resolve the impact of NACK->ACK errors. During the discussions, it was suggested that using a cumulative ASN, i.e. an indication that would trigger the flushing of the entire re-ordering buffer would allow to handle both scenarios without requiring any more overhead than the “targeted” ASN proposal. The agreement was therefore to generate proposals using cumulative flushing of TSNs.

Qualcomm also suggested that it was possible to provide all the necessary information for performing re-ordering queue specific flushing in the control channel rather than in-band, as was proposed by Lucent. Since there was no official proposal on this and as it was seen as meddling with RAN1 responsibilities it was decided to only invite contributions based on in-band signaling for this meeting. We however feel that there would be a significant gain to being able to perform the flushing using the control channel alone. This document outlines the benefits of this approach and provides the CRs that would be necessary to enable it.

2.
Proposal
The idea behind cumulative flushing is that once the network has stopped performing any transmissions for a given priority queue, it would send this indication triggering in the mobile the flushing to upper layers of all the data in the corresponding re-ordering buffer. This indication does not need to specify a TSN. The only thing that is needed is the identity of the re-ordering queue to be flushed. This information requires 3 bits since there can only be up to eight re-ordering queues configured in the UE.

Just as for the in-band solution, this indication would only be sent after all the transmissions are completed. In the case where the flushing indication is sent out of band there would be no need for a data transmission to be performed at the same time. Since no data transmission needs to be performed, neither the code-tree nor the HARQ process ID fields are needed at the receiver. Based on the current encoding of the code-tree field, there are 8 reserved code-points. One of these can be used to indicate that this is a flushing indication. Once the physical layer detects the presence of this code-point it will know that this is a flushing indication and will interpret the HARQ ID field, which is 3 bits long, as the identity of the re-ordering queue that needs to be flushed. 

In short:

· No data transmission at all during flushing

· Use reserved code-point of code-tree field to indicate flushing

· Use HARQ Process ID field to indicate the identity of the re-ordering buffer to be flushed.

3. Benefits

Any in-band based flushing solution would require a data transmission. This means it would occupy at least one SF16 code. If no bits are added to the MAC-hs header, then the payload of this message will be 45 bits, i.e. 24 bits for the physical layer CRC and 21 bits for the MAC-hs header. The smallest payload size specified is 137 bits for FDD. This means that in order to send 4 bits worth of useful information (3 bits for the priority queue and 1 bit for the flushing) we are sending 137 bits. This represents 97% padding on an admittedly small payload.

Note that all of these resources represent overhead since the control channel would anyway have to be transmitted for both in-band and out-of-band based flushing.

In short, out-of-band based flushing saves:

· One SF16 code

· The power needed to transmit a 137bit TB.

4.
Conclusion

Using out-of-band signaling to trigger the flushing of re-ordering buffers entails very limited complexity and results in significant benefits in terms of resource usage. The impact on the physical layer is simply to associate a new interpretation to one of the reserved code-points in the code-tree field and to indicate to the protocol when a flushing indication has been received. The value 1111111 is currently reserved (see [2], [3] and [4]) and could very easily be allocated for this purpose. When the flushing indication is signaled to MAC, it should use the HARQ ID value to figure out which re-ordering queue to flush.

We propose to agree to the attached CRs and to send a liaison to RAN1 to ask them to incorporate the proposed modification to their spec.

6. References

[1]
R2-022582

Load and Resource Sensitive Stall improvement with Zero Payload PDU, WG2#32
[2] 
3GPP TS 25.212 
Multiplexing and Channel Coding (FDD)

[3] 
3GPP TS 25.213 
Spreading and Modulation (FDD)

 [2]
Code-tree signalling.xls (attached to this document)

3GPP TSG-RAN2 Meeting #33 
Tdoc (
DocNumber

Sophia Antepolis, France, 11/12 – 11/15/2002

	CR-Form-v7

	CHANGE REQUEST

	

	(

	25.331
	CR
	X
	(

rev
	-
	(

Current version:
	3.c.0
	(


	

	For HELP on using this form, see bottom of this page or look at the pop-up text over the (
 symbols.

	


	Proposed change affects:
(

	UICC apps(

	
	ME
	X
	Radio Access Network
	X
	Core Network
	


	

	Title:
(

	Corrections to PRACH Selection

	
	

	Source:
(

	Ericsson, Motorola, Qualcomm

	
	

	Work item code:
(

	
	
	Date: (

	12/11/2002

	
	
	
	
	

	Category:
(

	F
	
	Release: (

	R99

	
	Use one of the following categories:
F  (correction)
A  (corresponds to a correction in an earlier release)
B  (addition of feature), 
C  (functional modification of feature)
D  (editorial modification)

Detailed explanations of the above categories can
be found in 3GPP TR 21.900.
	Use one of the following releases:
2
(GSM Phase 2)
R96
(Release 1996)
R97
(Release 1997)
R98
(Release 1998)
R99
(Release 1999)
Rel-4
(Release 4)
Rel-5
(Release 5)
Rel-6
(Release 6)

	
	

	Reason for change:
(

	

	
	

	Summary of change:
(

	

	
	

	Consequences if 
(

not approved:
	

	
	

	Clauses affected:
(

	

	
	

	
	Y
	N
	
	

	Other specs
(

	
	N
	 Other core specifications
(

	

	affected:
	
	N
	 Test specifications
	

	
	
	N
	 O&M Specifications
	

	
	

	Other comments:
(

	


How to create CRs using this form:

Comprehensive information and tips about how to create CRs can be found at http://www.3gpp.org/specs/CR.htm.  Below is a brief summary:

1)
Fill out the above form. The symbols above marked (
 contain pop-up help information about the field that they are closest to.

2)
Obtain the latest version for the release of the specification to which the change is proposed. Use the MS Word "revision marks"  feature (also known as "track changes") when making the changes. All 3GPP specifications can be downloaded from the 3GPP server under ftp://ftp.3gpp.org/specs/ For the latest version, look for the directory name with the latest date e.g. 2001-03 contains the specifications resulting from the March 2001 TSG meetings.

3)
With "track changes" disabled, paste the entire CR form (use CTRL-A to select it) into the specification just in front of the clause containing the first piece of changed text.  Delete those parts of the specification which are not relevant to the change request.

4.2.4.3
MAC-hs entity – UTRAN Side

There is one MAC-hs entity in the UTRAN for each cell that supports HS-DSCH transmission. The MAC-hs is responsible for handling the data transmitted on the HS-DSCH. Furthermore it is its responsibility to manage the physical resources allocated to HSDPA. MAC-hs receives configuration parameters from the RRC layer via the MAC-Control SAP. There shall be priority handling per MAC-d PDU in the MAC-hs. The MAC-hs is comprised of four different functional entities:

-
Flow Control:
This is the companion flow control function to the flow control function in the MAC-c/sh in case of configuration with MAC-c/hs and MAC-d in case of configuration without MAC-c/hs. Both entities together provide a controlled data flow between the MAC-c/sh and the MAC-hs (Configuration with MAC-c/sh) or the MAC-d and MAC-hs (Configuration without MAC-c/hs) taking the transmission capabilities of the air interface into account in a dynamic manner. This function is intended to limit layer 2 signalling latency and reduce discarded and retransmitted data as a result of HS-DSCH congestion. Flow control is provided independently by MAC-d flow for a given MAC-hs entity.

-
Scheduling/Priority Handling:
This function manages HS-DSCH resources between HARQ entities and data flows according to their priority. Based on status reports from associated uplink signalling either new transmission or retransmission is determined. Further it determines the Queue ID and TSN for each new MAC-hs PDU being serviced. A new transmission can be initiated instead of a pending retransmission at any time to support the priority handling.

-
HARQ:
One HARQ entity handles the hybrid ARQ functionality for one user. One HARQ entity is capable of supporting multiple instances (HARQ process) of stop and wait HARQ protocols. There shall be one HARQ process per HS-DSCH per TTI.

-
TFRC selection:
Selection of an appropriate transport format and resource for the data to be transmitted on HS-DSCH.
-
Reordering buffer flushing:
Decision of when to send a flushing indication to a UE for a given re-ordering queue.
The associated signalling shown in the figure illustrates the exchange of information between layer 1 and layer 2 provided by primitives shown in [3].
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Figure 4.2.4.3.1: UTRAN side MAC architecture / MAC-hs details

11.6
Control of HS-DSCH transmission and reception

11.6.1
Network operation

The following are the functions of the various functional entities at the network in support of the HARQ protocol used on HS-DSCH.

11.6.1.1
Scheduler

The scheduler performs the following functions:

-
Schedules all UEs within a cell;

-
Services priority queues:

-
The scheduler schedules MAC-hs SDUs based on information from upper layers. One UE may be associated with one or more MAC-d flows. Each MAC-d flow contains HS-DSCH MAC-d PDUs for one or more priority queues.

-
Determines the HARQ Entity and the queue to be serviced;

-
Sets the TSN for the new data blocks being transferred from the selected queue;

-
set the TSN to value 0 for the first MAC-hs PDU transmitted for one HS-DSCH and each Queue ID within an HS-DSCH;

-
increment the TSN with one for each transmitted MAC-hs PDU on a HS-DSCH and each Queue ID within an HS-DSCH.

-
Indicates the Queue ID and TSN to the HARQ entity for each MAC-hs PDU to be transmitted;

-
Schedules new transmissions and retransmissions:

-
Based on the status reports from HARQ Processes the scheduler determines if either a new transmission or a retransmission should be made. A new transmission can however be initiated on a HARQ process at any time. Based on a delay attribute provided by upper layers, the scheduler may decide to discard any 'out-of-date' MAC-hs SDU.
-
Determines the redundancy version:

-
The scheduler determines a suitable redundancy version for each transmitted and retransmitted MAC-hs PDU and indicates the redundancy version to lower layer.
-
Decides when to send a flushing indication:

-
Based on the recent transmissions, UE channel conditions and available data, the scheduler may decide to send a flushing indication for a given priority queue.
-
No data transmission for the same user takes place at the same time as a flushing indication.
-
Sets the HARQ process identifier to the Queue ID of the re-ordering queue that it wants to flush.
-
Indicates to the lower layers to transmit the flushing indication.
11.6.1.2
HARQ entity

-
There is one HARQ entity per UE in UTRAN.

-
The HARQ entity sets the Queue ID in transmitted MAC-hs PDUs to the value indicated by the UTRAN scheduler.
-
The HARQ entity sets the transmission sequence number (TSN) in transmitted MAC-hs PDUs to the value indicated by the UTRAN scheduler.
-
The HARQ entity sets the HARQ process identifier in transmitted MAC-hs PDUs. UTRAN should:

-
determine a suitable HARQ process to service the MAC-hs PDU and set the HARQ process identifier accordingly.

11.6.1.3
HARQ process

-
The HARQ process sets the New data indicator in transmitted MAC-hs PDUs. UTRAN should:

-
set the New Data Indicator to the value "0" for the first MAC-hs PDU transmitted by a HARQ process;

-
not increment the New Data Indicator for subsequent transmissions of a MAC-hs PDU;

-
increment the New Data Indicator with one for each transmitted MAC-hs PDU containing new data.

-
The HARQ process processes received status messages. UTRAN should:

-
deliver received status messages to the scheduler.

11.6.2
UE operation

The UE operation in support of the HARQ protocol used on HS-DSCH is split among the following four functional units with their associated functions.

11.6.2.1
HARQ Entity

-
There is one HARQ entity at the UE which processes the HARQ process identifiers in received MAC-hs PDUs on HS-DSCH.

-
Each received MAC-hs PDU shall be allocated to the HARQ process indicated by the HARQ process identifier of the MAC-hs PDU.
-
If the lower layers indicate that a flushing indication has been received, the re-ordering entity for which the Queue ID is equal to the HARQ process identifier shall be flushed.
11.6.2.2
HARQ process

A number of parallel HARQ processes is used in the UE to support the HARQ protocol. The number of HARQ processes is configured by upper layers.

The HARQ process processes the New Data Indicator indicated by lower layers for each received MAC-hs PDU.

The UE shall:

-
if the New Data Indicator has been incremented compared to the value in the previous received transmission in this HARQ process or this is the first received transmission in the HARQ process:

-
replace the data currently in the soft buffer for this HARQ process with the received data.

NOTE:
alternative solutions for the use of the New Data Indicator are FFS.

-
if the New Data Indicator is identical to the value used in the previous received transmission in the HARQ process:

-
combine the received data with the data currently in the soft buffer for this HARQ process.

-
if the data in the soft buffer has been successfully decoded and no error was detected:

-
deliver the decoded MAC-hs PDU to the reordering entity;

-
generate a positive acknowledgement (ACK) of the data in this HARQ process.

-
else:

-
generate a negative acknowledgement (NAK) of the data in this HARQ process;

-
schedule the generated positive or negative acknowledgement for transmission and the time of transmission relative to the reception of data in a HARQ process is configured by upper layer.

The HARQ process processes the Queue ID in the received MAC-hs PDUs. The UE shall:

-
relay the received MAC-hs PDUs to the re-ordering entity indicated by the Queue ID.

11.6.2.3
Reordering entity

11.6.2.3.1
Definitions

In the functions described in this section the following variable definitions apply:

-
Next_expected_TSN:
The next_expected_TSN is the Transmission sequence number (TSN) following the TSN of the last in-sequence MAC-hs PDU received. It shall be updated upon the receipt of the MAC-hs PDU with TSN equal to Next_expected_TSN. The initial value of Next_expected_TSN =0.

-
Transmitter window (TRANSMIT_WINDOW):
The transmitter window defines which MAC-hs PDUs that the transmitter can retransmit without causing an ambiguity of the TSN in the receiver. The size of the transmitter window equals TRANSMIT_WINDOW and the maximum value of TRANSMIT_WINDOW is 32. The initial transmitter window equals [0..31]. The configuration of TRANSMIT_WINDOW by higher layers is FFS.

-
Receiver window (RECEIVE_WINDOW):
The receiver window defines which MAC-hs PDUs that can be received in the receiver without causing an advancement of the receiver window according to the procedure below. The size of the receiver window equals RECEIVE_WINDOW and the maximum value of RECEIVE_WINDOW is 32. The initial receiver window equals [0..31]. The configuration of RECEIVE_WINDOW by higher layers is FFS.
The Re-ordering release timer T1 controls the stall avoidance in the UE reordering buffer. The value of T1 is configured by upper layers.

If no timer T1 is active:

-
the timer T1 shall be started when a MAC-hs PDU with TSN=SN is correctly received but can not be delivered to the disassembly function due to that the MAC-hs PDU with TSN equal to Next_expected_TSN is missing.

If a timer T1 is already active:

-
no additional timer shall be started, i.e. only one timer T1 may be active at a given time.

The timer T1 shall be stopped if:

-
the MAC-hs PDU for which the timer was started can be delivered to the disassembly function before the timer expires.

When the timer T1expires:

-
all correctly received MAC-hs PDUs up to and including SN-1 shall be delivered to the disassembly function and they shall be removed from the reordering buffer and be considered as having been received;

-
all correctly received MAC-hs PDUs up to the next missing MAC-hs PDU shall be delivered to the disassembly function.

When the timer T1 is stopped or expires, and there still exist some received MAC-hs PDUs that can not be delivered to higher layer:

-
timer T1 is started for the MAC-hs PDU with highest TSN among those MAC-hs PDUs that can not be delivered.

Transmitter operation:

After the transmitter has transmitted a MAC-hs PDU with TSN=SN, any MAC-hs PDU with TSN ( SN – TRANSMIT_WINDOW should not be retransmitted to avoid sequence number ambiguity in the receiver. A MAC-hs PDU that has been aborted by the transmitter after having been transmitted one or more times, should not be retransmitted after it has been aborted.

Receiver operation:

-
If the soft buffers in all the HARQ processes are empty (i.e. no data in the buffers exists that will be soft combined with later received data):

-
all correctly received MAC-hs PDUs shall be delivered to the disassembly function and be removed from the reordering buffer; and

-
these MAC-hs PDUs shall be considered as having been received.

-
MAC-hs PDUs that have been discarded by the timer based mechanism shall be considered as having been received in the following procedure.
When a flushing indication is received for this re-ordering entity, the UE shall:

-
deliver all correctly received MAC-hs PDUs to the disassembly function and remove them from the re-ordering buffer;

-
consider these MAC-hs PDUs as having been received.
When a MAC-hs PDU with TSN = SN is received:

-
If SN is within the receiver window and this MAC-hs PDU has not previously been received:

-
the MAC-hs PDU is placed in the reordering buffer at the place indicated by the TSN.

-
If SN is within the receiver window, and this MAC-hs PDU has been previously received:

-
the MAC-hs PDU shall be discarded.

-
If SN is outside the receiver window:

-
the received MAC-hs PDU shall be placed above the highest received TSN in the reordering buffer, at the position indicated by SN;

-
the receiver window shall be advanced so that SN forms the upper edge of the receiver window;

-
any MAC-hs PDUs with TSN ( SN – RECEIVE_WINDOW, i.e. outside the receiver window after its position is updated, shall be removed from the reordering buffer and be delivered to the disassembly entity.

-
All received MAC-hs PDUs with consecutive TSNs from next_expected_TSN up to the first not received MAC-hs PDU are delivered to the disassembly entity.
-
next_expected_TSN shall be set to the TSN of this first not received MAC-hs PDU.
11.6.2.4
Disassembly entity

For each MAC-hs PDU that is delivered to the disassembly function, the UE shall:

-
remove any padding bits if present;

-
remove the MAC-hs header;

-
deliver the MAC-d PDUs in the MAC-hs PDU to MAC-d.
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