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1.
Introduction
In the HSDPA process, it is required to keep in-sequence delivery of MAC-hs PDUs to the upper layer. If some MAC-hs PDUs were missing in the receiver and had been discarded by the transmitter, the reordering queues in the reordering entity will be stalled.

To avoid stall, a timer mechanism and a window based scheme are used in the reordering entity. In addition, a scheme using the status of the soft buffers is used to speed up the detection of missing gaps in the reordering entity so as to improve the system transmission latency and throughput. However, the current soft buffer based scheme does not consider the situation that the UE might detect a CRC error on the HS-SCCH during reception of a MAC-hs PDU. In this situation, the TSN of the MAC-hs PDU might be recognized as a gap and be discarded prematurely by the current soft buffer based scheme. This MAC-hs PDU will be retransmitted and, when it is received by a HARQ process, the reordering queue will discard it because it is within the receiver window and is considered as being previously received. Although in-sequence delivery will be maintained in this situation, the current soft buffer based scheme is not efficient. 

This document proposes a scheme based on the receiving status of the HARQ processes to solve the shortage of the current soft buffer based scheme and to speed up the release of MAC-hs PDUs to higher layers comparing to the pure window based scheme.
2. Definition of HARQ process states

An HARQ process in the UE is in state X for a particular TTI if the HARQ process receives a MAC-hs PDU successfully during the TTI.

An HARQ process in the UE is in state Y for a particular TTI,

-
if there was a MAC-hs PDU allocated in the previous TTI for this HARQ process or this TTI is the first TTI for the HARQ process;

-
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; and

-
if, during the TTI, the HARQ process does not receive a MAC-hs PDU successfully.

An HARQ process in the UE is in state Z for a particular TTI,

-
if there was a MAC-hs PDU allocated in the previous TTI for this HARQ process or this TTI is the first TTI for the HARQ process;

-
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; and

-
if, during the TTI, the HARQ process receives a MAC-hs PDU successfully.

From the above definitions, it can be noted that an HARQ process in state Z is also in state X but not vice versa.

3.
Missing gap discard scheme for pre-emption not allowed case

MAC-hs PDU transmission may be interrupted by MAC-hs PDUs of higher priority. In the pre-emption not allowed case, interrupted MAC-hs PDUs are not re-initiated for transmission by the transmitter. This case takes the advantage of HARQ protocol by delaying the interruption until the current transmitted MAC-hs PDU is positively acknowledged.

There are two rules proposed in the scheme: (Let n be the number of active HARQ processes of the HARQ entity in the UE.)

Rule 1: Whenever the states of the HARQ processes in n consecutive TTIs for these n active HARQ processes are consecutive (or none) X states followed by consecutive (or none) Y states, the UE shall discard all missing gaps in the reordering buffers of all queue IDs and deliver all correctly received MAC-hs PDUs in the reordering buffers to upper layer.  

For example, in n=4 case, the UE will trigger Rule 1 when four consecutive states are any of the following conditions: XXXX, XXXY, XXYY, XYYY or YYYY.

When the condition of Rule 1 is fulfilled, any previous MAC-hs PDU will not be retransmitted again. This is because of the assumptions that pre-emption is not allowed and that MAC-hs PDU with lower TSN must be transmitted for the first time earlier than any higher TSNs transmitted for the first time in the HARQ entity. Therefore, all the missing gaps in the reordering queues, if any, can be discarded when Rule 1 is triggered.

In Rule 1, state X must be followed by consecutive (or none) state Y. If there is state X following state Y in the n consecutive states, e.g. XXYX or YXYY, Rule 1 is not triggered. This is because the missing TSN of the Y state before the X state may be retransmitted later. To increase the chance of missing gap discard actions, the following rule is proposed. 

Rule 2: Whenever the states of the HARQ processes in n consecutive TTIs for these n active HARQ processes are either state X or state Y, if all states X after the first state Y are also state Z, the UE shall discard all the missing gaps in the reordering buffers of all queue IDs except those that are detected as missing gaps by the MAC-hs PDUs received by the HARQ processes in state Z and deliver all in-sequence MAC-hs PDUs in the reordering buffers to upper layers.
Note that missing gaps detected by the received MAC-hs PDUs of the HARQ processes in state Z shall not be discarded in Rule 2. This is because the temporary missing TSNs of the Y states before Z state may be retransmitted later and should not be discarded prematurely.
4.
Missing gap discard scheme for pre-emption allowed case

If it is decided that MAC-hs PDUs interrupted by MAC-hs PDUs of higher priority may be re-initiated after the interruption, i.e. if the pre-emption is allowed, Rule 1 and Rule 2 is true for the reordering queue corresponding to the highest priority only. This is because the missing MAC-hs PDUs except the queue of highest priority may be re-initiated and transmitted. Thus Rules 1 and 2, which are for pre-emption not allowed case, are modified to Rules 3 and 4 for pre-emption allowed case.

Rule 3: Whenever the states of the HARQ processes in n consecutive TTIs for these n active HARQ processes are consecutive (or none) X states followed by consecutive (or none) Y states, the UE shall discard all missing gaps in the reordering buffer of the queue ID corresponding to the highest priority and deliver all correctly received MAC-hs PDUs in the reordering buffer of this queue ID to upper layer.  

Rule 4: Whenever the states of the HARQ processes in n consecutive TTIs for these n active HARQ processes are either state X or state Y, if all states X after the first state Y are also state Z, the UE shall discard all the missing gaps in the reordering buffer of the queue ID corresponding to the highest priority except those that are detected as missing gaps by the MAC-hs PDUs received by the HARQ processes in state Z and deliver all in-sequence MAC-hs PDUs in the reordering buffer of this queue ID to upper layers.
One additional rule is proposed for the pre-emption allowed case:

Rule 5: Whenever all the states of the HARQ processes in n consecutive TTIs for these n active HARQ processes are X states, the UE shall discard all missing gaps in the reordering buffers of the queue IDs with priority higher than or equal to the highest priority of the received MAC-hs PDUs in the n consecutive X states. The UE shall deliver all the MAC-hs PDUs in the reordering buffers of these mentioned queue IDs to upper layer. 

The condition of Rule 5 is a special case of Rule 3. For conditions that fulfil Rule 3 but not Rule 5, there is at least one state Y, which does not provide the information of queue ID. There is also at least one state Y for conditions fulfilling Rule 4. Therefore, Rule 3 and Rule 4 can only applied to the queue of highest priority.

5.
Examples of the proposed scheme

5.1
Pre-emption not allowed case

Figure 1 shows a transmission example of HARQ processes in the pre-emption not allowed case. Assume that the UTRAN transmit n active HARQ processes named as a, b, c, and d in cascade (n=4 in this example).  At the beginning, the system requests eleven MAC-hs PDUs of priority class B, B0 to B10 for transmission.  In Cycle 1, the UTRAN sends class B MAC-hs PDUs B0, B1, B2, and B3 with TSN=0, 1, 2, 3, respectively. The UE returns a NAK (negatively acknowledged) to the UTRAN for the erroneous B0 received. However, because of a transmission error, the UTRAN recognizes the NAK as an ACK. Status indication for B0 is represented as “N:A”. Status indications for B1 and B3 are shown as “A”, which means that the UE receives B1 and B3 correctly and the UTRAN receives their corresponding ACKs correctly. Because a CRC error happened at HS-SCCH, the UTRAN sends B2 out and receives no acknowledgement for B2.  The UTRAN treats this non-respond as a negatively acknowledged and the B2 status indication is represented as “–”. The UTRAN retransmits B2 in Cycle 2. According to the current HARQ technique, the UTRAN will retransmit a negatively acknowledged MAC-hs PDU on the same HARQ process. The UTRAN transmits B4, B5 and B6 in Cycle 2. The UE returns a NAK for receiving an erroneous B5 and the UTRAN receives the NAK correctly. Thus, the status indication for B5 is represented as “N”. At Cycle 3, the UTRAN must transmit five MAC-hs PDUs A0-A4 of a higher priority class A.  In Cycle 3, the UTRAN transmits A0 to A3, with TSN=0, 1, 2, 3 respectively. Status indication from the UE for A2 is NAK but is mistakenly recognized as ACK by the UTRAN, and Status indications for A0 (NAK), A1 (ACK) and A3 (ACK) are correctly recognized by the UTRAN. In Cycle 4, the UTRAN retransmits A0 on process a and A4 on process b. In the same cycle, the UTRAN allocates HARQ processes c and d for other UE so that they are not available to the particular UE in this example. In Cycle 5, A0 and A4 are retransmitted.  B7 to B8 are transmitted. Note that B5 is not re-initiated because pre-emption not allowed is assumed in this example. 
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Figure 1:  A transmission example of HARQ processes in pre-emption not allowed case.

To illustrate how Rules 1 and 2 work in the pre-emption not allowed case, refer to Figure 2. At TTI of process b Cycle 3, the previous 4 HARQ states are XXYX, which does not trigger Rule 1. The HARQ states can also be XXYZ, which triggers Rule 2. The MAC-hs PDU A1 received at TTI of process b Cycle 3 detects a missing gap A0, which is not discarded at this point. The missing gaps B0 and B5 are discarded and B1, B2, B3, B4 and B6 are delivered to upper layer. At TTI of process c Cycle 6, the TTI-states are XXXX. Missing gap A2 is discarded and all the MAC-hs PDUs in Queues A and B are delivered to upper layer. Note that, at TTI of process c Cycle 2, the previous 4 HARQ states are XXYX and can not be marked as XXYZ because there is no MAC-hs PDU allocated for process c Cycle 1 so that neither Rule 1 nor Rule 2 is triggered.
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	3
	b
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	_1
	.

	
	
	
	Delivered to upper layer
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A0 gap is detected by A1, which is received by process b in Z state, so that A0 is not discarded.

	6
	c
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	7 8 9 10
	0 1_ 3 4
	

	
	
	
	Delivered to upper layer
	7 8 9 10
	0 1 3 4
	Missing A2 is discarded.


Figure 2: Removing missing gaps for the example of Figure 1.

 5.2
Pre-emption allowed case

Figure 3 shows a transmission example of HARQ processes in the pre-emption allowed case. The UTRAN schedules to transmit eight MAC-hs PDUs B0 to B7 of class B at Cycle 1 and six MAC-hs PDUs A0 to A5 of a higher priority class A at Cycle 3.  In Cycle 1, B0, B1, B2 and B3 MAC-hs PDUs with TSN=0, 1, 2, 3 respectively are transmitted.  The notation of Status is same as described for Figure 1.  In Cycle 2, the UTRAN sends B4, B5, B2 and B3.  In Cycle 3, the request to transmit MAC-hs PDUs of a higher priority class A interrupts the transmission of class B MAC-hs PDUs, the UTRAN starts to transmit class A MAC-hs PDUs.  After transmitting of all class A MAC-hs PDUs, the UTRAN re-initiate B3 and B5, which have not been acknowledged yet before the interruption.  Note that the re-initiated MAC-hs PDUs such as B3 or B5 will be indicated as “new transmitted” by the New Data Indicator since they are not immediately retransmitted after their previous transmissions.  The UE will treat B3 and B5 as “new” and will not combine them with those data left in HARQ soft buffer if exist.
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Figure 3:  A transmission example of HARQ processes with pre-emption allowed case.

To illustrate how Rules 3, 4 and 5 work in the pre-emption allowed case, refer to Figure 4 below. At TTI of process a Cycle 4, the previous 4 HARQ states are XYXY, which does not trigger Rule 3. The 4 HARQ states can also be XYZY, which triggers Rule 4. The MAC-hs PDU A3 received at TTI of process d Cycle 3 (state Z) detects the missing gap A2, which is not discarded at this point. The missing gap A0 is discarded and A1 is delivered to upper layer. At TTI of process c Cycle 6, the HARQ states are XXXX with priority B MAC-hs PDUs received. Rule 5 is triggered and gaps in queues of priorities A and B can be discarded. Thus, missing gaps B0 and A2 are discarded and all the MAC-hs PDUs in Queues A and B are delivered to upper layer.
	Cycle
	HARQ Process ID
	Previous n consecutive states
	
	Queue B
	Queue A
	Note

	4
	a
	XYZY

	Received TSN
	_ 1 2 _ 4
	_ 1_3
	

	
	
	
	Delivered to upper layer
	
	1
	Missing A0 is discarded.

A2 gap is detected by A3, which is received by process d (state Z), so that A2 is not discarded.

	6
	c
	XXXX

(of Queue B)
	Received TSN
	_ 1 2 3 4 5 6 7
	_ 3 4 5
	

	
	
	
	Delivered to upper layer
	1 2 3 4 5 6 7
	3 4 5
	Missing B0 and A2 are discarded


Figure 4: Removing missing gaps for the example of Figure 3.
6.
Conclusion

The attached CR is based on the pre-emption not allowed case because of HARQ efficiency and transmission latency considerations.
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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.

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:

-
arrange the received MAC-hs PDUs in queues based on the Queue ID.
11.6.2.2.x Definitions of HARQ process states
The definitions of the HARQ process states described in this subclause are used in the functions for the UE operation in support of the HARQ protocol used on HS-DSCH.
-
state X: 
An HARQ process in the UE is in state X for a particular TTI if the HARQ process receives a MAC-hs PDU successfully during the TTI.

-
state Y: 
An HARQ process in the UE is in state Y for a particular TTI,

-
if there was a MAC-hs PDU allocated in the previous TTI for this HARQ process or this TTI is the first TTI for the HARQ process;

-
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; and

-
if, during the TTI, the HARQ process does not receive a MAC-hs PDU successfully.

-
state Z:
An HARQ process in the UE is in state Z for a particular TTI,

-
if there was a MAC-hs PDU allocated in the previous TTI for this HARQ process or this TTI is the first TTI for the HARQ process;

-
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; and

-
if, during the TTI, the HARQ process receives a MAC-hs PDU successfully.
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 be removed from the reordering buffer;

-
all correctly received MAC-hs PDUs up to the first 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 being transmitted one or more times, should not be retransmitted after it has been aborted.

Receiver operation:
If the states of the HARQ processes in n consecutive TTIs are consecutive (or none) X states followed by consecutive (or none) Y states, the UE shall: (n is the number of HARQ processes in the UE configured by upper layers)
-
discard all missing MAC-hs PDUs in the reordering buffers of all queue IDs; and 
-
deliver all correctly received MAC-hs PDUs in the reordering buffers of all queue IDs to the disassembly entity.
Else if the states of the HARQ processes in n consecutive TTIs are either state X or state Y; and

if all state X after the first state Y is also state Z (i.e. consecutive or none X states are followed by at least one Y state and then followed by either Y states or Z states), the UE shall:
-
discard all missing MAC-hs PDUs in the reordering buffers of all queue IDs except those missing MAC-hs PDUs that are detected by the MAC-hs PDUs received by HARQ processes in state Z; and
-
deliver all correctly received MAC-hs PDUs up to the first missing MAC-hs PDU in the reordering buffers of all queue IDs to the disassembly entity.



MAC-hs PDUs that have been discarded in the above procedures or by the timer based mechanism shall be considered as being received in the following procedure. [Indentation changed]
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 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. The TSN of this first not received MAC-hs PDU becomes the next_expected_TSN.
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