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1. Introduction  

The MAC-hs architecture and HARQ protocol have been specified in [1].  Since it is required to keep in-sequence delivery of MAC-hs PDUs to the upper layer, if some MAC-hs PDUs was missing in the receiver and was discarded by the transmitter, the reordering queues in the reordering entity might be stalled.

To avoid stall, a timer mechanism is used in the reordering entity. The missing MAC-hs PDUs with certain transmission sequence numbers (TSNs) will be removed from the reordering queue after time out. However, it has been pointed out that a proper duration of the timer is hard to be determined.  Various schemes [2][3][4][5] were proposed to solve the problem. Among them, window based scheme [2] is believed by most delegates to be able to solve the problem of improper setting of timer duration. The limitation of the Window based scheme is described as Problem (2) below.  Besides, there is another potential problem of transmission interruption by higher priority class. This is described as Problem (1) below.

Problem (1):

MAC-hs PDU transmission can be interrupted by pre-emption of higher priority class. After MAC-hs PDUs of higher priority class are all successfully transmitted, it is currently allowed to retransmit the interrupted MAC-hs PDU by re-initiation. In general, this will not cause problems. However, on the last transmission or retransmission, the interrupted MAC-hs PDU of, say, TSN = 3 might have been correctly received by the receiver and an ACK was reported by the receiver but the transmitter erroneously recognized the ACK as a NACK (negatively acknowledgement). This will cause TSN ambiguity problem. If the re-initiated TSN=3 is received, the HARQ entity of the receiver can not distinguish it to be a retransmitted MAC-hs PDU so that the reordering entity might wrongly recognize it as belonging to the next cycle of TSN space. If this does happen, MAC-hs PDUs will be delivered out of sequence, which is not allowed in HARQ protocol.

Problem (2):

In the Window based mechanism, a missing gap in a reordering queue of the receiver can be removed after the receiving window is updated to a higher position. For a 6-bit TSN space, the window size is 32. If there is a missing gap at, say, TSN = 5, this gap can be removed only after TSN >= 37 is received, i.e. received MAC-hs PDUs with TSN = 6 up to 31 will be held in the reordering queue until TSN >= 37 is received. This will degrade the system transmission latency and throughput.

The ASN in-band signalling scheme [4] was proposed to improve the limitation of the Window based scheme as described in Problem (2) at the cost of more overhead.  

Another scheme based on “H-ARQ process assignments” [3] was proposed to reduce the out of sequence forwarding delay. This scheme detects a skipped TSN when either a new transmission is initiated with the same priority class and a higher TSN, or when a new transmission is initiated with a lower priority class. The difficulty of this scheme is that when a data block is skipped, the TSN and priority class of the skipped data block are unknown to the HARQ entity of the receiver because they are in-band signals.

In this paper, a solution to deal with Problems (1) and (2) without adding any extra signalling overhead is proposed.

2. Missing gap removal in the reordering entities
There are 3 rules in the proposed solution to deal with Problems (1) and (2) described in Section 1. Rule (1) is proposed to avoid Problem (1). Rule (2) and Rule (3) are proposed to improve Problem (2).  Rules (2) and (3) are based on treating all the reordering queues in the reordering entities as a whole instead of considering respective reordering queue for each priority class.
Rule (1): Interrupted MAC-hs PDU is not allowed to be re-initiated.

When a MAC-hs PDU is interrupted by pre-emption of higher priority class, the interrupted MAC-hs PDU is discarded by the transmitter whether it is positively or negatively acknowledged. This will avoid possible TSN ambiguity problem. Refer to Figure 1.
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Figure 1: A transmission example of HARQ processes

In Figure 1, four active HARQ processes, named as a, b, c, and d respectively, are considered. Initially, thirteen MAC-hs PDUs, B0 to B12, of priority class B are requested for transmission. At Cycle 3, six MAC-hs PDUs of priority class A, A0 to A5, are requested for transmission. Priority class A is assumed to have higher priority than priority class B. In Cycle 1, MAC-hs PDUs with TSN=0, 1, 2, 3 of Class B are transmitted. They are represented as B0, B1, B2, and B3 respectively. Status indications for B0 and B2 are NACK and status indications for B1 and B3 are ACK. B0 and B2 are retransmitted in Cycle 2. B4 and B5 are also transmitted in Cycle 2. B4 is not received by the receiver but the status indication is mistakenly recognized as an ACK by the transmitter. In Cycle 3, A0 to A3, which are MAC-hs PDUs of priority class A with TSN=0, 1, 2, 3 respectively, are transmitted. Status indication for A1 is NACK but is mistakenly recognized as ACK, and Status indications for A0, A2 and A3 are ACK. In Cycle 4, A4 and A5 are transmitted. Both status indications are ACK. In Cycle 4, HARQ processes c and d are scheduled to transmit MAC-hs PDUs to other UE and thus are shown blank for the considered UE. In Cycle 5, B6 to B9 are transmitted. Note that B0 is not re-initiated. It is discarded and will never be retransmitted again after interruption by priority class A.
Rule (2): Missing gap removal based on pending HARQ processes clearance.

Each UE has only a finite number of reordering queues since the priority class ID is represented by a finite number of bits (4 bits in [1]).  In addition, there are only a finite number of active HARQ processes since the HARQ process identity is also represented by a finite number of bits (3 bits in [1]).  When all the active HARQ processes are cleared from pending, i.e. the last received MAC-hs PDUs of all the HARQ processes are correctly received, all the missing TSNs in all reordering queues, if any, will not be retransmitted any more by the transmitter when Rule 1 applies. Thus, the missing TSNs in all reordering queues of the reordering entity can be removed and all the received TSNs can be delivered to the upper layer. Refer to Figure 2 together with Figure 1.
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	5
	No (for a and b)
	Received TSN
	_ _ 8 9
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Figure 2. Removing missing TSNs based on pending HARQ processes clearance

In Figure 2, after Cycle 1, B0 and B2 are missing. After Cycle 2, B2 and B5 are received, B0 is still missing and B4 is missing. After Cycle 3, B0, B4 and A1 are missing and A0 is delivered to upper layer. After Cycle 4, all active pending HARQ processes are cleared, missing B0, B4 and A1 can be removed, and B1, B2, B3, B5 A2, A3, A4, A5 are delivered to upper layer to the corresponding priority classes respectively. After Cycle 5, B6 and B7 are missing. After Cycle 6, all active pending HARQ processes are cleared, B6 is still missing and is removed, B7 to B12 are delivered to upper layer.

Rule (3): Missing gap removing based on New Data Indicator.

If a MAC-hs PDU is interrupted or skipped at the transmitter, the New Data Indicator will be incremented by one to show a new MAC-hs PDU is carried on HS-DSCH with the HARQ process indicated by HARQ process identifier carried on HS-SCCH.  Thus, the receiver can detect MAC-hs PDU interruption or skip when the previous MAC-hs PDU had not been received correctly and the current MAC-hs PDU is indicated to be a new one.

Since the New Data Indicator carried on the HS-SCCH in parallel with the MAC-hs PDU carried on HS-DSCH is robust because of strong CRC protection on HS-SCCH, it can be used to remove the missing gaps in the reordering entity.

TSN is numbered per priority class so that there is a reordering queue for each priority class in the reordering entity. Since TSN and priority class are in-band signals, although the receiver can detect a MAC-hs PDU skip, the receiver can not decide which queue the skip belongs to. However, the receiver can conclude that the total number of skips is equal to the total number of missing TSNs in the reordering entity. Note that the number of missing TSNs is not necessarily equal to the number of TSNs in the missing gap since some missing TSN may not be detected if data block with TSN after the missing TSN has not been received yet.

With this in mind, for each active HARQ process, at the beginning of a time cycle, if it is either indicated to be a new data or it is not pending, i.e. at the previous time cycle the data is received correctly, all the missing gaps can be removed. Refer to Figure 3 together with Figure 1 for an example of applying Rule (3). 
At the beginning of Cycle 3, two skips are detected by New Data Indicators on HARQ processes a and b, and there is no pending on HARQ processes c and d, while there are two missing TSNs B0 and B4. Thus B0 and B4 are removed and all the received MAC-hs PDUs, B1, B2, B3, B5 are delivered to the upper layer. At the beginning of Cycle 4, HARQ processes a and b are new and one skip is detected on process b, HARQ processes c and d are not pending. Meanwhile, there is one missing MAC-hs PDUs A1. Thus, it can be removed and all the received MAC-hs PDUs A0, A2, A3 can be delivered to the upper layer. At the beginning of Cycle 5, all HARQ processes are new data, and no skip is detected. All the received MAC-hs PDUs, A4 and A5, can be delivered to the upper layer. At the beginning of Cycle 6, one skip is detected on HARQ process a, but process b is pending. No missing gap can be decided at this moment. After Cycle 6, all HARQ processes are not pending. Thus, at the beginning of Cycle 7, whether there are MAC-hs PDUs transmitted for this UE or not, missing gap can be removed. Thus, B6 can be removed and all the received MAC-hs PDUs, B7 to B12, can be delivered to the upper layer.
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Figure 3. Removing missing TSNs based on New Data Indicator

Comparisons between Rules (2) and (3):

Rule (2) based on pending clearance is easier to understand than Rule (3) based on New Data Indicator. However, the case for Rule (3) to remove missing gaps happens more frequently than the case for Rule (2).

Rule (2) decides the removing missing gaps condition at the end of each time cycle while Rule (3) decides the conditions at the beginning of each time cycle.

In addition, Rules (2) and (3) can apply at the same time so that the system performance can be improved further. For example, referring to Figure 4, at the end of Cycle 6, B6 can be removed according to Rule (2) and B7 to B12 can be delivered to the upper layer and there is no need until the beginning of Cycle 7, which means all the New Data Indicators of the active HARQ processes are received by the receiver, if only Rule (3) is applied.
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Figure 4. Removing missing TSNs based on Rules (2) and (3)

Rule (2) and Rule (3) are preferred to apply together with Rule (1) so that the removed missing gaps will not be transmitted by the transmitter again after they are removed in the receiver. The solution containing the above 3 rules is called "Missing gap removal indication function" in Section 3. However, Rules (2) and (3) can work independent of Rule (1). If Rule (1) does not apply, the interrupted MAC-hs PDU by higher priority class will be treated as missing gap and removed from the reordering queue by Rule (2) or Rule (3). When this MAC-hs PDU is re-initiated, it can be detected and discarded by Window based mechanism [2], or other schemes such as “Improper arriving time” or “Maximum TSN jumping gap”. The protocol will still work. Only the radio resource used for re-initiation will be wasted.
Rule (2) and Rule (3) have their limitations in some cases. For example, if the HARQ entity mistakenly recognizes NACK as ACK for an HARQ process and the process is never used for this UE thereafter, this missing TSN would not be detected by Rules (2) and (3). In this kind of cases, Window based or timer based mechanisms can be used.

3. Missing gap removal indication function

Transmitter operation:

When a MAC-hs PDU has been transmitted at least once and is interrupted by pre-emption of higher priority class, the interrupted MAC-hs PDU is discarded and shall not be retransmitted thereafter.
Receiver operation:

The HARQ entity at the receiver performs the following function:

-
Missing gap removal indication

-
If all the active HARQ processes are not pending, i.e. the last received MAC-hs PDUs of all the active HARQ processes are correctly received; and

-
if the HARQ entity has detected skipped MAC-hs PDUs by New Data Indicator in any HARQ process, the HARQ entity shall:

-
indicate to each reordering entity to remove all the missing MAC-hs PDUs in its reordering queue, if any, and forward all the received MAC-hs PDUs to the upper layer;

-
clear the detection record of skipped MAC-hs PDUs for each HARQ process.

-
If, in a time cycle containing a set of consecutive "time slots" for all the active HARQ processes, each active HARQ process is either indicated to be a new data or is not pending before the time cycle; and

-
if the HARQ entity has detected skipped MAC-hs PDUs by New Data Indicator in any HARQ process before the time cycle, the HARQ entity shall:

-
indicate to each reordering entity to remove all the missing MAC-hs PDUs in its reordering queue except those missing MAC-hs PDUs that are newly detected by the reordering entity in the time cycle;

-
clear the detection record of skipped MAC-hs PDUs for each HARQ process before the time cycle.

4. Conclusions and Proposals

The introduced solution improves the limitation of Window based mechanism [2] and is proposed to work with Timer based mechanism and Window based mechanism together. No signalling overhead is needed.

It is proposed to include:

-
the description of the transmitter operation from Section 2 into Section 7.2.1 in [1] and corresponding section in MAC Rel-5 Specification;

-
the description of the "Missing gap removal indication function" in the receiver operation from Section 2 into Section 7.3.1 in [1] and corresponding section in MAC Rel-5 Specification. 
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