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1.
Introduction
RLC can operate in either AM or UM mode for HSDPA [1]. At WG2 #26, the RLC UM sequence number space limitation [2] was discussed. In [2] it is indicated that there could be 90 RLC PDUs in a single MAC-hs PDU (21kbits). This implies that the loss of two consecutive MAC-hs PDUs would result in a loss of synchronization of the HFNs between UM RLC transmitter and receiver. One reason for MAC-hs PDUs loss is due to TB (MAC-hs PDU) size change [3]. If MAC-hs PDUs containing more than 128 consecutive UMD PDUs are lost, HFNs between UM RLC transmitter and receiver are not synchronized.

In this document, we propose a simple scheme to solve the loss of synchronization in HFNs between RLC transmitter and receiver in UM due to the change of MAC-hs PDU size.

2.
Discussion

When radio conditions are good, the least robust modulation and coding scheme (MCS) is applied and therefore the largest TB size is used for transmission to achieve the maximum rate. However when radio condition turns bad, more robust MCS will be required for successful transmission. All MAC-hs PDUs that have not been successfully acknowledged in HARQ processes must be discarded because their MAC-hs PDU sizes are no longer supported.

HFN un-synchronization in RLC UM possibly occurs after MAC-hs PDU size change. For example, in the HARQ entity in UTRAN there are six HARQ processes allocated to transmit data to one UE. Each HARQ process is transmitting a MAC-hs PDU and no acknowledgement is received for each transmitted MAC-hs PDU. The largest MAC-hs PDU is applied. Now the MCS has to be changed to accommodate the more robust MCS requirement due to bad radio conditions. The changed MCS results in smaller MAC-hs PDU size used to transmit MAC-hs PDUs. The six MAC-hs PDUs transmitted unsuccessfully must be discarded because the old MAC-hs PDU size does not conform to the new MAC-hs PDU size. If six MAC-hs PDUs include more than 128 consecutive UMD PDUs sent by the same UM RLC entity, the HFN un-synchronization occurs.

3.
Proposed Solution

When the changed MCS causes MAC-hs PDU size shrunk, each MAC-hs PDU that have not been successfully acknowledged in the HARQ process is reconstructed to a new MAC-hs PDU to conform to the new MAC-hs PDU size, which contains subset of all MAC-hs SDUs in the original MAC-hs PDU. If these MAC-hs SDUs contains RLC UMD PDUs and RLC AM PDUs, the RLC UMD PDUs are chosen first in the subset. If all UMD PDUs are contained in the new MAC-hs PDU and there are remaining space for MAC-hs SDUs, some RLC AM PDUs can be added to fill it. The TSN of this new MAC-hs PDU is set equal to the TSN of the original MAC-hs PDU. This new MAC-hs PDU can be transmitted by the same HARQ process or a different HARQ process. The New Data Indicator for this new MAC-hs PDU is indicated as new. 

For example, a MAC-hs PDU with TSN = 100 being transmitted in the HARQ process contains 10 RLC UMD PDUs and 20 RLC AM PDUs. Before this MAC-hs PDU is acknowledged successfully, a more robust MCS requirement is requested and the MAC-hs PDU size is shrunk. This MAC-hs PDU is reconstructed to a new MAC-hs PDU to conform to the MCS requirement. This MCS requirement shrinks the MAC-hs PDU size so the new MAC-hs PDU can only contain 15 RLC PDUs. Therefore the new MAC-hs PDU contains 15 RLC PDUs which are a subset of 30 RLC PDUs in the original MAC-hs PDU. The 15 RLC PDUs contain 10 RLC UMD PDUs and 5 RLC AM PDUs. This new MAC-hs PDU is sent with the same TSN =100, and the associated New Data Indicator is incremented and transmitted. 

Because a subset of RLC PDUs in the discarded MAC-hs PDU are sent by the above proposal, no more than 128 consecutive UMD PDUs are lost and HFN un-synchronization will not occur. This solution also decreases RLC UMD PDUs loss.

4.
Conclusion

The attached CR is based on the proposed solution.
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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 the Iub frame protocol. 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;

-
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.
-
If the size of a MAC-hs PDU that has not been successfully acknowledged in the HARQ process is shrunk, the scheduler should:

-
reconstruct the MAC-hs PDU according to the new MAC-hs PDU size. The recontstructed MAC-hs PDU contains subset of the MAC-hs SDUs in the original MAC-hs PDU. A MAC-hs SDU containing a RLC UMD PDU is chosen first in the subset. A MAC-hs SDU containing a RLC AM PDU may be added to fill the remaining space in the new MAC-hs PDU. 
-
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.
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. UTRAN should:

-
set the Queue ID based on the identity of the queue being serviced.

-
The HARQ entity sets the transmission sequence number (TSN) in transmitted MAC-hs PDUs. UTRAN should:

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

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

-
re-use the same TSN of the original MAC-hs PDU for the reconstructed MAC-hs PDU in the case of MAC-hs PDU size change.
-
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 or each reconstructed MAC-hs PDU submitted by the scheduler due to MAC-hs PDU size change.

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

-
deliver received status messages to the scheduler.
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