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1 Introduction

A MAC-hs multiplexing scheme called concatenated MAC-hs PDU [1] is discussed at the RAN2#53 meeting in May. This contribution gives some updates and further discusses the details supporting this scheme.
2 MAC-hs multiplexing
Two types of PDU formats are proposed for MAC-hs PDU multiplexing. One is the revision of [1] and illustrated in Figure 1.  The concatenated MAC-hs PDU includes multiple component MAC-hs PDUs built from different priority queues of the same UE. The structure of each component MAC-hs PDU still follows current specification, other than one difference, that the MAC-hs header of each component MAC-hs PDU does not include VF field.
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Figure 1   Format type 1 for concatenated MAC-hs PDU
The optional pointer field with typical length 8 or 12 bits is used to indicate the beginning of the padding field. The PF (Pointer Flag) with one bit length is used as to indicate if the pointer field is present (PF = 1) or not (PF = 0). When a concatenated MAC-hs PDU is generated, the transmitter shall set PF to one and includes the pointer field with the value equal to the start point of the padding field, if the length of residual bits (TB size minus the total length of all MAC-hs PDUs) is equal or bigger than Lo bit, where Lo is the minimum length of the MAC-hs header. Otherwise the pointer field is not included and PF is set to zero. For the current version of the MAC-hs PDU format, Lo is equal to 20.
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Figure2.  Format type 2 for concatenated MAC-hs PDU
Figure 2 shows another format for concatenated MAC-hs PDU. This format uses a one bit CF (Concatenation Flag) field to indicate if a component MAC-hs PDU or a padding field is followed. When there is no padding the last MAC-hs PDU is not followed by a CF bit.  Type 2 format needs slightly more overhead (due to multiple CF bits) than Type 1 format but is a straightforward way for MAC-hs PDU concatenation.
3 Transmission of concatenated MAC-hs PDU
In HSDPA, typically packets with similar QoS requirements are assigned to the same priority queue. The scheduler allocates more transmission opportunities to the packets in priority queues with low latency requirement. The number of retransmissions in HARQ processes also has impacts on QoS attributes such as latency and packet loss rate. HSDPA adopts a window based mechanism for HARQ operation, where retransmission and reordering are based the moving of ttransmitter window and receiver window respectively.
In current specification, after the transmitter has transmitted a MAC-hs PDU with TSN=SN, any MAC-hs PDU with TSN ( SN – TRANSMIT_WINDOW_SIZE should not be retransmitted to avoid sequence number ambiguity in the receiver. When MAC-hs PDUs from different priority queues are multiplexed together to transmit, the operation of transmitter window moving for each component MAC-hs PDU is done as normal. So the concatenated MAC-hs PDU should not be retransmitted when the TSN of each component MAC-hs PDUs of the concatenated MAC-hs PDU is outside the transmitter window of respective priority queue, i.e. TSN ( SN – TRANSMIT_WINDOW_SIZE. Alternative criteria for retransmission decision may be adopted. For example, the concatenated MAC-hs PDU should not be retransmitted when the component MAC-hs PDU corresponding lowest priority queue is out of its transmitter window.
Another issue for concatenated MAC-hs PDU is sequence number ambiguity in the receiver. So a reordering scheme for concatenated MAC-hs PDU is proposed as given in the appendix. 
4 Typical application scenarios
In HSDPA, a single code channel with SF = 16 can convey encoded data with 960bits (QPSK) or 1920bits (QAM) in one TTI. For typical coding rate varies from 3/4 to 1/3, uncoded data with about 320bits~1440bits can be sent in a single code channel in one TTI. So the transmission of low speed real time services with small packet size, e.g., VoIP and GoIP, will obtain benefits from MAC-hs multiplexing. The typical cases are:
· MAC-hs PDUs from different priority queues are with small size, so there is always some unused bits when transmitting any one of MAC-hs PDUs even in a single code channel.
· When a MAC-hs PDU of big size using multiple code channels is scheduled to transmit, there is still some remaining space to put in one or more MAC-hs PDUs of small size.

· The proposed MAC-hs multiplexing scheme can be easily extended to enable efficient multiuser transmission of small packet services [4].
5 Conclusion

The key points including optimized PDU formats, QoS issues, retransmission control, reordering operation, and typical application scenarios are discussed in this contribution. It is seen the proposed MAC-hs multiplexing scheme is well back-compatible and has small impact (main impact is on TS25.321) on current HSDPA specifications. So it is considered as a simple but efficient approach to enhance the performance of HSDPA of transmitting small packet size services.
Hence, we suggest RAN WG2 would adopt this scheme for more efficient support of VoIP/GoIP services over HSDPA. If this contribution is agreed, we are happy to prepare the CR accordingly.
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Appendix: A reference scheme of reordering operation
In this appendix, a reference scheme for the reordering operation for the proposed concatenated MAC-hs PDU is given. This scheme adds a pre-processing step before the reordering operation according to current specification. The major purpose is to identify two categories of the out-of-date MAC-hs PDUs: 

· if the upper edges of the receiver window in a reordering queue had already moved at least a round during the transmission of the concatenated MAC-hs PDU including a component MAC-hs PDU belonging to this reordering queue, this component MAC-hs PDU is out-of-date and thus should be discarded.
· if not, a component MAC-hs PDU may be still out-of-date if it is outside the receiver window, because its TSN is behind the lower edge of the receiver window.
Before a MAC-hs PDU is successfully decoded, if it is a concatenated MAC-hs PDU or not and which queues its component PDUs belong to are both unknown. So, in order to judge the first case, for each new transmission indicated by the NDI, the upper edges of receiver windows for all reordering queues are stored. Before a MAC-hs PDU is successfully decoded, as long as the upper edge of receiver window of any reordering queue had moved across its old position stored before, this event is recorded for later use. 
After a MAC-hs PDU is successfully decoded, if it is a concatenated MAC-hs PDU, it is de-concatenated and each component MAC-hs PDU are routed to the corresponding reordering buffer, where the above cases are firstly identified and the out-of-date MAC-hs PDU is discarded before start the reordering operation according to current specification.
Therefore, the reordering operation is summarized as follows:
In the receiver, for all HARQ processes, when the NDI indicates a new transmission, current upper edges of receiver windows for all reordering queues are stored as Old_RcvWindow_UpperEdge(k), k = 1,2, …M, where M is the number of  reordering queues. When a MAC-hs PDU is successfully decoded, if it is a MAC-hs PDU transmitted alone, the reordering queue distribution function routes the MAC-hs PDUs to the correct reordering buffer based on the Queue ID. If it is a concatenated MAC-hs PDU, it is de-concatenated and each component MAC-hs PDU is routed to the correct reordering buffer based on the Queue ID of each component MAC-hs PDU.
In each reordering queue, when a MAC-hs PDU with TSN = SN is received:
-
if the received MAC-hs PDU is transmitted alone:



-
performing reordering operation according to current specification;

-
else (the received MAC-hs PDU is transmitted together with other MAC-hs PDUs via a concatenated MAC-hs PDU):
-
if the upper edge of receiver window of this reordering queue had moved across the position stored in Old_RcvWindow_UpperEdge, before the concatenated MAC-hs PDU which the received MAC-hs PDU was multiplexed on is successfully decoded:



-
the received MAC-hs PDU shall be discarded;

-
else:

-
if the received MAC-hs PDU with TSN is outside the receiver window, i.e., Old_RcvWindow_UpperEdge < TSN < RcvWindow_UpperEdge – RECEIVE_WINDOW_SIZE +1:



-
the received MAC-hs PDU shall be discarded;
-
else:

-
performing reordering operation according to current specification.









































































