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Introduction

During WG2 #26 several alternative MAC-hs headers were defined in [1]. The analysis considered the number of MAC-d flows/priority classes, more then one size MAC-D PDU and the number of MAC-d PDUs. It is proposed another consideration should be the ability to signal more then one TSN per MAC-d flow/priority class in each MAC-hs PDU.

Discussion

In order to allow for maximum data rate the largest TBS (MAC-hs PDU) size is applied to the least robust MCS within the TTI. Although when radio conditions change requiring a more robust MCS for successful transmission this TBS size cannot be supported within the TTI.

When operating at the maximum data rate, each time a more robust MCS requirement is realized all outstanding transmissions in H-ARQ processes that have not been successfully acknowledged must be discarded. This results in difficulty in achieving QoS requirements for BLER and latency caused by higher layer recovery.

It is therefore proposed when the MCS requirement becomes more robust, it is possible that TBS’s are restructured into several TBS’s of smaller size’s that can be supported by the more robust MCS.

The difficulty in restructuring TBS’s is that unique Transmission Sequence Numbers (TSNs) are assigned maintain the sequence of delivery within layer 2. The lost of sequence results in increased BLER and when possible considerable latency in the RLC data recovery.

Since TSN’s are assigned in advance for each data stream, and several TBS’s and the H-ARQ process servicing them are processed over the same time period, it is not possible to reassign TSN’s. For example a TBS with an assigned TSN requires retransmission, but at this time a more robust MCS is required. The more robust MCS requires the original TBS be segmented, but the following TSN’s are already used and cannot be applied to this transmission.

Figure 1 shows the case where a TBS size is not supported by the more robust MCS and data is discarded. The “data” size applied in TSN #2 is not supported by the more robust MCS. A reduced data size can be applied to TSN #3, but the data from TSN #2 is lost. The number of TBS’s lost each time a more robust MCS is determined is equal to the number of simultaneous H-ARQ processes supported by the UE.
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Figure 1: Loss of data due to more robust MCS requirement

It is proposed more then one TSN per MAC-d flow/priority class is allowed in each TBS (MAC-hs PDU) when less robust MCS’s are applied to the TBS. Then upon a subsequent requirement for a more robust MCS for retransmission, the original TBS can be segmented by TSN into TBS sizes supported by the more robust MCS.

For each UE MAC-d flow/priority class unique TSN’s are assigned for each block of data not exceeding the maximum TBS size supported by the most robust MCS. When less robust MCS’s are applied several TSN’s and associated data are included in the TBS. When the most robust MCS is applied at least one TSN and associated data can be supported.

Figure 2 shows the sequence of operation when more robust MCS requirement occurs and TBS restructuring is used to avoid loss of data.
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Figure 2: IR support without data loss

In figure 2 following reception of NAK for the TSN 3&4 transmission and recognition of the need for more robust MCS, the current transmission in the particular H-ARQ process is terminated. Memory used for combining of retransmissions is cleared (new data indication is set). The TBS including TSN 3&4 is segmented into individual TBS’s each of a size supported by the more robust MCS. TSN’s 3 & 4 are then processed separately by H-ARQ processes as new transmissions. This procedure can be applied for any number of TSN’s within a TBS.

Several MAC header alternatives were presented in [1]:
Alt1: Mac-d PDUs with different size can be transmitted in the same HS-DSCH TTI (mac-hs PDU). A size index (SID) is given for each mac-d PDU. The indication of padding blocks is not shown in the figure.
Alt2: Mac-d PDUs with different size can be transmitted in the same HS-DSCH TTI (mac-hs PDU). A size index (SID) and the number of mac-d PDUs (N) is given for each different mac-d PDU size. The remaining bits in the TB (TBSS-number of data bits) contains padding and the amount of padding is not explicitly indicated.

 Alt3: Only Mac-d PDUs with the same size can be transmitted in a HS-DSCH TTI (mac-hs PDU).

Alt4: Only Mac-d PDUs with the same size in the same Mac-hs PDU but allow to have multiple MAC-hs PDUs per transport block.

It was agreed to support multiple PDU size and alternative two supports this functionality. However, alternative four also proposed to multiplex different priority queues in one PDU.

Proposal

It is proposed to allow more then one TSN per MAC-d flow/priority class in each MAC-hs PDU. The proposal allows for support of IR with without loss of transmitted data upon change of MCS.

In [1] MAC-hs header alternative 4 already provides for more then one TSN:

MFI (1-3 bits): Mac-d flow ID-> this value could potentially be merged with the Prio if this is deemed satisfactory.
Prio (priority class, 3 bit)

TSN (Transmission sequence number, 6bit)

N (number of blocks, 6-8 bits)

SID (size index, 2-3 bit)
SID identifies a mac-d PDU size. One SID field per mac-d PDU is used.->this value could be foregone if there is a single size for a given flow ID

F (MAC-hs continue flag, 1 bit): indicates whether there is another MAC-hs block following this one.

MAC-hs block:

1) extended header case: (suggested header size: 2+3+6+7+2+1 = 21 bits)

	MFI
	Prio
	TSN
	N
	SID
	F
	MAC-d PDU 1
	MAC-d PDU 2
	…….
	MAC-d PDU N


2) reduced header case: (suggested header size: 2+6+7+1 = 16 bits)

	MFI
	TSN
	N
	F
	MAC-d PDU 1
	MAC-d PDU 2
	…….
	MAC-d PDU N


MAC-hs PDU:

	MAC-hs block
	MAC-hs block
	MAC-hs block
	MAC-hs block


In [1] alternative two requires modification to allow for more then one TSN:

Prio (priority class, 3 bit)

TSN (Transmission sequence number, 6bit)

SID (size index, 2-3 bit)

SID identifies a mac-d PDU size.

N (number of mac-d PDUs, 7 bit)


The number of consecutive mac-d PDUs with the same size. Up to 128 PDUs are possible with 7 bit.

F (flag, 1 bit)


A flag indicating if more SID fields are present (0) or if the first mac-d PDU follows (1)

In order to allow more then one TSN for case two the following structure is proposed:

[1] R2#26 R2-020145 Ericsson/Qualcomm mac-hs PDU format options
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