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1. Introduction
The MAC-ehs header for the Improved L2 support for higher data rates was agreed [1] at RAN2#58, it restricts that the MAC-ehs SDUs in one TTI can belong to at most 3 priority queues. But at the time several traffics occur concurrently, more than two logical channels with different priority may be mapped on one same priority queue. Currently, the structure of MAC-ehs header, especially the SI field, is based on the “FIFO” strategy of the scheduler and does no support pre-emption between different logical channels. So this contribution provides proposals for MAC-ehs header optimization to support pre-emption of one priority queue.
2. Optimization 1
Proposal 1: Change the F field to LSI(last segment indication) field which is used to indicate whether the segment of MAC-ehs SDU is the last segment of corresponding MAC-d/MAC-c PDU.
Proposal 2: Add a 16 bits optional Flag field to separate the MAC-ehs header from the MAC-ehs payload.
The optimized MAC-ehs header is shown in Figure 1.
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Figure 1: optimized MAC-ehs header. 

The value of Flag field should be full zero. When the size of the data plus header is less than or equal to the TB size of the TFRC selected minus 24 bits, the Flag shall be appended at the end of the MAC-ehs header, in any other case it is understood that there is no room for another set of LCH-ID, L and LSI fields plus MAC-ehs SDU, so no extra Flag is needed. Thus no extra overhead is introduced in the MAC-ehs header, also the MAC-ehs header octet alignment is achieved. The boundary of different sets of LCH-ID, L and LSI fields can be deduced from the value of LCH-ID and the configuration of priority queues.
In order to support pre-emption of one priority queue after the optimization of MAC-ehs header, when constructing a MAC-ehs PDU, the MAC-ehs entity of UTRAN should comply with the following rules:
1. Consecutive segments of a MAC-d/MAC-c PDU should be transmitted in consecutive TTIs, so “complete pre-emption” is not allowed, that is to say, the segment of MAC-ehs SDU be pre-empted in one TTI still should be transmitted in this TTI, just the number of bits to be transmitted are reduced (minimal number are 8 bits);
2. In one TTI, if there are two segments of MAC-ehs SDU being selected to be transmitted in a reordering PDU, it should be guaranteed that each of them are placed at one end of the reordering PDU. Three segments of MAC-ehs SDU in one reordering PDU concurrently should be forbad.
Correspondingly, when the reassembly unit of UE processing the reordering PDU,  both SI, LCH-ID and TSN field should be considered, two segments of MAC-ehs SDU with the same LCH-ID and consecutive TSN should be combined together. Annex A shows how the reassembly unit of UE should process the SI field associated with a reordering PDU.
The pre-emption is shown in Figure 2.
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Figure 2: pre-emption of MAC-ehs SDU
This optimization method has the following advantages:
· Pre-emption can happen in every TTI, the logical channel with higher priority can pre-empt any other logical channels with lower priority;
· A minimal modification to the current structure of MAC-ehs header, especially not change the definition of SI field;
· Not introduce any extra protocol overhead on MAC-ehs header.
3. Optimization 2
Proposal 1: Change the F field to PI(pre-empted indication) field which is used to indicate whether the segment of MAC-ehs SDU was pre-empted by other MAC-ehs SDU comes from the logical channel with high priority.
Proposal 2: Add a 16 bits optional Flag field to separate the MAC-ehs header from the MAC-ehs payload.
The optimized MAC-ehs header is shown in Figure 3.
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Figure 3: optimized MAC-ehs header. 

Same as optimization 1, the value of Flag field should be full zero. When the size of the data plus header is less than or equal to the TB size of the TFRC selected minus 24 bits, the Flag shall be appended at the end of the MAC-ehs header, in any other case it is understood that there is no room for another set of LCH-ID, L and LSI fields plus MAC-ehs SDU, so no extra Flag is needed. Thus no extra overhead is introduced in the MAC-ehs header, also the MAC-ehs header octet alignment is achieved. The boundary of different sets of LCH-ID, L and LSI fields can be deduced from the value of LCH-ID and the configuration of priority queues.
The definition of SI field is changed, which is shown in Table 1.
	SI Field
	Segmentation indication

	00
	The first MAC-ehs SDU of the reordering PDU is a complete MAC-d or MAC-c PDU;
If there are more than one MAC-ehs SDU in the reordering PDU, the last MAC-ehs SDU of the reordering PDU is a complete MAC-d or MAC-c PDU in case of the last MAC-ehs SDU is not a pre-empted MAC-ehs SDU segment, otherwise, the last MAC-ehs SDU is the final segment of corresponding MAC-d or MAC-c PDU.

	01
	If there is more than one MAC-ehs SDU in the reordering PDU, the last MAC-ehs SDU of the reordering PDU is a complete MAC-d or MAC-c PDU in case of the last MAC-ehs SDU is not a pre-empted MAC-ehs SDU segment, otherwise, the last MAC-esh SDU is the final segment of corresponding MAC-d or MAC-c PDU;
The first MAC-ehs SDU of the reordering PDU is a segment of a MAC-d or MAC-c PDU, if it is a pre-empted MAC-ehs SDU segment, it is the final segment of corresponding MAC-d or MAC-c PDU.

	10
	If there is more than one MAC-ehs SDU in the reordering PDU, the first MAC-ehs SDU of the reordering PDU is a complete MAC-d or MAC-c PDU;
The last MAC-ehs SDU of the reordering PDU is a segment of a MAC-d or MAC-c PDU. If the last MAC-ehs SDU is a pre-empted MAC-ehs SDU segment, it is not the final segment of corresponding MAC-d or MAC-c PDU.

	11
	The first MAC-ehs SDU of the reordering PDU is a segment of a MAC-d or MAC-c PDU;
The last MAC-ehs SDU of reordering PDU is a segment of a MAC-d or MAC-c PDU. If the last MAC-ehs SDU is a pre-empted MAC-ehs SDU segment, it is not the final segment of corresponding MAC-d or MAC-c PDU.


Table 1: Modified structure of the SI field

At the MAC-ehs entity of UTRAN side, if a MAC-ehs SDU segment is pre-empted, the transmission will be resumed after the transmission of the MAC-ehs SDU who trigger the pre-emption is finished, and it can’t be pre-empted again until all the rest part of corresponding MAC-d or MAC-c PDU have been transmitted.
The value of the PI field of the MAC-ehs SDU segment before the pre-empted one should be ‘0’,  and when the transmission of the pre-empted MAC-ehs SDU segment is resumed, the value of it’s PI field should be set to ‘1’, and the PI field of any other subsequence MAC-ehs SDU segment(if exists) should be set to ‘0’. Thus at the MAC-ehs entity of UE side, two MAC-ehs SDU segments with ‘0’ and ‘1’ respectively can be combined together although the TSN is not consecutive. For the segment of MAC-ehs SDU who is not a pre-empted segment, it can be combined with the segment stored in the receive buffer only when they have the same LCH-ID and consecutive TSN. Annex B(to be added) shows how the reassembly unit of UE should process the SI field associated with a reordering PDU.
The pre-emption is shown in Figure 4.
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Figure 4: pre-emption of MAC-ehs SDU
This optimization method has the following advantages:
· The logical channel with higher priority can pre-empt any other logical channels with lower priority;

· Two segments of a MAC-d or MAC-c PDU can be transmitted on discontinuous TSNs;
· Can support 3 MAC-ehs segments in one reordering PDU;
· A minimal modification to the current structure of MAC-ehs header;
· Not introduce any extra protocol overhead on MAC-ehs header.

4. Conclusion
In this contribution, we discuss two optimization methods of the MAC-ehs header to support pre-emption of one priority queue, we propose RAN2 to discuss them and make a decision. 
The optimization 1 is based on:

Proposal 1: Change the F field to LSI(last segment indication) field which is used to indicate whether the segment of MAC-ehs SDU is the last segment of corresponding MAC-d/MAC-c PDU.
Proposal 2: Add a 16 bits optional LCH-ID0 field to separate the MAC-ehs header from the MAC-ehs payload.
The optimization 2 is based on:

Proposal 1: Change the F field to PI(pre-empted indication) field which is used to indicate whether the segment of MAC-ehs SDU was pre-empted by other MAC-ehs SDU comes from the logical channel with high priority.
Proposal 2: Add a 16 bits optional Flag field to separate the MAC-ehs header from the MAC-ehs payload.
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Annex A
The UE shall:

-  if SI field is set to "00":

-  deliver all MAC-d or MAC-c PDUs corresponding to MAC-ehs SDUs in the reordering PDU to de-multiplexing entity.
-  if SI field is set to "01":

-
call the basic procedure, the first segment of received MAC-ehs SDU as the input;
-  deliver all MAC-d or MAC-c PDUs corresponding to subsequent MAC-ehs SDUs in the reordering queue to de-multiplexing entity.
-  if SI field is set to "10":

-
deliver all MAC-d or MAC-c PDUs corresponding to all but last MAC-ehs SDU in the reordering PDU to the de-multiplexing entity;

-
call the basic procedure, the last segment of received MAC-ehs SDU as the input. 
-  if SI field is set to "11":

-
if there is only one segment of MAC-ehs SDU in the reordering PDU:

-  call the basic procedure, the received segment of MAC-ehs SDU as the input.
-
if is more than one segment of MAC-ehs SDUs or MAC-ehs SDU in the reordering PDU:

-  call the basic procedure, the first received segment of MAC-ehs SDU as the input;

-  deliver all MAC-d or MAC-c PDUs corresponding to all but last MAC-ehs SDU in the reordering PDU to de-multiplexing entity;

-  call the basic procedure, the last received segment of MAC-ehs SDU as the input.
Following is the basic procedure with an input:
-  if the reordering PDU corresponding to the previous TTI was lost:

-
discard the input segment of MAC-ehs SDU and the stored segment of MAC-ehs SDU who have the same LCH-ID with the input segment of MAC-ehs SDU(if exists).
-  if the reordering PDU corresponding to the previous TTI was not lost:

- 
if there is one stored segment of MAC-ehs SDU who have the same LCH-ID with the input segment of MAC-ehs SDU
-
combine the input segment of MAC-ehs SDU with the stored segment of MAC-ehs SDU who have the same LCH-ID with the input segment of MAC-ehs SDU;
-  if the input segment of MAC-ehs SDU is the last segment of corresponding MAC-d/MAC-c PDU:

-  deliver the MAC-d or MAC-c PDU corresponding to the combined MAC-ehs SDU to de-multiplexing entity.

        - 
if the stored segment of MAC-ehs SDU who have the same LCH-ID with the input segment of MAC-ehs SDU is not exists:
-  store the input segment of MAC-ehs SDU.
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