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1 Introduction

In RAN2#56bis some initial decisions on the enhanced MAC-hs format were made:
1. Lower MAC-hs header field (e.g. DDI or Priority Queue ID) is used to multiplex/demultiplex MAC-d SDUs

2. Reordering in MAC-hs and TSN in MAC-hs PDU kept in the Rel-6.

3. MAC-hs header indicates if MAC segmentation has been performed.

4. Logical channel ID in MAC-hs header to indicate logical channel of MAC-hs SDU.

5. Length indicator in MAC-hs header to indicate RLC SDU segment size

6. MAC-hs header includes multiple indication of logical channel ID and Length Indication, per MAC-hs SDU.

In this contribution we provide a baseline header based on the above decisions and provide number of optimizations reducing the header overhead. 
2 Baseline header
Based on the agreements in the RAN#56bis, the MAC-hs header should include

1. Logical channel ID (LCH-ID) to indicate the logical channel of MAC-hs SDUs. It seems that the LCH-ID could also be applied to multiplex/demultiplex MAC-d SDUs, so a separate header field for multiplexing is not needed.

2. TSN field in order to facilitate reordering and reassembly of segmented MAC-d PDUs.

3. Segmentation Indication (SI) to indicate if segmentation of MAC-d PDUs has been performed.

4. Length (L) field, in order to indicate the size of the flexible MAC-d PDUs.

In addition to the agreed fields, the header could contain

1. Queue ID. However, it seems that if the UE knows the mapping of the logical channels to the priority queues, as described in ‎[1], the LCH-ID can be used to determine the mapping of the received MAC-hs SDUs to the correct reordering queue.
2. Version flag (VF). The version flag could be used to indicate the used MAC-hs header format, if the header format is not configured with RRC signalling. If the header format is configured with RRC signalling, the VF is redundant, and do not need to be included.

3. Flag (F2), which indicates whether the header ends, or is followed by further fields. 

4. Padding. It has been agreed that the enhanced MAC-hs header contains at least one header format, which is octet aligned. While the means of achieving the octet alignment are still open, it seems possible that padding is required at least in some cases to make the header octet aligned.

In Figure 1, we show a baseline header, which includes one header field for each MAC-hs SDU. While this header is clearly inefficient, and includes a lot of redundant information, it serves as a convenient starting point for starting the optimization of the header. 
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Figure 1: Base line header, with each header field repeated for each MAC-hs SDU. The fields marked with * have not been agreed to. Other fields are based on agreements in RAN#56bis.
3 Optimizations
3.1 Reducing the number of TSNs

The possibility to transmit data from several priority queues at the same time requires changes to the protocol operation. Obviously, if there are data intended to many reordering queues in the MAC-hs PDU, it will not be possible to perform the reordering based on the MAC-hs PDUs itself. If there is one TSN for each MAC-hs SDU, as in the base line proposal, the reordering could be done for MAC-hs SDUs. 
However, frequently the MAC-hs PDU contains several MAC-hs SDUs intended for the same reordering queue, in which case it would seem redundant to transmit TSNs for each MAC-hs SDU. Furthermore, using several TSNs for data intended for the same priority queue could lead to either window stalling or to need to increase the TSN length. Thus there seems to be a strong incentive for using as few TSN fields per MAC-hs PDU as possible.

The smallest number of TSNs in the MAC-hs header is determined by the number of reordering queues the MAC-hs SDUs in the MAC-hs payload are intended for. Thus the optimized MAC-hs header should contain one TSN for each reordering queue. However, it would be necessary to indicate the presence of the TSN in the subsequent header by e.g. a flag. Perhaps the most straightforward solution would be to extend the F2 field to separate between end of header, header continued with TSN and header continued without TSN.

In this case, there will be several MAC-hs SDUs addressed by a single TSN, and the reordering will have to operate based on the received TSN and a set of MAC-hs SDUs (consisting of all SDUs intended for the same priority queue). For simplicity, we call this set of MAC-hs SDUs and the TSN a reordering PDU.
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Figure 2: Reordering PDU

3.2 Reducing the number of Length fields
As the Length field is likely to be relatively large, e.g. 11 bits, it should be a prime target for optimization. A simple approach would be to use N field to indicate the number of MAC-hs SDUs with same size, as was done in Rel-7. However, if all the MAC-hs SDUs are of different size, the N field will still need to be present, and will add to the L2 overhead. In this section we provide an alternative mechanism, which does not lead to any additional overhead even if the MAC-hs SDUs are of different size.

Frequently (for example, if the maximum RLC PDU size is configured to be of the order of thousand bits) a single IP packet will result in several RLC PDUs of maximum size and possibly a single RLC PDU of smaller size. In this case it seems sufficient to be able to indicate with the L field that there are N MAC-hs SDUs of the maximum size. This can be achieved by reserving a few values of the L field. For example, if 8 values are reserved, it would be possible to indicate 2 to 9 MAC-hs SDUs of maximum size. As 11 bit L field would be able to indicate MAC-hs SDU sizes up to 2048 bytes, it seems that reserving some values seems possible.
Table 1: Reserved values of the L field

	SI Field
	Segmentation indication

	11111111000
	The MAC-hs PDU contains 2 MAC-hs SDUs of Maximum MAC-d PDU size

	11111111001
	The MAC-hs PDU contains 3 MAC-hs SDUs of Maximum MAC-d PDU size

	…
	

	11111111111
	The MAC-hs PDU contains 9 MAC-hs SDUs of Maximum MAC-d PDU size


3.3 Reducing the number of LCH fields
Similarly to the TSN fields, it would be possible to couple all PDUs belonging to the same LCH together. In this case, it would be sufficient to have only one LCH field for all MAC-hs SDUs belonging to the same logical channel. 
This optimization could be introduced by extending the F2 field to indicate also the presence of the LCH field in the subsequent header extension (for discussion on the need for SI field, see section 4).
Table 2: Structure of the F2 field

	F2 Field
	Indication

	00
	The F2 field is followed by a MAC-hs SDU. 

	01
	The F2 field is followed by L field and F2 fields, 

	10
	The F2 field is followed by LCH-ID, L and F2 fields.

	11
	The F2 field is followed by LCH-ID, TSN, SI, L and F2 fields.


4 Optimized header

The resulting optimized header is shown in Figure 3. There is at least one set of LCH-ID, TSN, SI, L and F2 fields. The L field identifies both the size of the MAC-hs SDU and, as described in section 3.1, the number of MAC-hs SDUs. The SI field indicates if the first or the last MAC-hs SDU of the set of MAC-hs SDUs is segmented. The F2 field is used to indicate the end of the header and to indicate the format of the next header extension as described in Section 3.3.
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Figure 3: Optimized header. 
The SI field indicates if any of the MAC-d PDUs have been segmented.

Table 3: Structure of the SI field

	SI Field
	Segmentation indication

	00
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

	01
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

	10
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a complete MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

	11
	The first MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.

The last MAC-hs SDU of the addressed set of MAC-hs SDUs is a segment of a MAC-d PDU.


5 Conclusion
It is proposed to agree to the base line header as a consequence of the decisions in RAN#56bis. 
It is also proposed to discuss and agree to the basic protocol operation as presented in the enclosed CR to 25.321.

Furthermore, it is proposed to discuss the listed optimizations:
1. Reducing the number of TSNs
2. Reducing the number of Length fields
3. Reducing the number of LCH fields
and if found beneficial, agree to the enclosed CR to 25.321.
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