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1 Introduction

Regarding L2 UP headers extension to support Rel-13 enhanced carrier aggregation, during last RAN2#91 meeting it was agreed the following:

· The PDCP SN of is extended to 23 bits only for AM bearers. 

· The MAC L- and the RLC SOstart-, SOend-field extended to 16 bits.
· The RLC SN for AM bearers is extended to 16 bits.
2 Discussion
In the following two sections, we will discuss open issues related to the MAC header and RLC header extension.
2.1 Extending MAC header
Regarding MAC layer, it has been agreed that the MAC L-field has to be extended by 1 bit, i.e. from 15bits to 16 bits. However, it has not been agreed yet where the new bit will be located within the MAC PDU, and more in general how the MAC PDU subheader should look like.
Figure 1 illustrates current MAC PDU subheaders consisting of two possible formats with 7-bits or 15-bits L field.
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Figure 1: Current R/R/E/LCID/F/L MAC subheader
Since in the existing MAC PDU subheader there are currently two reserved bits available, one possibility is to use one of the reserved bits to add the additional bit. However, one concern is that using one of these two existing reserved bits to indicate a part of the L-field is not future-proof. For example, given the shortage of available LCIDs, it is expected that an extension of the LCID length is needed to support new LTE features in the future. If we consider an R bit taken to extend the MAC L-field and the other R bit taken to extend the LCID field, it would not be possible anymore to further extend the MAC subheader to e.g. extend the MAC headers by a new octet. 
Observation 1 Using one of the R bits to extend the MAC L field is not suitable.  

A more future-proof approach is to define a new extended MAC PDU subheader that is indicated by a new extension field (say X field). Such extension field can replace one of the two reserved bits in the existing MAC subheader. 
Proposal 1 An extended MAC PDU subheader is defined.

Proposal 2 The extended MAC PDU subheader is indicated by a new extension field that replaces one of the reserved bits in the current MAC PDU subheaders.
The introduction of such new extension field (X field) together with the existing F field allow to introduce a new 16-bits L field as well as an 8-bits L field, with no major design effort. In the following are listed the possible combinations of X field and F field with the corresponding MAC L field size.

· If the X field is set to ‘0’ and the F field is set to ‘0’ the 7-bits L field is used.     

· If the X field is set to ‘1’ and the F field is set to ‘0’ the 8-bits L field is used (extended subheader).

· If the X field is set to ‘0’ and the F field is set to ‘1’ the 15-bits L field is used.
· If the X field is set to ‘1’ and the F field is set to ‘1’ the 16-bits L field is used (extended subheader).
Proposal 3 The extended MAC PDU subheader consists of a 8-bits MAC L field or of a 16-bits MAC L field.
To limit the MAC PDU processing it would also be useful if the MAC L field bits in the new extended MAC PDU subheader are as contiguous as possible. As such, we propose to allocate one full octet to the 8-bits L field, and two full octets to the 16-bits L field.

Proposal 4 In the extended MAC PDU subheader, one full octet is allocated to the 8-bits L field, and two full octects are allocated to the 16-bits L field.
Figure 2 shows the new extended MAC PDU subheader formats.
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Figure 2: The new extended MAC PDU subheader.
It is worth noting from Figure 2 that the new Oct.2 contains seven R bits that in the future can be used for instance to introduce new LCIDs. Without such an extension, the alternative is to place a new bit for the MAC L field in Oct.1 rather than the X field. However, as previously mentioned, if a new LCID will be introduced in the future to replace the remaining R bit in Oct.1, then no further extension of the MAC PDU subheader will be possible. This deadlock can be avoided if the proposed MAC PDU subheader extension is introduced.

In Figure 2, the F2 field in the extended MAC subheader has the similar functionality as the legacy F field, i.e. it is ‘0’ to indicate that the 8-bits L field is used and it is ‘1’ to indicate that the 16-bits L field is used.
The detailed impact of the proposed MAC subhader extension in TS 36.321 is described in the companion CR [1]. 

2.2 Extending RLC header
Regarding RLC, it has been agreed to extend the RLC SN field to 16 bits for AM bearers. It still FFS whether some extension is needed also for RLC UM. RLC UM traffic is in general not expected to require high throughput and in line with this reasoning it has been agreed to do not extend the PDCP SN for UM bearers. Similarly also for RLC UM, the SN field extension does not seem to be necessary.

Proposal 5 The RLC SN field is not extended for UM bearers.

Accordingly, in Table 1 are highlighted the introduced L2 headers enhancements.
	
	UM DRB
	AM DRB

	PDCP SN
	7 or 12 bits
	12 or 15 or 23 bits

	RLC SN
	5 or 10 bits
	10 or 16 bits

	RLC SO
	N/A
	15 or 16 bits

	RLC LI
	11 or 15 bits
	11 or 15 bits


	MAC L
	7 or 15 or 16 bits


Table 1: Possible L2-header configurations.
The actual impact of the enhanced carrier aggregation feature in TS 36.322 is described in more details in the companion CR [2].
3 Conclusion

In section 2 we made the following observations:
Observation 1
Using one of the R bits to extend the MAC L field is not suitable.


Based on the discussion in section 2 we propose the following:
Proposal 1
An extended MAC PDU subheader is defined.
Proposal 2
The extended MAC PDU subheader is indicated by a new extension field that replaces one of the reserved bits in the current MAC PDU subheaders.
Proposal 3
The extended MAC PDU subheader consists of a 8-bits MAC L field or of a 16-bits MAC L field.
Proposal 4
In the extended MAC PDU subheader, one full octet is allocated to the 8-bits L field, and two full octects are allocated to the 16-bits L field.
Proposal 5
The RLC SN field is not extended for UM bearers.
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