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1 Introduction

Regarding L2 UP headers extension to support Rel-13 enhanced carrier aggregation, RAN2 has agreed the following:

· The PDCP SN is extended to 18 bits only for AM bearers. 

· The MAC L- and the RLC SOstart-, SOend-field extended to 16 bits.
· The RLC SN is extended to 16 bits only for AM bearers.
Remaining open issues for this topic are the following:

· The new design of the MAC PDU subheader to extend the MAC L field.
· Whether any change in the PDCP status report mechanism is needed. 
2 Discussion
In the following two sections, we propose the new MAC header design to extend the MAC L field and discuss if any change is needed in the PDCP status report.
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 how to update the MAC PDU sub-header to accommodate the new bit.
Figure 1 illustrates current MAC PDU sub-headers 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 sub-header 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 very wise. For example, given the limited number of available LCIDs, it is expected that eventually an extension of the LCID length is needed to support new LTE features in the future. If we take one R bit to extend the MAC L-field and (in the future) the other R bit to extend the LCID field, it would not be possible anymore to extend the MAC subheader.
Observation 1 If one of the R bits in Octet 1 is used to extend the MAC L field, the remaining R bit in Octet 1 must be reserved to extend in the future the MAC PDU sub-header with a new Octet.

Therefore, if one of the R bits in the Octet 1 is used to extend MAC L field, the remaining R bit must be reserved to extend the MAC PDU subheader with a new Octet. However this solution has the drawback that it will not be possible to add a new LCID bit without introducing a new Octet which implies overhead. Since there might be overhead-sensitive services (e.g. MTC applications, VoIP) that could benefit from a new LCID bit (but certainly not from L-field extension), it is not preferred to use one of the remaining R bits to extend the L-field.   

Observation 2 Using one of the R bits in Octet 1 to extend the MAC L field might have an impact on overhead-sensitive applications (e.g. MTC, VoIP).  

A better approach is to define a new extended MAC PDU sub-header 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.
With such 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. We note that the 8-bit MAC L field could be used by all those applications (e.g. MTC) that do not require the 16-bit L field but at that the same that can benefit from an extended MAC PDU subheader.
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 sub-header.
One may argue that the above proposals imply the introduction of a new octet to support 16-bit MAC L field, which means overhead. However, the 16-bit MAC L field is supposed to be used for very high data rates for which the overhead of an additional octet does not seem to be a problem.
Observation 3 The overhead due to the introduction of a new octet to support 16-bit MAC L field is negligible at high data rates.

In Figure 2, the F2 field in the extended MAC sub-header 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 sub-header extension in TS 36.321 is described in the companion CR [1]. 

Another open issue related to the MAC header extension is whether the extended MAC L field has to be explicitly configured by the network via RRC signalling or not. Legacy behaviour implies that the UE autonomously determines whether the 7-bit or the 15-bit MAC L field has to be used. Same behaviour could apply for the 16-bit L field. However, since supporting the 16-bit L field is a new optional feature, there might be cases in which the eNB does not support the 16-bit L field and all packets sent with a 16-bit L field will be discarded.

Observation 4 Supporting 16-bit MAC L field is an optional feature that might not be supported by all the eNBs.

For this reason, we believe that the UE should signals its capability to support the 16-bit MAC L field and the eNB may configure the usage of 16-bit MAC L field via RRC signalling. However, whether to actually adopt the 16-bit, or 15-bit, or 7-bit for a certain MAC PDU still depends on the TBS size as per legacy behaviour. 
Proposal 5 The UE signals its capability to support the 16-bit MAC L field. 
Proposal 6 The support of the 16-bit MAC L field implies support of the 16-bit RLC SO field.

Proposal 7 The eNB may configure the usage of the 16-bit MAC L field.  When configured, the UE uses extended L field depending on TBS size. 

Proposal 8 Configuration of extended MAC L field implies configuration of the extended RLC SO field.

2.2 PDCP status report

RAN2 has agreed in RAN2#91-bis meeting, to extend the PDCP SN field to 18 bit. This agreement obviously affects the size of the PDCP control PDU for PDCP status report. In particular considering that a maximum of (2^18) / 2 = 131072 PDCP PDUs can be in flight, the bitmap field in the PDCP status report can consist of a maximum of 16384 octets which is higher than the maximum supported size of a PDCP SDU which is 8188 octets.

The bitmap field can become big if packet losses are sparse in the PDCP SN domain, since the bitmap should report both 0´s (for missing packets) and 1´s (for correctly received packets). However, we argue that the probability of having a big bitmap field is low. The reason is that the PDCP status report is intended to be used in handover cases; therefore it is reasonable to assume that if losses occur they are supposed to be quite contiguous in the PDCP SN domain in which case the bitmap field should not be very big.
More in general, the extended PDCP SN field has to be enabled in very good radio conditions to provide a very high data rates. In such scenarios, packet losses will not be high. 

Also since the bitmap size actually needed is not very far away from the size of the PDCP SDU, then we think that a sufficiently large part of the bitmap can fit hence not justifying doing any segmentation.

For these reasons, any change to the PDCP status report mechanism is not supposed in practical scenarios to be of critical importance. Accordingly, we do not propose to optimize the PDCP status report mechanism, and in the unlikely case in which the PDCP status report does not fit into a PDCP control PDU, truncation of the bitmap field should be applied.
Proposal 9 Keep the legacy PDCP status report procedure when the PDCP SN field is extended.  
Proposal 10 In case the PDCP status report does not fit into a PDCP control PDU, truncation of the bitmap field is applied.
3 Conclusion

In section 2 we made the following observations:
Observation 1
If one of the R bits in Octet 1 is used to extend the MAC L field, the remaining R bit in Octet 1 must be reserved to extend in the future the MAC PDU sub-header with a new Octet.
Observation 2
Using one of the R bits in Octet 1 to extend the MAC L field might have an impact on overhead-sensitive applications (e.g. MTC, VoIP).
Observation 3
The overhead due to the introduction of a new octet to support 16-bit MAC L field is negligible at high data rates.
Observation 4
Supporting 16-bit MAC L field is an optional feature that might not be supported by all the eNBs.


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 UE signals its capability to support the 16-bit MAC L field.
Proposal 6
The support of the 16-bit MAC L field implies support of the 16-bit RLC SO field.
Proposal 7
The eNB may configure the usage of the 16-bit MAC L field.  When configured, the UE uses extended L field depending on TBS size.
Proposal 8
Configuration of extended MAC L field implies configuration of the extended RLC SO field.
Proposal 9
Keep the legacy PDCP status report procedure when the PDCP SN field is extended.
Proposal 10
In case the PDCP status report does not fit into a PDCP control PDU, truncation of the bitmap field is applied.
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