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1
Introduction

After the RAN#78 meeting, a new WI was agreed [1] that aim to extend the number of DRBs for the LTE radio access technology. As per Rel-8 LTE functionality, only 8 DRBs can be established for a particular UE. However, as expressed by a number of operators, there are cases when a UE needs to establish several PDN connections with more than one DRB per each PDN. As a result, it was agreed to enable support of up to 15 DRBs for LTE.
In this discussion paper we provide specification impact analysis for the TS 36.321 MAC specification outlining extensions needed to support more radio bearers. 
2
Increased number of data bearers
2.1
Extended MAC sub-header

Before delving into the details of how MAC sub-header can be extended to support more data radio bearers, it is worth reminding that that there is one-to-one mapping between the data radio bearer (DRB) ID at the RRC level and the logical channel ID (LCID) at the MAC level. In other words, to support up to 15 DRBs we need to ensure that the LCID space can accommodate the required number of entries.
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Figure 1: Current structure of the MAC sub-header (with 16-bits LSN field)

Figure 1 presents the current structure of the MAC sub-header (which for the sake of simplicity shows only one case with 16 bit LSN field). As can be seen, the LCID field takes 5 bits which in principle allows addressing up to 32 different values. However, the LCID field space is shared between SRBs, DRBs and MAC control elements. As can be seen from Annex A, only several spare values remain in the LCID space. If we consume all the spare values to address more logical channels, there could be no values left for e.g. MAC control elements.
There is one "R" field left in the sub-header which in principle can be used to extend the LCID space. However, if we decide to re-use this bit to extend the LCID space, there will be no way to extend further MAC sub-header in the future if so needed. Thus, we need to extend the structure of the whole header to accommodate more LCID values and to be able to introduce other control fields, if so required in future releases.
Proposal 1:
The MAC sub-header structure should be extended to support more LCID values (as already indicated by the WI description). 

Referring back to Figure 1, we can re-use "R" field to indicate presence of the extended sub-header which could be represented by octet carrying additional control information. Figure 2 presents how the final structure might look like (using 16-bits LSN as an example). As can be seen from Figure 2, if F3/R bit is set to 1, then there is another octet with control information, in which we can allocate more values for the LCID space. 
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Figure 2: Exemplary structure of the extended MAC sub-header (with 16-bits LSN field)
Figure 2 shows an example when one additional bit is allocated for the LCID space resulting in 6 bits of the total space that can address up to 64 different values (same as in NR). It should be decided whether it is enough to have 64 different values or whether it should be extended up to e.g. 128 different values to be future proof for future releases and features.

Proposal 2a:
Existing "R" field is used to indicate whether an additional octet is added to the MAC sub-header.

Proposal 2b:
Additional bits are allocated for the LCID field in the extended part. 

Proposal 2c:
At least 1 bit is added for the LCID space; FFS whether more bits are needed. 

2.2
Other considerations
It should be noted that even a UE supports increased number of DRBs it does not necessarily mean that both UE and RAN will resort for using extended MAC sub-header all the time. In fact, when a UE enters the network, the latter does not even know whether a UE supports extended number of DRBs, and thus the legacy MAC sub-header will be used. The extended sub-header is needed only when the network enables more than 8 DRBs and/or when higher LCID space values are used.  
Proposal 3:
A transmitting entity decides whether to use legacy or extended MAC sub-header (e.g. based on the LCID value). 

3
Conclusions

In this discussion paper we have presented our initial considerations on the MAC sub-header design and structure to support increased number of DRBs. Since it is already specified by the WI description that the MAC sub-header must be extended, we suggest re-using the "R" field to indicate presence of the extension part, in which additional bit(s) for the LCID space can be allocated. 
Proposal 1:
The MAC sub-header structure should be extended to support more LCID values (as already indicated by the WI description). 

Proposal 2a:
Existing "R" field is used to indicate whether an additional octet is added to the MAC sub-header.

Proposal 2b:
Additional bits are allocated for the LCID field in the extended part. 

Proposal 2c:
At least 1 bit is added for the LCID space; FFS whether more bits are needed. 

Proposal 3:
A transmitting entity decides whether to use legacy or extended MAC sub-header (e.g. based on the LCID value). 
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Annex A: Existing portioning of the LCID space in DL and UL MAC sub-headers
Table 6.2.1-1 Values of LCID for DL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011-10100
	Reserved

	10101
	Activation/Deactivation of CSI-RS

	10110
	Recommended bit rate

	10111
	SC-PTM Stop Indication

	11000
	Activation/Deactivation (4 octets)

	11001
	SC-MCCH, SC-MTCH (see note)

	11010
	Long DRX Command

	11011
	Activation/Deactivation (1 octet)

	11100
	UE Contention Resolution Identity

	11101
	Timing Advance Command

	11110
	DRX Command

	11111
	Padding

	NOTE: Both SC-MCCH and SC-MTCH cannot be multiplexed with other logical channels in the same MAC PDU except for Padding and SC-PTM Stop Indication


Table 6.2.1-2 Values of LCID for UL-SCH

	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101-10011
	Reserved

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding
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