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Introduction
The number of remaining LCIDs is about to run out and we propose to extend the LCID space. This was discussed in RAN2#97 without any satisfactory conclusion. In this paper we present solutions on how to go about extending the LCID space.
[bookmark: _Ref178064866]Discussion
As explained in our previous contribution [1] we are running out of LCIDs to use for new MAC CEs as shown in Table 1. Currently there are only 7 LCIDs left for the UL based on TS 36.321 version 14.2.1.
Table 1 – Remaining LCIDs in MAC per release.
	Release
	Remaining LCIDs

	
	DL
	UL

	Rel-11
	16
	14

	Rel-12
	15
	10

	Rel-13
	13
	10

	Rel-14
	10
	7



While RAN2 can choose to postpone this problem until all LCIDs are used we think there are good arguments to extend the LCID space now. As seen in Rel-14 there has been a need to use different values for the CCCH when transmitting message 3 in the random access procedure. A UE of Category 0 uses the LCID value “01011” for CCCH (unless it supports frequency hopping in which case it uses value "01100") whereas other UEs use value “00000”. We think this is an example when the UE must convey a certain capability very early in the connection procedure to the eNB. We think this possibility should be open also in future releases for scenarios where no other feasible solution can be found. If RAN2 decides to correct the problem of the LCID space later with a solution which increases the size of the MAC subheader for message 3, the random access procedure can no longer be flexibly used to convey early capabilities.
[bookmark: _Toc477951663][bookmark: _Toc478047679]The current LCID value can be used to convey UE capabilities before the RRC connection has been setup.
[bookmark: _Toc477951665][bookmark: _Toc477952087][bookmark: _Toc478047673]Future extensions of the LCID space should support the UE to transmit UE capabilities before the RRC connection has been setup.
Solution 1 – Use of the R-bit to indicate a new LCID table
Figure 1 shows the existing R/F2/E/LCID subheader. The R-field is currently set to 0 and has no meaning today. It can be used to introduce additional LCID values.


Figure 1 – R/F2/E/LCID sub-header
If the R-bit is set equal to 1 a different table of LCID values would be used. This table would not contain any LCIDs for the existing MAC CEs or for logical channels, but instead be for 32 new MAC CEs only. Strictly speaking, the R-bit is turned to a “V-bit” (V for version), making the new sub-header look like in Figure 2 (corresponding changes can be made to the other MAC sub-headers).


Figure 2 – V/F2/E/LCID sub-header
If the receiver (eNB or UE) gets a MAC sub-header with the V-bit set to 0 it would use the existing tables 6.2.1-1 and 6.2.1-2 for DL and UL. If the V-bit is set to 1 the receiver would use new tables. 
The drawback with this solution is that no new reserved bits which can be used for future extensions are introduced so there are no R-bits left. Any future extensions must be made using other techniques (e.g. using a special value of LCID). An advantage is that this solution does not increase the size of the MAC sub-header so it is particularly useful for scenarios when overhead is critical.
Solution 2 – Use of the R-bit to indicate a new LCID field
Solution 2 is similar to solution 1 in that the R-bit is set equal to 1. However, unlike solution 1 for solution 2 the R-bit (or V-bit) indicates presence of 1 additional byte which allows for more R-bits and a new longer LCID field. This is shown in Figure 3.


Figure 3 – V/F2/R/R/R/R/R/R/E/LCID sub-header
If the receiver (eNB or UE) gets a MAC sub-header with the V-bit set to 0 it would use the existing tables 6.2.1-1 and 6.2.1-2 for DL and UL. If the V-bit is set to 1 the receiver would use the new longer LCID field and new tables.
An advantage of this solution is that it introduces new R-bits which allows for future extensibility. It also introduces a longer LCID field allowing for 128 new LCID values, but 32 of these must be used to cater for the LCID values existing today, so in principle only 96 LCID values remain. However, if this is deemed too small the LCID field can be extended at the expense of fewer R-bits. The drawback is that the sub-header size is increased with one byte. However as explained in [1] RAN2 could assign LCIDs for MAC CEs used in overhead critical scenarios to the existing (5-bit) tables.
If this solution is chosen RAN2 should decide whether to move the LCID values of MAC CEs introduced in Rel-14 to the new LCID table to keep some reserved LCID values for overhead-critical scenarios.
Solution 3 – Special LCID value
This solution introduces a special LCID value among the existing values (see Index 01011 in Table 2) as an indicator of presence of a new LCID-field in the header which has a new mapping table. The example is for the downlink, but the principle is the same for the uplink.
Table 2 (Table 6.2.1-1 Values of LCID for DL-SCH)
	Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	Presence of new LCID field

	01100-10100
	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



If the LCID is set to the “special value” the MAC subheader could look like in Figure 4 and the UE reads LCID2 from a new table to find out which MAC CE is included.


Figure 4 – R/F2/E/LCID/R/R/R/LCID2 sub-header
This way we introduce 32 new LCID values, but we could also make use of the 3 new R-bits and have an 8-bit LCID2 field introducing 256 new LCID values. The possibility to add 256 new LCIDs together with the fact the R-bits are left for future extensions are the advantages of this solution. A drawback is that the solution adds one extra byte making it difficult to use in overhead-critical scenarios. 
If this solution is chosen RAN2 should decide whether to move the LCID values of MAC CEs introduced in Rel-14 to the new LCID2 table to keep some reserved LCID values for overhead-critical scenarios. 
Evaluation
Solution 1 introduces no additional size while solutions 2 and 3 introduce one additional byte. Solutions 2 and 3 allow for introduction of more than 32 new LCID values whereas solution 1 is restricted to 32 values.
Table 3 – Evaluation result of the solutions
	
	Solution 1
	Solution 2
	Solution 3

	Additional size
	0 bytes
	1 byte
	1 byte

	Amount of new LCIDs
	32
	More than 32
	More than 32

	R-bits left
	No
	Yes
	Yes



Even though solution 1 has the lowest additional size we think the lack of R-bits limits future extensibility. Therefore, it is ruled out. When selecting between solutions 2 and 3 it can be understood that the exact number of new LCIDs in both solution 2 and solution 3 can be traded for R-bits. If solution 3 is setup with 6 R-bits (as shown in figure 5) to allow for a fair comparison with solution 2, only three bits are left for the LCID2 field. Hence only 8 new LCID values can be introduced in this case. As solution 2 allows for 96 new LCID values and 6 R-bits we think solution 2 should be chosen. 


Figure 5 – Solution 3 with 6 R-bits
In conclusion, solution 2 has 13 bits to spend for LCID field and R-bits, while solution 3 has 9 bits for LCID field and R-bits.
[bookmark: _Toc477951666][bookmark: _Toc477952088][bookmark: _Toc478047674]Change the R-bit in the MAC sub-headers for UL-SCH and DL-SCH to a V-bit.
[bookmark: _Toc477951667][bookmark: _Toc477952089][bookmark: _Toc478047675]When the V-bit is equal to zero the existing tables for LCID values are used.

[bookmark: _Toc477951668][bookmark: _Toc477952090][bookmark: _Toc478047676]Introduce a new V/F2/R/R/R/R/R/R/E/LCID MAC sub-header with 7-bit LCID field and new corresponding sub-headers for other values of F2 and E.

[bookmark: _Toc477951669][bookmark: _Toc477952091][bookmark: _Toc478047677]Introduce new LCID tables for 7-bit LCID values to be used when the V-bit is equal to 1.
[bookmark: _Toc477952092][bookmark: _Toc478047678]Out of the added MAC CEs added in Rel-14 the non-overhead critical MAC CEs should be reassigned to the new LCID table.
Need for a capability bit
There is no need for a capability bit for this change as such. Instead we can stick to the current scheme where individual MAC CEs require a capability bit.
[bookmark: _Toc477951664][bookmark: _Toc478047680]No need to introduce a capability bit to show that a UE supports this solution.

Conclusion
In section 2 we made the following observations:
Observation 1	The current LCID value can be used to convey UE capabilities before the RRC connection has been setup.
Observation 2	No need to introduce a capability bit to show that a UE supports this solution.

Based on the discussion in section 2 we propose the following:
Proposal 1	Future extensions of the LCID space should support the UE to transmit UE capabilities before the RRC connection has been setup.
Proposal 2	Change the R-bit in the MAC sub-headers for UL-SCH and DL-SCH to a V-bit.
Proposal 3	When the V-bit is equal to zero the existing tables for LCID values are used.

Proposal 4	Introduce a new V/F2/R/R/R/R/R/R/E/LCID MAC sub-header with 7-bit LCID field and new corresponding sub-headers for other values of F2 and E. 
Proposal 5	Introduce new LCID tables for 7-bit LCID values to be used when the V-bit is equal to 1.
Proposal 6	Out of the added MAC CEs added in Rel-14 the non-overhead critical MAC CEs should be reassigned to the new LCID table.
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