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Introduction
New WI on increasing the number of DRBs to 15 was approved in RP-180569 [1]. The work item objective is to extend RAN side protocols and interfaces to support up to 15 data radio bearers at the UE side. The intended changes are:
· Extend the logical channel ID space by extending the MAC header structure (TS 36.321)
· Extend the logical channel ID space in the RRC signalling and allow to signal up to 15 data radio bearers (TS 36.331)
· Specify number of supported RLC AM and UM entities for extended number of LTE data bearers (TS 36.331)
· Introduce the UE capability for the extended number of LTE data bearers (36.306)
In this contribution, we discuss the specification impacts to TS 36.321 and TS 36.331 to support up to 15 DRBs.
Discussion
Impacts to TS 36.321
Currently in TS 36.321, the LCID field size is 5 bits, and the usage of LCID for DL and UL are specified in Table 6.2.1-1 and 6.2.1-2, respectively. For convenience, the tables are copied below.
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



It can be seen that currently 10 LCIDs (from 00001 to 01010) are used for DRBs and SRBs. According to TS 36.331, LCID 1, 2, 3, are used for SRB1, SRB2, and SRB1bis (for NB-IoT), respectively. Considering that LTE will also support URLLC in LTE, the nubmer of DRBs supported is rather limited since packet duplication doubles the usage of LCID when CA packet duplication is used.
From above discussion, it can be seen that extending the LCID space used for logical channels is necessary for LTE to support up to 15 DRBs.
Simply using reserved LCIDs for DRBs is not a viable solution. From above tables, it can be seen that there are 10 values (from 01011 to 10100) reserved for DL and 7 values (from 01101 to 10011) reserved for UL. If all the remaining 7 values in UL are used for DRB, there will be no reserved values left for future MAC CEs. Therefore extension of LCID field is necessary.
Previously, LCID extension was discussed in RAN2, e.g. based on contributions [2][3][4]. There are mainly two approaches:
- Option A: Using the R-bit to indicate a new LCID field [2][3]. In this option, the R-bit serves as a version field and when it is set to 1, a longer LCID field is used. Additional reserved bits are provisioned for future extension. An example from [2] is shown below:


- Option B: Using a special LCID value to indicate the presence of a new LCID field [2][4]. In this approach, there are two LCIDs signaled in the MAC sub-header, with the first LCID field including a fixed special value, and the second LCID field containing the actual value. An example from [2] is shown below:


The benefit of Option A is that there could be more reserved bits left. However, for the legacy LCID values (from 00000 to 11111), there is no R-bit left if legacy format is used. If future extension of MAC functionality is needed, the new MAC header format should be used, which has one more byte overhead. There is no such issue for Option B since the R-bit is still present for the legacy format.
In summary, there is no critical difference between Option A and B, and the main difference is mainly regarding the future extensibility.
[bookmark: Proposal_solution]Proposal 1: RAN2 to further discuss which option is used to extend LCID field.
No matter which solution to adopt, we need to decide the length of the new LCID field. We can take NR as reference since LCID field is extended to 6 bits in NR. In RAN2#101 meeting, following was agreed in NR user plane session regarding the number of DRBs can be supported in NR:
Observations from UP on what is possible with existing specs
=>	RAN2 UP agrees that the reserved LCID space for logical channels ID cannot be increased past 32  
=>	With this limitation, a maximum of 29 DRBs can be configured without any CA duplicate bearer configured.  
=>	With CA duplications up to 19 DRBs can be configured.  A maximum of 8 DRBs and 2 SRBs can be configured with CA duplication, which means that 18 logical channel ID are taken for duplicate DRBs/SRBs.  That means that 11 other DRBs can be configured without duplication, making a total of 19DRBs in worst case scenario. 

It can be seen that 6 bit LCID is sufficient to support more than 15 DRBs even if CA packet duplication is considered. Therefore it is proposed to extend LCID field to 6 bits to support up to 15 DRBs.
[bookmark: Proposal_6bits]Proposal 2: LCID field is extended to 6 bits.
With the extension of LCID field, one question is whether the new LCIDs for DRBs should use the existing reserved values (from 01101 to 10011), or newly extended values (from 100000 to 111111). It is proposed to leave the existing reserved values to be used for MAC CEs, since the additional 1 byte overhead for new LCID field could have more impact on MAC CEs which are typically short compared with MAC SDUs. Therefore the new LCIDs for DRBs should use the extended LCID values. Next question is how many new LCID values are to be used for logical channels. NR can be taken as reference here again. In NR, there are 32 LCIDs for logical channels. Given that there are already 10 LCIDs in LTE, 22 additional LCIDs can be allocated for logical channels. This means that LCIDs from 100000 to 110101 can be allocated for logical channels.
[bookmark: Proposal_LCIDs]Proposal 3: LCIDs from 100000 to 110101 are allocated for logical channels.
Impacts to TS 36.331
To extend the logical channel ID space in the RRC signalling to support up to 15 DRBs, it is straightforward to add the optional IE logicalChannelIdentity-v15xy to IEs DRB-ToAddMod and DRB-ToAddModSCG-r12 as below. It should be noted that only one of logicalChannelIdentity and logicalChannelIdentity-v15xy needs to be signalled, which requires changes to the conditions SetupM and SetupS.
DRB-ToAddMod ::=	SEQUENCE {
	eps-BearerIdentity					INTEGER (0..15)			OPTIONAL,		-- Cond DRB-Setup
	drb-Identity						DRB-Identity,
	pdcp-Config							PDCP-Config				OPTIONAL,		-- Cond PDCP
	rlc-Config							RLC-Config				OPTIONAL,		-- Cond SetupM
	logicalChannelIdentity				INTEGER (3..10)			OPTIONAL,		-- Cond DRB-SetupM
	logicalChannelConfig				LogicalChannelConfig	OPTIONAL,		-- Cond SetupM
	...,
	[[	drb-TypeChange-r12					ENUMERATED {toMCG}		OPTIONAL,		-- Need OP
		rlc-Config-v1250					RLC-Config-v1250		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1310					RLC-Config-v1310		OPTIONAL,		-- Need ON
		drb-TypeLWA-r13						BOOLEAN					OPTIONAL,		-- Need ON
		drb-TypeLWIP-r13					ENUMERATED {lwip, lwip-DL-only,
											 lwip-UL-only, eutran}		OPTIONAL		-- Need ON
	]],
	[[	rlc-Config-v1430					RLC-Config-v1430		OPTIONAL,		-- Need ON
		lwip-UL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwip-DL-Aggregation-r14				BOOLEAN					OPTIONAL,		-- Cond LWIP
		lwa-WLAN-AC-r14			ENUMERATED {ac-bk, ac-be, ac-vi, ac-vo}	OPTIONAL	-- Cond UL-LWA
	]],
	[[	rlc-Config-v15xy					RLC-Config-v15xy		OPTIONAL		-- Need ON
	]],
	[[   logicalChannelIdentity-v15xy		INTEGER (32..43)    OPTIONAL,		-- Cond DRB-SetupM
	]]
}

DRB-ToAddModSCG-r12 ::=	SEQUENCE {
	drb-Identity-r12					DRB-Identity,
	drb-Type-r12						CHOICE {
		split-r12							NULL,
		scg-r12								SEQUENCE {
			eps-BearerIdentity-r12				INTEGER (0..15)	OPTIONAL,	-- Cond DRB-Setup
			pdcp-Config-r12						PDCP-Config		OPTIONAL	-- Cond PDCP-S
		}
	}															OPTIONAL,	-- Cond SetupS2
	rlc-ConfigSCG-r12					RLC-Config				OPTIONAL,	-- Cond SetupS
	rlc-Config-v1250						RLC-Config-v1250			OPTIONAL,	-- Need ON
	logicalChannelIdentitySCG-r12		INTEGER (3..10)			OPTIONAL,	-- Cond DRB-SetupS
	logicalChannelConfigSCG-r12			LogicalChannelConfig	OPTIONAL,	-- Cond SetupS
	...,
	[[	rlc-Config-v1430					RLC-Config-v1430		OPTIONAL		-- Need ON
	]],
 	[[   logicalChannelIdentity-v15xy		INTEGER (32..43)    OPTIONAL,		-- Cond DRB-SetupS
	]]

}

[bookmark: Proposal_RRC]Proposal 4: An optional IE logicalChannelIdentity-v15xy is added to IEs DRB-ToAddMod and DRB-ToAddModSCG-r12. Only one of logicalChannelIdentity and logicalChannelIdentity-v15xy needs to be signalled when DRB is setup.
Another RRC issue is the number of AM and UM entities to be supported by UE. FGI 20 specified the combination of RLC AM and UM entities, depending on whether UE supports RLC AM (FGI 7).
Table B.1-1: Definitions of feature group indicators
	Index of indicator (bit number)
	Definition
(description of the supported functionality, if indicator set to one)
	Notes
	If indicated "Yes" the feature shall be implemented and successfully tested for this version of the specification
	FDD/ TDD diff

	7
	- RLC UM
	- can only be set to 0 if the UE does neither support VoLTE nor MCPTT
	Yes, if UE supports VoLTE, MCPTT, or both.
Yes, if UE supports SRVCC to EUTRAN from GERAN.
	No

	20
	If bit number 7 is set to 0:
- SRB1 and SRB2 for DCCH + 8x AM DRB

If bit number 7 is set to 1:
- SRB1 and SRB2 for DCCH + 8x AM DRB
- SRB1 and SRB2 for DCCH + 5x AM DRB + 3x UM DRB

NOTE: UE which indicate support for a DRB combination also support all subsets of the DRB combination. Therefore, release of DRB(s) never results in an unsupported DRB combination.

	- Regardless of what bit number 7 and bit number 20 is set to, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB
- Regardless of what bit number 20 is set to, if bit number 7 is set to 1, UE shall support at least SRB1 and SRB2 for DCCH + 4x AM DRB + 1x UM DRB

	Yes
	No



If UE supports up to 15 DRBs and UE does not support RLC UM, then it is natural that UE supports up to 15 AM DRBs. If UE supports up to 15 DRBs and UE supports RLC UM, to achieve maximum scheduling flexibility, it is proposed that UE can support any combination of AM and UM DRBs, as long as the total number of DRBs is less than or equal to 15 DRBs. The impact to UE implementation to support this is minimal. 
[bookmark: Proposal_UM]Proposal 5: If UE supports up to 15 DRBs and UE supports RLC UM, UE can support any combination of AM and UM DRBs, as long as the total number of DRBs is less than or equal to 15 DRBs.
Conclusion
[bookmark: _GoBack]In this contribution, we discuss the specification impacts to TS 36.321 and TS 36.331 to support up to 15 DRBs, and propose the following:
Proposal 1: RAN2 to further discuss which option is used to extend LCID field.
Proposal 2: LCID field is extended to 6 bits.
Proposal 3: LCIDs from 100000 to 110101 are allocated for logical channels.
Proposal 4: An optional IE logicalChannelIdentity-v15xy is added to IEs DRB-ToAddMod and DRB-ToAddModSCG-r12. Only one of logicalChannelIdentity and logicalChannelIdentity-v15xy needs to be signalled when DRB is setup.
Proposal 5: If UE supports up to 15 DRBs and UE supports RLC UM, UE can support any combination of AM and UM DRBs, as long as the total number of DRBs is less than or equal to 15 DRBs.
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