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1   Introduction
In the previous RAN2 meetings, the following agreements were made for PDCP duplication [1] [2] [3]:
	Agreements in RAN2#99bis
1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2
RAN2 works on PDCP data duplication for both CA and DC.

3
At least UM bearers are supported for PDCP duplication via CA.
4
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.

5
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

Agreements in RAN2#100

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
2
The logical channel handling can take the NR’s conclusion as baseline:

Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

3
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

4
Support RLC UM for packet duplication via DC.

Agreements in RAN2#101

1
Introduce UE capabilities for packet duplication.

2
RRC can be used to de-configure the packet duplication directly.

Agreements in RAN2#101bis

1
For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the eNB (e.g. SCell-RLF) but no RRC re-establishment happens.

2
For RLC AM, support out-of-order delivery from RLC to PDCP. It should be a separate capability to support RLC out-of-order delivery. FFS RLC UM case.

3
The out-of-order delivery from RLC to PDCP is configurable.

4
Do not duplicate PDCP Control PDUs and PDCP Control PDUs shall be always transmitted in the primary leg.
5
Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.
6
One single PBR value is used regardless of whether duplication is activated or deactivated.

7
sCellDeactivationTimer is restarted when a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment.


However, there is still no agreement on logical channel ID allocation for packet duplication. In this contribution, we will discuss the logical channel ID allocation for PDCP duplication in details.
2   Discussion

In legacy LTE, there are three SRBs i.e. SRB0, SRB1 and SRB2. SRB0 is default configured with logical channel #0 and SRB1/2 is configured by dedicated RRC signaling as shown below. 
SRB-ToAddMod ::=
SEQUENCE {


srb-Identity





INTEGER (1..2),

rlc-Config






CHOICE {



explicitValue





RLC-Config,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


logicalChannelConfig



CHOICE {



explicitValue





LogicalChannelConfig,



defaultValue





NULL


}

OPTIONAL,















-- Cond Setup


...

}

Obviously, there is the IE of srb-Identity to identify the SRB. The logical channels, which the SRBs are mapped to, are default configured in section 9.1.2 in TS 36.331 as shown in Annex. That is, SRB1 is mapped to logical channel #1 and SRB2 is mapped to logical channel #2. As agreed in RAN2#100, SRB duplication is supported in LTE and duplicated PDCP PDUs are submitted to two different RLC entities for two different LCHs. Thus, the LCHs for SRB should be extended to support duplicated PDCP PDUs, following table shows an example.
	SRB
	0
	Duplicated SRB #1 
	Duplicated SRB #2 
	DRB m
	DRB n
	…

	Logical channel
	#0
	#1
	?
	#2
	?
	#3
	#4
	#...


Proposal1: The LCHs for SRBs should be extended to support duplicated PDCP PDUs on SRBs.
And now in the running CR, it was specified as follows:

SRB-ToAddModDupl-r15 ::=


SEQUENCE {


srb-Identity





INTEGER (1..2),

rlc-Config-Dupl-r15




RLC-Config-Dupl-r15


OPTIONAL,
-- Need ON

logicalChannelIdDupl-r15


INTEGER (1..10)



OPTIONAL,
-- Need ON

logicalChannelConfig-Dupl-r15

LogicalChannelConfig

OPTIONAL
-- Need ON

}

Obviously, at least 1...3 is not within the value range of logicalChannelIdDupl-r15 for duplicated SRB. And it is necessary to discuss on how to occupy the original logical channels for DRB as the duplicated logical channel for SRBs in the next meeting to get some conclusion. The following two options can be considered:
One option is to reuse the similar configuration scheme as legacy SRBs, i.e. default configure the logical channels for duplicated SRBs. The drawback is there is less flexibility as the duplication operation may be deactivated or not configured. In that case, the logical channels default configured for duplicated SRBs cannot be used for other RBs. 
The other option is to configure the logical channels for duplicated PDUs with dedicated signaling as the configuration of DRBs, which is more flexible than former option.
Proposal2: Configure the logical channels for duplicated SRB PDUs with dedicated signaling instead of default configuration.

Currently, logical channels #0, #1 and #2 are configured for SRBs. Except for NB-IoT, logical channels from #3 to #10 are configured for DRBs. We can configure logical channels e.g. #11 and #12 for duplicated SRB1 and SRB2. Alternatively, we can configure e.g. logical channel #3 and #4 for duplicated SRB1 and SRB2. Obviously, the latter option will reduce the configurable number of logical channels for DRBs. In general, when the SRB is configured with duplication, the DRB may also be configured with duplication. Then the logical channels may be exhausted. 
Observation 1: The occupation of the original logical channels for DRB as the duplicated logical channel for SRBs may result in the lack of logical channel for DRB.
Considering the WID [4] of increasing number of E-UTRAN bearers is approved, and there are following agreements reached in RAN2#101bis meeting.

	Agreements 

=>
Use of special value of LCID to indicate presence of extended LCID field after the octet containing the legacy LCID field. eLCID is in addition to the exiting LCID space. 

=>
10000 is used for extended LCID field

=>
eLCID is 5 bits long

=>
At least 4 entries should be added to existing DRB lists.  FFS if more are needed 

=>
DRB configuration info should have an extension to address higher logical channel ID values 

=>
There should be AS level UE capability indicating support of 15 DRBs

=>
A UE supporting increased number of DRBs should support any combination of the RLC AM and UM entities


However, there is no available agreement for discussion of PDCP duplication and we can wait for the further progress of the WID when we discuss the detailed extension of logical channel for duplication operation.
Observation 2: The WID of increasing number of E-UTRAN bearers is approved, which may impact the configuration of logical channels associated to E-UTRAN bearers for duplication operation.
Proposal3: RAN2 is asked to take the the progress of E-UTRAN bearer extension into account when discuss the detailed extension of logical channels for duplication operation.
3   Conclusion

In this paper, we discussed the extension of radio bearers for duplication operation. First, we observed that:
Observation 1: The occupation of the original logical channels for DRB as the duplicated logical channel for SRBs may result in the lack of logical channel for DRB.
Observation 2: The WID of increasing number of E-UTRAN bearers is approved, which may impact the configuration of logical channels associated to E-UTRAN bearers for duplication operation.
Then we proposed:
Proposal1: The LCHs for SRBs should be extended to support duplicated PDCP PDUs on SRBs.
Proposal2: Configure the logical channels for duplicated SRB PDUs with dedicated signaling instead of default configuration.
Proposal3: RAN2 is asked to take the progress of E-UTRAN bearer extension into account when discuss the detailed extension of logical channels for duplication operation.
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5   Annex

9.1.2
SRB configurations

9.1.2.1
SRB1

Parameters

	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	
	

	logicalChannelIdentity
	1
	
	


9.1.2.1a
SRB1bis

Parameters

	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	
	

	logicalChannelIdentity
	3
	
	


9.1.2.2
SRB2

Parameters

	Name
	Value
	Semantics description
	Ver

	RLC configuration
	
	
	

	logicalChannelIdentity
	2
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