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1 Introduction

In RAN2 AH-1801 meeting, the following agreements on PDCP duplication were made:
Agreements:

1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

2. Baseline is that packed duplication is support for data PDUs

3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  

4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity

5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  

6. Packet duplication does not impact RLC data volume

7. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.

8. The deactivated RLC entity is not re-established 

9. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  

10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.

11. If SRB is configured to use duplication, the state is always active

12. FFS Duplication is supported for SRBs for CA 

In RAN2 AH-1801 meeting, SRB CA duplication was discussed but not concluded yet, because impact and use case of SRB CA duplication were not clear. This contribution clarifies some unclear aspects of the SRB CA duplication and discusses FFS points. Also this contribution discusses more detail of UE behavior on activation and deactivation.
2 SRB CA Duplication
2.1 Impact of SRB CA Duplication
One aspect of discussion on SRB CA duplication is how L2 protocol should be changed to support it. In our view, the following impacts may be considered:
1) Additional LCID is required: CA duplication needs two independent logical channels with different LCID values. However, each SRB has a pre-allocated LCID value. In order to support SRB CA duplication, at least one additional LCID value is needed for each SRB. It can be either pre-allocated or configured in RLC-Bearer-Config by RRC. RAN2 may need to consider extend LCID space which supports 32 LCIDs currently in TS38.321.
2) Cell restriction is required: CA duplication requires cell restriction which is contained in LogicalChannelConfig, according to NR RRC. LogicalChannelConfig is conditional use on DRB setup. In SRB setup, this IE does not need to appear because SRB just uses the default parameters. Currently, LogicalChannelConfig contains parameters on LCP, SR and SPS. If SRB CA duplication is supported, all other IEs should be conditional on DRB. 
3) No change of PDCP-Config: If two RLC bearers are configured, moreThanOneRLC can be configured. However, current ASN.1 can be reused without change.
Figure 1 and Figure 2 show examples of required change to ASN.1. 
2.2 Use Case of SRB CA Duplication

Another aspect of discussion is which use case requires SRB CA duplication. In NR, SRB duplication is supported to increase reliability of control plane data. There are a number of transmission diversity mechanisms supported in NR utilizing time domain (e.g. HARQ), frequency domain (e.g. duplication in different carrier) and spatial domain (e.g. duplicate transmission over MN link and SN link). As the reliability requirement (1 - 10-5 transmission success rate within 1ms) and latency requirement (average 0.5 ms UP transmission latency for URLLC) of NR are only defined for user plane and not for control plane, we believe required reliability level of MCG SRB transmission can be provided using time diversity alone (i.e. more HARQ retransmission). If latency also needs to be enhanced for MCG SRB, special diversity can be used together. The need of additional frequency domain diversity seems not justified.
By considering impact and use case of SRB CA duplication, we do not think that it is not an essential feature. So we propose:
Proposal 1:
SRB duplication is not supported for CA cases
RLC-Bearer-Config ::=







SEQUENCE {


-- ID used commonly for the MAC logical channel and for the RLC bearer.


logicalChannelIdentity





LogicalChannelIdentity,


-- Associates the RLC Bearer with an SRB or a DRB. The UE shall deliver DL RLC SDUs received via the RLC entity of this


-- RLC bearer to the PDCP entity of the servedRadioBearer. Furthermore, the UE shall advertise and deliver uplink PDCP PDUs of the 


-- uplink PDCP entity of the servedRadioBearer to the uplink RLC entity of this RLC bearer unless  the uplink scheduling 


-- restrictions ('moreThanOneRLC' in PDCP-Config and the restrictions in LogicalChannelConfig) forbid it to do so.


servedRadioBearer






CHOICE {



srb-Identity                           SRB-Identity,



drb-Identity                           DRB-Identity


}


























OPTIONAL,
-- Cond LCH-SetupOnly


reestablishRLC







ENUMERATED {true}











OPTIONAL, 
-- Need N


rlc-Config








RLC-Config













OPTIONAL,
-- Cond LCH-Setup


mac-LogicalChannelConfig




LogicalChannelConfig










OPTIONAL
-- Cond LCH-SetupOnly
}

LogicalChannelIdentity ::= 




INTEGER (1..maxLC-ID)

	Conditional Presence
	Explanation

	LCH-SetupOnly
	The field is mandatory present if the corresponding LCH is being set up; otherwise it is not present.

	LCH-Setup
	The field is mandatory present if the corresponding LCH is being set up for DRB; otherwise it is optionally present, need M.

	ReconfWithSync
	The field is mandatory present in case of SpCell change and security key change; otherwise it is optionally present, need M.

	SCellAdd
	The field is optionally present, need M, upon SCell addition; otherwise it is not present

	SCellAddMod
	The field is mandatory present upon SCell addition; otherwise it is optionally present, need M.


Figure 1. Possible change of RLC-Bearer-Config

-- ASN1START 
-- TAG-LOGICAL-CHANNEL-CONFIG-START

LogicalChannelConfig ::=

SEQUENCE {


ul-SpecificParameters


SEQUENCE {



priority





INTEGER (1..16),














 OPTIONAL,
-- Cond UL


prioritisedBitRate



ENUMERATED {kBps0, kBps8, kBps16, kBps32, kBps64, kBps128, kBps256, kBps512, 












kBps1024, kBps2048, kBps4096, kBps8192, kBps16384, kBps32768, kBps65536, infinity},OPTIONAL,
-- Cond UL


bucketSizeDuration



ENUMERATED {ms50, ms100, ms150, ms300, ms500, ms1000, spare2, spare1},

OPTIONAL,
-- Cond UL


allowedServingCells



SEQUENCE (SIZE (1..maxNrofServingCells)) OF ServCellIndex




OPTIONAL,
-- Need R


allowedSCS-List



SEQUENCE (SIZE (1..maxSCSs)) OF SubcarrierSpacing














OPTIONAL,
-- Cond UL


maxPUSCH-Duration




ENUMERATED {ffsTypeAndValue}











OPTIONAL,
-- Cond UL


configuredGrantType1Allowed

ENUMERATED {true}














OPTIONAL,
-- Cond UL


logicalChannelGroup



INTEGER (0..maxLCG-ID)











OPTIONAL,



schedulingRequestID



SchedulingRequestId














OPTIONAL,
-- Cond UL
BOOLEAN,



logicalChannelSR-DelayTimerApplied
BOOLEAN

}





























-- other parameters


...

}

-- TAG-LOGICAL-CHANNEL-CONFIG-STOP

-- ASN1STOP

	Conditional Presence
	Explanation

	UL
	The field is mandatory present for a logical channel with uplink if it serves DRB. It is optionally present for a logical channel with uplink if it serves an SRB. otherwise it is not present.


Figure 2. Possible change of LogicalChannelConfig

3 Detail of Activation and Deactivation of Duplication
In the last ad hoc meeting, high-level principle upon activation and deactivation was agreed as follows:

· Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  

· For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.
· For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  
However, detail of UE behaviour is not defined yet. In other words, which PDUs should be duplicated and how UE maintains the duplication are not clear. In our view, it is better to introduce a new variable to control the duplication operation. This variable indicates SN of the PDU to be duplicated next and is updated after performing duplication. When the duplication is deactivated, UE just stops the duplication as well as update of the variable. We name the variable DUP_Next and the intended behaviour is summarised in Table 1. 
	Upon Duplication Activation
	During Duplication Activation 

	Initialize DUP_Next to TX_NEXT - 1
	Duplicate PDCP PDU with SN = DUP_Next

	
	Forward Duplicated PDCP PDU to the lower layer and increment DUP_Next by 1 

	
	Continue duplication and DUP_Next update

	Upon Duplication Deactivation
	During Duplication Deactivation

	Stop duplication 
	No duplication and no upate of DUP_Next

	Indicate lower to discard RLC PDUs and RLC SDUs 
	


Table 1. Activation and deactivation of PDCP duplication
Proposal 2: A new PDCP variable DUP_Next is introduced.
4 Conclusion

Based on the discussion, we would like to propose the following:
Proposal 1:
SRB duplication is not supported for CA cases.
Proposal 2: 
A new PDCP variable DUP_Next is introduced.
