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[bookmark: _GoBack]1	Introduction
RAN2 has agreed to keep the concept and operation as defined in TS 38.323/38.331 for the “primaryPath”. Yet, it is still open if the RLC entity which is defined as primary path can be deactivated for transmission of PDCP Data PDUs or it must always be activated and deliver PDCP Data PDUs. This contribution argues that the RLC activation status should only affect the delivery of PDCP Data PDUs to the indicated RLC entity (regardless if PDCP Control PDUs are still delivered in that RLC).
In addition, this contribution also looks at the RRC configuration and initial operation of PDCP Duplication. Last, the contribution also looks at some potential failures and the UE behaviour when these occur.
[bookmark: _Ref178064866]2	Discussion
2.1	Independence between PDCP Control and Data PDUs
PDCP Control PDUs are not duplicated and are only transmitted over the primary RLC entity (primaryPath). This means that the RLC entity in which PDCP Control PDUs are delivered cannot be deactivated for this concrete purpose (i.e. for the transmission of PDCP Control PDUs). However, that PDCP Control PDUs must be transmitted over a pre-configured RLC entity does not have to imply that PDCP Data PDUs must always be transmitted over the same RLC entity.
PDCP Data PDUs for URLLC services and PDCP Control PDUs have very distinct reliability and latency requirements and, therefore, the links in which URLLC user data and PDCP Control PDUs are delivered can also be different. When a certain link does not contribute positively to the latency and reliability requirements for the URLLC services, the link should be deactivated. For PDCP Duplication, this means that the PDCP entity is commanded to stop delivering PDCP Data PDUs to the RLC entity corresponding to the affected link. Even if the URLLC requirements are not met in a link, this link may still meet the requirements for PDCP Control PDUs.
Considering the argumentation above, it can be concluded that the purpose of activating and deactivating RLC entities is to ensure that the requirements for the transmission of PDCP Data PDUs for URLLC services are met regardless of the requirements of all other traffic e.g. PDCP Control PDUs or eMBB. Thus, the only traffic which should be affected by the activation and deactivation of an RLC entity is the traffic of the corresponding RB indicated in the configuration or MAC CE.
This means that when a MAC CE indicates the activation of an RLC entity for a specific RB, the associated PDCP entity should deliver PDCP Data PDUs to that RLC entity and, when a MAC CE indicates the deactivation of an RLC entity for a specific RB, the PDCP entity should not deliver PDCP Data PDUs to that RLC entity. Other traffic shall not be affected and PDCP Control PDUs are still delivered to the RLC entity defined as primary path.

[bookmark: _Toc24054220]The set of RLC entities activated for PDCP data PDU duplication does not necessarily need to include the primaryPath.
[bookmark: _Toc24054221]PDCP Control PDUs are always delivered to the primaryPath.

A new MAC CE format to control the RLC entities to which the PDCP delivers duplicates has been agreed. The MAC CE may be able to indicate the RLC entities involved in duplication. If all configured RLC entities can be involved in the duplication process independently, the MAC CE should be able to control each of the configured RLC entities individually. 
When all configured RLC entities can be activated and deactivated, there are issues to resolve. One issue is the UE behaviour when all RLC entities are indicated to be deactivated. The second issue is the UE behaviour when only one RLC entity is activated. Last but not least, also the fallback to split bearer case must be handled for DC.
2.2.	Rel-16 RRC Configuration and duplication operation
In Release 15, PDCP Duplication activation can be indicated via RRC in the Boolean IE “pdcp-Duplication”. This IE can still be used in Release 16. If the activation status of PDCP duplication is set to true (IE pdcp-Duplication, the UE should set all RLC entities in the configuration as activated. 
[bookmark: _Toc23752856][bookmark: _Toc24054222]PDCP duplication towards all configured RLC entities is activated if the IE pdcp-Duplication is set to true.

2.4 Handling associated RLC entities
Another question is on how handling of selective RLC entities to which PDCP duplicates can be delivered can be implemented in specification. Currently, a PDCP entity can have the following states only: PDCP duplication not configured, PDCP duplication configured and deactivated and PDCP duplication configured and activated. Generally, i.e. applicable for both PDCP duplication configured and PDCP split bearer configured, two RLC entities are “associated” with the PDCP entity (DRB). “Associated” can therefore be understood as configured or setup for the DRB. In legacy operation, when PDCP duplication is configured and activated, PDCP duplicates are delivered to both associated RLC entities. 
In Rel-16, to allow for PDCP duplication with up to four PDCP duplicates towards selective RLC entities, specification changes in PDCP are required. With the intention of a clean minimal invasive design, and e.g. not re-interpreting “associated”, one could take the following approach: PDCP maintains a state/list towards which associated RLC entities PDCP duplication is activated. Legacy behavior would be that PDCP duplication is activated towards all associated RLC entities, and with Rel-16 behavior PDCP duplication could be activated towards selected associated RLC entities, which are indicated as MAC entities.
[bookmark: _Toc24054223]Rel-16 specifications consider “PDCP duplication activated/deactivated towards associated RLC entities”.
The corresponding text proposal is shown in the Annex.

When PDCP Duplication is configured, the RRC will need to associate at least 2 RLC entities to a given DRB. However, when PDCP duplication is deactivated, the UE has to revert back to the DC configuration, if that was the initial configuration. When more than 2 RLC entities are configured for PDCP duplication, there is a need, therefore, to identify both primary RLC entity and secondary RLC entity as fallback. This can be done in ASN.1. Therefore, besides primaryPath, secondaryFallbackPath should be provided to handle this case in the moreThanOneRlc Configuration of the PDCP-Config.

[bookmark: _Toc24054224]When multiple RLC entities are configured for the DRB, and PDCP duplication is deactivated (less than 2 RLC entities activated for duplication), fallback to Split bearer operation is supported in Dual Connectivity (2 RLC entities belonging to different cell groups). 
[bookmark: _Toc24054225]For fallback to split bearer operation, a pointer to the secondary RLC entity is introduced in RRC (e.g. PdcpConfig.moreThanTwoRlc.secondaryFallbackPath) to identify which of the multiple configured RLC entities shall be used (together with primaryPath).
2.3	RLF in SCG with no RLC entity active in MCG 
When DC is configured, there can be a situation in which the RLC entities configured in the MCG are deactivated for PDCP duplication (i.e. PDCP does not deliver PDCP Data PDUs to the RLCs in the MCG) and only the RLC entities in the SCG remain active. If an RLF in the SCG is experienced, RRC will suspend the transmission in the SCG and reset the MAC of the SCG. This unintentionally stops all data transmissions of a PDCP duplication bearer even if it has RLC entities configured in the MCG which are deactivated. This is negative for URLLC services. 
In this case, one simple option is to activate an RLC in the MCG of a duplication bearer, while the legacy SCG procedure is following. This way, URLLC service is not interrupted, as data can still be transmitted via the MCG. 
[bookmark: _Toc24054226]When no RLC in MCG is activated for PDCP data duplication and the UE experiences RLF in the SCG, the UE should:
a. [bookmark: _Toc24054227]Activate an RLC belonging to the MCG (if none was active), and/or
b. [bookmark: _Toc24054228]Only suspend the RLC entity which experienced the RLF if it was due to the max number of RLC retransmissions

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The set of RLC entities activated for PDCP data PDU duplication does not necessarily need to include the primaryPath.
Proposal 2	PDCP Control PDUs are always delivered to the primaryPath.
Proposal 3	PDCP duplication towards all configured RLC entities is activated if the IE pdcp-Duplication is set to true.
Proposal 4	Rel-16 specifications consider “PDCP duplication activated/deactivated towards associated RLC entities”.
Proposal 5	When multiple RLC entities are configured for the DRB, and PDCP duplication is deactivated (less than 2 RLC entities activated for duplication), fallback to Split bearer operation is supported in Dual Connectivity (2 RLC entities belonging to different cell groups).
Proposal 6	For fallback to split bearer operation, a pointer to the secondary RLC entity is introduced in RRC (e.g. PdcpConfig.moreThanTwoRlc.secondaryFallbackPath) to identify which of the multiple configured RLC entities shall be used (together with primaryPath).
Proposal 7	When no RLC in MCG is activated for PDCP data duplication and the UE experiences RLF in the SCG, the UE should:
a.	Activate an RLC belonging to the MCG (if none was active), and/or
b.	Only suspend the RLC entity which experienced the RLF if it was due to the max number of RLC retransmissions

[bookmark: _In-sequence_SDU_delivery]4	Annex: text proposals
TS 38.321	MAC:
[bookmark: _Toc20428309]5.10	Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for the configured DRB(s). The network may also indicate the associated RLC entities of the configured DRB(s) towards which PDCP duplication is activated and deactivated.
The PDCP duplication for the configured DRB(s) is activated and deactivated by:
-	receiving the Duplication Activation/Deactivation MAC CE described in clause 6.1.3.11;
-	indication by RRC.
The MAC entity shall for each DRB configured with PDCP duplication:
1>	if a Duplication Activation/Deactivation MAC CE is received activating the PDCP duplication of the DRB:
2>	indicate the activation of PDCP duplication towards all associated RLC entities of the DRB to upper layers.
1>	if a Duplication Activation/Deactivation MAC CE is received deactivating the PDCP duplication of the DRB:
2>	indicate the deactivation of PDCP duplication towards all associated RLC entities of the DRB to upper layers.






1>	if a Duplication RLC Activation/Deactivation MAC CE is received activating PDCP duplication towards associated RLC entities of a DRB:
2>	indicate the activation of PDCP duplication towards the indicated associated RLC entities of the DRB to upper layers.

1>	if a Duplication RLC Activation/Deactivation MAC CE is received deactivating PDCP duplication towards associated RLC entities of a DRB:
2>	indicate the deactivation of PDCP duplication towards the indicated associated RLC entities of the DRB to upper layers.



TS 38.323	PDCP:
[bookmark: _Hlk24015444]5.2.1	Transmit operation
At reception of a PDCP SDU from upper layers, the transmitting PDCP entity shall:
-	start the discardTimer associated with this PDCP SDU (if configured).
For a PDCP SDU received from upper layers, the transmitting PDCP entity shall:
-	associate the COUNT value corresponding to TX_NEXT to this PDCP SDU;
NOTE 1:	Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.X.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the clause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-SizeUL];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP PDU to the associated RLC entity;
-	else, if the transmitting PDCP entity is associated with at least two RLC entities:
-	if the PDCP duplication is activated to at least two RLC entities:
-	if the PDCP PDU is a PDCP Data PDU:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both the associated RLC entities for which the PDCP duplication is activated;

-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else:
-	if the transmitting PDCP entity is associated with two RLC entities or secondaryFallbackPath is configured; and
-	if these two associated RLC entities belong to the different Cell Groups; and
-	if the total amount of PDCP data volume and RLC data volume pending for initial transmission (as specified in TS 38.322 [5]) in these two associated RLC entities is equal to or larger than ul-DataSplitThreshold:
-	submit the PDCP PDU to either the primary RLC entity or the secondary RLC entity;
-	else:
-	submit the PDCP PDU to the primary RLC entity.

NOTE 2:	If the transmitting PDCP entity is associated with two RLC entities, the UE should minimize the amount of PDCP PDUs submitted to lower layers before receiving request from lower layers and minimize the PDCP SN gap between PDCP PDUs submitted to two associated RLC entities to minimize PDCP reordering delay in the receiving PDCP entity.
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TS 38.331	RRC: 
PDCP-Config ::=         SEQUENCE {
[...]
        pdcp-Duplication            BOOLEAN                                 OPTIONAL    -- Need R
[...]


pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates whether duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the initial state of the duplication. If set to true, duplication is activated for PDCP towards all associated RLC entities. The value of this field is always true, when configured for a SRB.

-- ASN1START
-- TAG-PDCP-CONFIG-START

[bookmark: _Hlk514739587]PDCP-Config ::=         SEQUENCE {
    drb                     SEQUENCE {
        discardTimer            ENUMERATED {ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200,
                                            ms250, ms300, ms500, ms750, ms1500, infinity}       OPTIONAL, -- Cond Setup
        pdcp-SN-SizeUL          ENUMERATED {len12bits, len18bits}                               OPTIONAL, -- Cond Setup2
        pdcp-SN-SizeDL          ENUMERATED {len12bits, len18bits}                               OPTIONAL, -- Cond Setup2
        headerCompression       CHOICE {
            notUsed                 NULL,
            rohc                    SEQUENCE {
                maxCID                  INTEGER (1..16383)                                      DEFAULT 15,
                profiles                SEQUENCE {
                    profile0x0001           BOOLEAN,
                    profile0x0002           BOOLEAN,
                    profile0x0003           BOOLEAN,
                    profile0x0004           BOOLEAN,
                    profile0x0006           BOOLEAN,
                    profile0x0101           BOOLEAN,
                    profile0x0102           BOOLEAN,
                    profile0x0103           BOOLEAN,
                    profile0x0104           BOOLEAN
                },
                drb-ContinueROHC            ENUMERATED { true }                                 OPTIONAL    -- Need N
            },
            uplinkOnlyROHC          SEQUENCE {
                maxCID                  INTEGER (1..16383)                                      DEFAULT 15,
                profiles                SEQUENCE {
                    profile0x0006           BOOLEAN
                },
                drb-ContinueROHC            ENUMERATED { true }                                 OPTIONAL    -- Need N
            },
            ...
        },
        integrityProtection     ENUMERATED { enabled }                                          OPTIONAL,   -- Cond ConnectedTo5GC1
        statusReportRequired    ENUMERATED { true }                                             OPTIONAL,   -- Cond Rlc-AM
        outOfOrderDelivery      ENUMERATED { true }                                             OPTIONAL    -- Need R
    }                                                                                           OPTIONAL,   -- Cond DRB
    moreThanOneRLC          SEQUENCE {
        primaryPath             SEQUENCE {
            cellGroup               CellGroupId                                                 OPTIONAL,   -- Need R
            logicalChannel          LogicalChannelIdentity                                      OPTIONAL    -- Need R
        },
        ul-DataSplitThreshold   UL-DataSplitThreshold                                           OPTIONAL, -- Cond SplitBearer
        pdcp-Duplication            BOOLEAN                                                     OPTIONAL    -- Need R
    }                                                                                           OPTIONAL, -- Cond MoreThanOneRLC

    t-Reordering                ENUMERATED {
                                    ms0, ms1, ms2, ms4, ms5, ms8, ms10, ms15, ms20, ms30, ms40,
                                    ms50, ms60, ms80, ms100, ms120, ms140, ms160, ms180, ms200, ms220,
                                    ms240, ms260, ms280, ms300, ms500, ms750, ms1000, ms1250,
                                    ms1500, ms1750, ms2000, ms2250, ms2500, ms2750,
                                    ms3000, spare28, spare27, spare26, spare25, spare24,
                                    spare23, spare22, spare21, spare20,
                                    spare19, spare18, spare17, spare16, spare15, spare14,
                                    spare13, spare12, spare11, spare10, spare09,
                                    spare08, spare07, spare06, spare05, spare04, spare03,
                                    spare02, spare01 }                                          OPTIONAL, -- Need S
    ...,
    [[
    cipheringDisabled       ENUMERATED {true}                                                   OPTIONAL,    -- Cond ConnectedTo5GC
]]
    secondaryFallbackPath             SEQUENCE {
        cellGroup               CellGroupId
        logicalChannel          LogicalChannelIdentity 
    }                                                                                       OPTIONAL -- Cond MoreThanTwoRLC,

}

UL-DataSplitThreshold ::= ENUMERATED {
                                            b0, b100, b200, b400, b800, b1600, b3200, b6400, b12800, b25600, b51200, b102400, b204800,
                                            b409600, b819200, b1228800, b1638400, b2457600, b3276800, b4096000, b4915200, b5734400,
                                            b6553600, infinity, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1}

-- TAG-PDCP-CONFIG-STOP
-- ASN1STOP

	PDCP-Config field descriptions

	cipheringDisabled
If included, ciphering is disabled for this DRB regardless of which ciphering algorithm is configured for the SRB/DRBs. The field may only be included if the UE is connected to 5GC. Otherwise the field is absent. The network configures all DRBs with the same PDU-session ID with same value for this field. The value for this field cannot be changed after the DRB is set up.

	discardTimer
Value in ms of discardTimer specified in TS 38.323 [5]. Value ms10 corresponds to 10 ms, value ms20 corresponds to 20 ms and so on.

	drb-ContinueROHC
Indicates whether the PDCP entity continues or resets the ROHC header compression protocol during PDCP re-establishment, as specified in TS 38.323 [5]. This field is configured only in case of resuming an RRC connection or reconfiguration with sync, where the PDCP termination point is not changed and the fullConfig is not indicated.

	headerCompression
If rohc is configured, the UE shall apply the configured ROHC profile(s) in both uplink and downlink. If uplinkOnlyROHC is configured, the UE shall apply the configured ROHC profile(s) in uplink (there is no header compression in downlink). ROHC can be configured for any bearer type. The network reconfigures headerCompression only upon reconfiguration involving PDCP re-establishment. Network configures headerCompression to notUsed when outOfOrderDelivery is configured.

	integrityProtection
Indicates whether or not integrity protection is configured for this radio bearer. The network configures all DRBs with the same PDU-session ID with same value for this field. The value for this field cannot be changed after the DRB is set up.

	maxCID
Indicates the value of the MAX_CID parameter as specified in TS 38.323 [5].
The total value of MAX_CIDs across all bearers for the UE should be less than or equal to the value of maxNumberROHC-ContextSessions parameter as indicated by the UE.

	moreThanOneRLC
This field configures UL data transmission when more than one RLC entity is associated with the PDCP entity.

	outOfOrderDelivery
Indicates whether or not outOfOrderDelivery specified in TS 38.323 [5] is configured. This field should be either always present or always absent, after the radio bearer is established.

	[bookmark: _Hlk515270963]pdcp-Duplication
Indicates whether or not uplink duplication status at the time of receiving this IE is configured and activated as specified in TS 38.323 [5]. The presence of this field indicates that duplication is configured. PDCP duplication is not configured for CA packet duplication of LTE RLC bearer. The value of this field, when the field is present, indicates the initial state of the duplication. If set to true, duplication is activated. The value of this field is always true, when configured for a SRB.

	pdcp-SN-SizeDL
PDCP sequence number size for downlink, 12 or 18 bits, as specified in TS 38.323 [5]. For SRBs only the value len12bits is applicable.

	pdcp-SN-SizeUL
PDCP sequence number size for uplink, 12 or 18 bits, as specified in TS 38.323 [5]. For SRBs only the value len12bits is applicable.

	primaryPath
Indicates the cell group ID and LCID of the primary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than one RLC entity is associated with the PDCP entity. In this version of the specification, only cell group ID corresponding to MCG is supported for SRBs. The NW indicates cellGroup for split bearers using logical channels in different cell groups. The NW indicates logicalChannel for CA based PDCP duplication, i.e., if both logical channels terminate in the same cell group.

	statusReportRequired
For AM DRBs, indicates whether the DRB is configured to send a PDCP status report in the uplink, as specified in TS 38.323 [5].

	t-Reordering
Value in ms of t-Reordering specified in TS 38.323 [5]. Value ms0 corresponds to 0 ms, value ms20 corresponds to 20 ms, value ms40 corresponds to 40 ms, and so on.  When the field is absent the UE applies the value infinity.

	ul-DataSplitThreshold
Parameter specified in TS 38.323 [5]. Value b0 corresponds to 0 bytes, value b100 corresponds to 100 bytes, value b200 corresponds to 200 bytes, and so on. The network sets this field to infinity for UEs not supporting splitDRB-withUL-Both-MCG-SCG. If the field is absent when the split bearer is configured for the radio bearer first time, then the default value infinity is applied.

	secondaryFallbackPath
Indicates the cell group ID and LCID of the secondary RLC entity as specified in TS 38.323 [5], clause 5.2.1 for UL data transmission when more than two RLC entities are associated with the PDCP entity and, PDCP Duplication is configured and deactivated. In this version of the specification, cell group ID shall be different than the cellGroup indicated in the primaryPath. Only for DRBs.



	Conditional presence
	Explanation

	DRB
	This field is mandatory present when the corresponding DRB is being set up, absent for SRBs. Otherwise this field is optionally present, need M.

	MoreThanOneRLC
	This field is mandatory present upon RRC reconfiguration with setup of a PDCP entity for a radio bearer with more than one associated logical channel and upon RRC reconfiguration with the association of an additional logical channel to the PDCP entity.
Upon RRC reconfiguration when a PDCP entity is associated with multiple logical channels, this field is optionally present need M. Otherwise, this field is absent. Need R.

	Rlc-AM
	For RLC AM, the field is optionally present, need R. Otherwise, the field is absent.

	Setup
	The field is mandatory present in case of radio bearer setup. Otherwise the field is optionally present, need M.

	SplitBearer
	The field is absent for SRBs. Otherwise, the field is optional present, need M, in case of radio bearer with more than one associated RLC mapped to different cell groups.

	ConnectedTo5GC
	The field is optionally present, need R, if the UE is connected to 5GC. Otherwise the field is absent.

	ConnectedTo5GC1
	The field is optionally present, need R, if the UE is connected to NR/5GC. Otherwise the field is absent.

	Setup2
	This field is mandatory present in case for radio bearer setup for RLC-AM and RLC-UM. Otherwise, this field is absent, Need M.

	MoreThanTwoRLC
	This field is optionally present upon RRC reconfiguration with setup of a PDCP entity for a radio bearer with more than two associated logical channels and pdcp-Duplication configured, and upon RRC reconfiguration with the association of two or more logical channel to the PDCP entity.
Otherwise, this field is absent. Need R.



