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1	Introduction
In Release 15, when DC is configured, the UE is expected to be instructed on which of the two RLC entities is the Primary RLC entity (described as “primaryPath” in TS 38.331) and which is the Secondary RLC entity. The primary RLC entity has two main purposes. The first purpose is to define the cell group and RLC entity to which PDCP Control PDUs are delivered. The second purpose is to specify the RLC entity in which data will be transmitted when the UE buffer is below a certain configured threshold.
[bookmark: _GoBack]Rel-15 PDCP Duplication is based on the DC architecture, even in the case when PDCP Duplication is configured with CA, two RLC entities are configured. The second purpose outlined above is not valid when PDCP duplication is configured, however, the first purpose i.e. to define the cell group and RLC entity to which PDCP Control PDUs are delivered still remains. 
This contribution looks at PDCP Control PDUs and their handling.
[bookmark: _Ref178064866]2	Discussion
2.1 Should PDCP Control PDUs be duplicated?
In Release 15, it was agreed that PDCP Control PDUs are not duplicated. One of the main reasons to reach that agreement was that current PDCP Control PDUs do not need the same reliability or latency requirements as URLLC services. A second reason was that the currently specified PDCP Control PDUs (RoHC feedback and PDCP status reports) are not considered to be useful for or bring any benefit to URLLC services. Thus, duplicating PDCP Control PDUs was not sufficiently justified.
Release 16 work aims at further increasing reliability and decreasing latency by allowing the transmission of more copies and dynamically select the links in which those PDUs are delivered. The grounds in which the Release 15 agreements were done have not changed and, therefore, there are no reasons to duplicate PDCP Control PDUs in Release 16. 
[bookmark: _Toc20925433]As in Release 15, PDCP Control PDUs are not duplicated.
2.2 In which RLC should PDCP deliver PDCP Control PDUs?
With the assumption that proposal 1 is confirmed, the options for deciding to which RLC entity PDCP delivers PDCP Control PDUs are limited to:
· Up to the UE: any activated RLC entity 
· Configured by the NW: one RLC configured by RRC e.g. primary path

As outlined before, in Release 15, when more than one RLC entity is configured -with and without duplication-, the UE expects a primary path to be configured. This parameter, while optional in RRC, it must be provided. 
Allowing the UE to choose the RLC entity to which deliver PDCP Control PDUs has a number of issues.
· When PDCP Duplication is deactivated, the UE should revert back to the Release 15 configuration 
· If PDCP Control PDUs are transmitted in different RLC entities, these Control PDUs may be received in the receiver PDCP at different times. A first transmitted PDCP control PDU may arrive later than a second transmitted PDCP control PDU. This may lead to state mismatches which could have an impact in RoHC for instance and could also limit the introduction of new PDCP Control PDUs. This issue can be largely mitigated when the PDCP control PDUs are transmitted over the same RLC entity since the RLC provides a SN and that can help the receiver to apply the PDCP Control PDUs in certain order. 
· Additional links to transmit duplicates may be configured in high frequencies. High frequencies are apt to experience sudden fades when the environment changes. If the UE selects any RLC entity, PDCP Control PDUs may be transmitted in links with variable reliability.
· The gNB need to be made aware of where to schedule the UE for control PDUs similar to a primary path if any RLC entity can be used. 
Considering the arguments provided in the previous section and the potential drawbacks of allowing the UE to choose the path to transmit PDCP Control PDUs, we see no reasons to change in Release 16 the way PDCP Control PDUs are handled. At the very least, legacy behavior should be kept so that the network still configures a primary path with the purpose to transmit PDCP Control PDUs. 

[bookmark: _Toc20925434]PDCP delivers PDCP Control PDUs only to the RLC entity defined by RRC as primary path.
2.3 Independence between PDCP Control and Data PDUs
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 and proposal above, we can conclude that the purpose of activating and deactivating RLC entities is to ensure that URLLC user data requirements 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: _Toc20925435]PDCP Control PDUs are delivered to the configured RLC entity regardless of whether this RLC entity is (de-)activated for transmission of PDCP Data PDUs. 

2.5 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: _Toc20925436]When no RLC in MCG is activated for PDCP data duplication and the UE experiences RLF in the SCG, the UE should:
a. [bookmark: _Toc20925437]Activate an RLC belonging to the MCG (if none was active), and/or
b. [bookmark: _Toc20925438]Only suspend the RLC entity which experienced the RLF if it was due to the max number of RLC retransmissions
2.6 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 of which of 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: _Toc20925439]Rel-16 specifications consider “PDCP duplication activated/deactivated towards associated RLC entities”.
The corresponding text proposal is shown in the Annex.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	As in Release 15, PDCP Control PDUs are not duplicated.
Proposal 2	PDCP delivers PDCP Control PDUs only to the RLC entity defined by RRC as primary path.
Proposal 3	PDCP Control PDUs are delivered to the configured RLC entity regardless of whether this RLC entity is (de-)activated for transmission of PDCP Data PDUs.
Proposal 4	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
Proposal 5	Rel-16 specifications consider “PDCP duplication activated/deactivated towards associated RLC entities”.

[bookmark: _In-sequence_SDU_delivery]4	Annex: text proposals
TS 38.321	MAC:
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 an Advanced Duplication Activation/Deactivation MAC CE is received activating the PDCP duplication of the DRB:
2>	indicate the activation of PDCP duplication towards the indicated associated RLC entities of the DRB to upper layers.
1>	if an Advanced Duplication Activation/Deactivation MAC CE is received deactivating the PDCP duplication of the 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: _Toc12616334]5.2	Data transfer
[bookmark: _Toc12616335]5.2.1	Transmit operation
[...]
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 two or more RLC entities:
-	if the PDCP duplication is activated to at least two associated 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 towards which PDCP duplication is activated;
-	else:
-	submit the PDCP Control PDU to the primary RLC entity;
-	else:
-	if the 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 the 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.
[...]
[bookmark: _Toc12616358]5.11	PDCP duplication
[bookmark: _Toc12616359]5.11.1	Activation/Deactivation of PDCP duplication
For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
-	for SRBs:
-	activate the PDCP duplication;
-	for DRBs:
-	if the activation of PDCP duplication is indicated:
-	activate the PDCP duplication towards the indicated associated RLC entities;
-	if the deactivation of PDCP duplication is indicated:
-	deactivate the PDCP duplication towards the indicated associated RLC entities.
[bookmark: _Toc12616360]5.11.2	Duplicate PDU discard
For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
-	if the successful delivery of a PDCP Data PDU is confirmed by one of the two associated AM RLC entities:
-	indicate to all the other AM RLC entity to discard the duplicated PDCP Data PDU;
-	if the deactivation of PDCP duplication is indicated:
-	indicate to all but the primary the secondary RLC entity to discard all duplicated PDCP Data PDUs.

TS 38.331	RRC: 
PDCP-Config ::=         SEQUENCE {
[...]
        pdcp-Duplication            BOOLEAN                                 OPTIONAL    -- Need R
[...]


[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 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.
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