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1.	Introduction
At RAN2 NR AH3 meeting, RAN2 made many agreements on PDCP duplication, and most of PDCP issues seem to be resolved.
	
Agreements from RAN2 NR AH#3

- Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  
- Baseline is that packed duplication is support for data PDUs
- 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.  
- 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
- 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.  
- Packet duplication does not impact RLC data volume
- 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.
- The deactivated RLC entity is not re-established 
- 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  
- When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.
- If SRB is configured to use duplication, the state is always active
- FFS Duplication is supported for SRBs for CA




However, during the implementation of the agreements, issues of data submission and data volume calculation are identified on PDCP Control PDUs. To complete the data duplication functions in PDCP specification, this issue should be resolved.

2.	Discussion
Though RAN2 agreed as a baseline that packet duplication is not applied to PDCP Control PDU, there are still remaining issues on data submission and data volume indication.

Issue1: Data submission
If packet duplication is configured but not activated:
· For DC duplication:
· If PDCP data volume + RLC data volume >= Threshold:
· Submit the PDCP Control PDU to either the primary RLC entity or the secondary RLC entity.
· If PDCP data volume + RLC data volume < Threshold:
· Submit the PDCP Control PDU to the primary RLC entity.
· For CA duplication:
· Submit the PDCP Control PDU to the primary RLC entity.
If packet duplication is configured and activated, three options can be considered:
· Option1-1. Submit the PDCP Control PDU to the primary RLC entity.
· Option1-2. Submit the PDCP Control PDU to the secondary RLC entity.
· Option1-3. Submit the PDCP Control PDU to either the primary RLC entity or the secondary RLC entity.

Isseu2: Data volume indication
If packet duplication is configured but not activated:
· For DC duplication:
· If PDCP data volume + RLC data volume >= Threshold:
· Indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.
· If PDCP data volume + RLC data volume < Threshold:
· Indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
· Indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity.
· For CA duplication:
· Indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
· Indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity.
If packet duplication is configured and activated, four options can be considered:
· Option2-1: Consider PDCP Control PDU only in the primary leg
· Indicate the PDCP data volume to the MAC entity associated with the primary RLC entity.
· Indicate the PDCP data volume excluding PDCP Control PDU to the MAC entity associated with the secondary RLC entity.
· Option2-2: Consider PDCP Control PDU only in the secondary leg
· Indicate the PDCP data volume excluding PDCP Control PDU to the MAC entity associated with the primary RLC entity.
· Indicate the PDCP data volume to the MAC entity associated with the secondary RLC entity.
· Option2-3: Consider PDCP Control PDU in both primary leg and secondary leg
· Indicate the PDCP data volume to the MAC entity associated with the primary RLC entity.
· Indicate the PDCP data volume to the MAC entity associated with the secondary RLC entity.

Text proposal examples for all options are shown below.
	
Text proposal to 38.323 (based on PDCP running CR R2-180xxxx)

[bookmark: _Toc502396821]5.2	Data transfer
[bookmark: Signet11][bookmark: _Toc502396822][bookmark: _Toc502396823]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 as specified in the subclause 5.7.4;
-	perform integrity protection, and ciphering using the TX_NEXT as specified in the subclause 5.9 and 5.8, respectively;
-	set the PDCP SN of the PDCP Data PDU to TX_NEXT modulo 2[pdcp-SN-Size];
-	increment TX_NEXT by one;
-	submit the resulting PDCP Data PDU to lower layer as specified below.
When submitting a PDCP Data PDU to lower layer, the transmitting PDCP entity shall:
-	if the transmitting PDCP entity is associated with one RLC entity:
-	submit the PDCP Data PDU to the associated RLC entity;.
-	else, if the transmitting PDCP entity is associated with two RLC entities:
-	if pdcpDuplication is configured and activated:
-	duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities;.
-	Option1-1: submit the PDCP Control PDU to the primary RLC entity;
-	Option1-2: submit the PDCP Control PDU to the secondary RLC entity;
-	Option1-3: submit the PDCP Control PDU to either the primary RLC entity or the secondary RLC entity;
-	else, if pdcpDuplication is configured but not activated:
-	submit the PDCP Data 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 36.322 [5]) in the two associated RLC entities is equal to or lesslarger than ul-DataSplitThreshold:
-	submit the PDCP Data PDU to either the primary RLC entity or the secondary RLC entity;.
-	else:
-	submit the PDCP Data PDU to either the primary RLC entity or the secondary 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.

[bookmark: _Toc502396832][bookmark: _Toc502396833]5.6	Data volume calculation
For the purpose of MAC buffer status reporting, the transmitting PDCP entity shall consider the following as PDCP data volume:
-	the PDCP SDUs for which no PDCP Data PDUs have been constructed;
-	the PDCP Data PDUs that have not been submitted to lower layers;
-	the PDCP Control PDUs;
-	for AM DRBs, the PDCP SDUs to be retransmitted according to subclause 5.1.2;
-	for AM DRBs, the PDCP Data PDUs to be retransmitted according to subclause 5.5.
If the transmitting PDCP entity is associated with two RLC entities, when indicating the PDCP data volume to a MAC entity for BSR triggering and Buffer Size calculation (as specified in TS 36.321 [4]), the UEtransmitting PDCP entity shall:
-	if pdcpDuplication is configured and activated:
-	Option2-1: indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-	Option2-1: indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the secondary RLC entity;
-	Option2-2: indicate the PDCP data volume excluding the PDCP Control PDU to the MAC entity associated with the primary RLC entity;
-	Option2-2: indicate the PDCP data volume to the MAC entity associated with the secondary RLC entity;
-	Option2-3: indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary 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 36.322 [5]) in the two associated RLC entities is equal to or lesslarger than ul-DataSplitThreshold:
-	indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity;
-	else:
-	indicate the PDCP data volume to the MAC entity associated with the primary RLC entity;
-	indicate the PDCP data volume as 0 to the MAC entity associated with the secondary RLC entity..
-	else:
-	indicate the PDCP data volume to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity.




Regarding data submission procedure, we think the Option1-2 is not preferred because the transmission path of PDCP Control PDU is dynamically changed each time the activation/deactivation status of packet duplication is changed. It would cause complex UE behaviour as well as waste/misuse of UL grants. If Option1-2 is excluded, we can also exclude Option2-2 in data volume calculation.
From data submission procedure point of view, both Option1-1 and Option1-3 are feasible. Then, let’s look at Option2-1 and Option2-3 for further comparison.
The Option2-1 is slightly complex in PDCP data volume calculation in that the amount of PDCP Control PDU is excluded from the PDCP data volume for secondary leg. However, it would describe the actual amount of PDCP data volume that will be transmitted via each leg, and there is no waste of UL grant.
On the other hand, the Option2-3 is simple in data volume calculation, but would result in over allocation of UL grant because the amount of PDCP Control PDU is considered in both legs. 
Moreover, RAN2 agreed that the transmitting PDCP entity shall indicate to the secondary RLC entity to discard all PDCP PDUs provided for duplicate transmission, as shown below. 
	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.



As the PDCP Control PDU is not duplicated, the discard should be performed by the secondary RLC entity only for PDCP Data PDUs. If the PDCP Control PDU is allowed to be transmitted via secondary RLC entity, which is supported by the Option1-3, it would be complex for the secondary RLC entity to discard only PDCP Data PDUs at deactivation of packet duplication.
Note that the problems with Option2-3 and duplicated PDU discard could be avoided if we support packet duplication also for PDCP Control PDUs. In this case, there is no UL grant over allocation problem and no complexities in discarding PDCP PDUs at duplication deactivation. Moreover, there is no complexities in PDCP data volume calculation. 
Therefore, we propose to revert the previous agreed baseline, and agree to support packet duplication for PDCP Control PDU.
Proposal1: Support packet duplication for PDCP Control PDU.

If Proposal1 is not acceptable, we think the best way to go is Option1-1 and Option2-1, i.e. when packet duplication is activated, fix the transmission path of PDCP Control PDU to primary leg, and consider the amount of PDCP Control PDU only in data volume of primary leg. This behaviour is desirable to avoid UL grant over allocation problem and reduces the complexities in discarding PDCP PDUs at duplication deactivation.
Proposal2: When packet duplication is activated, the submission of PDCP Control PDU is restricted to the primary RLC entity.
Proposal3: When packet duplication is activated, the PDCP data volume is indicated to the MAC entity associated with the primary RLC entity, and the PDCP data volume excluding the PDCP Control PDU is indicated to the MAC entity associated with the secondary RLC entity.

3.	Proposals
In this document, we discussed the issues regarding PDCP Control PDUs for packet duplication, and found that it is better to support packet duplication also for PDCP Control PDUs. This will revert the previous agreed baseline.
Proposal1: Support packet duplication for PDCP Control PDU.

If Proposal1 is not acceptable, we think it is better to restrict the transmission path of PDCP Control PDU to the primary leg.
Proposal2: When packet duplication is activated, the submission of PDCP Control PDU is restricted to the primary RLC entity.
Proposal3: When packet duplication is activated, the PDCP data volume is indicated to the MAC entity associated with the primary RLC entity, and the PDCP data volume excluding the PDCP Control PDU is indicated to the MAC entity associated with the secondary RLC entity.
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