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According to the discussion of the RAN2#AH1801, RAN2 achieved the following agreements for PDCP duplication: 
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 this contribution, we discuss the remaining issue related to the PDCP duplication
Discussion
2.1. Support of CA duplication for SRB
According to the offline discuss in RAN2#AH1801 meeting, supporting SRB CA duplication would require some extra standard efforts and UE complexities as listed below:
· SpCell is always configured for the SRB of CA duplication
· Configurable LCH ID for the extra leg of SRB of CA duplication
In general, we consider that CA duplication should not be supported for SRB, as the latency of RRC processing (e.g. up to 15ms) can rarely be reduced even though we introduce the CA duplication for SRB, and the reliability of RRC signaling is already sufficient by using the RLC AM mode. If RAN2 considers to support the CA duplication for SRB, we consider that the above listed extra standard efforts should be adopted.
Proposal 1: CA duplication is not supported for SRB.
Proposal 2: If CA duplication is supported for SRB, SpCell is always configured for the SRB of CA duplication.
Proposal 3: If CA duplication is supported for SRB, the LCH ID for the extra leg of SRB of CA duplication is configurable.
0. Support of PDCP duplication for PDCP Control PDU
According to the agreements given above, packed duplication is support for data PDUs as a baseline. According to the PDCP specification, we have the following two types of PDCP Control PDU:
1) PDCP status report
2) interspersed ROHC feedback
For the uplink PDCP status report, the UE can only send the PDCP status report at PDCP reestablishment and data recovery, as triggered by the network. As the PDCP duplication is also configured by the network, then even though there is no PDCP SN in the control PDU, the network can still know that an extra PDCP status report is a duplicated PDCP status report. Thus the network can drop the duplicated PDCP status report accordingly.
[image: ]
Figure 1: ROHC State transition at the compressor (extracted from [3])
For the “interspersed ROHC feedback”, according to RFC 3095 [3], this control PDU is used to provide the ACK/NACK feedback from the decompressor to the compressor in the “Bidirectional Mode”, so as to change the ROHC states (i.e. IR/FO/SO) as illustrated above. The compressor will change the compression rate from low to high based on the ACK feedback, as the SO state with better compression may cause more failure at the decompressor. If the ACK feedback is duplicated, the compressor may change the state directly from “IR State” to “SO State”, even though the successful rate of the decompression for the “SO State” has not been achieved. Then changing the ROHC state directly to “SO State” may cause more failure (i.e. NACK/STATIC-NACK feedback) of the decompression, which could move the ROHC state to “IR State” and make the compression very inefficient.
Observation: The duplication of “interspersed ROHC feedback” may cause the mismatching of the ROHC state.
According to the observation given above, we consider that the PDCP duplication is not supported for PDCP Control PDU.
Proposal 4: PDCP duplication is not supported for PDCP Control PDU.
0. BSR
1 
2 
2.2.1 PDCP data volume calculation for both CA and DC duplication
According to the agreements given above, “when to submit PDCP PDUs to lower layers is up to UE implementation”. This means that both the duplicated PDCP PDU(s) and the original PDCP PDU could be buffered at the PDCP entity of the UE. From our understanding, while calculating the PDCP data volume, the UE only needs to count once for the PDCP PDU, regardless of whether it is duplicated or not. As such the PDCP data volume calculation can be unified for both the PDCP duplication and the other cases, and for both CA duplication and DC duplication. The only difference between duplication and non-duplication is how to indicate the PDCP data volume to the MAC entity. 
Proposal 5: The PDCP PDU is only calculated once for the PDCP data volume, regardless of whether it is duplicated or not. 
For the retransmission of PDCP PDU for the PDCP data recovery procedure, we consider that the PDCP duplication can continue if the CA duplication is already activated. There is no extra specification impacts compared with other procedures.
2.2.2 Deactivation of CA duplication
According to the agreements given above, “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”. Regarding the issue of “FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used”, we consider that the PDCP data volume shall only be included to the LCG associated with the primary RLC entity. This is to avoid the double reporting of the same data volume for the two LCGs of the CA duplication after the CA duplication deactivation.
Proposal 6: After the packet duplication of CA duplication is deactivated, PDCP data volume is included in the LCG associated with the primary RLC entity.
According to the Proposals and agreements given above, our text proposals can be found in Annex A.
Proposal 7: To capture the text proposal of Annex A (for BSR) in 38.323.
0. Remaining duplicated PDCP PDU after the deactivation of PDCP duplication
According to the agreement that “when to submit PDCP PDUs to lower layers is up to UE implementation”, the UE may still have the duplicated PDCP PDU(s) stored at the PDCP entity after the deactivation of PDCP duplication. If the duplicated PDUs are not discarded, the duplicated PDCP PDU will be submitted to the primary RLC entity and reported in the BSR, and finally transmitted via the air-interface. From our understanding, once the PDCP duplication is deactivated, the duplicated PDCP PDU(s) stored in the PDCP entity should be discarded for both CA and DC duplication, so as to avoid the waste of the radio resources.
Proposal 8: The duplicated PDCP PDU stored in the PDCP buffer is discarded after the deactivation of PDCP duplication.
0. UE layer-2 behaviors of SCell RLF
Issue 1: How to handle the PDCP duplication function in PDCP?
As at least one leg is not able to work, the PDCP duplication function is no longer functional. One simple way is to deactivate the CA duplication in PDCP, so as to allow the data transmission in another leg.
Proposal 9: At SCell-RLF, the PDCP duplication is deactivated.

Issue 2: How to handle the RLC entity at the SCell-RLF?
For the corresponding SCell-RLF RLC entity (i.e. either P-RLC or S-RLC), the UE could have the following different behaviors:
· Option 1: Keep the RLC entity active as before the SCell-RLF
· Option 2: Re-establish the RLC entity
· Option 3: Release the RLC entity
· Option 4: Suspend the RLC entity
· Option 5: Firstly re-establish the RLC entity, and then suspend the RLC entity.
For Option 1, the data remaining in the retransmission buffer of the AM RLC entity will continue even though the RLC entity reaches the maximum number of re-transmission. The behavior of Option 1 breaks the failure detection of the RLC AM mode. 
For Option 2, the RLC buffered data of both the uplink and the downlink are discarded, and the downlink data reception is still allowed. The problem is that before receiving the SCell-RLF report from the UE, the network may not be able to know whether the UE re-established its RLC entity. Then the received RLC AM PDU at the UE could fall outside the reordering window, and be dropped by the re-established RLC entity. 
For both Option 3 and Option 4, the UE is not able to receive any downlink data. The issue of Option 3 is that once the RLC entity is removed, the corresponding logical channel configuration of the RLC entity should be removed as well. This may cause more impacts in the MAC LCP procedure. Option 4 still keeps the received RLC segments and the data waiting for re-transmission in the buffer of the AM RLC entity. The problem of keeping the data in the RLC buffer is that the “Data volume calculation” in the RLC entity will include the data buffered in the suspended RLC entity, and the network and the MAC entity will still assign uplink grant to the logical channel of the suspended RLC entity. 
For Option 5, the RLC entity firstly removes the data stored in the RLC buffer, to avoid the impacts in the BSR. By suspending the RLC entity, the UE can avoid putting the received downlink data in the reordering window and sending the uplink RLC STATUS PDU. After receiving the configuration (e.g. the RRC indication of reestablishRLC) from the network, the data transmission of the RLC entity can be resume.
Proposal 10: At SCell-RLF, the RLC entity is firstly re-established and then suspended.

Issue 3: How to resume the suspended RLC entity?
According to the legacy RRC connection reestablishment procedure in 36.331 [2], the UE resumes the data transmission of suspended DRB(s) after the reception of “the first RRCConnectionReconfiguration message after successful completion of the RRC connection re-establishment procedure”. Then we could have the following Options to resume the suspended RLC entity.
· Option 1: Indication of resuming the suspended RLC entity.
· Option 2: After the reception of the first RRCReconfiguration message after reporting the SCell-RLF.
For Option 2, due to the RRC message processing delay of the SCell-RLF report, the network may send an RRCReconfiguration message before the successful decoding of the SCell-RLF report message. Then Option 2 may cause some misalignment between the UE and the network. Thus Option 1 is slightly preferred. The details (e.g. LCID of the RLC entity) on the indication of resuming the suspended RLC can be discussed further.
Proposal 11: The suspended RLC entity is resumed after receiving an indication of resuming the suspended RLC entity.

Issue 4: Can the UE change the default uplink transmission path if SCell-RLF occurs at the P-RLC?
According to our proposal 2, the CA duplication is deactivated at SCell-RLF. From our understanding, when the PDCP duplication is deactivated, the RRC configures a default path (or P-RLC (Primary RLC entity)) for the uplink data transmission. If the P-RLC encounters SCell-RLF, the P-RLC entity is not able to transmit data anymore. Here we could have the following options to handle this issue:
· Option 1: Suspend the DRB
· Option 2: Change the default uplink transmission path to S-RLC
The benefit of Option 2 is that the UE can still perform the uplink data transmission which minimizes the uplink transmission latency.
Proposal 12: When the SCell-RLF occurs at the primary RLC entity, the PDCP entity after deactivating the PDCP duplication changes the uplink transmission path to the secondary RLC entity.

Issue 5: How to handle the DRB if SCell-RLF occurs at both the P-RLC and the S-RLC?
In this case, the DRB is not able to transmit any uplink data. According to the analysis for Issue 2, the data buffered in the DRB should be removed first, in order to avoid the impacts (i.e. unexpected BS value reported for the suspended DRB) in BSR. We consider that the DRB is re-established first and then suspended. The RLC behaviors can be the same as Proposal 3. Then, the PDCP entity should be re-established first and then suspended.
Proposal 13: If SCell-RLF occurs at both the P-RLC and the S-RLC, the DRB (i.e. RLC and PDCP) is re-established first and then suspended.

Issue 6: Should the UE stop the uplink transmission on the failed SCell?
One more issue is that at SCell-RLF, the radio conditions of the corresponding SCell(s) are actually not sufficiently good for any uplink transmission. If other DRBs are still keep sending data via the failed SCell(s), more failures of uplink transmission could occur. As such we consider that the UE should stop the uplink transmission or the downlink reception of the failed SCell(s) (e.g. by deactivating the failed SCell(s)).
Proposal 14: The UE stops uplink/downlink transmission/reception on the failed SCell, i.e. by deactivating the failed SCell.

Conclusion
According to the analysis given above, we have the following proposals, and the text proposal for the PDCP data volume calculation can be found in Annex A.
Observation: The duplication of “interspersed ROHC feedback” may cause the mismatching of the ROHC state.
Proposal 1: CA duplication is not supported for SRB.
Proposal 2: If CA duplication is supported for SRB, SpCell is always configured for the SRB of CA duplication.
Proposal 3: If CA duplication is supported for SRB, the LCH ID for the extra leg of SRB of CA duplication is configurable.
Proposal 4: PDCP duplication is not supported for PDCP Control PDU.
[bookmark: _GoBack]Proposal 5: The PDCP PDU is only calculated once for the PDCP data volume, regardless of whether it is duplicated or not. 
Proposal 6: After the packet duplication of CA duplication is deactivated, PDCP data volume is included in the LCG associated with the primary RLC entity.
Proposal 7: To capture the text proposal of Annex A (for BSR) in 38.323.
Proposal 8: The duplicated PDCP PDU stored in the PDCP buffer is discarded after the deactivation of PDCP duplication.
The following proposals are given for the SCell-RLF of the CA duplication:
Proposal 9: At SCell-RLF, the PDCP duplication is deactivated.
Proposal 10: At SCell-RLF, the RLC entity is firstly re-established and then suspended.
Proposal 11: The suspended RLC entity is resumed after receiving an indication of resuming the suspended RLC entity.
Proposal 12: When the SCell-RLF occurs at the primary RLC entity, the PDCP entity after deactivating the PDCP duplication changes the uplink transmission path to the secondary RLC entity.
Proposal 13: If SCell-RLF occurs at both the P-RLC and the S-RLC, the DRB (i.e. RLC and PDCP) is re-established first and then suspended.
Proposal 14: The UE stops uplink/downlink transmission/reception on the failed SCell, i.e. by deactivating the failed SCell.
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Annex A. (for BSR)
[bookmark: _Toc500837812][bookmark: _Toc477873870][bookmark: _Toc478029706][bookmark: _Toc486851299]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 if pdcp-Duplication is not configured;
-	Only one copy of the PDCP Data PDUs that have not been submitted to lower layers if pdcp-Duplication is configured and activated;
-	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 pdcp-Duplication is not configured;
-	for AM DRBs, only one copy of the PDCP Data PDUs to be retransmitted according to subclause 5.5 if pdcp-Duplication is configured and activated.
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 UE shall:
-	if the two RLC entities are associated with two MAC entities, and pdcp-Duplication is configured and activated:
-	indicate the PDCP data volume to both MAC entities.
-	else if the two RLC entities are associated with two MAC entities and pdcp-Duplication is configured and deactivated; or
-	else if the two RLC entities are associated with two MAC entities and pdcp-Duplication is not configured:
-	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 less than ul-DataSplitThreshold:
-	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.
-	else if the two RLC entities are associated with one MAC, and pdcp-Duplication is configured and activated:
-	indicate the PDCP data volume for the two LCG(s) of the two RLC entities to the MAC entity.
-	else if the two RLC entities are associated with one MAC, and pdcp-Duplication is configured and deactivated;
-	indicate the PDCP data volume for the LCG associated to the primary RLC entity to the MAC entity.
Editor’s note: The configuration of the logical channel associated to the primary RLC entity which is used for the uplink data transmission of the PDCP deactivation of the duplicate bearer is to be decided by the discussion on the RRC configuration of PDCP duplication.
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