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1
Introduction
In RAN2#AH meeting following agreements were made for the 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 

This contribution discusses remaining details on the PDCP duplication operation.     
2
Discussion
In RAN2#AH meeting it was agreed that when packet duplication enabled it is up to UE implementation when to submit PDCP PDUs to lower layers. However the UE behaviour when duplication is deactivated and in particular what PDCP data volume to use after deactivation of duplication remains FFS. In the following we discuss some possible UE implementations w.r.t. submission of PDCP PDUs to lower layer and corresponding impact to PDCP data volume upon disabling PDCP duplication.  

PDCP layer generates PDCP PDUs upon request from an associated RLC entity, e.g. when an UL grant is received. As discussed in [1] according to one specific implementation, PDCP layer may duplicate the generated PDCP PDUs and submit the PDUs immediately to both RLC entities, even though only one of the two associated RLC entities might have requested new PDCP data. Pushing down the PDCP PDUs immediately to both RLCs may lead to the situation, that some data is being stuck in an RLC for some time, i.e. RLC buffer is piling up. 
The advantage of such an implementation though would be that PDCP layer doesn’t need to keep track which PDCP PDUs have been already submitted to a RLC entity. PDCP operation would be essentially the same as for a bearer operating in a non-duplication mode. Also the PDCP buffer status, i.e. data volume in PDCP for the purpose of buffer status reporting is the same for both RLC entities. 
As already agreed in the last RAN2 meeting in order to avoid that PDCP PDUs for which successful delivery has been already confirmed for one link/logical channel are subject to a duplicate- transmission over the other link/logical channel, the UE discard those packets.  Based on e.g. received RLC status reports, RLC layer will inform PDCP layer about the successfully transmitted PDCP SDUs. PDCP layer in turn sends PDCP discard notification to the other RLC entity. 

As mentioned in [1] another implementation option would be that PDCP PDUs are generated and stored in the PDCP layer, i.e. PDCP (re)transmission buffer. In case only one of the RLC entities requests new PDCP PDUs (based on a received grant), the generated PDCP PDUs are only submitted to the requesting RLC entity. Upon request from the second RLC entity the PDCP PDUs are submitted to the second RLC entity. We think that in this option the PDCP layer would need to maintain two pointers one for each of the two associated RLC entities. Each pointer points to the last submitted PDCP SDU/PDU (submitted to the corresponding RLC entity). Since the request rate and size is different for the two RLC entities PDCP need to maintain two independent states/ pointer. Furthermore it should be noted that each of the two LCHs has a different PDCP data volume, i.e. the amount of PDCP data available for transmission may be different for the two LCHs. 

When deactivating PDCP duplication, it is obvious that there is only one common PDCP buffer status/PDCP data volume for both RLC entities, i.e. legacy split bearer operation. Hence when submitting PDCP PDUs to the RLC entities only based on request, the UE needs to decide which of the two PDCP status/data volume to continue with upon deactivation of duplication. In case it continues with the higher data volume, it means that PDCP PDUs which have been already submitted to one of the RLC entities will be submitted again to RLC, which is inefficient in terms of radio resource usage. Therefore UE should in our understanding continue with the smaller of the two PDCP data volume/status upon deactivation PDCP duplication.    

Proposal 1: UE should continue with the lower of the two PDCP data volume/status – if the amount of PDCP data available for transmission is different for the two LCHs - upon deactivation of PDCP duplication. 
According to recent agreements, UE falls back to “legacy” split bearer operation once PDCP duplication is deactivated by means of a MAC CE. It should be clear that this agreement is only applicable to the dual connectivity scenario. The agreement essentially implies that, PDCP duplication is a specific operational mode of a split bearer, i.e. a legacy uplink split bearer is used with one PDCP entity (e.g. configured with ul-DataSplitThreshold and primaryPath) and two associated RLC entities.  A new parameter ul-Duplication in the PDCP configuration indicates whether the split bearer is configured for duplication. 
In case the split bearer is configured for duplication and duplication is activated, PDCP duplicates PDCP PDUs and submits it to the two associated RLC entities. Essentially the PDCP configuration IEs ul-DataSplitThreshold and primaryPath are ignored for this mode of operation. 
When split bearer is configured for duplication and duplication is deactivated, we think that UE should follow the legacy UL split bearer operation according to PDCP configuration, i.e. split bearer operation for throughput enhancement or only a single link is used for uplink transmissions of PDCP PDUs. Since it was already agreed to introduce the value “infinity” for the IE ul-DataSplitThreshold in order to achieve that UE transmits PDCP PDUs only via one link, i.e. primary RLC entity, the same configuration could be used in order to make sure that UE transmits upon deactivation of duplication only via the primary RLC entity. According to current TS38.323 however, it is only possible to use a single link uplink transmission when PDCP duplication is configured but not activated. This will limit the scheduling flexibility in our opinion.   
For the case that the split bearer is not configured for duplication, UE performs the legacy UL split bearer operation according to the configuration. 
	
	Duplication activated
	Duplication deactivated

	Duplication configured
	PDCP duplication applied

ul-DataSplitThreshold and ul-DataSplitDRB-ViaSCG are ignored
	Legacy UL split bearer operation applied

By setting ul-DataSplitThreshold to infinity, only one link could be used for UL PDCP transmission. 

	Duplication not configured
	Legacy UL split bearer operation applied


Proposal 2: If duplication is configured but not activated for a bearer, UE follows legacy uplink split bearer operation according to PDCP configuration, i.e. ul-DataSplitThreshold and primaryPath.
One of the remaining open issues is whether RLC (re)transmissions continue once PDCP duplication has been deactivated for the case that only a single link is used for uplink, e.g. ul-DataSplitThreshold set to infinity. From our perspective network deactivates duplication when channel conditions are sufficiently good such that the transmission in one leg can already satisfy the reliability requirement. Therefore, the transmission in the deactivated RLC entity is not necessary and can be stopped. All the SDUs and PDUs left in the transmission buffer of the RLC entity should be discarded. UE should reset the state variables/timers. Furthermore UE should not report buffer status information for this logical channel, i.e. PDCP buffer status is set to zero for this logical channel. 
Proposal 3: Upon deactivation of PDCP packet duplication for a split bearer (DC case) when UE is only using the primary RLC entity for PDCP data transmission, the UE shall discard all the SDUs and PDUs left in the transmission buffer of the secondary RLC entity. 
For the case that duplication is activated UE shall report the same PDCP buffer occupancy within the buffer status report (BSR) to both MAC entities respectively to both MN and SN. Routing of PDCP PDUs to both RLC entities is based on received UL grants, i.e. when UL grant is received for one CG, the corresponding PDCP PDUs are generated, duplicated and may be forwarded to both RLC entities.  Buffer status reporting for an uplink split bearer is controlled by the IE ul-DataSplitThreshold. In order to ensure that PDCP data volume is reported to both CGs ul-DataSplitThreshold could be set to zero. Since activation/deactivation of PDCP duplication is signalled by means of MAC CE, we propose that UE sets ul-DataSplitThreshold to zero upon receiving a MAC CE activating PDCP duplication. 
Proposal 4: For the case that duplication is activated UE shall report the same PDCP buffer occupancy to both MN and SN. UE sets ul-DataSplitThreshold to zero upon receiving a MAC CE activating PDCP duplication. 
When duplication is deactivated UE falls back to the legacy uplink split bearer operation as already agreed. Hence the IE ul-DataSplitThreshold controls the PDCP data volume calculation for the purpose of buffer status reporting. In case ul-DataSplitThreshold is set to infinity, i.e. uplink path restriction, UE reports PDCP data volume only the primary CG. 
Proposal 5: When duplication is deactivated UE falls back to the legacy uplink split bearer operation, i.e. IE ul-DataSplitThreshold controls the PDCP data volume calculation for the purpose of buffer status reporting.
For the CA case it should be rather clear that upon deactivation the PDCP entity should not submit anymore PDCP PDUs to the deactivated “duplication” RLC entity. The deactivated RLC entity is in a kind of suspended state and UE might just ignore this RLC entity for any L2 procedures like buffer status reporting or uplink transmission. Furthermore we propose that UE should also discard all the SDUs and PDUs left in the transmission of the deactivated RLC entity and reset all state variables/timers. 
Proposal 6: Upon deactivation of PDCP packet duplication for the CA case, PDCP entity should not submit anymore PDCP PDUs to the deactivated “duplication” RLC entity. Further the UE shall discard all the SDUs and PDUs left in the transmission buffer of the deactivated RLC entity and reset all state variables/timers. The PDCP buffer status of the deactivated LCH is set to zero.

When duplication is activated (again) UE should initialize Bj for the previously “inactive” logical channel to zero. The MAC entity maintains a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However UE should not be required to maintain the tocken bucket status of a “inactive” logical channel when duplication is deactivated. 

Proposal 7: When duplication is activated UE initializes Bj for the previously “inactive” logical channel to zero. UE shall not be required to maintain the token bucket status of a deactivated LCH (due to PDCP duplication has been deactivated).
3
Conclusion
This contribution is discussing remaining details on the PDCP duplication operation. It is proposed to agree on the following:

Proposal 1: Proposal 1: UE should continue with the lower of the two PDCP data volume/status – if the amount of PDCP data available for transmission is different for the two LCHs - upon deactivation of PDCP duplication.
Proposal 2: If duplication is configured but not activated for a bearer, UE follows legacy uplink split bearer operation according to PDCP configuration, i.e. ul-DataSplitThreshold and primaryPath.
Proposal 3: Upon deactivation of PDCP packet duplication for a split bearer (DC case) when UE is only using the primary RLC entity for PDCP data transmission, the UE shall discard all the SDUs and PDUs left in the transmission buffer of the secondary RLC entity.
Proposal 4: For the case that duplication is activated UE shall report the same PDCP buffer occupancy to both MN and SN. UE sets ul-DataSplitThreshold to zero upon receiving a MAC CE activating PDCP duplication.
Proposal 5: When duplication is deactivated UE falls back to the legacy uplink split bearer operation, i.e. IE ul-DataSplitThreshold controls the PDCP data volume calculation for the purpose of buffer status reporting.
Proposal 6: Upon deactivation of PDCP packet duplication for the CA case, PDCP entity should not submit anymore PDCP PDUs to the deactivated “duplication” RLC entity. Further the UE shall discard all the SDUs and PDUs left in the transmission buffer of the deactivated RLC entity and reset all state variables/timers. The PDCP buffer status of the deactivated LCH is set to zero.
Proposal 7: When duplication is activated UE initializes Bj for the previously “inactive” logical channel to zero. UE shall not be required to maintain the token bucket status of a deactivated LCH (due to PDCP duplication has been deactivated).
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