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1 Introduction

At RAN2#98 meeting, it was agreed that

Agreements for duplication in CA case
1
Duplication on a single carrier will not be supported
2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3
Duplicated PDCP PDUs are submitted to two different RLC entities
At NR Adhoc#2 meeting, it was agreed that
Agreements:

1:
In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.

FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.

At RAN2#99 meeting, it was agreed that

Agreement:

Priority in user plane session for addressing the stage 3 details:

1: UM for DRBs with CA and DC duplication; SRBs (AM) with DC duplication; 

2: SRBs (AM) with CA duplication

3: AM for DRBs with DC duplication

4: AM for DRBs with CA duplication

Agreements

1.
For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.  

In this contribution, we discuss the stage-3 details on what is the PDCP operation for UL packet duplication, for both CA and DC cases. Stage-2 description is provided in [1].
2 Discussion
2.1 Duplication Activation

When duplication is activated, it is straightforward to make use of the two ‘legs’ to deliver the packets which have not been delivered successfully. For PDCP layer,

· It is supported that “indication of successful delivery of PDCP PDUs” can be provided by RLC layer if RLC AM is used.

· For RLC UM, there is no such indication like in RLC AM, since anyway HARQ delivery is not reliable enough.

Therefore, considering the SDUs reside at PDCP layer, i.e., of which the discard timer has not expired yet

· For RLC AM, only the ones for which NO ARQ ACKs have been received need to be duplicated;

· For RLC UM, all the PDCP SDUs may benefit from duplicated transmission;

In order to implement it, considering the PDCP discard operation definition in TS 38.323

5.3
SDU discard

When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.
A straightforward solution is to add “successful delivery of a PDCP PDU has been indicated by lower layer” as one trigger of PDCP SDU discard option, considering which has already include the RLC SDU discard operation.

Proposal 1 When successful delivery of a PDCP PDU has been indicated by lower layer, it triggers PDCP discard operation.
The same spirit can be applied to the very beginning of duplication activation, where only the packets which are not delivered successfully are to be duplicated.

Proposal 2 When UL duplication is activated, PDCP layer duplicates PDCP data PDUs which have not been discarded yet.
2.2 Duplication Deactivation

For duplication deactivation, it has to differentiate between different cases:

· For SRB of DC duplication and CA duplication, one ‘leg’ would be used like CA, 
· For DRB of DC duplication, after duplication deactivation, it should fall back to split bearer operation
For split bearer, according to the agreement from RAN2#99

=>
A UE with split bearer can be configured to transmit on a single path via RRC signalling.  

So that even for DC duplication of DRB, when duplication is deactivated, RRC can configure the UE to send on ‘primary leg’ or ‘primary and secondary legs’, depending on the threshold value and data volume. 

Observation 1 When UL duplication is deactivated, RRC configures the UE to send new data to either one or two logical channels.

For both cases (‘one leg’ or ‘two legs’), when duplication is deactivated, it is straightforward that the RLC SDUs that has not been delivered yet can be removed from RLC buffer to avoid creating interference due to redundant transmission, which can be implemented 
· Alt-0: Do nothing: the drawback is that the unnecessary redundant transmission would cause resource waste, and the harmful effect would increase with the data volume which has been pre-processed.

· Alt-1: RLC re-establishment: the drawback is that in case of DC duplication, a Xn/X2 interface signalling from the node who sends out the MAC CE to the other node is needed, in order for the RLC receive entity on the other node to re-establish. Furthermore, considering MAC CE may undergo PUCCH ACK-to-NACK error, it may cause misalignment of RLC entity between UE and network side.
· Alt-2: RLC discard without re-establishment: the drawback is that this way cannot fully clear up the RLC buffer, considering the SDU (or a segment thereof) which has been submitted to the lower layers.
· Alt-3: RLC suspend: the drawback is that this way cannot be applied to DC duplication, but only CA duplication.

Comparing the different alternatives, we propose to consider alt-2 or alt-3, i.e., rely on UE to remove the unnecessary redundant data delivery after deactivation, without RLC re-establishment.
Proposal 3 When UL duplication is deactivated, no RLC re-establishment is needed.
Proposal 4 When UL duplication is deactivated, RAN2 to discuss whether RLC discard or suspend the duplicated packet delivery. 

Based on the proposals above, we draft the text proposal in Annex.

Proposal 5 Adopt the text proposal in Annex.

3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
When UL duplication is deactivated, RRC configures the UE to send new data to either one or two logical channels.


Based on the discussion in section 2 we propose:
Proposal 1
When successful delivery of a PDCP PDU has been indicated by lower layer, it triggers PDCP discard operation.
Proposal 2
When UL duplication is activated, PDCP layer duplicates PDCP data PDUs which have not been discarded yet.
Proposal 3
When UL duplication is deactivated, no RLC re-establishment is needed.
Proposal 4
When UL duplication is deactivated, RAN2 to discuss whether RLC discard or suspend the duplicated packet delivery.
Proposal 5
Adopt the text proposal in Annex.
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5 Annex

------------------------------- TEXT PROPOSAL (BEGIN) ------------------------------------------
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:
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;

-
else, if pdcpDuplication is configured but not activated:

-
submit the PDCP Data PDU to the primary RLC entity;
-
else:

-
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:

-
submit the PDCP Data PDU to the primary RLC entity;

-
else:

-
submit the PDCP Data PDU to either the primary RLC entity or the secondary RLC entity.

NOTE: 
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.
If the transmitting PDCP entity is associated with two RLC entities, and if pdcpDuplication is configured but not activated, when upper layer requests to activate the duplication, duplicate the stored PDCP PDU and submit to the secondary RLC entity.

If the transmitting PDCP entity is associated with two RLC entities, and if pdcpDuplication is configured and activated, when upper layer requests to deactivate the duplication, indicate the discard to the secondary RLC entity.
------------------------------- TEXT PROPOSAL (NEXT) ------------------------------------------
5.3
SDU discard

When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report or lower layer, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.

For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.

------------------------------- TEXT PROPOSAL (END) ------------------------------------------
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