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1 Introduction

RAN2#99 made the following agreements on PDCP duplication:

Agreements

1
We will not support MAC CE activation/deactivation of duplication within LTE MAC.

2
We will not support the CA duplication in LTE 

3
CA duplication is supported for all non-split UM DRBs if the bearer uses NR-PDCP, for all architecture options (apart from cases excluded by 1 and 2)

FFS: for AM DRBs and SRBs

4
DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP, for all architecture options
5
We will not introduce new bearer type changes into RRC, but user plane session can discuss and decide terminology for DC duplication, CA duplication, split bearer operation, etc (Some clarification is needed for how to handle CA duplication within the current bearer type change discussion)

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.  

2.
1 byte bitmap could be used as duplication activation/deactivation MAC CE

3. 
The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)  
Agreements:

-
RLC reports maxNumberofRLC retransmissions are reached to RRC.   

-
For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens

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

In this contribution, we discuss further details of PDCP duplication.
2 Discussion

2.1 Modeling of duplication bearer

A bearer capable of duplication is a bearer with one PDCP instance and two RLC entities. The packets are duplicated on both RLC entities when the duplication is activated. In DC packet duplication, the two RLC entities transmit RLC PDUs on two different MAC entities. In CA packet duplication, the two RLC entities transmit RLC PDUs on the same MAC entities, with a restriction that the packets from two RLC entities are sent on separate carriers.
From PDCP point of view, DC duplication and CA duplication can be treated identically, as the difference of 1 or 2 MAC entities is transparent to PDCP layer. For the ease of discussion, in this contribution, we use the “primary/secondary” terminology for the duplication modeling of RLC and MAC entities given the RAN2 meeting agreement. The modeling of duplication bearer for both DC and CA cases are common as the following:

1. A bearer capable of duplication has a PDCP instance and two associated RLC entities.
2. One of the legs is the primary RLC entity, which PDCP always submitted data to. 

3. One of the legs is the secondary RLC entity, which PDCP submits duplicated data to. 
Proposal 1: For a bearer capable of duplication, a primary RLC and a secondary RLC are configured.
The initial state of PDCP duplication functionality could be configured by RRC signaling. There are three options. 1. the initial state of PDCP duplication is activated state; 2. the initial state of PDCP duplication is deactivated state; 3. the initial state of PDCP duplication is indicated by NW. 
Since the purpose of packet duplication is the requirement for high reliability, it depends on the network deployment and radio condition which may vary with time. So, it will be better to configure the initial state of PDCP duplication by NW rather than fixing the initial state, which also gives more flexibility to gNB.
Proposal 2: Initial state of PDCP duplication is configurable by NW.
2.2 Behavior of duplication bearer at deactivation

One of the open issues of duplication bearer is the expected behavior when duplication is deactivated. Here we focus on the behavior of PDCP procedure. There are two options:

· Option 1: When duplication bearer is deactivated, data is transmitted only on the primary RLC.

· Option 2: When duplication bearer is deactivated, data is transmitted on both primary and secondary RLC but not duplicated.

To select one of the options, we revisited the use case of packet duplication. The motivation of duplication bearer is to enhance reliability without waiting for retransmissions by leveraging frequency diversity, e.g. for URLLC traffic. For these traffic, the throughput is not the major concern. The reason for deactivating duplication for this type of traffic is to avoid resource waste for duplication. In other words, the motivation of duplication deactivation is not to maximize the throughput by aggregating the capacity of the two legs. Therefore, option 1 should be the desired behavior of duplication bearer.

Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Specifically, for packet duplication in DC case, when the duplication is deactivated, the duplication bearer should only use the primary RLC for data submission and setting the threshold as infinity, without releasing the secondary RLC. The gNB can stop scheduling data on the secondary RLC. 
Proposal 3: In both DC and CA case, when duplication is deactivated, PDCP procedure can reuse split bearer as in LTE and the threshold is infinity, i.e. data is only submitted to the primary RLC.

In both DC and CA cases, the secondary RLC may have residual retransmissions and data when the duplication is deactivated. Since the gNB may stop scheduling data on the secondary RLC after the deactivation, at the time of reactivation, it is possible the secondary RLC needs to first transmit the residual data before continuing the new duplicate data transmission. This may result in longer latency after reactivation and contradict to the motivation of packet duplication as the residual data should be outdated. Therefore, the secondary RLC should be reestablished when duplication before reactivation. To prevent further delay at reactivation, the reestablishment should be performed at deactivation.
Proposal 4: The secondary RLC is reestablished when duplication is deactivated.
When duplication is deactivated, the simplest way is that PDCP data volume is reported only in the MAC entity associated with the primary RLC which is still activated and the PDCP reports data volume to zero for the MAC entity associated with the secondary RLC so that no additional BSR is triggered in the MAC entity associated with the secondary RLC. 
Furthermore, if the secondary RLC is reestablished, the secondary RLC flushes the packets in the buffer and the RLC data volume is indicated to zero to the MAC when duplication is deactivated. There is no change on the MAC BSR calculation.
In priniple, we believe the PDCP data volume calculation for duplication can reuse some of current proceudre. A TP is provided in the annex.
Proposal 5: The PDCP data volume reports zero to the MAC associated with the secondary RLC entity when duplication is deactivated, and RAN2 is respectfully asked to consider the TP in the Annex.
2.3 Behavior of duplication bearer at activation

At activation of packet duplication, the behavior of PDCP should be quite simple: 
1. PDCP starts to transmit data on secondary RLC.

2. Since both primary and secondary RLC will transmit the same data, PDCP reports the data volume expected to be transmitted to both legs. The data already submitted to RLC should be reported by each RLC independently.
Proposal 6: PDCP starts to submit data to secondary RLC when duplication is activated.
Proposal 7: The same PDCP data volume is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity when duplication is configured and activated. 

Proposal 8: RLC data volume is reported to the MAC entity associated with its corresponding RLC entity when duplication is configured and activated. 
2.4 Packet discard for PDCP duplication

If the PDCP duplication is activated, the same data will be transmitted in both primary and secondary RLC, and packet successful delivery status may be indicated by each RLC instance. However, the secondary RLC is not aware of whether the packets are transmitted successfully in the primary RLC or not. If the already acknowledged packets are still transmitted again over the other RLC, it obviously wastes the resources and has no reliability benefit especially in the URLLC scenario which also requires low-latency criterion. 
To make PDCP duplication more efficient, the acknowledgement from one RLC instance could be leveraged to assist the PDCP to instruct the other RLC instance to discard the packets. This mechanism is applicable for both DC and CA PDCP duplication.

Proposal 9: For PDCP duplication, when successful delivery is indicated by an RLC, PDCP instructs the other RLC instance to discard the packet. 
2.5 Scell failure handling for CA duplication

For CA duplication, if the logical channel restricted to Scell reports to reach the maximum number of retransmission, it implies that this Scell may suffer bad radio condition. In LTE CA principle, the failure of Scell will only trigger the reconfiguration of the Scell, not the RLF. More specifically, for CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE could stop transmission on these Scell(s) and transmit an indication (i.e the logical channel ID) to NW without triggering RLF. As in LTE CA, only Pcell failure may lead to RLF triggering. 
Proposal 10: For CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE stops transmission on the Scell and transmits an indication to NW without triggering RLF. RLF is triggered only if an RLC involving Pcell fails. 
3 Summary
Based on the above discussions, we recommend RAN2 to discusses the following observations and proposals:

Observation 1: The purpose of duplication bearer is enhancing reliability instead of maximizing throughput. 
Proposal 1: For a bearer capable of duplication, a primary RLC and a secondary RLC are configured.
Proposal 2: Initial state of PDCP duplication is configurable by NW.
Proposal 3: In both DC and CA case, when duplication is deactivated, PDCP procedure can reuse split bearer as in LTE and the threshold is infinity, i.e. data is only submitted to the primary RLC.

Proposal 4: The secondary RLC is reestablished when duplication is deactivated.
Proposal 5: The PDCP data volume reports zero to the MAC associated with the secondary RLC entity when duplication is deactivated, and RAN2 is respectfully asked to consider the TP in the Annex.
Proposal 6: PDCP starts to submit data to secondary RLC when duplication is activated.

Proposal 7: The same PDCP data volume is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity when duplication is configured and activated. 
Proposal 8: RLC data volume is reported to the MAC entity associated with its corresponding RLC entity when duplication is configured and activated. 
Proposal 9: For PDCP duplication, when successful delivery is indicated by an RLC, PDCP instructs the other RLC instance to discard the packet. 
Proposal 10: For CA duplication, in any RLC failure case where the RLC is associated with only Scell(s), UE stops transmission on the Scell and transmits an indication to NW without triggering RLF. RLF is triggered only if an RLC involving Pcell fails. 

4 Reference

5 Annex

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 UE shall:
-
if pdcpDuplication is not configured or if pdcpDuplication is configured but not activated or 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.
