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1 Introduction
In this contribution PDCP duplication in LTE is discussed. 
2 Discussion
2.1 Agreements

In RAN2#100 the following agreements were made for packet duplication:

Agreements:

1
The activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s).
2
the logical channel handling can take the NR’s conclusion as baseline:

· Duplicated PDCP PDUs are submitted to two different RLC entities for two different LCH, and the LCH cannot be mapped on the same carrier.

· LCP takes into account all the restrictions configured for the logical channels (which include the PDCP data duplication restrictions). 
Agreements:

1
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

2
Support RLC UM for packet duplication via DC.

3
Apply LTE PDCP to support packet duplication. FFS the necessary changes.

4
 Support PDCP reordering for duplication case

2.2 PDCP duplication for AM operation
The reception algorithm for RLC AM was introduced in PDCP for DRB bearer split for DC in release 12. When packet duplication for RLC UM and SRBs was added in the running CR for URLLC [2] according to RAN2 agreements, packet duplication for RLC AM was also covered with no extra impact. There is therefore no reason not to support packet duplication for RLC AM as it is already included in the specification. It may actually be complex and require much specification impacts if it is not supported.
From a use case point of view, it is also motivated to support packet duplication for RLC AM. URLLC use-cases have very strict requirements on latency (1ms) and reliability (10^-5). In order to meet these requirements packet duplication can be used to increase reliability. However, the duplication will not always be activated, only when needed. In other cases, HARQ and ARQ retransmission schemes already provide the required reliability requirements. For dynamic activation and deactivation of packet duplication MAC CE will be used.
Services with requirements of 10ms + 10^-5 can most likely not fulfil the reliability requirement if packet duplication is deactivated and RLC UM is used. For these kind of services where the reliability target is the main target, RLC AM need to be used. The RLC AM RTT could be configured to be lower than 10ms when short TTI is used. The RTT for 2os TTI are:
2os (n+4): HARQ RTT 1.14ms
2os (n+6): HARQ RTT 1.71ms

That means that there would be enough time to perform an RLC retransmission after two-three HARQ retransmissions and still meet the target of 10ms latency. 

Proposal 1: Support RLC AM for packet duplication via DC.

Proposal 2: Support RLC AM for packet duplication via CA.
As mentioned above, proposal 1 and 2 are already included in the running CR for URLLC [2] as there is no extra impact due to the proposals.
2.3 BSR reporting
The PDCP data volume calculation procedure is used as part of the BSR reporting procedure on MAC. Thereby, the MAC entity determines the amount of UL data available for a logical channel. Multiple logical channels are considered within a logical channel group (LCG).
The BSR per LCG consists of data available for transmission as indicated by RLC and PDCP associated with the respective logical channels of this group. In Figure 1 it is shown how the data available for transmission is calculated on PDCP. In the upper part of the figure, the standardized mechanism for the non-split bearer and the split bearer is illustrated. In DC, for the split bearer, if the amount of data on PDCP and RLCs is below the split threshold, data is indicated only to the configured prioritized cell group (logical channel), while when data is above the threshold, all data is indicated to both cell groups. In this way, the same data is reported twice to the network when data volume is above the threshold. It is up to network implementation to avoid potential over-scheduling in this case. 
If duplication is activated on PDCP, the data will eventually be transmitted via both logical channels. This is the same in DC and CA. Therefore, it appears straight forward to indicate in the per-LCG BSR the PDCP data which has not yet been transmitted via the logical channel of the LCG. This will eventually lead to reporting data on PDCP twice, which is correct as the data will eventually also be transmitted twice. This procedure is illustrated in Figure 1 for CA and DC, respectively. 

While the BSR reporting as such is different between DC and CA, i.e. in DC two MAC entities with their own BSR procedure respectively exist while in CA one MAC entity with its one BSR procedure reports buffer status for different LCGs, the BSR procedure as such as well as the PDCP procedure to report data for transmission can be the same.
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Figure 1: BSR reporting in CA, DC with and without duplication.

Proposal 3: The same PDCP procedure for “Data volume calculation” is used for both CA and DC duplication.
Proposal 4: When PDCP duplication is activated, all PDCP data is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the second RLC entity.
Proposal 5: When PDCP duplication is configured but not activated, all PDCP data is reported only to the MAC entity associated with the primary RLC entity.
An example of implementation of proposal 3 and 4 is shown in [3].
2.4 PDCP out-of-order delivery
It was agreed in RAN2#100 to support out-of-order delivery from RLC to PDCP. PDCP currently always delivers in-order to the applications. For URLLC there may be some applications which are very delay sensitive and where it is more important to receive the delivered packets quickly instead of receiving them in the right order. Therefore, it is proposed that also out-of-order delivery from PDCP is supported.
Proposal 6: If configured, PDCP delivers data out-of-order.
A text proposal is shown in [3].
2.5 MAC CE activation

It was agreed in RAN2#100 that activation/deactivation of packet duplication is done by MAC CEs containing bitmaps corresponding to the DRBs configured for duplication. There is a work item in RAN2 for increasing the number of DRBs from 8 to 15, see [4], and therefore the bitmap for DRBs need to be two octets long. 
It was also agreed in RAN2#100 to support packet duplication for SRBs and thus the SRBs also need to be included in the bitmap. Currently four SRBs have been agreed in RAN2 for LTE and hence four bits are needed for activation/deactivation. A MAC CE could e.g. be implemented like this:
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Proposal 7: Introduce a three-octet bitmap for MAC CE activation/deactivation of PDCP duplication.
2.6 PDCP duplication capability
The URLLC work item consists of several different enhancements which may all not be implemented by the same UE. It is therefore proposed to have a separate UE capability for packet duplication.

Proposal 8: Introduce a UE capability for packet duplication.
3 Summary
RAN2 is kindly asked to discuss the following proposals:
Proposal 1: Support RLC AM for packet duplication via DC.

Proposal 2: Support RLC AM for packet duplication via CA.

Proposal 3: The same PDCP procedure for “Data volume calculation” can be used for both CA and DC duplication.
Proposal 4: When PDCP duplication is activated, all PDCP data is reported to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the second RLC entity.
Proposal 5: When PDCP duplication is configured but not activated, all PDCP data is reported only to the MAC entity associated with the primary RLC entity.
Proposal 6: If configured, PDCP delivers data out-of-order.
Proposal 7: Introduce a three-octet bitmap for MAC CE activation/deactivation of PDCP duplication.

Proposal 8: Introduce a UE capability for packet duplication.
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