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Discussion and Decision
1 Introduction
Packet duplication for HRLLC was discussed in last two RAN2 meetings and the following agreements were reached.

	RAN2 #99bis  Agreements:

1
PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.

2
RAN2 works on PDCP data duplication for both CA and DC.

3a
At least UM bearers are supported for PDCP duplication via CA.

4
PDCP enables reordering and duplication detection when PDCP duplication is configured.

6
MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.

7
For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.

8
PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.

9
LCH to carriers/cells restriction is configured for CA duplication.

RAN2 #100   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). 

3
Support RLC AM for SRB for packet duplication via DC and CA. FFS the DRB case.

4
Support RLC UM for packet duplication via DC.

5
Apply LTE PDCP to support packet duplication. FFS the necessary changes.

6
   Support PDCP reordering for duplication case


It was agreed that RLC AM for SRB for packet duplication via DC and CA are supported. And RLC UM for DRB for packet duplication via CA and DC were agreed to support. However, whether RLC AM for DRB for packet duplication to be supported is debatable. Similar to NR PDCP packet duplication, applying PDCP to support packet duplication in LTE was agreed but the necessary changes are FFS. In this contribution, we will discuss these remaining issues and give our considerations.

2 Discussion
2.1 RLC AM for DRB for packet duplication

RLC AM can ensure high reliability in legacy LTE based on the ACK/NACK feedback of receiving side at the expense of increasing latency of retransmissions. Packet duplication can be used to improve reliability as well as latency by exploring frequency-diversity that transmitting duplicates in different carriers. However, applying RLC AM for packet duplication does not further improve reliability whereas increase the latency. 

In NR, the Rx RLC entity does not perform the reordering and ensure in order delivery to upper layer. Instead the Rx PDCP entity performs the reordering of PDCP PDUs and the duplication detection/discarding functionality. However, in LTE, the Rx RLC entity needs to perform the reordering and only deliver the in order RLC SDUs to upper layer. For LTE PDCP packet duplication, since the Rx PDCP entity shall receive PDCP PDUs from associated two RLC entities, Rx PDCP entity should also support reordering and duplication detection/discarding functionality. The reordering in both RLC and PDCP entity may therefore increase the end-to-end packet transmission latency. 
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Figure 1. Illustration of LTE Rx RLC entity (UM at left and AM at right)

As shown in Figure 1, two RLC entities are associated to one PDCP entity in receiving side for packet duplication. If Suppose RLC UM is used and packets (2, 3, 4, 5) has been received whereas packet 1 not, the Rx RLC entity 2 does not deliver the packets (2,3,4,5) to Rx PDCP entity until the reordering timer associated with packet 1 is expired. On the other hand, since packet 3 has not yet been received, the Rx RLC entity 1 does not deliver the packets (4, 5) to Rx PDCP entity until the reordering timer associated with packet 3 is expired. For the Rx PDCP entity, it shall wait for the packet 3 for reordering. Suppose RLC AM is used, when RLC reordering timer expires, RLC status report is triggered and Rx RLC entity should wait for retransmissions of packet 1/3. For example, until receiving retransmission of packet 1, RLC entity 2 can deliver packet (1, 2, 3, 4…) to PDCP entity in order, or until reaching the max number of retransmissions, RLC entity 2 should consider the packet 1 is lost and sequentially deliver packet (2, 3, 4…) to PDCP entity. The same way for packet 3 in RLC entity 1. In this case, the latency due to double reordering in RLC and PDCP entity is more severe.

In our opinion, for data packet with high reliability requirement, RLC AM can be used. For data packet with high reliability and low latency requirement, RLC UM for packet duplication could be used. On the other hand, the transport block repetition is under discussion to support the ultra-high reliability service. With the combination of transport block repetition and RLC UM duplication, it could meet the requirements of URLLC services. We see no strong motivation and essential use case to apply RLC AM for packet duplication.  

Observation 1: For LTE PDCP packet duplication, both RLC and PDCP support reordering functionality in receiving side, and thus reordering is performed twice which may increase the end-to-end packet transmission latency. If RLC AM for packet duplication is supported, this issue may be more severe due to AM retransmissions.

Proposal 1: It is suggested RLC AM for DRB for packet duplication is not supported in HRLLC.

2.2 Layer 2 impacts for supporting LTE PDCP packet duplication

PDCP impacts

To support LTE PDCP packet duplication, the PDCP entity in transmitting side should submit the duplicated PDCP PDUs to the associated two RLC entities. In receiving side, the PDCP entity shall receive the PDCP PDUs from the two associated RLC entities and perform reordering and duplicate detection/discarding and deliver PDCP SDUs to upper layer in sequence. In legacy LTE, PDCP reordering function is used for split bearers and LWA bearers. When it comes to the data duplication support, PDCP reordering should be enhanced for radio bearers with data duplication activated.. As to duplicate detection/discarding, it is already supported in LTE currently.

Proposal 2: To support LTE PDCP packet duplication, the PDCP entity in transmitting side should support duplication transmission and the PDCP entity in receiving side should be enhanced to support reordering function for radio bearer with packet duplication activated.

RLC impacts

As discussed in section 2.1, for LTE PDCP packet duplication, both RLC and PDCP perform reordering in receiving side, which increases the end-to-end packet transmission latency. In our opinion, it is better to synchronize the two Rx entities associated with data duplication to reduce the reordering latency. For example, the Rx PDCP entity can inform the associated RLC entities the PDCP SN of latest sequentially received PDCP PDU. Consequently, the slower RLC entity could detect whether the packets not received yet has been received by another RLC entity. If yes, it does not need to wait for the reordering timer expiring associated to the RLC SDU. Instead, it can skip all the RLC SDUs that have not been received (view as lost) or the RLC SDUs that have already been confirmed by PDCP entity, and continue to deliver the stored RLC SDUs that have not been confirmed to PDCP entity sequentially if it has. In this way, the reordering latency in RLC and PDCP can be reduced to some extent. However, it requires the receiving RLC entity to detect the PDCP subheader included in the RLC SDU if any and get the knowledge of relevant PDCP SN.

Proposal 3: It is suggested to synchronize the two Rx RLC entities associated with data duplication to reduce the reordering latency.
BSR

In LTE DC, LCG is configured per CG. BSR configuration, triggering and reporting are independently performed per CG. LTE packet duplication via DC shall comply with these principles. For calculation of buffer size, PDCP data volume is indicated to the MAC entities corresponding to the associated two RLC entities independently.

Regarding LTE packet duplication via CA, duplicate LCHs are configured to map to different carriers, that is, one carrier cannot have both of the duplicate LCHs mapped to it. Due to the restrictions of duplicate LCHs mapping to different carriers, the eNB should have knowledge of the buffer size for each of the carrier. Otherwise, eNB could not make appropriate resource allocation for different carriers. To realize this, at least the two LCHs for data duplication radio bearer should belong to different LCGs. This means that eNB should configure the two LCHs associated with data duplication bearer into two different LCGs. eNB can ensure LCHs of different carriers do not map into one LCG.  Alternatively, the buffer statuses can be reported per logical channel or per carrier. 

As to BSR triggers, various new BSR triggers had been discussed extensively in NR, such as new BSR trigger for activation/deactivation of packet duplication and BSR trigger for the change of the amount of URLLC data irrespective of the priority of the logical channel. However, most companies think the existing BSR triggers are good enough and no new BSR trigger is needed. Repetition work is not expected in LTE packet duplication.

Observation 2: Due to the restrictions of duplicate LCHs mapping to different carriers, the eNB should have knowledge of the buffer size in each of the carrier to make scheduling for different carriers.

Proposal 4: The two LCHs in a duplication pair should belong to different LCGs, so that BSR can be able to report the buffer statuses of the two duplicated LCHs in separate LCGs.

3 Conclusion

In this contribution, we discussed issues on RLC AM for DRB for packet duplication and some potential impacts on Layer 2 for supporting LTE PDCP packet duplication. And we have the following observations and proposals:
Observation 1: For LTE PDCP packet duplication, both RLC and PDCP support reordering functionality in receiving side, and thus reordering is performed twice which may increase the end-to-end packet transmission latency. If RLC AM for packet duplication is supported, this issue may be more severe due to AM retransmissions.

Proposal 1: It is suggested RLC AM for DRB for packet duplication is not supported in HRLLC.

Proposal 2: To support LTE PDCP packet duplication, the PDCP entity in transmitting side should support duplication transmission and the PDCP entity in receiving side should be enhanced to support reordering function for radio bearer with packet duplication activated.

Proposal 3: It is suggested to synchronize the two Rx RLC entities associated with data duplication to reduce the reordering latency.

Observation 2: Due to the restrictions of duplicate LCHs mapping to different carriers, the eNB should have knowledge of the buffer size in each of the carrier to make scheduling for different carriers.

Proposal 4: The two LCHs in a duplication pair should belong to different LCGs, so that BSR can be able to report the buffer statuses of the two duplicated LCHs in separate LCGs.

References 

[1] RP-172845, LTE URLLC WID

