Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG2 Meeting #98
R2-1704836
Hangzhou, China, 15th -19th May 2017
Agenda Item:
10.2.2
Source: 
Huawei, HiSilicon
Title:
Interaction between PDCP/RLC/MAC for packet duplication
Document for:
Discussion and Decision
1 Introduction
RAN2 has agreed PDCP duplicate to achieve high reliability by not introducing too much latency for feedback and retransmissions. RAN2#97bis has further made the following agreements.

	Agreements:

1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)

2: only one additional leg is configured for PDCP duplicates.

3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.

FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)

4:
PDCP duplication solution for CA requires only one MAC entity.

5
logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).


This contribution will further discuss some general issues related to PDCP duplication.

2 Discussion
As RAN2 has agreed that there are at most two legs configured for PDCP, the protocol stack for a DRB/SRB configured with duplication can be illustrated as in Fig.1.
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Fig.1 PDCP duplication in two legs
For a DRB/SRB which may need packet duplication to improve reliability, the gNB should first configure two RLC entities for this radio bearer. The duplicate operation may be triggered by RRC configuration or based on some measurement results. Once duplication being triggered, PDCP should generate duplicated PDCP PDUs with the same SN and deliver them to the two RLC entities.

For a radio bearer, an additional RLC entity for duplicated transmission can be configured and established before the duplication operation is really triggered for the radio bearer. Before the duplication is triggered, PDCP PDUs are only delivered to one of these two RLC entities, and which RLC entity should be used in this case should be defined. Therefore, from PDCP perspective, the two RLC entities associated with a same PDCP entity should be differentiated, e.g., one is named as “First RLC entity” and the other is named as “Secondary RLC entity”.
Proposal 1: The two RLC entities associated with a same PDCP entity should be differentiated, e.g., one is named as “First RLC entity” and the other is name as “Secondary RLC entity”.

2.1 PDCP/RLC interaction
One issue to be discussed is what PDCP PDUs need to be duplicated. For radio bearers mapped to RLC AM, in the PDCP buffer, there are PDCP SDUs which has not created corresponding PDCP PDUs, PDCP PDUs generated but not being delivered to RLC, PDCP PDUs which has already been delivered to RLC but has not been acknowledged by the lower layer, and PDCP PDUs which have been acknowleged by RLC but have not been discarded yet. As the original link for the radio bear may already have problems when the duplication operation is triggered, it is reasonable to apply duplication for all those PDCP SDUs and PDUs which have not been delivered to RLC or have not been acknowledged by RLC. As for bearers mapped to RLC AM, all the PDCP PDUs which have not been acknowledged by a RLC entity should have already been successfully transmitted. Therefore, those PDCP PDUs which have already been acknowleged by RLC do not need to be duplicated.

Once a PDCP PDU has been acknowledged by a RLC entity being successfully delivered, its duplicate does not need to be transmitted in the other leg to avoid the unnecessary waste of resources. The details are discussed in another contribution [1].
Proposal 2: For radio bearers mapped to RLC AM, once duplication being activated, PDCP should apply duplication for all those PDCP SDUs and PDCP PDUs which have not been delivered to RLC or have not been acknowledged by RLC.
Proposal 3: Once a PDCP PDU has been acknowledged by RLC being successfully delivered, its duplicated PDCP PDU or RLC SDU does not need to be transmitted in the other leg.
For radio bearers mapped to RLC UM, in the PDCP buffer, there are PDCP SDUs which has not created corresponding PDCP PDUs, PDCP PDUs generated but not being delivered to RLC and PDCP PDUs which has already been delivered to RLC but have not been discarded yet. It is straightforward to apply duplication for those PDCP SDUs which has not created corresponding PDCP PDUs, PDCP PDUs generated but not being delivered to RLC. For those PDCP PDUs which has already been delivered to RLC but have not been discarded yet, because their discard timers have not expired, so it is also reasonable to apply duplication on them to improve the reliability.

Proposal 4: For radio bearers mapped to RLC UM, once duplication being activated, PDCP should apply duplication for all those PDCP SDUs and PDCP PDUs which have not been delivered to RLC or have not been discarded.
Once duplication is deactivated, the secondary RLC entity may not be released at once. In this case, the PDCP entity should not deliver new PDCP PDUs to the secondary RLC entity.  
Proposal 5: Once duplication is de-activated, the PDCP entity should not deliver new PDCP PDUs to the secondary RLC entity.

2.2 PDCP/MAC and RLC/MAC interaction
 For a radio bearer configured for duplication, the two RLC entities are associated with two separate logical channels. In the MAC layer, as in LTE, BSR should be triggered if data becomes available in PDCP and RLC for a logical channel. In case the secondary RLC entity is configured, before duplication operation is activated, the data in the PDCP entity should not be considered to be available for this logical channel for the secondary RLC entity. 
Proposal 6: The data in the PDCP entity is not considered as data available for the logical channel for the secondary RLC entity if duplication operation is not activated.

Once the duplication is activated, there could be PDCP SDUs and PDCP PDUs stored in the PDCP entity. The PDCP SDUs for which no PDU has been created will be transmitted in both legs and therefore should be accounted as available data for both the two logical channels. The PDCP PDUs should have two copies stored in PDCP, and only one copy needs to considered as data available in a logical channel.

Proposal 7: When the duplication operation is activated, the PDCP SDUs for which no PDU has been created and one copy of PDCP PDUs are considered as data available for either of the two logical channels used for duplicated transmission.
Another issue is whether the UE should stop the transmission of the logical channel for the secondary RLC entity upon deactivation duplication operation if there is still some data available in the secondary RLC entity. When the duplication operation is deactivated, it means that transmission in one leg can already support the reliability requirement. Therefore, the transmission in the secondary leg can be stopped and all the data in the RLC entity can be cleared.
Proposal 8: When the duplication operation is deactivated for a radio bearer, the UE should stop the transmission of the logical channel for the secondary RLC entity and clear all the data in the RLC entity.
3 Conclusion and Proposals
Proposal 1: The two RLC entities associated with a same PDCP entity should be differentiated, e.g., one is named as “First RLC entity” and the other is name as “Secondary RLC entity”.

Proposal 2: For radio bearers mapped to RLC AM, once duplication being activated, PDCP should apply duplication for all those PDCP SDUs and PDCP PDUs which have not been delivered to RLC or have not been acknowledged by RLC.
Proposal 3: Once a PDCP PDU has been acknowledged by RLC being successfully delivered, its duplicated PDCP PDU or RLC SDU does not need to be transmitted in the other leg.
Proposal 4: For radio bearers mapped to RLC UM, once duplication being activated, PDCP should apply duplication for all those PDCP SDUs and PDCP PDUs which have not been delivered to RLC or have not been discarded.
Proposal 5: Once duplication is de-activated, the PDCP entity should not deliver new PDCP PDUs to the secondary RLC entity, and those RLC SDUs which have not generated RLC PDUs can also be discarded.

Proposal 6: The data in the PDCP entity is not considered as data available for the logical channel for the secondary RLC entity if duplication operation is not activated.

Proposal 7: When the duplication operation is activated, the PDCP SDUs for which no PDU has been created and one copy of PDCP PDUs are considered as data available for either of the two logical channels used for duplicated transmission.

Proposal 8: When the duplication operation is deactivated for a radio bearer, the UE should stop the transmission of the logical channel for the secondary RLC entity and clear all the data in the RLC entity.
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