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Introduction
In last e-meeting, PDCP duplication enhancements were discussed but the issue of Rel-15 MAC CE is still FSS.
Agreements [AT109e][037][IIOT]
Rel-16 PDCP duplication is applied to SRBs.
For SRBs, all secondary RLC entities are activated when configured.
MAC CE based activation/deactivation of PDCP duplication is not supported for SRBs.
When a secondary RLC entity is deactivated (but PDCP duplication is still activated), the UE shall discard duplicated PDCP PDUs in the deactivated secondary RLC entity.
If Rel-16 MAC CE indicates all secondary RLC entities are deactivated for a DRB, the UE shall deactivate PDCP duplication for the DRB. FFS whether and how this has TS impact.
DRBdup ID in Rel-16 MAC CE is set to 5bits full DRB ID.
FFS if and how Rel-15 MAC CE is used for Rel-16 Duplication 
This issue is also captured as editor’s notes in the following specifications [3][4]:
	[38.323] Editor’s Note: The text needs to be updated after the roles of Rel-15 Duplication MAC CE and Rel-16 Duplication MAC CE are decided

	[38.321] Editor’s Note: It is an FFS whether and how Rel-15 MAC CE turns on and off PDCP duplication with more than 2 RLC entities



This contribution will clarify the necessity of Rel-15 duplication MAC CE and how to use it in NR Rel-16 efficiently.
Discussion
0. [bookmark: OLE_LINK11][bookmark: OLE_LINK10]The necessity of the Rel-15 duplication MAC CE
The necessity of the Rel-15 duplication MAC CE comes from two aspects.
· Backward compatibility
With the commercial deployment of NR Rel-15 networks, the Rel-15 duplication MAC CE has been supported by gNBs and NR UEs.
From NW implementation perspective, using two MAC CEs allows for a smoother SW stack migration since the legacy implementation is left untouched and the new MAC CE is only controlled by the new function. Similarly, in the UE stack, the Rel-15 duplication MAC CE controls duplication of multiple DRBs, while the Rel-16 duplication MAC CE controls duplication and leg switching of single DRB. So, using two different MAC CEs allows keeping untouched the basic “duplication control” functionality at PDCP level in both the UE and NW stacks while the processing of the new MAC CE controlling the destination RLC entities can be developed on top.
· The service requirements
While reviewing the justification of the WID [1] as below, we find in the typical use cases, most services with different characters have tough requirements of latency and reliability compared to legacy services. For example, AR service can be split into different QoS flows and mapped to different DRBs, such as QoS flows of image, sound, video and other types of information. So gNB should activate/deactivate duplication of these DRBs together.
	It is anticipated that NR Rel-15 should be evolved to support use cases including the following:
· Release 15 enabled use case improvements
· Such as AR/VR (Entertainment industry)
· New Release 16 use cases with higher requirements
· Factory automation
· Transport Industry
· Electrical Power Distribution



Proposal 1: Considering the backward compatibility and service requirements, Rel-15 duplication MAC CE should be used in Rel-16 to activate/deactivate duplication of multiple DRBs. 
0. Proper usage of the Rel-15 duplication MAC CE
In last e-meeting, some companies supported to reuse the Rel-15 duplication MAC CE in Rel-16. However, it is not convergent on how to use the Rel-15 duplication MAC CE [2].
In [2], the open issue of how to use the Rel-15 duplication MAC CE is listed as below:
	Open issue 2
If Rel-15 MAC CE can be used for Rel-16 Duplication configuration, what if Rel-15 MAC CE indicates “duplication activation”?
- 	Option 1: All secondary RLC entities are activated.
-	Option 2: All secondary RLC entities are set to initial state configured by RRC.



Considering the Rel-15 duplication MAC CE contains all DRBs always, above options are not complete. When it is used to activate duplication for one (or more) specific DRB(s), other already activated DRBs should not be affected (RLCs activation/de-activation status should remain the same) if associated bit is set to 1. For example, if DRB1 duplication is activated and gNB aims to activate duplication of DRB2, 3 and 4, it is not necessary to change the activated RLC entities of DRB1 at all.
Proposal 2: When Rel-15 duplication MAC CE indicates “1” for a DRB which duplication is already activated, UE should keep its activated RLC entities unchanged (active/de-activated) compared with before it received the MAC CE.
So the above 2 options can be discussed for the DRB switching from duplication deactivated state to duplication activated state by Rel-15 duplication MAC CE.
Most of the time, it is not needed to activate more than two RLC entities, even though a higher number would be configured. Activating all RLC entities by default with Rel-15 MAC CE is overkill resource-wise and contradicts the concept of having an initial state configured by RRC. It would then require sending an adjustment by Rel-16 MAC CE which is inefficient. On the other aspect, if the initial state is not configured, to make the duplication activated by Rel-15 duplication MAC CE, all RLC entities need to be activated.
Proposal 3: When Rel-15 duplication MAC CE indicates “1” for a DRB which duplication is deactivated:
· UE should activate the RLC entities which initial state is configured as “activated”  in IE moreThanTwoRLC-r16;
· If the initial states of all secondary legs are configured as “deactivated”, or the initial state is not configured, UE activates all configured legs.
Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we propose:
Proposal 1: Considering the backward compatibility and service requirements, Rel-15 duplication MAC CE should be used in Rel-16 to activate/deactivate duplication of multiple DRBs. 
Proposal 2: When Rel-15 duplication MAC CE indicates “1” for a DRB which duplication is already activated, UE should keep its activated RLC entities unchanged (active/de-activated) compared with before it received the MAC CE.
Proposal 3: When Rel-15 duplication MAC CE indicates “1” for a DRB which duplication is deactivated:
· UE should activate the RLC entities which initial state is configured as “activated”  in IE moreThanTwoRLC-r16;
· If the initial states of all secondary legs are configured as “deactivated”, or the initial state is not configured, UE activates all configured legs.

TPs on 38.321 and 38.323 are suggested in section 5. Above proposals are captured in 38.321. In 38.323, current text is OK and we just delete the related Editor’s Note.
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Annex: TPs on 38.321 and 38.323
5.1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2]TP on 38.321 [4]
[bookmark: _Toc20428251]Start of change

[bookmark: _Toc29239854]5.10	Activation/Deactivation of PDCP duplication
If one or more DRBs are configured with PDCP duplication, the network may activate and deactivate the PDCP duplication for all or a subset of associated RLC entities for the configured DRB(s).
The PDCP duplication for the configured DRB(s) is activated and deactivated by:
-	receiving the Duplication Activation/Deactivation MAC CE described in clause 6.1.3.11;
-	receiving the Duplication RLC Activation/Deactivation MAC CE described in clause 6.1.3.Y;
-	indication by RRC.
The PDCP duplication for all or a subset of associated RLC entities for the configured DRB(s) is activated and deactivated by:
-	receiving the Duplication RLC Activation/Deactivation MAC CE described in clause 6.1.3.Y;
-	indication by RRC.
The MAC entity shall for each DRB configured with PDCP duplication:
1>	if a Duplication Activation/Deactivation MAC CE is received activating the PDCP duplication of the DRB:
2>	if moreThanTwoRLC-r16 is not configured:
3> indicate the activation of PDCP duplication of the DRB to upper layers.
           2> else if the PDCP duplication of the DRB is deactivated:
3> if at least one secondary RLC entity is indicated as activated by duplicationState:
                     4> indicate the activation of PDCP duplication for the indicated secondary RLC entity(ies) of the DRB by duplicationState to upper layers.
                3> else:
4> indicate the activation of PDCP duplication for all secondary RLC entities of the DRB to upper layers. 
1>	if a Duplication Activation/Deactivation MAC CE is received deactivating the PDCP duplication of the DRB:
2>	indicate the deactivation of PDCP duplication of the DRB to upper layers.
Editor’s Note: It is an FFS whether and how Rel-15 MAC CE turns on and off PDCP duplication with more than 2 RLC entities.
1>	if a Duplication RLC Activation/Deactivation MAC CE is received activating PDCP duplication for associated RLC entities of a DRB configured with PDCP duplication:
2>	indicate the activation of PDCP duplication for the indicated secondary RLC entity(ies) of the DRB to upper layers.
1>	if a Duplication RLC Activation/Deactivation MAC CE is received deactivating PDCP duplication for associated RLC entities of a DRB configured with PDCP duplication:
2>	indicate the deactivation of PDCP duplication for the indicated secondary RLC entity(ies) of the DRB to upper layers.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]End of change

5.2 TP on 38.323 [3]
Start of change
[bookmark: _Toc12616358]5.11	PDCP duplication
[bookmark: _Toc12616359]5.11.1	Activation/Deactivation of PDCP duplication
For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:
-	for SRBs:
-	activate the PDCP duplication;
-	for DRBs:
-	if the activation of PDCP duplication is indicated:
-	activate the PDCP duplication for the indicated associated RLC entities;
-	if the deactivation of PDCP duplication is indicated:
-	deactivate the PDCP duplication for the indicated associated RLC entities.
/* Editor’s Note: The text needs to be updated after the roles of Rel-15 Duplication MAC CE and Rel-16 Duplication MAC CE are decided.
End of change
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