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1 Introduction 
This paper discusses our views on some open issues related to PDCP duplication enhancements.
2 Proposal
2.1 Separate capability for RLC AM

Here, we discuss the following open issue identified during email discussion ‘[108#47][IIOT] UE feature list’:

	It is FFS whether “PDCP duplication with more than two RLC entities” feature needs to be separate for UM and AM RLC modes.


We explain below that there is value in at least having a separate capability for AM.

Industrial use cases (e.g., motion control) can require end-to-end latency as low as 0.5-2 ms (see table 5.2-1 of TS 22.104).  

Observation 1a: Industrial use cases present challenging latency requirements with end-to-end latency as low as 0.5-2 ms. 

Multiple HARQ transmissions can be used in addition to PDCP duplication to provide increased reliability using retransmissions. Four HARQ transmissions and associated ACK/NACK feedback can itself need 2-4 ms, assuming each HARQ transmission and ACK/NACK requires 0.5-1 ms. This does not leave any room for any RLC retransmissions. This has also been noted in the URLLC context for e.g., in [2] which observes that “The latency of RLC AM cannot meet the requirement of 1ms latency in URLLC.”
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Observation 1b: Low latency requirements of URLLC traffic can leave no room for RLC retransmissions.

In LS R1-1901470 to RAN2, RAN1 has noted that “reliability target of 1e-4 to 1e-6 can be achieved with Rel-15 NR”. Given this, use of PDCP duplication is sufficient to meet the reliability requirements of table 5.2-1 of TS 22.104.

Observation 1c: RLC retransmissions are not needed for meeting reliability requirements for industrial use cases when PDCP duplication is used. 

Based on observation 2 and 3, we can conclude that RLC retransmissions with PDCP duplication are not useful for traffic requiring low latency and this leads to the following observation.

Observation 1d: PDCP duplication with RLC entities in mode AM is not needed for use cases requiring low latency. PDCP duplication with RLC entities in mode UM can be used for use cases requiring low latency.

PDCP duplication enhancements (support for up to 4 RLC entities, dynamic leg selection, resource efficient PDCP duplication) in scope of this WI are primarily to enhance reliability for use cases requiring low latency and this is evident in Section 3 (Justification) excerpt of RP-190728 copied below.

	To enable connectivity with higher reliability and lower latency, PDCP duplication enhancement for supporting more legs and/or more flexible control, as well as higher resource efficiency for both DL/UL PDCP duplication, have been identified as an improvement area for Rel-16. The URLLC service could also be attained via solutions based on higher-layer multi-connectivity, in which redundant paths of network segments could be utilized to improve both reliability and latency, with potential impacts to RAN specifications. 


Restriction of PDCP duplication enhancements to RLC AM was discussed in RAN2#107 and following was captured in chair notes.

	General

- 
QC think that all of this applies only to RLC UM. Several companies think we don’t restrict in the TS. Chair think that we can restrict by UE caps etc, to only have to test reasonable cases. LG have sympathy for the QC proposal. 




Given PDCP duplication enhancements with RLC entities in mode AM don’t add much value, we propose that it should be configured for a UE based on a capability to avoid test cases for configurations with limited practical use.

In light of above discussion, we propose the following:
Proposal 1: PDCP duplication enhancements (support for up to 4 RLC entities, dynamic leg selection, resource efficient PDCP duplication) with RLC entities in mode AM should either

· not be supported, or

· should be configured for a UE based on a capability signalled by the UE.
2.2 Indicating DRB ID in MAC CE

We discuss the following editor’s note related to ‘Duplication RLC Activation/Deactivation MAC CE’ in latest running CR R2-1916352 for TS 38.321:
	Editor’s Note: It is FFS whether full DRB ID is included in the MAC CE, instead of DRBdup Index.


Latest running CR for TS 38.321 currently assumes indication of DRBdup Index in the MAC CE which is described as follows:
	· DRBdup Index: This field indicates the DRB for which the MAC CE applies. The value of this field is the ascending order of the DRB ID among the DRBs configured with PDCP duplication and with RLC entity(ies) associated with this MAC entity.


DRBdup Index, as described above, results in variations in DRBdup index as PDCP duplication configuration changes (since it depends which DRBs are configured with PDCP duplication). It will require MN-SN co-ordination when PDCP duplication for a split DRB changes to ensure that both MN and SN send MAC CE based on the latest DRBdup index. 
Observation 2a: Relying on a DRB index which is a function of PDCP duplication configuration of all DRBs (including split DRBs) imposes MN-SN co-ordinatoin requirements.
We propose use of a simpler approach where DRB ID is explicitly indicated in the MAC CE. This reduces MN-SN coordination requirements as the index does not change with changes in PDCP duplication configuration of a DRB. Explicit inclusion of DRB ID is expected to add an octet to the MAC CE overhead. The overhead increase is not significant for a typical network deployment using PDCP duplication.
Observation 2b: Inclusion of DRB ID reduces MN-SN co-ordination requirements. Associated overhead increase is negligible for a network using PDCP duplication.
Hence, we propose the following:
Proposal 2: Include DRB ID explicitly in the new Rel-16 MAC CE for PDCP duplication.

2.3 Signalling ON/OFF

Next we discuss following open issue identified in latest running CR R2-1916352 for TS 38.321:
	Editor’s Note: How the ON/OFF of PDCP duplication is signalled is FFS. It may be specified in PDCP specification.


We propose the following to address this open issue.
Proposal 3: For Rel-16 PDCP duplication configuration, 
· PDCP duplication is activated either by RRC signalling or by sending Rel-16 MAC CE indicating that at least one of the secondary RLC entities is activated. 

· PDCP duplication is deactivated either by RRC signalling or by sending Rel-16 MAC CE indicating that none of the secondary RLC entities is activated.
2.4 Role of Rel-15 MAC CE with Rel-16 PDCP configurations
Next, we discuss following open issue identified in latest running CR R2-1916352 for TS 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.


We don’t see much value in allowing use of Rel-15 ‘Duplication Activation/Deactivation MAC CE’ with Rel-16 PDCP configurations as Rel-16 MAC CE ‘Duplication RLC Activation/Deactivation MAC CE’ provides all related functionality (see Section 2.3) and provides even more flexibility. Further, this reduces specification effort (as we don’t have specify how Rel-15 MAC CE can be used with Rel-16 PDCP duplication configuration). 
Proposal 4: Rel-15 Duplication Activation/Deactivation MAC CE is not used with Rel-16 PDCP configurations.

2.5 Applicability of PDCP duplication enhancements to SRB

Next, we discuss following open issue identified in latest running CR for TS 38.331:
	Editor’s note: FFS: Whether the initial PDCP duplication state of the associated RLC entity is always activated for SRB, as in legacy Rel-15.


RAN2 has not discussed previously whether PDCP duplication enhancements applies to SRB. This should be discussed first. If applicable to SRB, PDCP duplication state of the associated RLC entities is always (not just initially) activated for SRB following similar behaviour in Rel-15.
Proposal 5: RAN2 should discuss whether PDCP duplication enhancements apply to SRB. If yes, PDCP duplication state of the associated RLC entities is always activated.
2.6 Discarding duplicated PDUs of RLC entity after its deactivation 
Following open issue was identified during ‘[108#52][IIOT] Running CR 38.323 (LG)’:
	Whether to discard duplicated PDUs when an RLC entity is indicated to deactivate PDCP duplication (but PDCP duplication is still activated).


In Rel-15, secondary RLC entity is indicated to discard all duplicated PDCP data PDUs after deactivation of PDCP duplication and related 38.323 excerpt is copied below:

	5.11.2
Duplicate PDU discard

For the PDCP entity configured with pdcp-Duplication, the transmitting PDCP entity shall:

-
if the successful delivery of a PDCP Data PDU is confirmed by one of the two associated AM RLC entities:

-
indicate to the other AM RLC entity to discard the duplicated PDCP Data PDU;

-
if the deactivation of PDCP duplication is indicated:

-
indicate to the secondary RLC entity to discard all duplicated PDCP Data PDUs.


We don’t see strong reasons to deviate from the Rel-15 behaviour of indicating to a deactivated RLC entity to discard all duplicated PDCP data PDUs.
3 Conclusions
Observations and proposals from the above discussion is reiterated below.
Observation 1a: Industrial use cases present challenging latency requirements with end-to-end latency as low as 0.5-2 ms. 

Observation 1b: Low latency requirements of URLLC traffic can leave no room for RLC retransmissions.

Observation 1c: RLC retransmissions are not needed for meeting reliability requirements for industrial use cases when PDCP duplication is used. 

Observation 1d: PDCP duplication with RLC entities in mode AM is not needed for use cases requiring low latency. PDCP duplication with RLC entities in mode UM can be used for use cases requiring low latency.

Proposal 1: PDCP duplication enhancements (support for up to 4 RLC entities, dynamic leg selection, resource efficient PDCP duplication) with RLC entities in mode AM should either

· not be supported, or

· should be configured for a UE based on a capability signalled by the UE.
Observation 2a: Relying on a DRB index which is a function of PDCP duplication configuration of all DRBs (including split DRBs) imposes MN-SN co-ordinatoin requirements.
Observation 2b: Inclusion of DRB ID reduces MN-SN co-ordination requirements. Associated overhead increase is negligible for a network using PDCP duplication.

Proposal 2: Include DRB ID explicitly in the new Rel-16 MAC CE for PDCP duplication.

Proposal 3: For Rel-16 PDCP duplication configuration, 

· PDCP duplication is activated either by RRC signalling or by sending Rel-16 MAC CE indicating that at least one of the secondary RLC entities is activated. 

· PDCP duplication is deactivated either by RRC signalling or by sending Rel-16 MAC CE indicating that none of the secondary RLC entities is activated.
Proposal 4: Rel-15 Duplication Activation/Deactivation MAC CE is not used with Rel-16 PDCP configurations.

Proposal 5: RAN2 should discuss whether PDCP duplication enhancements apply to SRB. If yes, PDCP duplication state of the associated RLC entities is always activated.
_1611177054.vsd
UE MAC/PHY


gNB


Packet


PUSCH


PUSCH


PUSCH


PUSCH


NACK


NACK


NACK


NACK


rHARQ1 = 
0.5-1 ms


rHARQr = 
0.5-1 ms


rHARQr = 
0.5-1 ms


rHARQr = 
0.5-1 ms


t-PollRetransmit = 5 ms (lowest value in Rel-15)


RLC retx


Time spent on HARQ transmissions and feedback = 2-4 ms


UE RLC



