3GPP TSG-RAN WG2 Meeting #106 	R2-1906365
Reno, Nevada, USA, 13 – 17 May 2019 														 

Agenda item:		11.7.4
Source:	Intel Corporation
Title:	UE based PDCP duplication activation/deactivation
Document for:		Discussion and Decision
Introduction
NR IIoT WID RP-190728 [1] defines following scope related to enhancement for PDCP duplication activation/deactivation:
	· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].



In this contribution, we discuss UE based PDCP duplication activation/deactivation.
Discussion
Benefits of UE based activation/deactivation
In Rel-15, PDCP duplication is controlled by gNB via RRC signalling and MAC CE. For Rel-16, as discussed in the companion contribution [2], MAC CE can be used to select a subset of RLC entities for PDCP duplication, similar to Rel-15 principle. A UE based activation/deactivation approach could also be considered, where network configures the triggering criteria and UE autonomously activates/deactivates PDCP duplication once the trigger condition is satisfied.
The main gain of UE based activation/deactivation compared with MAC CE based approach is that there is less delay to react to the change in radio conditions. For MAC CE based approach, gNB sends the MAC CE based on channel condition and potentially information provided by other gNB/eNB in case of DC. gNB’s assessment of channel condition is based on the measurement of SRS and/or CSI/measurement report sent by UE. There are various delay incurred: SRS periodicity, delay of sending CSI/measurement report and associated gNB processing time, as well as delay of MAC CE processing at UE side. If PDCP duplication is activated/deactivated by UE based on a given criteria (e.g. channel condition as discussed in section 2.3 below) configured by gNB, above mentioned delays can be reduced. With reduced delay, UE based activation can react faster to the UL channel deterioration in order to satisfy the URLLC requirements compared with MAC CE based approach. For UE based deactivation, the radio resource for duplication can be released in a timely manner. The other benefit is the reduced MAC CE overhead, although it might not be critical for TSC scenarios where UE generally have good coverage (e.g. due to high reliability requirement like 10-5 error rate). 
Given above discussion, there are clear benefits to support UE based activation/deactivation.
[bookmark: Proposal_Spec]Proposal 1: RAN2 to specify UE based PDCP duplication activation/deactivation according to a given criteria configured by the network.
Activation/deactivation is selection of a subset of RLC entities
NR IIoT WID RP-190728 [1] defines the scope of “Specify PDCP duplication with up to 4 RLC entities configured by RRC”, and “Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication”. As discussed in the companion contribution [2], MAC CE can be used to select a subset of RLC entities for PDCP duplication. For UE based activation/deactivation, a more accurate description is that UE based approach is to select a subset of configured RLC entities used for PDCP duplication. If UE based approach is purely to activate/deactivate PDCP duplication, it is restricted to Rel-15 PDCP duplication, where only up to 2 RLC entities are configured for PDCP duplication. There are also scenarios that the total number of RLC entities for PDCP duplication is not changed but the set of RLC entities is changed. This is essentially deactivating a RLC entity for duplication while activating another RLC entity for duplication.
[bookmark: Proposal_No_Set][bookmark: Proposal_Select]Proposal 2: UE based PDCP duplication activation/deactivation is to select a subset of RLC entities for PDCP duplication according to criteria configured by the network.
Given that different DRBs can have different QoS requirements, it is natural that configuration of UE based activation/deactivation is per DRB.
[bookmark: Proposal_DRB]Proposal 3: Configuration of UE based PDCP duplication activation/deactivation is per DRB.
Triggers for UE based activation/deactivation
Various triggers were proposed for UE based activation/deactivation. Following triggers were discussed in contributions submitted to previous RAN2 meetings on duplication activation:
· Channel condition (e.g. RSRP threshold): [3][4][5][6][7][8][9]
· HARQ or RLC NACK: [3]
· Resume time expiry when no HARQ/RLC NACK received: [3]
· Packet drop rate: [5]
· Packet delay of the leg: [5]
UE based PDCP duplication activation using negative feedback (HARQ or RLC) are not needed for following reasons:
· The negative feedbacks are generated by gNB, therefore gNB can send MAC CE to activate PDCP duplication if necessary.
· Negative feedback is not necessarily a good indicator to activate PDCP duplication. The usage of PDCP duplication is based on statistical estimation of whether a subset of RLC entities can satisfy the QoS requirement. One NACK in HARQ or RLC does not mean that the statistical decision should be modified. An analogy is that the HARQ NACK does not mean that gNB should modify the MCS level, since for HARQ NACK, gNB determines a certain HARQ operating point (e.g. initial BLER) based on CSI report. 
· RLC negative feedback does not reflect the channel status and has longer processing delay (both from the transmitter of the RLC feedback and the receiver processing) therefore it is not suitable as a trigger.
· HARQ or RLC feedback is not helpful to select a set of RLC entities for duplication as pointed out in Proposal 2.
[bookmark: Obs_Negative]Observation 1: Negative feedback (HARQ or RLC) is not a suitable trigger for UE based PDCP duplication activation/deactivation.
Regarding the trigger of packet drop rate, as pointed out in Proposal 2, the trigger should be able to select a set of RLC entities for duplication, while packet drop rate cannot. Therefore, it is not a suitable trigger for UE based activation/deactivation. Similarly, for packet delay of the leg, it is not clear how the metric can be used to select a set of RLC entities for duplication.
[bookmark: Obs_Packet]Observation 2: Packet drop rate or packet delay of the leg is not a suitable trigger for UE based PDCP duplication activation/deactivation.
From above discussion, RAN2 only needs to consider channel condition trigger for UE based activation.
[bookmark: Proposal_Channel]Proposal 4: The criterion for UE based PDCP duplication activation/deactivation is channel condition.
The next question is which channel condition metric to use. TS 38.215 Section 5.1 defines L1 beam level measurement of SS/CSI-RS RSRP/RSRQ/SINR. L1 measurement can be filtered in L3 and beam-level measurements can be aggregated into cell-level measurement. Above discussed measurements are for DL. To accurately select a subset of RLC entities, it is important to consider a metric reflecting the UL channel condition, e.g. UL SINR. The actual UL SINR can be only measured by gNB, but UE can estimate the UL SINR based on the combination of DL measurement and information provided by gNB. One example is the RACH preamble group A/B selection, as in TS 38.321 clause 5.1.2, as copied below:
	4>	if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or
4>	if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>	select the Random Access Preambles group B.




Given that pathloss is used for the power control of PUSCH, it is a good metric to use for UE based PDCP activation/deactivation, while cell level RSRP/RSRQ/SINR measurement may not reflect the UL beamforming association. Although pathloss is essentially derived from RSRP measurement (e.g. the definition of pathloss is = referenceSignalPower – higher layer filtered RSRP, as in TS 38.213 clause 7.1.1), it is more suitable to represent UL SINR compared with RSRP (and other DL measurements). The reason is that one needs to specify which SS/CSI-RS for beam level RSRP/RSRQ/SINR measurement, while this is implicitly handled by the selection of pathloss reference. In addition, pathloss measurement is readily available at the UE side for PHR reporting since pathloss change is a trigger for PHR reporting as in TS 38.321 clause 5.4.6.
To reflect the UL channel condition, it is necessary to introduce network configured offset for each cell associated with the RLC entity. In addition, thresholds are configured for the DRB with PDCP duplication to select the set of RLC entities. An example algorithm is shown below to select a subset of RLC entities in a unified manner. Each RLC entity can be associated with a set of cells. For simplicity, we assume that each RLC entity is associated with one cell in the following discussion. Suppose that for RLC entity i, i=0, 1, 2, 3, the measured pathloss is PLi, and the RRC configured offset is Poffseti. Further assume that RRC configured 3 PDCP duplication thresholds PDT1 < PDT2 < PDT3. Then the selection of a subset of RLC entities can be done based on the following algorithm:
1>	if at least one RLC entity satisfying PLi+Poffseti < PDT1:
2>	select the RLC entity with the lowest PLj+Poffsetj for PDCP duplication.
1>	else if at least two RLC entities satisfying PLi+Poffseti < PDT2:
2>	select the two RLC entities with the lowest PLj+Poffsetj for PDCP duplication.
1>	else if at least three RLC entities satisfying PLi+Poffseti < PDT3:
2>	select the three RLC entities with the lowest PLj+Poffsetj for PDCP duplication.
1>	else:
2>	select all four RLC entities for PDCP duplication.
It is straightforward to extend the algorithm for the case that there are two or three RLC entities configured by RRC for PDCP duplication. In addition, the thresholds PDTi can be configured in such a way that the maximum number of RLC entities can be restricted e.g. to 2 if PDT2 is set to a relatively large value.
[bookmark: Proposal_PL]Proposal 5: For UE based PDCP duplication activation/deactivation, pathloss, configurable offsets and thresholds are part of the selection mechanism that determines the subset of RLC entities to be used for the PDCP duplication.
Relationship with MAC CE based activation/deactivation
[bookmark: _GoBack]As discussed in [2], MAC CE can be used to select a subset of RLC entities for PDCP duplication, similar to Rel-15 principle. It is considered that UE based activation/deactivation is a complementary feature to MAC CE based activation/deactivation.
[bookmark: Proposal_Complement]Proposal 6: UE based PDCP duplication activation/deactivation is a complementary feature to MAC CE based activation/deactivation.
When UE based activation/deactivation is configured, gNB might use MAC CE to fine tune the subset of RLC entities for PDCP duplication. To avoid UE based activation/deactivation to override the decision of MAC CE, it is necessary to introduce a mechanism that UE based activation/deactivation is disabled for a duration after MAC CE adjusts the subset of RLC entities of a DRB.
[bookmark: Proposal_After]Proposal 7: A mechanism is introduced so that UE based PDCP duplication activation/deactivation is disabled for a duration after MAC CE adjusts the subset of RLC entities of a DRB.
Conclusion
In this contribution, we discuss UE based PDCP duplication activation/deactivation. We have the following observations:
Observation 1: Negative feedback (HARQ or RLC) is not a suitable trigger for UE based PDCP duplication activation/deactivation.
Observation 2: Packet drop rate or packet delay of the leg is not a suitable trigger for UE based PDCP duplication activation/deactivation.
We propose the following:
Proposal 1: RAN2 to specify UE based PDCP duplication activation/deactivation according to a given criteria configured by the network.
Proposal 2: UE based PDCP duplication activation/deactivation is to select a subset of RLC entities for PDCP duplication according to criteria configured by the network.
Proposal 3: Configuration of UE based PDCP duplication activation/deactivation is per DRB.
Proposal 4: The criterion for UE based PDCP duplication activation/deactivation is channel condition.
Proposal 5: For UE based PDCP duplication activation/deactivation, pathloss, configurable offsets and thresholds are part of the selection mechanism that determines the subset of RLC entities to be used for the PDCP duplication.
Proposal 6: UE based PDCP duplication activation/deactivation is a complementary feature to MAC CE based activation/deactivation.
Proposal 7: A mechanism is introduced so that UE based PDCP duplication activation/deactivation is disabled for a duration after MAC CE adjusts the subset of RLC entities of a DRB.
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