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1 Background
PDCP duplication enhancement is an aspect considered under Industrial IoT WI [1]. This paper discusses benefits of UE based PDCP duplication for UL PDCP duplication. 

Note that RAN2#107 made the following agreement about UE based PDCP duplication:  
	Will treat this topic with less priority at least for the next meeting


This paper is a revision of R2-1910762, and changes in this paper are the following:

· Shifting of focus only on UE autonomous activation/deactivation due to following RAN2#107 agreement “the number of copies generated is equal to the number of active RLC entities.
· Observation 3 and 5 related discussion, and related update to proposal 1

· Observation 6 on selective duplication based on packet type.

2 Benefits of UE-based uplink PDCP duplication 
For URLLC traffic, requiring high reliability and low latency, dynamic leg activation is useful as it can allow to quickly switch from a bad leg to a better leg. Delay in switching between legs plays a key role in determining usefulness of PDCP duplication for URLLC traffic.
Observation 1: Delay in switching between legs plays a key role in determining usefulness of dynamic activation of PDCP duplication for URLLC traffic.

Dynamic activation of legs could be done using following approaches:

· gNB-based approach: activation is based completely on gNB signalling of legs on which copies are sent;
· UE based approach: gNB indicates legs that can be used to send copies and UE can perform leg activation/deactivation among the indicated legs.
The timeline for a gNB-based leg activation approach comprises of:
a. gNB receiving adequate number of L1 measurements to make a leg switching decision,

· Assuming L1 measurements use SRS, delay includes time between link quality change event and a subsequent SRS transmission by UE (assuming just two measurements are enough to trigger leg adaptation). An estimate for average delay for this is about 15 ms (=(10/2)+10 ms) assuming SRS period is 10 ms.
b. gNB making decision on leg update and waiting for opportunity to send updated leg configuration,
· Delay includes delay for MAC processing to make switching decision and generate MAC CE (e.g., 3 ms)

c. gNB sending updated leg configuration (e.g., via MAC CE).
· This could be done over one slot (e.g., 0.5 ms)

d. UE receiving and applying updated leg configuration (sent e.g., via MAC CE)
· Application of leg configuration requires MAC CE processing (about 3 ms)

gNB based leg activation can also use UE measurements instead of SRS based measurements assumed above, which has even more delay since it requires additional initial step to allow for UE to make measurements and send measurements.

UE-based approach for leg activation can be 15 ms faster than gNB-based approach: since it can
· avoid MAC CE processing steps similar to b and d above (saving 6 ms compared to above timeline) and 

· avoid MAC CE transmission delay (saving 0.5 ms). 

· use more frequent DL RS measurements since a frequent common RS (across all UEs) can be used for DL measurements (unlike UE-specific SRS transmissions used for gNB-based approach for which overhead scales linearly in number of UEs). Assuming use of CSI-RS with 4 ms period, delay between link quality change and UE detection can be carried out in 6 ms (=4/2+4 ms) (thus saving 9 ms).
An assumption made in the above analysis is that UE has been configured with UL configured grants on all legs (and thus the timeline does not include delay in obtaining a grant), which is suitable for infrequent aperiodic URLLC traffic. Overlapping configured grants (e.g., type 1) can be provided to multiple UEs with such traffic.
Observation 2: gNB based PDCP duplication is slower than UE-based PDCP duplication due to slower measurements and MAC CE processing. Allowing for UE-based leg activation allows faster switching of legs and is thus well suited to adapt PDCP duplication configuration quickly for URLLC traffic to channel conditions.
UE-based leg activation can also be used to quickly trigger sending of more copies when retransmission is detected on any currently active leg. Such activation however has following limitations: 
(a) activation relies on reception of retransmission grant over a weak carrier (on which uplink transmission failed),

(b) duplication is taking effect after a transmission failure.
Observation 3: UE-based leg activation can be used to quickly trigger sending of more copies when retransmission is detected on any currently active leg. Such activation however has following limitations: (a) activation relies on reception of retransmission grant over a weak carrier (on which uplink transmission failed) and (b) duplication is taking effect after a transmission failure.
For NR-U URLLC use cases, UE-based leg activation allows consideration of channel assessment outcomes in leg activation. Without this flexibility, UE may not be able to send sufficient number of copies required for reliability in a timely manner if some copies are delayed due to failed LBT. For instance, consider a case where transmission of two copies is required to ensure reliability. This can be realized using three options:

a. UE is configured to transmit two copies on two carriers indicated by gNB,
b. UE is configured to transmit three copies on three carriers indicated by gNB.

c. UE is configured to transmit two copies on two of three carriers indicated by gNB and UE selects the two.

In option a, a packet can be delayed and rendered useless (due to tight latency requirements) if one of the indicated carriers is busy and fails LBT. Option b is more robust than option a since it allows for one busy carrier though it is wasteful since it can lead to transmission of three copies. Option c is as robust as b and also is not wasteful (since no more than two copies are ever sent). 
Observation 4: Allowing for UE-based leg activation allows for more robust and efficient adaptation of legs in NR-U URLLC use cases.
UE-based leg activation also eliminates need for MAC CE transmission, which may have to be sent with no SDU and requires additional LBT for NR-U.
Faster leg adaptation is critical for uplink-power-limited scenarios (e.g., outdoor macro deployments): In the absence of UE based leg activation/deactivatoin, the only alternative that can deal with fast channel changes would be to configure the UE to transmit on all legs. If UE is configured to transmit on all legs, UE transmit power will have to be split between all the legs (if transmissions overlap). It may be better to transmit copies on fewer good carriers with more power, than transmitting copies on more carriers (in worse condition) with smaller power.
Observation 5: It may be better to transmit copies on fewer good carriers with more power, than transmitting copies on more carriers (in worse condition) with smaller power. UE-based leg activation/deactivation can thus help adapt number of copies based on available power headroom on carriers associated with an RLC entity.
Note that UE-based PDCP duplication should be under network control. Specifically, UE autonomous activation/deactivation behavior should be configurable by network and activation should be restricted to legs configured by network for duplication.

Observation 6: UE autonomous activation/deactivation should be configurable by network and activation should be restricted to legs configured by network for duplication.
Based on the above, we propose the following:
Proposal 1: RAN2 should evaluate following metrics for UE-based leg activation/deactivation and how network can configure rules for activation/deactivation:
a. Detection of LBT success/failure,
b. Channel conditions,
c. Available power headroom on configured RLC entities,

d. HARQ retransmission on a RLC entity.
Uplink duplication enhancements should not require time-consuming per-packet operations like inspecting PDCP SDUs headers especially if the target use case is URLLC. Selective treatment of different packet types can be addressed by just creating a separate bearer.

Observation 7: Selective duplication enhancements requiring time-consuming per-packet operations like inspecting PDCP SDUs are not useful for URLLC.

3 Conclusions

The proposals and observations from above discussion are copied below:
Observation 1: Delay in switching between legs plays a key role in determining usefulness of dynamic activation of PDCP duplication for URLLC traffic.

Observation 2: gNB based PDCP duplication is slower than UE-based PDCP duplication due to slower measurements and MAC CE processing. Allowing for UE-based leg activation allows faster switching of legs and is thus well suited to adapt PDCP duplication configuration quickly for URLLC traffic to channel conditions.
Observation 3: UE-based leg activation can be used to quickly trigger sending of more copies when retransmission is detected on any currently active leg. Such activation however has following limitations: (a) activation relies on reception of retransmission grant over a weak carrier (on which uplink transmission failed) and (b) duplication is taking effect after a transmission failure.
Observation 4: Allowing for UE-based leg activation allows for more robust and efficient adaptation of legs in NR-U URLLC use cases.
Observation 5: It may be better to transmit copies on fewer good carriers with more power, than transmitting copies on more carriers (in worse condition) with smaller power. UE-based leg activation/deactivation can thus help adapt number of copies based on available power headroom on carriers associated with an RLC entity.

Observation 6: UE autonomous activation/deactivation should be configurable by network and activation should be restricted to legs configured by network for duplication.
Proposal 1: RAN2 should evaluate following metrics for UE-based leg activation/deactivation and how network can configure rules for activation/deactivation:

e. Detection of LBT success/failure,
f. Channel conditions,
g. Available power headroom on configured RLC entities,

h. HARQ retransmission on a RLC entity.
Observation 7: Selective duplication enhancements requiring time-consuming per-packet operations like inspecting PDCP SDUs are not useful for URLLC.

