


3GPP TSG-RAN WG2 NR Ad hoc 1801	R2-1801141
Vancouver, Canada, 22nd January – 26th January 2018	Revision of R2-1711407

Agenda Item:	10.3.3.5
Souce:	MediaTek Inc.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title:	PDCP duplication with data discard
Document for:	Discussion and decision
1 Introduction
A summary of all agreements reached on NR data duplication is provided below as it has been a while since duplication has been discussed.
R2-ah-18513
· Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
· FFS whether packet duplication should also be supported for LTE-NR dual connectivity
· The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.
· RAN2 will study redundancy schemes operating below PDCP in CA scenarios for the purpose of meeting the reliability/latency requirements of URLLC. Study should consider the performance of the underlying Phy layer.
R2-97
· For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
· FFS whether this is a single or two MAC entities
R2-97b
· Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.
· 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”)
· Only one additional leg is configured for PDCP duplicates.
· 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)
· PDCP duplication solution for CA requires only one MAC entity.
· Logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).
R2-98
· UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.
· FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC
· RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.
· MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
· Duplication on a single carrier will not be supported
· RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
· Duplicated PDCP PDUs are submitted to two different RLC entities
R2-ah-18514
· MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.
· For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.
· FFS Duplication on SRB for CA cases 
· FFS Behaviour in the case of SCG failure when SCG is the configured path.
· MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.
· In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.
· FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.
· UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 
· FFS Whether UL packet duplication for spit bearer applies for EN-DC.
· CA packet duplication is not applied to LTE CA of EN-DC.
· In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.
· In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.
· For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.
· Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.
· FFS if fall back to split bearer is supported for DC.
· FFS in CA, as a baseline RLF is not triggered when reaching the maximum number of retransmission for a PDCP duplicate
· SNs of the two duplicate legs should be independently assigned
R2-99
· NR-PDCP is used for ‘MCG split or duplicate SRB’.
We will not support MAC CE activation/deactivation of duplication within LTE MAC.
· We will not support the CA duplication in LTE 
· CA duplication is supported for all non-split UM DRBs if the bearer uses NR-PDCP, for all architecture options (apart from cases excluded by 1 and 2)
· FFS: for AM DRBs and SRBs
· DC duplication is supported for all split DRB and SRBs if the bearer uses NR-PDCP, for all architecture options
· We will not introduce new bearer type changes into RRC, but user plane session can discuss and decide terminology for DC duplication, CA duplication, split bearer operation, etc (Some clarification is needed for how to handle CA duplication within the current bearer type change discussion)
· For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration.  
· 1 byte bitmap could be used as duplication activation/deactivation MAC CE
· The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s)  
· RLC reports maxNumberofRLC retransmissions are reached to RRC.   
· For a logical channel restricted to one or multiple SCell(s) (i.e. logical channel configured for duplication) UE reports the failure to the gNB (e.g. SCell-RLF) but no RRC re-establishment happens

Duplication of data has been introduced in NR as a means to improve the reliability of DC and CA based communications [1] [2]. However, the increased reliability comes at the cost of UE power consumption and spectrum utilisation due to duplication transmissions. 
During the NR SI phase, RAN2 agreed to study redundancy schemes below PDCP taking PHY performance into account. In this submission, we take a closer look at the mechanism of data duplication and propose ways to reduce the resource usage impact of data duplication by only duplicating data that would benefit by the increased reliability that duplication provides.
2 Discussion
[bookmark: _Ref489886241]2.1 PDCP duplication with no lower layer interactions
The current model of data duplication involves PDCP duplicating all its SDUs to duplicate radio bearers. No further interactions occur down the stack. To the sublayers below PDCP, duplicated data is indistinguishable from non-duplicated data. The only additional configuration that duplication entails is the logical channel restriction present in MAC to ensure that duplicate data is sent on different carriers in the Carrier Aggregation case. The stack operation is as illustrated in Figure 1.
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[bookmark: _Ref484778619]Figure 1: PDCP duplication with no lower layer interactions
2.2 PDCP duplication with lower layer interactions
A drawback with the duplication model described in Section 2.1 can be seen in the case of asymmetric transmission channels. We define asymmetric channels as duplicate links with different data rates. Asymmetry between the links could be due to poor channel conditions, congestion at the gNB or differences in the spectrum/channel used. 
Transmission of data over the slow link is delayed leading to a backlog of data in its buffers. As the delay increases, the likelihood of successful transmission of the same data over the duplicate (fast) link increases with the use of time domain repetitions such as HARQ. The eventual transmission of data present in the backlog that has already been successfully transmitted over the fast link provides no benefit and wastes transmission resources. 
In addition, the unnecessary transmission of data in the backlog pre-empts the transmission of newly arriving data that could benefit from the reliability advantage that duplication provides. This pre-emption delay would not be acceptable for the stringent low-latency criterion specified for URLLC. Discarding successfully transmitted data from the slow link is a simple way to improve transmission efficiency.
In order to study the resource efficiency and latency impact of data duplication, the following scenario was considered:
· Number of UEs = 14
· Number of duplicate links per UE = 2
· Number of UEs attached to macro cell = 14
· Number of UEs attached to pico cell = 11
· Cell bandwidth = 20MHz
· Link conditions for all UEs = 0dB, single tap Rayleigh fading
· Target reliability = 10-5 BLER
· Each link achieves a reliability of 3x10-3 BLER
· Number of HARQ processes per UE = 1 (to reduce latency)
· Average data rate = variable (66-82)kbps
· Packet size = 32bytes
· Average primary link data rate = 70kbps
· Average secondary link data rate = 88kbps
Figure 2 below shows the improvement in resource efficiency and latency of the slow link with discarding duplicates of successfully transmitted data. For an asymmetry of 20% between the links, the resource efficiency (PDCP data transmitted/Number of resource blocks used) goes up to nearly 10% depending on the data rate. A significantly larger improvement is seen in the latency of data on the slow link, as the backlog is cleared. This latency improvement helps increase the reliability of data that is yet to be transmitted. In Sections 2.2.1 and 2.2.2, we explore two ways to model the discard of successfully transmitted data from the slow link.
Observation 1: Duplicating data at PDCP without taking the underlying channel into account could lead to wasted resources, while not providing the necessary reliability in low-latency scenarios required by URLLC.
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[bookmark: _Ref503443309]Figure 2: Performance improvement with data discard
[bookmark: _Ref503371101]2.2.1 Duplicate discard based on HARQ feedback (UM and AM modes)
A HARQ acknowledgement is sent by the NW to inform the UE’s MAC that retransmissions of a transport block are no longer required. Transmitting acknowledged data over the duplicate link provides no additional benefit and could be discarded. MAC would relay HARQ acknowledgements such that PDCP is informed of the successful delivery of data. PDCP could then be configured to use the SDU discard mechanism to discard duplicate data as shown in Figure 3.
Proposal 1: PDCP SDU discard mechanism could be configured to discard duplicate data when successful data delivery has been confirmed by lower layers.
[bookmark: _GoBack]The HARQ feedback for uplink data in NR is sent on the PDCCH. This data on the PDCCH is validated using a CRC and the probability of misinterpreting a HARQ NACK as an ACK is extremely low. Therefore the integrity of the HARQ feedback can be relied upon, when used with this duplicate discard mechanism. 
Proposal 2: HARQ feedback is used to indicate successful delivery of data to the PDCP.
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[bookmark: _Ref484782221]Figure 3: PDCP duplication with HARQ feedback based data-discard
[bookmark: _Ref489259658][bookmark: _Ref503371104]2.2.2 Duplicate discard based on RLC feedback (AM mode only)
Acknowledgements from the receiver side of the AM entity indicate successful data transmission. This information could be leveraged to discard duplicate packets. When configured with AM bearers, PDCP is already informed of the successful delivery of RLC data. The PDCP SDU discard mechanism could be reused here to discard duplicate data on the other link as depicted in Figure 4.
[image: ]
[bookmark: _Ref489258891]Figure 4: PDCP duplication with RLC feedback based data-discard
We have provided text proposals for PDCP, RLC and MAC in accompanying draft CRs. [3] [4] [5]
Proposal 3: The text proposals in the accompanying draft CRs are endorsed.
3 Conclusion
In this contribution, we have taken a closer look at the PDCP data duplication scenario and observe that:
Observation 1: Duplicating data at PDCP without taking the underlying channel into account could lead to wasted resources, while not providing the necessary reliability in low-latency scenarios required by URLLC.
Based on this observation, we propose that:
Proposal 1: PDCP SDU discard mechanism could be configured to discard duplicate data when successful data delivery has been confirmed by lower layers.
[bookmark: _Ref489959207]Proposal 2: HARQ feedback is used to indicate successful delivery of data to the PDCP.
Proposal 3: The text proposals in the accompanying draft CRs are endorsed.
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