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1 Introduction
In RAN2 #105 meeting, Rel-16 NR mobility enhancement has been discussed and the following agreements were reached in RAN2 [1]:

Agreements

1
The UE ability to simultaneously receive and transmit to/from the source and target cells is to be considered in the study on NR mobility enhancements. 

2
We prioritize on intra-NR handovers in this WID. 

In RAN2 #105bis meeting, it has agreed that [2]:

Agreements

1
The solutions to be introduced for handover interruption time reduction will only address cases where UE is able to receive simultaneously from source and target cells (both within FR1). (This is based on the assumption that RAN1/4 indicate that simultaneous rx is available in the majority of FR1 deployment scenarios)

2
We will identify the key aspects of the solutions that are common and that are different. The aspects that are different can then be considered in the decision process.

During the email discussion of “[105bis#15][NR/mob enh] HO interruption solutions (Huawei)”, there were questions/comments on the usefulness of PDCP duplication in reducing interruption time. In this contribution, we would analyse the impact of PDCP duplication on the interruption time. 
2 Discussion
PDCP duplication was introduced in Rel-15 mainly for latency reduction in URLLC, by replacing retransmission over time with duplicate transmissions over space/links (i.e., over different cells). PDCP duplication was specified for both DL and UL.

Observation 1: PDCP duplication has already been specified in Rel-15 for both DL and UL.
The support of PDCP duplication doesn’t require simultaneous transmissions of duplicate PDCP packets at the same time. That is, PDCP duplication can benefit the latency reduction, even if there is no dual TX on UE for simultaneous transmission of the duplicate packets, as long as the transmission interval between the duplicate packets is shorter (normally much shorter) than the feedback time needed for retransmission over time.
Observation 2: PDCP duplication can reduce time needed for successful transmission even if there is no dual TX on UE.
In the email discussion [3], some companies assume that UL duplication is not needed for non-DC-based solution, e.g. the UE sends the UL packets to the source cell and upon its successful access to the target cell, the UE starts to perform UL transmission with the target cell. However, as we point out in the email discussion, without the support of UL PDCP duplication, handling packets sent to the source cell but not acknowledged becomes difficult. If UE retransmits all unacknowledged packets without waiting PDCP status report, there will be duplicate packets delivered to upper layer. If UE only retransmits packet after receiving PDCP status report, there would be delay before transmission to target cell can begin. For UL transmission in MBB solution, when packet of SN=n was sent to the source cell and unacknowledged, UE can’t opportunistically start transmission of packet with SN=n+1 to the target cell, and plan to retransmit packet n to the target cell later if it gets lost on the way to the source cell, as that would mess the ROHC context at the target cell.
Observation 3: Support of UL PDCP duplication is also needed to start transmission to the target cell without waiting for a status report on the previous transmission to the source cell.
In Rel-15 NR, the duplication scheme is introduced as the figure1 shows (extracted from TS 38.300), i.e. the PDCP PDU is duplicated and sent to two parallel RLC entities. This user plane protocol architecture can be applied in DC HO solution. 
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Figure 1: Packet Duplication in Rel-15

For MBB solutions, the “duplication” can be performed using the user plane protocol architecture as shown in the figure 2, where a PDCP SDU allocated with PDCP SN is duplicated by the source gNB, and then one of them is sent to the PDCP entity with partial functions at the target gNB for ciphering and compression, and the other one is further processed by the PDCP entity at the source gNB for ciphering and compression.  
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Figure 2: Packet Duplication for non-DC-based solution
PDCP retransmission rate is analysed for the two options, assuming that a burst of N PDCP SDUs are delivered during handover with certain error probability P of transmission of a PDCP PDU: 
· without duplication, for the burst of N PDCP SDUs, the probability of any PDCP retransmission equals to (1-(1-P)^N).
· In DC-based solution, for a PDCP PDU, retransmission is only needed when neither of the two legs can transmit it successfully; therefore, for the burst of N PDCP SDUs, the probability of any PDCP retransmission equals to 1-(1-P^2)^N.
· In MBB solution, the PDCP header compression is handled separately for the source and the target cells; and PDCP PDUs for the source cell and target cell carry different ROHC contexts. Therefore, for each one leg, if there is any one failed PDCP PDU, PDCP retransmission is needed for this leg. On the other hand, for a burst of N PDCP SDUs, if all the N PDCP PDUs transmitted on the source leg are successful and/or all the N PDCP PDUs transmitted on the target leg are successful, PDCP retransmission is not needed. Hence, the probability of any PDCP retransmission equals to 1-2*(1-P)^N*[1-(1-P)^N]-(1-P)^N^2.
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Figure 3: Comparison of PDCP Retransmission Probability
Figure 3(a) and 3(b) show the resultant PDCP retransmission probability with and without duplications. As any PDCP retransmission would take several ms to complete, the higher the probability of retransmission, the less likely 0ms (or close to 0ms) interruption time can be achieved. 
Observation 4: PDCP duplication is needed to achieve 0ms (close to 0ms) interruption time on both DL and UL.

Proposal 1: PDCP duplication should be supported on both DL and UL during HO for NR mobility enhancements.
Figure 3(a) and 3(b) further show that DC duplication performs much better than MBB duplication in reducing the probability of retransmission.

Observation 5: DC based PDCP duplication, as specified in Rel-15, results in much lower retransmission probability than MBB duplication, leading to significant reduction of interruption time.

In addition, “Duplication” in MBB solutions is performed on PDCP SDU, as different PDCP PDUs are transmitted over the source and target cells. This requires further specification work:
· before ROHC decompression, to disable the current common reordering and duplicate discarding function, instead, to enable separate reordering and duplicate discarding functions for PDCP PDUs with the source and target cells’ contexts, respectively, as PDCP PDUs with the same SN but different ROHC contexts can’t be replaced with each other;

· to perform separate ROHC decompression on the PDCP PDUs received from the source and target cells, respectively;

· after ROHC decompression, to enable a new common reordering and duplicate discarding function to merge PDCP PDUs from both the source and target cells for delivery to upper layer.
Observation 6: MBB duplication would have significant impact on the PDCP specs.
Proposal 2: DC based PDCP duplication, as specified in Rel-15, should be supported during HO for NR mobility enhancements.
3 Conclusion
In this contribution, we analysed the impact of PDCP duplication on the interruption time, with following observations and proposals.

Observation 1: PDCP duplication has already been specified in Rel-15 for both DL and UL.
Observation 2: PDCP duplication can reduce time needed for successful transmission even if there is no dual TX on UE.

Observation 3: Support of UL PDCP duplication is also needed to start transmission to the target cell without waiting for a status report on the previous transmission to the source cell.

Observation 4: PDCP duplication is needed to achieve 0ms (close to 0ms) interruption time on both DL and UL.

Proposal 1: PDCP duplication should be supported on both DL and UL during HO for NR mobility enhancements.

Observation 5: DC based PDCP duplication, as specified in Rel-15, results in much lower retransmission probability than MBB duplication, leading to significant reduction of interruption time.

Observation 6: MBB duplication would have significant impact on the PDCP specs.
Proposal 2: DC based PDCP duplication, as specified in Rel-15, should be supported during HO for NR mobility enhancements.
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