3GPP TSG-RAN WG2 #107
R2-1910597
Prague, Czech Republic, 26 – 30 August, 2019                resubmission of R2-1907427

Source: 
Huawei, HiSilicon
Title: 
Summary of the major differences of DC HO vs MBB HO 
Agenda Item:
11.9.2.1
Document for:
Discussion and decision
1 Introduction
In RAN2 #105 meeting, Rel-16 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. 

Two main solutions about how to realize 0ms interruption which are rely on simultaneous TX/RX during the handover are proposed by the companies, i.e. DC-based HO and enhanced MBB HO (non-DC-based solution). In RAN2 #105 meeting, it also agreed:

1. We will consider DC-based solutions in study phase.
2. We will consider non-DC-based solutions in study phase.
In RAN2 #105bis meeting, it has agreed that [14]:

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.

With the vision on the very high requirement from the future applications/services to the 5G system, ITU imposts 0ms interruption requirement on radio link [17]. The interruption time defined by ITU is “Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.” Since the application/service requirement on the interruption is independent to the radio deployment scenarios, the ITU 0ms interruption requirement should be followed in normal mobility scenarios under common radio deployment. RAN2 should do the best to design upper layer protocols and procedures for meeting the ITU 0ms interruption requirement.
In this discussion, we focused on analysing the solutions realize true 0ms which involve dual active protocol stacks.
2 Discussion
2.1 Overall protocol stack analysis 
There are two major proposed mobility enhancement solutions to achieve 0ms interruption at RAN: 1) DC based HO ((DC HO) [2][3][9], 2) (dual protocol stack) eMBB (non-DC HO) [4][5][16]. In fact, the protocol structure of the two types of solutions fall into the DC protocol alternatives 3B and 3C [15]. As is shown in Figure 1, DC HO solution maintains a complete PDCP entity anchored at either the source node or the target node and splits bearer under PDCP. The eMBB split PDCP functions, for example it maintains the Sequence numbering/Reordering function only at the source node, and has other PDCP functions running independently at both the source and the target nodes. The bearer is split within the PDCP.
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Figure 1. Split bearer solution (DC HO) and Split PDCP solution (dual stack eMBB)
Therefore the fundamental difference between DC HO and eMBB is how the PDCP works during the handover. The commonality is both solutions involve dual active protocol stacks, there is no difference at the layers below the PDCP layer.  
2.2 The behaviour under DC enabled scenarios 
2.2.1 On future deployment of NR-DC 
RAN2#105 meeting has agreed to adopt non-DC-based solution for the Rel-16 E-UTRA enhancements as interruption reduction solution. The most important reason to adopt non-DC-based solution for LTE is that the DC feature is not widely deployed in real networks although it has been supported from LTE Rel-12. But in NR, much wider spectrum including FR1 and FR2 are supported. Therefore the overlaid deployment of different cells are most common in NR. In the first release of NR DC architecture is considered as fundamental architecture, and EN-DC is deployed in the first phase of 5G deployment. We believe that NR-DC will be more and more employed in NR SA system and we have the same understanding as [2] [3] that DC deployment is certain in future. 
There was opinion that DC-based solution can only be used for inter-frequency handover as DC is restricted to inter-frequency deployments [4]. The conclusion is false. RAN1/4 LS [10-12] indicated in many common intra-frequency mobility scenarios, simultaneous dual connectivity is feasible. The upper layer NR-DC mechanism can be simply employed to the intra-frequency mobility scenarios as long as simultaneous Tx/Rx at L1 is supported. Moreover, we want to point out that the UE also needs to TX/RX with the two cells simultaneously in eMBB HO, so whether eMBB HO can be applicable for intra-frequency handover also needs the feedback from RAN1 and RAN4. As [5] acknowledged, both DC-based and non-DC-based solution have this same issue, if DC- based solution is restricted from any intra-frequency scenario handover, so is the eMBB solution. There is no difference between the two regarding to the types of intra-frequency handover that can be supported.
Observation 1: NR-DC is supported from the first NR release and NR-DC deployment is certain in future.
Observation 2: Either DC HO or eMBB HO has the same L1 requirement for intra-frequency handover.
2.2.2 Impact to the on-going NR-DC operations
Under the scenario that DC has been configured and is in operation, following the existing handover procedure, eMBB handover from the MN to SN still need to perform L2 reset/re-establishment at the SN. In addition, the DC split bearer is split under PDCP while eMBB require the split within PDCP. For eMBB the partial PDCP has to be re-established. As a consequence, the SN has to be released first. This will cause interruption on the data TRX carried by the SN terminated bearers and MN terminated SCG bearer. Hence under NR-DC, if eMBB is conducted UE experience will be compromised. Thus eMBB cannot work properly in NR-DC environment [13].

Even assuming that eMBB is magically enhanced, the MN terminated split bearer can be maintained during the eMBB handover, the eMBB solution may be not able to work when the target gNB is the SgNB. For the MN terminated split/SCG bearer, the PDCP of MN sends data to the RLC of SN (target gNB), and also sends data to the PDCP of SN. The UE does not know which packets use the new security key and which ones use the old security key. It does not work that the UE determines the key according to the gNB where the UE receives the packet.
For DC based handover in DC been enabled scenario, the role change is conducted separately from SN (target gNB) addition in the DC enabled scenario. In most mobility scenarios, the mobility is simply supported by addition or release SNs. The role change is only performed when the UE moves across the PDCP anchor node coverage (e.g. CU). At this time, the role change request issued by the source node equivalent to a handover command. The RACH procedure had been performed in SN addition phase. The role change is performed quicker than eMBB handover due to no RACH procedure, and no RACH failure occurs. There is no any interruption to the on-going DC operations.
Observation 3: eMBB does not fit to DC deployment scenario.
Observation 4: DC HO operates much simpler without interruption to on-going DC operations in DC enabled scenario.
2.2.3 Impact to mobility robustness
In DC enabled scenario, SRB duplication can be realized for DC HO [18]. It can largely improve the reliability of the signalling of DC HO. Because there are two legs which can be used to transmit the role change message and user data, it leaves more space for the determination of handover time moment. Even when the MN leg is not valid, the communication between network and UE can be maintained without role change because RRC message and DRB can be transmitted via SN leg. This means that role change (handover) no more tightly relates to the signal of source gNB.
For eMBB solution, once the handover procedure triggers, the UE would initiate the RACH procedure and try to access the target cell upon receiving the handover command and further conduct complete PDCP anchor and RAN-CN path relocation. It is quite difficult to determine the proper handover time point. If the source cell is still good enough but the target cell becomes bad (i.e. too-early handover), the RACH may fail, or RACH success but later UE may handover and revert back to the source cell again, which would cause ping-pong issue with large signalling traffic and reduced reliability. If the source cell signal deteriorates quickly or in the too-late handover scenario, it is likely that the handover command message fails to be delivered to UE and the handover failure occurs.
Observation 5: eMBB solution has higher ping-pong rate and handover failure rate due to RACH failure, handover command delivery failure due to only one leg with source gNB.
Observation 6: DC-HO has better mobility robustness because there are two legs (MN and SN) which can be used to send the handover command (role change).
2.3 Analysis on the PDCP difference 
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Figure 2. DL PDCP functional procedure during handover for DC HO and eMBB
Figure 2 shows at DL the major PDCP functional procedure difference between DC HO vs eMBB: for eMBB, two independent Reordering & duplication discarding functions have to be performed before the separate ROHC, and an additional Reordering & duplication discarding function has to be performed at last. While for DC HO, only one Reordering & duplication discarding function needs to be performed before ROHC. The reason that two independent Reordering & duplication discarding functions are needed for eMBB: there are two separate ROHC Decompression functions are performed on the two legs for source and target, during the reordering, the independently failed PDUs at each leg have to be filled separately by re-transmission before the ROHC operation.
2.3.1 Impact to data reliability and latency during mobility
The impact of DC HO vs eMBB on the duplication operations is analysed in [19][20]. For DC HO, the duplication is performed on a complete PDCP PDU after ROHC compression is completed. At the RX side for a PDCP PDU, it only needs to be retransmitted when both duplicated PDUs from the two legs are failed. Therefore, for DC HO the per-PDU diversity TX/selection gain is realized. 

However, for eMBB, the PDCP header compression is handled separately by the source and the target. In order to avoid decompression failure, the PDCP PDUs to be decompressed should be in-sequence, therefore, for each one leg, if there is any one packet that failed, PDCP retransmission is need for this leg. In this case, the duplication only realized very limited diversity gain on the entire burst of the PDU sequence after per leg reordering and ROHC decompression are completed.
Therefore, DC HO can effectively take advantage of PDCP duplication during the handover with much lower PDCP PDU retransmission rate and therefore much lower data delivery latency than eMBB. 

Observation 7: Compared with eMBB, PDCP duplication in DC HO can improve the diversity of PDCP PDU, and the latency in delivery of PDCP packets is smaller. But eMBB does not work with PDCP duplication.
Huawei contribution [21] also analysed a variation of eMBB which suggest to stop transmitting the duplicated PDU at the target if the PDU already successfully received at the source node. However this will break the ROHC context at the target side causing the loss of other PDCP PDUs. It will introduce additional signalling overhead at the air interface.

Another variation of eMBB is UL do not support dual connectivity (not only simultaneous but also slotted (TDM pattern based) dual connectivity), and therefore it does not support PDCP duplication. The analysis in [21] demonstrates when the UE stops transmission to the source gNB, the UE will re-transmit the PDCP SDUs for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers. The re-transmitted PDCP SDU will use the ROHC corresponding to the target gNB. If re-transmitted PDCP SDUs received by the target gNB, it is possible that the target gNB delivers the packets to ROHC in out of order, which causes ROHC decompression failure and further causes user data loss. 
Observation 8: If eMBB does not support UL PDCP packet duplication, high PDCP PDU failure rate will be experienced. 
2.3.2 Impact to UE/network complexity and specification effort
For DC HO, as analysis in [9], one handover procedure includes the following actions: set up the target leg, transfer control plane (including SRB1/2 transfer and NG-C interface transfer), transfer user plane (i.e., DRB PDCP anchor transfer) and release the source leg. The actions can almost completely reuse the existing procedures, including SgNB addition, role change (reuse part of handover), bearer type change and SgNB release. DC-based HO is somewhat like “building blocks” of the above existing procedures. For security key handling issue, actually it is introduced not by role change, but by (or due to) the DRB PDCP anchor transfer. It means that for normal DC scenario, the issue also needs to be addressed for bearer type change, e.g. MN terminated split bearer -> SN terminated split bearer. There are already prior practice using LCID or end-marker for bearer type change scenarios. The method for bearer type change can be reused for DC-based HO. Considering that the UE and network will implement the above existing procedures when deploying DC, the DC-based HO does not introduce much additional complexity for UE and network. Thus, the specification impact is also minimal.
For non-DC-based solution, some details need to be studied, e.g. PDCP function split for ROHC/(de)ciphering (it appears the security key handling also need indication to PDCP to differentiate the different keys corresponding to the right PDUs ), how to do PDCP reordering, when to detach from the source cell by the UE and whether it has to be separately considered from the UE’s and NW’s side, how to do data forwarding, how to perform RLM/RLF recovery and etc. From implementation and specification effort point of view, the eMBB solution has much more impact.

Observation 9: DC HO almost completely reuses the existing procedures and introduces minimal additional complexity for UE and network.
Observation 10: Security key handling issue is actually caused by DRB PDCP anchor transfer. The method for bearer type change can be reused for DC HO. eMBB need to handle the keys similarly.
For eMBB solution, PDCP function split is needed, e.g. the PDCP layer needs to split into two separated (de)compression and two separated (de)ciphering functionality, and a common functionality for SN assignment and reordering / duplication detection, which would increase the implementation complexity. 
The issue raised in [6] is analysed in [22]. Considering the protocol stack at UL for the receiver in the non-DC-based solution, header decompression is performed after PDCP reordering since NR RLC cannot guarantee in sequence delivery, which means after deciphering, the unified reordering is needed for the packets deciphered by the two separated deciphering functionality, the common PDCP reordering functionality needs to remember from which deciphering functionality the packet is, and then delivery it to corresponding functionality for header decompression, as illustrated in [6], the protocol stack is quite strange and the network implementation is complex with possible back and forth data exchanges between the source and target if UL DC is enabled. It is not a big issue in LTE since LTE RLC can guarantee in sequence delivery, but if NR adopts the non-DC-based solution, more study is needed and the impact on the spec is foreseen.
Observation 11: eMBB HO has higher UE/network complexity due to new PDCP functionality split.
2.3.3 Impact to signalling overhead
For DC-based solution, one implementation as analysed in [8], can consist of two phases, i.e. SN addition + role change, and SN release. The role change between the source gNB and the target gNB is performed upon the addition of SN without any additional signalling over the air interface and the backhaul. The signalling overhead required by the DC based handover is comparable to the baseline handover in NR. 
Observation 12: The signalling overhead required by the DC-based handover (i.e. SN addition + role change, and SN release) is comparable to the baseline handover in NR.
For separate role change scenario after DC has been enabled, although there are more signalling procedures (if considering SN addition procedure as part of handover) for one HO procedure, DC-based handover has better mobility robustness (lower ping-pong rate and handover failure rate). The eMBB HO suffers more network signalling overhead in ping-pong and handover failure scenario. On the other hand, the triggering of role change is not tied with SN addition, and it occurs much less frequent than SN addition and release during UE mobility after DC is enabled. Therefore, role change should be considered separately as a different form of DC HO under DC enabled scenario. In this form of DC HO random access is not needed. The signalling overhead is even less by itself alone. 
Observation 13: In DC enabled scenarios, DC HO has less signalling overhead than eMBB HO due to lower ping-pong rate and handover failure rate.
3 Summary
According to the above observations, DC-based handover almost completely reuses the existing procedures and simply combine the existing mechanisms in NR-DC, so the UE/network complexity is lowest and the specification effort is very small. Benefit from the two legs, there are better mobility robustness including lower ping-pong rate and handover failure rate, the higher data throughput and better user experience. Therefore, we should consider DC-based solution for 0ms HO interruption.
Proposal: Consider DC-based handover as baseline solution for 0ms HO interruption.
4 Conclusion

This contribution compares the main solutions to make a progress for mobility enhancements and suggests:
Observation 1: NR-DC is supported from the first NR release and NR-DC deployment is certain in future.
Observation 2: Either DC HO or eMBB HO has the same L1 requirement for intra-frequency handover.
Observation 3: eMBB does not fit to DC deployment scenario.
Observation 4: DC HO operates much simpler without interruption to on-going DC operations in DC enabled scenario.
Observation 5: eMBB solution has higher ping-pong rate and handover failure rate due to RACH failure, handover command delivery failure due to only one leg with source gNB.
Observation 6: DC-HO has better mobility robustness because there are two legs (MN and SN) which can be used to send the handover command (role change).
Observation 7: Compared with eMBB, PDCP duplication in DC HO can improve the diversity of PDCP PDU, and the latency in delivery of PDCP packets is smaller. But eMBB does not work with PDCP duplication.

Observation 8: If eMBB does not support UL PDCP packet duplication, high PDCP PDU failure rate will be experienced.

Observation 9: DC HO almost completely reuses the existing procedures and introduces minimal additional complexity for UE and network.
Observation 10: Security key handling issue is actually caused by DRB PDCP anchor transfer. The method for bearer type change can be reused for DC HO. eMBB need to handle the keys similarly.
Observation 11: eMBB HO has higher UE/network complexity due to new PDCP functionality split.
Observation 12: The signalling overhead required by the DC-based handover (i.e. SN addition + role change, and SN release) is comparable to the baseline handover in NR.\

Observation 13: In DC enabled scenarios, DC HO has less signalling overhead than eMBB HO due to lower ping-pong rate and handover failure rate.

Proposal: Consider DC-based handover as baseline solution for 0ms HO interruption.
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