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Discussion
1. Introduction
At RAN#71, a new SI[1] was approved targeting for developing  an NR access technology to meet a broad range of use cases and requirements for the next generation. Both the standalone NR deployment and the NR with LTE/eLTE deployment will be considered in this SI and lots of objective bullets are listed for future study in the SI sheet.
In this contribution, some initial mobility considerations for the NextGen will be discussed and analyzed, including the mobility use cases, key mobility principles and the potential enablers for different use cases.
2. Mobility use cases and principles
Mobility use cases

For the cost and economic considering, different radio access technologies may coexist in the next generation system. From the listed deployment scenario in the TR on “Study on Scenarios and Requirements for Next Generation Access Technologies”[2],  it’s clear that both the single layer scenario (e.g. standalone NR) and the two layer scenario (e.g. NR with overlapped LTE/eLTE) will be evaluated for the access technology study. And it’s also explicitly indicated in the TR that at least the inter-system mobility between the IMT-2020 system (i.e. NR) and the IMT-system (e.g. LTE or eLTE) shall be supported. 
Based on the above requirement and considering that a layered architecture with a “central unit” and a “distributed unit” may be the case in the next generation NR, Fig. 1 and Fig. 2 illustrates the schematic network architectures in the NR. Fig. 1 is for the standalone scenario and Fig. 2 is for the non-standalone scenario.
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Fig. 1 A schematic network architecture for standalone NR
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Fig. 2 A schematic network architecture for non-standalone NR (with overlapped LTE/eLTE)
Based on the network architectures illustrated in Fig. 1 & Fig. 2, there are 4 mobility use cases in the NR, 3 common (use case1~3) for both architectures and 1 specific (use case4) for the non-standalone architecture:
· Use case1: Intra-DU mobility, e.g. Intra-DU cell/beam change 
· Use case2: Inter-DU mobility within the same CU
· Use case3: Inter-CU mobility
· Use case4: Inter-system mobility, e.g. mobility between LTE/eLTE and NR
The new RAT will consider frequency ranges up to 100 GHz. Thus both higher frequencies (e.g. above 6GHz up to 100GHz) and lower frequencies (e.g. below 6GHz, for example 2.1GHz in use now) should be considered in the NR-DU for all the above mobility use cases and network architecture. 
Proposal1: At least the 4 above use cases (Intra-DU, Inter-DU, Inter-CU, Inter-system) should be studied in the next generation new radio. And both higher and lower frequencies should be considered in the NR-DU.
Key mobility principles
TR 38.913[2] captured the possible KPIs for the Next Generation Access Technologies. Regarding mobility, the important KPI listed is the “Mobility interruption time”. It’s captured that 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. And the target for mobility interruption time for intra-system mobility should be 0ms. 
For the sake of service continuity, the mobility interruption time shall be minimised as much as possible. For the above mobility use cases, use case1 to use case3 is of intra-system mobility, thus the “0ms” interruption target captured in [2] should be fulfilled. And for use case4, it is a kind of inter-system mobility, the interruption time may be relaxed somehow but should be kept as minimum as possible.
As is known, one of the most important targets of the next generation is to achieve high user throughput, e.g. in indoor hotspot and dense urban scenario [2]. In these scenarios, the coverage of each site/ TRP (transmission and reception point)/DU is quite small and UE will move across sites/TRPs/DUs more frequently. While for the higher frequencies, to compensate the severe channel attenuation and to reduce interference, it will be the most probably to use beamforming, which will results in two consequences: blockage and deafness. The frequent blockage and/or deafness will cause the frequent beam or site/TRP/DU changing. Thus some efforts shall be taken to avoid throughput fluctuation during the frequent mobility.
Proposal2: Two key mobility principles shall be considered in the next generation, one is to keep the mobility interruption time as minimum as possible and the other is to take efforts to avoid throughput fluctuation during the frequent mobility.
3. Potential technical enablers
In this section, some potential technical enablers will be given for the above 4 mobility use cases. It should be noted that regarding the lower frequencies, the outcomes from other studies (e.g. the WI of “LTE_eMob-Core: Further mobility enhancements in LTE”) may be applied here too. And considering the specific character of the higher frequencies, e.g. blockage and deafness, some technical enablers indicated below are specific for higher frequency scenario.
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Fig. 3 Traditional hard handover procedure
As we know, the hard handover is widely adopted in the existing radio access networks, e.g. LTE. Fig. 3 illustrates the traditional hard handover procedure, including three phases, Neighbouring cell detection and measurement (Phase I), Handover preparation (Phase II) and Handover execution (Phase III). The higher protocol layer will be involved in this procedure, e.g. the RRC will be involved to trigger the handover execution, the PDCP/RLC will be re-established (i.e. the user plane will be reset) and the MAC will be reset, which will result in a large mobility interruption (e.g. 45.5ms minimum and 49.5ms typical in LTE). To fulfill the mobility principles indicated above, the following considerations should be taken into account when studying the technical enablers:
· Minimize the execution time of the 3 phases as much as possible
· Higher protocol layers (e.g. RRC, PDCP, RLC, and even MAC) should be  involved only if necessary

· The user plane reset or data flush shall be avoided as far as possible
Proposal3: The above listed considerations should be taken into account when studying the technical enablers.

For successful handover to achieve service continuity, the first step is to discover proper neighbouring cells efficiently. Small cell discovery has been researched in the former studies, e.g. in the HetNet mobility enhancement for lower frequency case. While in the NR era, frequencies up to 100GHz (e.g. mmWave) will be considered. There’s much higher propagation attenuation in the mmWave spectrum than in the cmWave, which will result in a much smaller coverage than in the cmWave. The dominant trend is to use directional beamforming to boost the cell coverage. While if the narrowband directional beamforming is used for the mmWave discovery signal, can the mmWave cell be detected and measured efficiently? So for all the 4 mobility use cases listed above, if the mmWave is used in NR-DU, the first question is whether the discovery signal will be designed with narrowband directional beamforming and how can the mmWave NR-DU be efficiently discovered? To detect the mmWave NR-DU timely and energy efficiently, some kind of cmWave assisted methods can be considered, for example with the assisted of DRS only transmitting on cmWave.
Proposal4: For mmWave NR-DU in all the 4 listed mobility use cases, the first question of whether the discovery signal will be designed with narrowband directional beamforming and how can the mmWave NR-DU be efficiently discovered should be answered first.
Keep the three listed considerations in proposal3 in mind, and if the NR-DU can be detected time efficiently, some technical enablers are given for the 4 individual mobility use cases.
Use case1: Intra-DU mobility, e.g. Intra-DU cell/beam change
To keep the minimum interruption and maximum throughput, some kind of RACH-less handover can be considered in this scenario (The outcomes from the LTE_eMob-Core WI may be applied directly).  And regarding the mobility between beams in a same NR-DU for the higher frequency case, the beam changing should be transparent to the higher layer, that is no higher layer (at least RRC, PDCP, RLC) procedure should be involved.
Use case2: Inter-DU mobility within the same CU
To accelerate the handover procedure thus to fulfil the above indicated principles, some kind of UE based mobility procedure can be considered in this case. UE handovers itself between the NR-DUs in a configured  “mobility set” autonomously. The “mobility set” is configured by the CU and UE can select the target NR-DU according to the evaluation metrics received preceding from the CU. In this UE based autonomous mobility, the handover execution itself should be kept in the lower layer as much as possible to ensure less high layer protocols be involved. And to ensure no frequently user plane reset or data flush, the security key shall be kept independent of the changing of the NR-DUs as far as possible.
Use case3: Inter-CU mobility
For the inter-CU mobility scenario, some kind of User plane Mobility Anchor (UMA) can be introduced to reduce the user plane reset or data flush. And/or some kind of earlier handover preparation can be discussed to reduce the risk of delayed/long-time handover preparation. And/or the outcomes from the LTE_eMob-Core WI may be applied here.
Use case4: Inter-system mobility, e.g. mobility between LTE/eLTE and NR
As is know, even with the blooming of the new radios, the legacy radio access networks will be there for many years. And for the cost and economic concerns, a NR network will be accompanied by the legacy access networks. Thus the tight-interworking between the new RAT and LTE is listed as an important objective to be studies in the NR SI. In the use case4,  it is assumed that there is a interface (e.g. X2’ interface) between the legacy LTE or eLTE eNB as depicted in Fig. 2. As we all know, in R12, to increase the user throughput, a framework of Dual Connectivity (DC) has been introduced to enable a multiple Rx/Tx capable UE to ultilise radio resources from MeNB and SeNB. The scenario of tight interworking between the new RAT and LTE/eLTE is quite similar as the DC scenario. Thus, it’s nature to adopt the framework of DC as a starting base for the tight interworking between the new RAT and LTE/eLTE. The protocol architecture of DC is cited in Fig. 4 for reference.  
[image: image4.emf]MeNB

PDCP

RLC

SeNB

PDCP

RLC

S1

X2

RLC

MAC MAC

PDCP

RLC

S1

MCG 

Bearer

Split

Bearer

SCG

Bearer


Fig. 4 Radio Protocol Architecture for Dual Connectivity
When applied in the NextGen, the SeNB in Fig. 4 will be the New RAT, for example at least one CU + one NR-DU illustrated in Fig. 2, and the MeNB will be LTE/eLTE eNB. In the NR era, frequencies up to 100GHz (e.g. mmWave) will be considered. While the data transmission may be blocked frequently due to the frequent blockage and deafness in the mmWave NR-DU (i.e. SeNB). Thus there will be frequently data retransmission from the NR to the LTE. 
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Fig. 5 SeNB to MeNB retransmission in DC
Fig. 5 illustrates the procedure and RLC buffer status for SeNB to MeNB retransmission in DC. It can be seen that, since the RLC will always delivery the RLC PDU in sequence and the retransmission PDCP PDU can only be put at the end of RLC transmission queue of the RLC entity in MeNB, which may introduce some unnecessary reordering delay on the receiving side. To conquer this issue, some kind of new user plane function split maybe needed and/or some kind of backup split bearer should be considered between the LTE and NR.
The above is for the case that datas are initially transmitted from both the LTE and NR branches (i.e. tight interworking). For the case that even with the overlapped LTE/eLTE eNB, in the very beginning of the data transmission, datas are transmitted only from the NR-DU, to cope with the transmission block due to the blockage and deafness in the mmWave NR-DU and make a swift transmission/retransmission fall back to the overlapped LTE/eLTE eNB, some kind of backup split bearer shall also be considered between the LTE and NR, as illustrated in Fig. 6.


[image: image6.emf]RLC

MAC

LTE/eLTE 

Adaptor

NR

NR UP 

NFs

X2'

S1-U

Back up in case 

of fall back


Fig. 6 Backup split bearer in LTE/eLTE in case of fall back
From the above analysis, it can be seen that there are different characteristics in individual mobility use cases thus we may have different technical enablers for individual use cases.
Proposal5: Different technical enablers can be considered for the individual mobility use cases with different characteristics. For example, higher protocol layers transparent solutions for the use case1 (intra-DU mobility); UE based mobility for use case2 (inter-DU mobility); User plane Mobility Anchor and/or earlier handover preparation for use case3 (inter-CU mobility); New user plane function split and/or backup split bearer for use case4 (inter-system mobility).
4. Proposal
Proposal1: At least the 4 below use cases should be studied in the next generation new radio. And both higher and lower frequencies should be considered in the NR-DU.
· Use case1: Intra-DU mobility, e.g. Intra-DU cell/beam change 

· Use case2: Inter-DU mobility within the same CU

· Use case3: Inter-CU mobility

· Use case4: Inter-system mobility, e.g. mobility between LTE/eLTE and NR

Proposal2: Two key mobility principles shall be considered in the next generation:

· keep the mobility interruption time as minimum as possible 
· avoid throughput fluctuation during the frequent mobility.
Proposal3: The below listed considerations should be taken into account when studying the technical enablers.

· Minimize the execution time of the 3 phases as much as possible

· Higher protocol layers (e.g. RRC, PDCP, RLC, and even MAC) should be  involved only if necessary

· The user plane reset or data flush shall be avoided as far as possible

Proposal4: For mmWave NR-DU in all the 4 listed mobility use cases, the first question of whether the discovery signal will be designed with narrowband directional beamforming and how can the mmWave NR-DU be efficiently discovered should be answered first.

Proposal5: Different technical enablers can be considered for the individual mobility use cases with different characteristics. For example, higher protocol layers transparent solutions for the use case1 (intra-DU mobility); UE based mobility for use case2 (inter-DU mobility); User plane Mobility Anchor and/or earlier handover preparation for use case3 (inter-CU mobility); New user plane function split and/or backup split bearer for use case4 (inter-system mobility).
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