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1 Introduction
During RAN2#96, it was agreed to further study the RAN controlled RRC Driven Mobility for CONNECTED-ACTIVE state NR [1] considering the following agreements:
Agreements

1: NR shall support HO as part of the NR mobility procedures.

2: Network based mobility shall reuse the same principles as LTE (Rel-13) and for inter gNB HO consisting of at least:

-
Source gNB initiates the HO over the Xn interface via a HO request

-
Target gNB performs admission control and provides the RRC configuration as part of the HO acknowledgement

-
Source gNB provides the configuration to the UE including the HO command via RRC

-
The UE moves the connection to the target gNB via RRC

Further enhancements/modifications can be considered

L2/3 UP procedures related:
Agreements

1:
RRC involved handover with at least MAC entity reset is supported.

2:
RRC involved handover with and without PDCP entity re-establishment is supported. (Confirmation required from SA3 that handover without security key change is acceptable)

Agreement 1 does not relate to multi-connectivity mechanisms to perform handover which is still to be studied

FFS whether RRC involved (single connectivity) handover with and without RLC entity reset is supported

Zero ms UP interruption in NR related:

Agreements

1
The mobility enhancement similar to that discussed for LTE (“Maintaining Source eNB connection during handover”) should be considered also for NR.

2
For DC (NR-NR), study how to reconfigure the UE from an MeNB to an SeNB to target the 0 ms UP interruption. FFS whether also applicable to LTE-NR

This contribution discusses intra-NR UE RRC Driven Mobility for CONNECTED-ACTIVE state considering the UE RF capabilities, UE measurements capabilities, deployment aspects and 0ms interruption user plane (UP) requirement.
2 RRC Driven Mobility in Connected-Active State for NR
2.1 Mobility interruption time requirement
TR38.913 paragraph 7.7 defines the Mobility Interruption Time as “the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.”. It also states that the mobility interruption time should be 0ms. This KPI is applicable to intra-frequency and inter-frequency mobility for intra-NR.

Observation 1: 
Intra-NR mobility for intra and inter-frequency should support 0ms user plane (UP) interruption.

A NR UE that supports NR stand-alone operation may additionally support NR Dual Connectivity (DC) (i.e. NR+NR) and/or NR Carrier Aggregation (CA) capabilities. However, similar to LTE, NR DC and NR CA are expected to be highly dependent on supported RF bands and band combinations. In certain roaming situations, the supported RF bands and/or band combinations may not be applicable although the UE may have capability support for both the source and the target frequency bands; in this case, an intra NR mobility procedure cannot rely on the UE’s support for multiple RF chains due to limitations of the RF capabilities.
In addition, the mobility interruption time requirement for intra-NR should not mandate carrier aggregation and/or dual connectivity capabilities support from the UE. A stand alone NR system should thus support the above mentioned requirement of 0ms mobility interruption time.

Observation 2: 
A stand-alone NR UE should support the 0ms requirement for mobility interruption time without the support of CA or DC procedures.
Consequently, the following is proposed:
Proposal 1: 
Stand-alone NR operation supports intra-NR mobility procedure (HO) with 0ms UP interruption time i.e. even for UEs without support for DC or CA capabilities.

2.2 NR deployments and UE RF architectures
TR 38.913 6th paragraph outlines possible deployments for NR. Those NR deployments are all characterized such that each should be applicable for all frequency ranges considered for NR: below 6GHz, around 30GHz and around 70GHz.
Based on the current RAN4 studies, a UE supporting both frequency ranges below 6GH and above 24GHz will require two different RF chains: one chain using a typical Up/Down direct converter below 6GHz, and another one using an IF (intermediate frequency) stage for the upper ranges with its own filters. These two RF chains are thus neither compatible nor interchangeable while performing an intra-range still inter-frequency “make before break” HO procedure.
Observation 3: 
The RF chains for frequency ranges below 6GHz are not compatible with those supporting frequencies ranges above 24GHz.
Given the above observation, UE implementations supporting multiple RF chains each assigned to a different frequency range would also likely support measurement gaps e.g. in a manner similar to what UE capabilities for gap requirements are signaled in LTE based on UE RF capabilities.
Observation 4: 
The intra-NR mobility procedure for both intra and inter-frequency has dependencies on the UE’s RF capabilities.
Such dependencies are similar to those related to UE capabilities for gap requirements for inter-frequency measurements in LTE described in TS36.307.
2.3 Discussion on current RAN2 agreements 
In RAN2#96, it was agreed to consider “Maintaining Source eNB connection during handover” for NR following a make before break principle for the HO procedure similar to LTE.
The make before break procedures for LTE principles used in LTE Mobility Enhancements WI can be used as a starting point to achieve this. However, certain aspects were left out of the scope in the LTE mobility enhancement work item such as the inter-frequency case, the UE behavior for the baseband retuning interruption and other RAN4-specific aspects. Additional enhancements will thus be required in order to cover the different mobility cases and UE capability combinations for NR.

As listed in the introduction section, one of the agreements made for NR mobility is that NR will follow the same principles as LTE (Rel-13) for inter gNB HO.

As mentioned earlier, the UE has to maintain a connection with the source gNB while accessing the target gNB to obtain a 0ms UP interruption time during HO. Moreover, the source gNB radio link has to be maintained while establishing the target gNB radio link for full service continuity (0ms UP interruption) for seamless mobility.

If the UE has more than one RF chain and supports CA or DC, and if its RF bands combination capabilities include the target cell frequency, then the UE can maintain a connection with the source gNB while fulfilling the 0ms mobility interruption requirement. In this case, CA or DC based solutions can be applied as suggested in [3].
Observation 5: 
For NR UEs that have more than one RF chain, where each chain is dedicated to a specific frequency range, seamless inter-frequency intra-NR mobility is feasible using solutions based on add/replace Scell or PScell from CA or DC Rel-13 features, if the target cell frequency is in the reported band combination capabilities.
However, if the conditions listed in Observation 5 above are not fulfilled and the UE has to use a single RF chain for both source and target cell, then a different approach may have to be considered to maintain the two radio links (for the source and the target respectively) during the HO procedure. For example, a TDM procedure could be considered such that the UE would have to switch between the radio link of each cell until the target cell radio link is established and the HO procedure is completed.
Observation 6: 
A TDM-based procedure between source and target cell radio links until the HO procedure is completed may be considered for NR mobility.

In summary, if a UE requires gaps to measure a candidate target cell but the UE does not support the appropriate bands combination for carrier aggregation or dual connectivity e.g. to add an Scell or a PScell on that particular frequency range/band, then further studies may be necessary to define a different mobility procedure for such cases to fulfill the 0ms interruption time requirement using a make before break principle approach for NR stand-alone operation.
Observation 7: 
If a UE requires gaps in order to measure a possible target cell, and if the UE does not support the appropriate carrier aggregation capability or dual connectivity capability to add an Scell or a PScell on that frequency range or band, then a NR Stand Alone procedure has to be designed for such cases meet the 0ms interruption time using a make before break approach.

A Stand alone NR procedure that will cover the worst case when two radio links have to be maintained during the transition with the same RF chain, would require a sort of time division capability, where the UE maintains the source radio link, while accessing the target cell, establish a radio link with the target cell, start the target radio link monitoring, and then release the source cell radio link.

RAN2 should thus assume and support both the 0ms user plane interruption requirement and the most stringent UE capability (e.g. single RF chain, single RF chain per frequency range with no unused chain for the target frequency range) for the baseline design of the mobility procedure.

Proposal 2: 
Stand-alone NR operation supports a mobility procedure whereby a UE maintains two simultaneous radio links (i.e. with source gNB and target gNB) during HO assuming the UE is capable of a single RF chain.

3 Conclusion

RAN2 should discuss the above and agree on the following:
Observation 1: 
Intra-NR mobility for intra and inter-frequency should support 0ms user plane (UP) interruption.

Observation 2: 
A stand-alone NR UE should support the 0ms requirement for mobility interruption time without the support of CA or DC procedures.
Observation 3: 
The RF chains for frequency ranges below 6GHz are not compatible with those supporting frequencies ranges above 24GHz.

Observation 4: 
The intra-NR mobility procedure for both intra and inter-frequency has dependencies on the UE’s RF capabilities.
Observation 5: 
For NR UEs that have more than one RF chain, where each chain is dedicated to a specific frequency range, seamless inter-frequency intra-NR mobility is feasible using solutions based on add/replace Scell or PScell from CA or DC Rel-13 features, if the target cell frequency is in the reported band combination capabilities.

Observation 6: 
A TDM-based procedure between source and target cell radio links until the HO procedure is completed may be considered for NR mobility.

Observation 7: 
If a UE requires gaps in order to measure a possible target cell, and if the UE does not support the appropriate carrier aggregation capability or dual connectivity capability to add an Scell or a PScell on that frequency range or band, then a NR Stand Alone procedure has to be designed for such cases meet the 0ms interruption time using a make before break approach.

Proposal 1: 
Stand-alone NR operation supports intra-NR mobility procedure (HO) with 0ms UP interruption time i.e. even for UEs without support for DC or CA capabilities.

Proposal 2: 
Stand-alone NR operation supports a mobility procedure whereby a UE maintains two simulateous radio links (i.e. with source gNB and target gNB) during HO assuming the UE is capable of a single RF chain.
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