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1. Introduction
One of the objectives of RAN2 led Rel-16 WI on “NR mobility enhancements” is to specify solutions to reduce the mobility interruption with the target of “0ms” handover. The two main solutions which are still being considered both depend on simultaneous transmission and reception which is the most challenging part from UE implementation perspective. Therefore, even though RAN2 has not agreed on a single solution yet, a common framework for UE capability can be discussed and agreed.

In this contribution, we discuss the aforementioned issues regarding UE capability for enhanced NR mobility.

2. Discussion
There are currently two main options for enhanced NR mobility: eMBB and DC-based solution. Both options require simultaneous reception and transmission which form the core impact to the UE implementation and in particular to RF and baseband parts of the UE.

Even though RAN2#106 has agreed to target a single solution, we do not make any assumption in this paper on a particular solution and mostly focus on the RF and baseband capabilities.

Observation 1: All the options considered for “0ms HO” require significant changes to the UE architecture and procedures.

RAN2 has corresponded with RAN1 and RAN4 on the feasibility of supporting simultaneous reception and transmission. The responses from both groups have revealed that either or both transmission and reception depend on RF and baseband capability as well as the bands where handover happens. In some cases, the UE can leverage its CA, DC, or to be standardized multi-TRP implementations while this may not be feasible or difficult in other cases. Therefore, it is better not to tie the UE capability for 0ms to any existing or future capabilities and define it independently. Since not all UEs can support “0ms HO” in all cases, this should naturally be an optional capability.
Proposal 1: The UE capability (-ies) for “0ms HO” will be an independent optional capability.
In both eMBB and DC, the UE will need to communicate with both source and target cells during handover to reduce or eliminate the interruption. Even though the exact timing and other details such as which channels to be kept are still to be finalized, the basic requirement is still to maintain the source link at least until the target link can be established.
Observation 2: A significant impact to UE to support “0ms HO” is maintaining both the source and target links during HO execution.

The LS responses from RAN1 and RAN4 include detailed analysis of the scenarios where dual reception and transmission are feasible. They have indicated that the bands and frequencies of the two links as well as being sync and async are crucial in determining the feasibility. In addition, in some scenarios, other factors such as subcarrier-spacing (SCS) of each link, difference in timing (MTTD), whether SC-OFDM or DFT-S-OFDM is used on the uplink as well as configured BWPs are part of the determination whether dual reception/transmission can be supported.
Observation 3: Per RAN1/RAN4 feedback, the capability to transmit or receive on both links can be dependent on combinations of: frequency and band of source and target cells (i.e. intra and inter-frequency, intra and inter-band, FR1, FR2), synchronicity (sync or async) between them, SCS, uplink waveform type, MTTD, and configured BWPs.

Based on the RAN1/RAN4 feedback, the UE capability for “0ms HO” should be per band combination of both source and target. In addition, it should consider the other factors mentioned in the LS responses.
Proposal 2: The UE capability to support “0ms HO” should be signaled per band combinations of both source and target gNBs. In addition, sync/async between source and target as well as SCS, MTTD, and BWP sizes should be considered.

The support for “0ms HO” does not imply that the UE can operate at full capability at both the source and target links during HO since it has to share its resources between these two links. Therefore, during the HO phase, the reception and transmission should be adjusted according to this reduced capability on each link.
Observation 4: The UE needs to share at least its RF and baseband resources between source and target when maintaining both links during HO and therefore needs to operate in a “limited capability” for each link compared to its full capability if it were to use only a single link.

The UE can divide its resources in different ways. For example, in some cases, it may be possible to do antenna and RF chain sharing while this may not be possible in some other cases. Therefore, different options should all be signalled explicitly.
Proposal 3: Possible combinations for UE RF and baseband capabilities sharing between source and target should be signalled in UE capability per band per band combination for source and target (e.g. via pair of FeatureSetCombination or an extended FeatureSetCombination with cell grouping between source and target).

Based on the UE signalling of “capability sharing”, the source and target gNB should decide on which combination to use during the handover. For example, the source gNB can prefer to deactivate some or all of its SCells or reduce MIMO layers. The source gNB indicates its selection to the target gNB which in turn can select a combination which is compatible with the source gNB selection. This is in principle similar to how UE capability coordination works for MR-DC case.
Observation 5: The source and target gNB can coordinate which combination of UE capabilities are used during HO execution. These should be done during HO setup or equivalent procedure on Xn.

The outcome of the UE capability coordination will be an instruction to the UE how to divide its resourced on each link during the handover. As in legacy NR HO, this signalled should be sent in HO command (or equivalent signalling in DC based solution).
Proposal 4: The HO command (or equivalent message in DC based solution) to the UE includes the capability sharing (e.g. SCells, MIMO, maximum modulation for each link) between source and target during HO execution phase in addition to the RRC reconfiguration to be used after source is released.

As the UE performs “0ms HO”, the UE will transition from source link only connection to dual link connection and finally to target link connection. Each of these transition times should be specified (e.g. based on reception/transmission of a message or procedure). In addition, it is beneficial for each gNB to be aware when these transitions happen so that they can schedule transmissions efficiently.
Observation 6: For efficient downlink and uplink transmission during HO, both source and gNB should be aware of when the UE switches to/from “limited capability”.

Proposal 5: The procedure for “0ms HO” should support non-ambiguous transition times to/from limited capability for the UE which are also known to both the source and target.

3. Conclusion

In this contribution, we discussed UE capability for enhanced mobility at a high level and propose the following:
Proposal 1: The UE capability (-ies) for “0ms HO” will be an independent optional capability.

Observation 2: A significant impact to UE to support “0ms HO” is maintaining both the source and target links during HO execution.

Observation 3: Per RAN1/RAN4 feedback, the capability to transmit or receive on both links can be dependent on combinations of: frequency and band of source and target cells (i.e. intra and inter-frequency, intra and inter-band, FR1, FR2), synchronicity (sync or async) between them, SCS, uplink waveform type, MTTD, and configured BWPs.

Proposal 2: The UE capability to support “0ms HO” should be signaled per band combinations of both source and target gNBs. In addition, sync/async between source and target as well as SCS, MTTD, and BWP sizes should be considered.

Observation 4: The UE needs to share at least its RF and baseband resources between source and target when maintaining both links during HO and therefore needs to operate in a “limited capability” for each link compared to its full capability if it were to use only a single link.

Proposal 3: Possible combinations for UE RF and baseband capabilities sharing between source and target should be signalled in UE capability per band per band combination for source and target (e.g. via pair of FeatureSetCombination or an extended FeatureSetCombination with cell grouping between source and target).

Observation 5: The source and target gNB can coordinate which combination of UE capabilities are used during HO execution. These should be done during HO setup or equivalent procedure on Xn.

Proposal 4: The HO command (or equivalent message in DC based solution) to the UE includes the capability sharing (e.g. SCells, MIMO, maximum modulation for each link) between source and target during HO execution phase in addition to the RRC reconfiguration to be used after source is released.

Observation 6: For efficient downlink and uplink transmission during HO, both source and gNB should be aware of when the UE switches to/from “limited capability”.

Proposal 5: The procedure for “0ms HO” should support non-ambiguous transition times to/from limited capability for the UE which are also known to both the source and target.
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