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Introduction

3GPP TSG RAN Meeting #94e has approved a new work item aimed at “Further NR Mobility Enhancements”. Detailed work item description (WID) can be found in [1]. The objectives of L1/L2 based inter-cell mobility are shown as follows: 

	To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:

Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]

Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]

L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]

Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet

Timing Advance management [RAN1, RAN2]

CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.

Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:

Standalone, CA and NR-DC case with serving cell change within one CG

Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)

Both intra-frequency and inter-frequency

Both FR1 and FR2

Source and target cells may be synchronized or non-synchronized


In this paper, we would like to discuss the RAN3 impact to support CU/DU coordination for L1/L2 based mobility.
Discussion
According to the scope of WID, L1/L2 based inter-cell mobility focuses on intra-DU case and intra-CU inter-DU case. The overall procedure for L1/L2 based inter-cell mobility can be split into two phases: 1) candidate cell configuration preparation phase; 2) L1/L2 mobility triggering phase.
 Candidate cell configuration preparation
During the candidate cell configuration phase for both intra-DU and intra-CU inter-DU cases, CU/DU coordination is required to determine the the candidate cell configuration. The CU can provide the suggested candidate cell list based on RRM to DU, and the DU can provide the suggested candidate cell list based on L1 measurements to CU. We prefer to let CU provide the suggested candidate cell list because this is similar to the legacy L3 HO procedure and is more reliable than letting the DU provide the suggested candidate cell list.

For inter-DU case, the CU shall provide a suggested candidate cell list to the candidate DU and the candidate DU shall select the candidate cells from the suggested candidate cell list. If it is up to the source DU to determine whether to trigger L1/L2 mobility, the CU shall inform the selected candidate cell list to the source DU so that the source DU can configure the L1 measurement for selected candidate cells. Thus, RAN3 shall wait for RAN2’s progress before discussing whether the CU shall inform the selected candidate cell list to the source DU for inter-DU case.
Observation 1: Letting CU provide the suggested candidate cell list is similar to the legacy L3 HO procedure and is simpler than letting the DU provide the suggested candidate cell list.

Observation 2: If it is up to the source DU to determine whether to trigger L1/L2 mobility, the CU shall inform the selected candidate cell list to the source DU so that the source DU can configure the L1 measurement for selected candidate cells.
Proposal 1: For intra-DU case, the CU shall provide a suggested candidate cell list, and the DU shall select the candidate cells from the CU suggested candidate list.

Proposal 2: For inter-DU case, the CU shall provide a suggested candidate cell list to the candidate DU and the candidate DU shall select the candidate cells from the suggested candidate cell list.

Proposal 3: RAN3 shall wait for RAN2’s progress before discussing whether the CU shall inform the selected candidate cell list to the source DU for inter-DU case.
 L1/L2 mobility triggering
Both NW based and UE based triggering mechanisms can be considered to support L1/L2 mobility triggering. For UE based triggering mechanism, the NW may provide pre-configured execution conditions with candidate cell configurations to the UE. The UE executes L1/L2 mobility when the execution condition(s) is met, i.e. like CHO. The legacy Random access procedure and the RRC reconfiguration complete procedure can be reused for the UE based triggering. Thus, there is no RAN3 impact if RAN2 decides to support the UE based triggering mechanism.
The NW based triggering mechanism is that the NW sends a triggering command via L1/L2 signalling to trigger the UE to switch from a source cell to a candidate cell, which is similar to the legacy L3 HO procedure and simpler than the UE based triggering mechanism. There will be RAN3 impact if RAN2 decides to support NW based triggering mechanism, thus RAN3 shall wait for RAN2’s progress on whether to support NW based triggering mechanism.
Observation 3: The legacy Random access procedure and the RRC reconfiguration complete procedure can be reused for the UE based triggering. Thus, there is no RAN3 impact if RAN2 decides to support the UE based triggering mechanism.

Observation 4: The NW based triggering mechanism is similar to the legacy L3 HO procedure and simpler than the UE based triggering mechanism

Proposal 4: RAN3 shall wait for RAN2’s progress on whether to support NW based triggering mechanism.

If NW based triggering mechanism is supported by RAN2, the potential RAN3 impact is whether the L1/L2 mobility triggering is determined by the CU or the DU. This also depends on whether the L1/L2 mobility is triggered by L1 measurements or L3 measurements determined by RAN2.
For intra-DU case, the data interruption can be reduced as much as possible via skipping RACH procedure to access the target cell. And the protocol stack handling is also simpler, i.e. no RLC/PDCP re-establishment is required and MAC reset can also be avoid via RACH-less HO. So we think the ping-pong HO for cell switch within one DU is not a serious problem. Therefore, it can be up to DU to decide which candidate cell(s) to be activated/switched according to L1 measurements form the UE. If it is up to the DU to determine whether to trigger L1/L2 mobility, then the DU needs to inform the activated/swtiched cell ID(s) to the CU in case the sPCell has changed.
Observation 5: For intra-DU mobility, the ping-pong HO for cell switch within one DU is not a serious problem, considering that the date interruption can be reduced as much as possible via skipping RACH procedure to access the target cell within one DU and the protocol stack handling is simpler (no RLC/PDCP re-establishment, and may also no MAC reset).

Proposal 5: It shall be up to the DU to determine whether to trigger L1/L2 mobility if RAN2 decides to use L1 measurements based triggering for intra-DU mobility.

Observation 6: If it is up to the DU to determine whether to trigger L1/L2 mobility, the DU needs to inform the activated/swtiched cell ID(s) to the CU in case the sPCell has changed.
Proposal 6: For intra-DU mobility, the DU shall inform the activated/swtiched cell ID(s) to the CU if it is up to the DU to determine whether to trigger L1/L2 mobility.
Different from the intra-DU mobility, the cell switch across different DUs requires F1-UP path switching and PDCP recovery to re-transmit the unsuccessfully transmitted downlink date packet in the old DU to the new DU. Frequent ping-pong switch may cause frequent F1-UP path switch and large date re-transmission, which may also require larger data buffer. So ping-pong issue has to be taken into account in the inter-DU mobility. Source DU determined triggering based on L1 measurements may lead to ping-pong issue. CU determined triggering based on L3 measurements may introduce more delay for L1/L2 mobility. A compromise way is to have source DU determined triggering based on L1 measurements with L3-similar enhancement. Thus, RAN3 shall wait for RAN2’s progress on whether to enhance the triggering criteria based on L1 measurements before further discussing the RAN3 impact of L1/L2 mobility triggering for inter-DU case.
Observation 7: Different from the intra-DU case, considering that the F1-UP path switching and PDCP recovery is required for the retransmission of the unsuccessfully transmitted downlink data packet in the old DU, the ping-pong issue has to be taken into account in the inter-DU mobility.

Observation 8: Source DU triggering based on L1 measurements may lead to ping-pong issue. CU triggering based on L3 measurements may introduce more delay for L1/L2 mobility.
Proposal 7: RAN3 shall wait for RAN2’s progress on whether to enhance the triggering criteria based on L1 measurements before further discussing the RAN3 impact of L1/L2 mobility triggering for inter-DU case.
3. Conclusion

Based on above analysis, we provide the following observations and proposals.

Observation 1: Letting CU provide the suggested candidate cell list is similar to the legacy L3 HO procedure and is simpler than letting the DU provide the suggested candidate cell list.

Observation 2: If it is up to the source DU to determine whether to trigger L1/L2 mobility, the CU shall inform the selected candidate cell list to the source DU so that the source DU can configure the L1 measurement for selected candidate cells.
Proposal 1: For intra-DU case, the CU shall provide a suggested candidate cell list, and the DU shall select the candidate cells from the CU suggested candidate list.

Proposal 2: For inter-DU case, the CU shall provide a suggested candidate cell list to the candidate DU and the candidate DU shall select the candidate cells from the suggested candidate cell list.

Proposal 3: RAN3 shall wait for RAN2’s progress before discussing whether the CU shall inform the selected candidate cell list to the source DU for inter-DU case.
Observation 3: The legacy Random access procedure and the RRC reconfiguration complete procedure can be reused for the UE based triggering. Thus, there is no RAN3 impact if RAN2 decides to support the UE based triggering mechanism.

Observation 4: The NW based triggering mechanism is similar to the legacy L3 HO procedure and simpler than the UE based triggering mechanism

Proposal 4: RAN3 shall wait for RAN2’s progress on whether to support NW based triggering mechanism.

Observation 5: For intra-DU mobility, the ping-pong HO for cell switch within one DU is not a serious problem, considering that the date interruption can be reduced as much as possible via skipping RACH procedure to access the target cell within one DU and the protocol stack handling is simpler (no RLC/PDCP re-establishment, and may also no MAC reset).

Proposal 5: It shall be up to the DU to determine whether to trigger L1/L2 mobility if RAN2 decides to use L1 measurements based triggering for intra-DU mobility.

Observation 6: If it is up to the DU to determine whether to trigger L1/L2 mobility, the DU needs to inform the activated/swtiched cell ID(s) to the CU in case the sPCell has changed.
Proposal 6: For intra-DU mobility, the DU shall inform the activated/swtiched cell ID(s) to the CU if it is up to the DU to determine whether to trigger L1/L2 mobility.
Observation 7: Different from the intra-DU case, considering that the F1-UP path switching and PDCP recovery is required for the retransmission of the unsuccessfully transmitted downlink data packet in the old DU, the ping-pong issue has to be taken into account in the inter-DU mobility.

Observation 8: Source DU triggering based on L1 measurements may lead to ping-pong issue. CU triggering based on L3 measurements may introduce more delay for L1/L2 mobility.
Proposal 7: RAN3 shall wait for RAN2’s progress on whether to enhance the triggering criteria based on L1 measurements before further discussing the RAN3 impact of L1/L2 mobility triggering for inter-DU case.
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