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1. Introduction
In this contribution, we summarize the offline discussion on NR mobility enhancement.

2. Summary of Offline Discussion 

2.1 Reply LS to RAN3
For discussion use R1-1907482 as starting point. The following changes were made to R1-1907482.
====================================================
Question#1: What is the CSI-RS pattern and its variability in time when the CSI-RS is transmitted for the purpose of connected mode inter-cell mobility?
Response#1: In Rel-15, one CSI-RS resource for mobility transmitted for the purpose of connected mode inter-cell mobility can be configured with a periodicity of 4 or, 5, or 10, or 20, or 40 ms in time, located on one indicated symbol within the corresponding slots, spanning 24, or 48, or 96, or 192, or 264 contiguous RBs in frequency, occupying 1 or 3 RE(s) per RB, while the exact position within an RB is also configurable. 
The probability and frequency of updating configuration of CSI-RS transmitted for the purpose of connected mode inter-cell mobilityfor mobility is up to NW implementation. RAN1 assumes that the configuration of CSI-RS transmitted for the purpose of connected mode inter-cell mobility in a cell is semi-static and not changed frequently. 
In some implementation, low latency, e.g. within 100 msec, of CSI-RS configuration information exchange between gNBs may be required. 

Question#2: How does a serving NG-RAN node configure CSI-RS measurements of neighbour cells in its served UEs? Are CSI-RS allocated per UE or per cell?
Response#2: As RAN1 also took part in designing CSI-RS-based mobility, RAN1 is taking the liberty to answer the question that RAN3 asked RAN2.
It is RAN1’s understanding that  Aa serving NG-RAN node will configure CSI-RS measurements of neighbor cells to its served UEs by UE-specific RRC message (i.e., the IE of CSI-RS-ResourceConfigMobility in TS38.331), and CSI-RS measurements of neighbour cellsCSI-RS for mobility is configured/allocated UE-specifically. Whether to configure CSI-RS measurements of neighbour cellsCSI-RS for mobility dedicated to one UE, or shared by group of UEs, or shared by all UEs within one cell, is up to NW implementation and transparent to the UE.
===============================================
Final draft of the reply LS is available in R1-1907793.
[bookmark: _GoBack]
Suggestion for Agreement:
· Agree to draft LS in R1-1907793.


2.2 Discussion on RACH-less HO

Summary of observations from companies on TA aspects of RACH-less HO
	Company
	Observations & Proposals

	Huawei
	Observation 4: LTE RACH-less HO solution was restricted to deployments with TA = 0 or TA_source = TA_target.
Proposal 7: Urgent use cases for RACH-less HO solutions in NR should be identified before agreeing to specify them in Rel-16.

	MediaTek
	Observation 4: The requirement of TA measurement in SMTC window by UE may have RAN4 impact since there is no requirement for TA measurement in current RAN4 spec.
Observation 5: According to current RAN4 reply, RACH-less HO is feasible with target cell TA = 0 or source cell TA = target cell TA in FR1.
Observation 6: For synchronous network, the cell phase offset between source cell and target cell may be required for UE to do TA estimation for RACH-less HO. The behavior to acquire the offset between source and target cells is up to RAN3 to determine.
Observation 7: The feasibility of TA estimation for RACH-less HO in asynchronous network requires RAN3’s input.
Proposal 1: If the beam sweeping results from RRM is reused for UL beam selection in RACH-less handover, the performance should be evaluated since the information can be outdated, especially for FR2.

	Motorola Mobility, Lenovo
	For timing advance in NR RACH-less HO, TA reference indication in LTE RACH-less HO should be a starting point for discussion.
Proposal 2: Support to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource in RACH-less HO.
UE may maintain one or more UL TA values which correspond to a TA value for PCell of MCG, a TA value for a subset of SCells of the MCG, a TA value for PSCell of a SCG, and a TA value for a subset of SCells of the SCG, etc. In this case, gNB may indicate a different TA value for PUSCH associated with different indicated SS/PBCH block or CSI-RS resource (reference RS for PUSCH spatial relation), depending on gNB’s transmission locations for the indicated SS/PBCH block or CSI-RS resource.

	Ericsson
	Observation 1: The NW can choose to enable autonomous TA adjustment only in scenarios where the BS timing uncertainty is sufficiently small.
Proposal 1: RACH-less handover with autonomous TA adjustment is supported for NR mobility enhancement in synchronous networks.

	Qualcomm
	Proposal 1: NR RACH-less HO supports at least scenarios where target cell TA is zero or same as source cell TA for both FR1 and FR2.
Proposal 2: RAN1 should investigate additional TA estimation techniques to extend use cases of NR RACH-less HO.
Proposal 3: For intra-frequency handover, network indicates a timing refinement factor (∆) to UE that can derive the target cell TA by adjusting the source cell TA based on at least the indicated refinement factor.
· The timing refinement factor should represent aspects such as source-target cell timing synchronization and uplink/downlink imbalance at source/target cells.
Proposal 4: At least for FR1 intra-frequency handover, the target cell can estimate the timing advance based on SRS transmitted to the source cell. SRS configuration is configured to UE and known to the target cell.

	Intel
	Observation: The potential possibility of supporting RACH-less HO for larger cells with possible larger TA difference between source and target cell was discussed previously. However, according to RAN4 in August 2016, accuracy of the TA values calculated by the UE cannot met the requirements needed for uplink transmission (R2-166016). We do not believe that the improvements to RF and baseband technology since August 2016 would suddenly enable RACH-less HO for cells with large TA difference, especially given that supported SCS in NR can be smaller than 15 kHz, which is mainly used in LTE. If meeting the TA requirement for 15kHz is challenging, meeting the TA requirements for 30kHz and above would be even more difficult. Therefore, we suggest to focus the discussion for RACH-less HO for cells with zero (or near zero) TA difference.
Observation: 
For RACH-less HO in FR2, gNB may not know the UL Rx beam ahead. To cope with this issue, there could be three options that may not necessarily be used exclusively but together as well:
· gNB pre-allocate resources for RACH-less HO for each DL Tx beam, such that UE may select the appropriate resource.
· RACH-less HO PUSCH transmission are repeated such that gNB can potentially perform UL Rx beam sweeping.
· UE reports best DL Tx beam of the target cell prior to HO, and source cell provide the exact UL Tx beam to use (either implicitly or explicitly).

It should be noted that for the 3rd option, the delay between the UE report and when the UE perform RACH-less HO could potentially make the used UL Tx beam at the UE and the UL Rx beam at the gNB sub-optimal and in  some case not correct at all. All three options listed does have significant impact to physical layer design and system efficiency for operating the RACH-less HO in FR2. Therefore, make the potential solution less attractive for FR2.
Additionally, RAN1 is currently working on 2 step RA procedures, which may able to reduce overall RA procedural latency and is most likely applicable to even wider range of deployment scenarios. Therefore, benefits of RACH-less HO should be also compared with 2 step RA and ultimately decide whether or not to support this feature.



Summary of observations from companies on PUSCH aspects of RACH-less HO
	Company
	Observations and Proposals

	Huawei
	Observation 5: NR RACH-less HO solution can make use of Configured Grant Type 1 to pre-configure UL resources for PUSCH transmission to target gNB.

	ZTE
	Proposal 7: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
Proposal 8: Multiple configured grant resources can be configured for a UE in RACH-less handover and each configured grant resource corresponds to each beam, such as SSB or CSI-RS.  The UE selects the resource corresponding the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 9: If the signal quality of all the configured RS are below the configured threshold, UE will use traditional random access procedure to access target cell.
Proposal 10: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
Proposal 11: Power ramping should be supported for PUSCH transmission in RACH-less handover.

	MediaTeck
	Observation 2: RAN1 impacts on RACH-less HO is how can UE obtain UL grant, power control, timing advance, and UL beam pair selection for initial PUSCH transmission.
Observation 3: Without the Msg2-indicated TPC command ((δ_(msg2,c)=0 as agreed in R1-1903313) information, it may take more PUSCH (re)transmissions for power ramping and increase the interruption time for RACH-less HO.

	Intel
	Observations & recommendation on RACH-less HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)

	Samsung
	Proposal 1: The configured grant is reused to pre-allocate the uplink grant for UE configured with RACH-less HO.
Proposal 2: To set the initial value of the PUSCH power control adjustment state, fb,f,c(i,l) = 0, for the target cell.

	Motorola Mobility, Lenovo
	For PUSCH transmission in NR RACH-less HO, configured grant in handover command (same as LTE RACH-less HO) should be a starting point for discussion.
Observation 1: With multi-beam operation, RACH-less HO may require reservation of multiple PUSCH resources, which may lead inefficiency in radio resource utilization.
Proposal 1: Support conditional RACH-less HO in multi-beam based operation. Depending on UE’s beam selection, UE performs skipping of RACH procedure, contention-free RACH, or contention-based RACH to a target cell.    

	Nokia
	Observation: In addition to UL grant and TA information in RACH-less HO, spatial relation is needed for UL resources.
Observation: For the case that the UL resource is provided by PDCCH in target cell, PDCCH monitoring occasions need to be determined for the UE. Also some time window for UL grant monitoring could be determined.
Observation: For improving the robustness of RACH-less HO towards spatial domain changes, different mechanisms could be considered. It should be further discussed whether these are needed.
Observation: To account possible different UL allocations, Msg3 based approach could be considered for the transmit power definition.  

	Qualcomm
	Proposal 5: Define PUSCH occasion for PUSCH transmission in multi-beam deployments.
Proposal 6: RACH-less HO supports PUSCH repetition.
Proposal 7: Discuss PUSCH configuration on numerology, waveform and MCS.

	Ericsson
	Proposal 2	To transmit Msg3, the UE shall use a spatial relation defined by a DL RS selected from a set of RSs signalled by the NW.
Proposal 3	Until reconfigured/activated, the UE may assume that all DL signals from the target gNB are quasi co-located with respect to QCL-TypeA, and QCL-TypeD properties with the selected DL RS.
Proposal 4	The Msg3 Tx power is determined using the PUSCH power control rules specified in section 7.1.1. in [1] using the RS used for QCL assumptions and spatial relation determination as pathloss reference RS.
Proposal 5	In RACH-less HO, it should be possible to map several DL RSs to the same Msg3 allocation.
Proposal 6	In RACH-less HO, it should be possible to configure the UE to signal the selected DL RS (beam) in Msg3.




Suggestion for Conclusion:
· RACH-less HO in NR can at least support TA scenarios where target cell TA is zero or same as one of serving cell TA for FR1
· FFS: whether to support RACH-less HO in FR2
· FFS: whether to indicate a different TA reference for a different SS/PBCH block or CSI-RS resource
· For FR1 intra-frequency HO, further study whether any enhancement on determining TA compared to LTE RACH-less HO is needed and feasible. 
· Note: RACH-less alone is not able to achieve 0ms handover interruption time. RAN2 is expected to make the decision whether RACH-less HO is supported in NR.

Further information from the offline discussion:
Some companies suggested to include the following information as part of the conclusion:
· The following options on TA for RACH-less HO were discussed in RAN1
· Option 1: Network indicates a timing refinement factor to UE so that UE can use at least the indicated timing refinement factor to adjust the target cell TA from the source cell TA.
· Option 2: UE performs an autonomous TA adjustment
· Option 3: Network indicates the target cell TA that is estimated by the target cell based on SRS transmission to the source cell


Suggestion for Conclusion:
· On UL grant for PUSCH transmission in RACH-less HO, further study whether any enhancement for UL grant indication compared to LTE RACH-less HO is needed. 


2.3 Discussion on DC based HO
Summary of observations from companies on DC based HO
	Company
	Observations & Proposals

	Huawei
	Observation 1: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages.
Proposal 1: Support DC-based HO operation for all the scenarios outlined as feasible in R1-1905780.
· Intra-band intra-frequency operation is defined as the PCell and PSCell using the same band, same carrier and same DL and UL BWP configurations.
· For UE with simultaneous reception capability,
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PDSCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· For UE with simultaneous transmission and reception capability,  
· Support simultaneous reception of multiple-PDCCH/PDSCH from source and target gNBs and each PDCCH scheduling one PDSCH. At least one PDCCH/PSDCH is transmitted from PCell and at least one PDCCH/PDSCH is transmitted from PSCell.
· Support simultaneous transmissions to source and target gNBs with each of transmission corresponds to PCell or PSCell. 
Proposal 2: PUCCH carrying HARQ-ACK for DC-based HO is based on TDM patterns.
· HARQ-ACK codebook determination is based on NR-PDCCH properties such as: CORESET identity, QCL indication in the corresponding TCI state, C-RNTI the DCI format is scrambled with.
Proposal 3: For uplink power control for DC-based handover, power sharing is assumed.	
Proposal 4: Power sharing discussed in Rel-16 NR-NR DC with FR1+FR1 band combinations applies to the power sharing for DC-based handover.
Proposal 5: PDCCH/PDSCH receptions from or PUCCH/PUSCH transmissions to source and target gNBs in FR2 is based on TDM for DC-based HO enhancements.
Proposal 6: The transmission/reception for multi-TRP is used as the basis of DC-based HO for intra-frequency. 

	ZTE
	Observation 1: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
Observation 2: Some of the restrictions defined for multi-TRP may not be appropriate to intra-frequency DC based handover.  Further discuss which restrictions can be reused in NR mobility enhancement.

Proposal 3: Some restrictions should be defined for supporting intra-frequency dual connectivity. TDM manner can be considered as a starting point and FDM manner and multi-TRP like operation are FFS. 
Proposal 4: Multi-TRP based scheme for intra-frequency handover for FR2 as well as intra-frequency uplink can be considered if we have some time allows in this WI.
Proposal 5: Power sharing is supported for simultaneous transmission to two cells.  For the case that uplink power is limited in handover with dual connectivity, the power sharing framework can be extended to support TDM pattern for switching between uplink transmissions to different cells.  
Proposal 6: Multi-panel uplink transmission should be supported for handover in FR2. 

	MediaTek
	Observation 8: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.

Proposal 2: Classify the scenarios to perform simultaneous DL/UL into three different capability categories: 
· Category 1: feasible to support simultaneous Tx/Rx with the source and target cells during HO; 
· Category 2: feasible to support only simultaneous Rx with the source and target cells during HO; 
· Category 3: no support of simultaneous Tx/Rx with the source and target cell during HO.  
Proposal 3: DC-based HO is supported for the category 1 scenarios, e.g., inter-frequency synchronous inter-band/intra-band, inter-frequency asynchronous inter-band and intra-frequency synchronous. 
Proposal 4: DC-based HO is supported for the category 2 scenarios, e.g. intra-frequency asynchronous or single UL transmission. TDM pattern for UL transmission is coordinated between the source and target cells. 
Proposal 5: DC-based HO doesn't need to be supported for the category 3 scenarios.
Proposal 6: The UL power control and TDM patterns for DC-based HO can be optimized on top of the rules defined in DC-CA agenda to prioritize the target cell. 

	Intel
	Proposal 1:
· Continue discuss on the potential solutions for NR mobility enhancement, and collect specification impact and feasibility information further in RAN1. we recommend RAN1 to focus its discussion and suggest to draw conclusions on the following:
· Complete the feasibility study on DC based HO for:
· FR1 inter-frequency intra-band asynchronous deployment scenario
· FR2 intra-frequency deployment scenario
· FR2 inter-frequency deployment scenario
· Complete the feasibility impact from BWP configurations for FR1 intra-frequency deployment scenario
· Physical layer impact from support of CHO, which has been agreed in RAN2 (including whether there is no physical layer impact)
· Observations & recommendation on MBB based solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· Observations & recommendation on DC based HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)
· Observations & recommendation on RACH-less HO solutions focusing on RAN1 related aspects (e.g. required specification support and changes need, benefits & drawback identified in RAN1)

	Samsung
	Proposal 3: For DC-based HO, PDCCH monitoring is configured semi-statically across source and target cells.
Proposal 4: For DC-based HO, the Rel-15 power prioritization rule can be starting point. 

	Nokia
	Observation: Based on multi-TRP agreements following functionalities would be supported in Rel-16, at least for FR1:
· Configuring different PDCCH to be monitored from different sources (cells/TRPs)
· Receiving PDSCH from different sources (cells/TRPs)
· PUCCH based HARQ-ACK feedback to different targets (cells/TRPs) based on TDM

Observation: Due to possible spatial domain restrictions in FR2, simultaneous connectivity may require some TDM pattern for reception and transmission, if supported.

	Ericsson
	Observation 3: The requirements for simultaneous reception of PDSCH and simultaneous transmission of PUCCH agreed in the eMIMO WI are quite restrictive. Simultaneous PDCCH reception or simultaneous transmission of PUSCH have not even been discussed.
Observation 4: The situations where simultaneous reception and transmission are feasible appear to be rather scarce.



Suggestion for Conclusion:
· For DC-based HO that is feasible in scenarios identified in R1-1905780, 
· it is expected that UE can receive: 
· PDCCH from both source and target cells. 
· PDSCH from both source and target cells. 
· FFS: BWP and CORESET configurations, semi-static PDCCH configuration for source and target cells, PDCCH blind decoding budgets, etc. 
· it is expected that UE can transmit: 
· Multiple PUCCH for HARQ-ACK to both source and target cells. 
· FFS: whether the transmission is TDM or other manners. 
· FFS: multiple PUSCH to both source and target cells.
· FFS: Power Control related aspects.
· Simultaneous transmission and/or reception may depend on UE capability.
· Continue to discuss the feasibility of DC-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 


Suggestion for Conclusion:
· For DC-based HO, intra-frequency and inter-frequency HO shall be both considered. 
· Intra-frequency means UE is configured with the same active BWP bandwidth with the same SCS on the same carrier in source cell and target cell. 
· Otherwise means inter-frequency.


2.4 Discussion on MBB based HO enhancements
Summary of observations from companies on MBB based HO enhancements

	Ericsson
	From a L1 point of view, the MBB solution and DC-based HO are quite similar, since they both require that the UE can communicate with two cells at the same time. The source and target cells may be on the same or on different carriers. In RAN1#96bis, RAN1 discussed the feasibility of simultaneous Rx/Tx in response to an LS from RAN2. The outcome of the discussion was summarized in R1-1905780. RAN4 also provided a response to the LS in [14]	R1-1905926. 

	Huawei, HiSilicon
	Observation 2: Enhanced MBB that keeps the source link until a UE can receive control/data from target cell can achieve 0ms interruption time and have the same RAN1 impacts as DC-based HO.
Observation 3: Given that DC-based and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs and that DC has been adopted in Rel-15, there is not much value in designing enhanced MBB solutions on top of DC-based solutions from RAN1 perspective.

	MediaTek
	Observation 8: From RAN1’s perspective, DC-based HO and enhanced Make-Before-Break HO have the same level of specification impact.

	Nokia
	Observation: Based on multi-TRP agreements following functionalities would be supported in Rel-16, at least for FR1:
· Configuring different PDCCH to be monitored from different sources (cells/TRPs)
· Receiving PDSCH from different sources (cells/TRPs)
· PUCCH based HARQ-ACK feedback to different targets (cells/TRPs) based on TDM
Observation: Due to possible spatial domain restrictions in FR2, simultaneous connectivity may require some TDM pattern for reception and transmission, if supported.

	Intel
	If the MBB for NR mandates that UE maintain connection longer, potentially even after the initial transmission to the target cell, it starts to creep up to the DC based HO realm and the potential solution for MBB and DC based HO begin to blur. Therefore, in the context of the discussion for potential solutions, any “enhanced MBB” technics that may require some form of DC based HO should be discussed under the DC based HO category instead of MBB.




Suggestion for Conclusion:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 


2.5 Discussion on CHO
Suggestion for Conclusion:
· RAN1 has so far not identified physical layer impact from support of CHO. RAN1 will continue to investigate into potential physical layer impact from supporting CHO.


2.6 Information on RAN2 agreements from RAN2 #106

RAN2 Agreements RAN2 #106
	Agreements
1:	Mobility interruption time means the shortest time duration supported by the system during which a user terminal is not able to exchange user plane packets with any base station during transitions.   
2:	RAN2 common understanding is to reduce interruption time at radio (i.e. air interface) level during mobility (i.e. handover) to improve user experience at service/application layer.
3: 	RAN2 aim to develop protocol design to achieve strict 0ms (if feasible) else close to 0ms interruption time on radio level during handover considering UE capabilities and deployment scenarios.
4: 	For achieving the aim of agreement 3, RAN2 targets a single solution
5: 	Interruption time reduction in DL to be prioritized, but UL will still be considered.

Agreements
1	PDCP packet duplication does not need to be supported in combination with the HO interruption solution (but doesn't preclude that it might be possible to support it and it may be beneficial in some cases)
2	Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
3	There is a point in time where the UL PUSCH switches from source to target.
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