[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #97	R1-1906056
Reno, USA, May 13 – 17, 2019

Agenda Item:	7.2.12.1
Source:	Huawei, HiSilicon
Title:	Physical layer aspects for NR mobility enhancements
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In TSG-RAN#80 plenary meeting [1], a new WID on NR mobility enhancements was approved for Release 16. In RAN1#96bis [2], RAN1 provided an LS reply to RAN2, commenting on the feasibility of simultaneous connectivity [3]. In RAN1#96 [4], the following conclusion was reached for NR mobility enhancements:

Conclusion:
The following physical layer aspects for mobility enhancements have been identified in RAN1#96 and are to be further studied (but not limited to):
· Potential physical layer aspects of RACH-less HO
· TA for target cell (if applicable)
· Power control for PUSCH for the target cell
· UL grants configuration 
· Tx/Rx beam related aspects
· PUSCH transmission aspects (e.g. repetition, etc.)
· Potential physical layer aspects of dual connectivity (DC) based HO
· Feasibility/applicability (with respect to various Tx/Rx RF capability and carrier frequencies of source/target cell)
· PDCCH monitoring for source and target cells.
· Procedures related to DL/UL operation
· Power control for PUSCH/PUCCH/SRS 
· Tx/Rx beam related aspects 
· Note: this may interact with multi-TRP discussion in Rel-16 eMIMO
· Potential physical layer aspects of Make-before-break (MBB) related to 0ms HO interruption latency (if supported)
· If supported, whether or not PHY impacts are similar/the same to those under dual connectivity (DC) based HO
· Potential physical layer aspects of solutions/enhancements that are not explicitly mentioned in the WID
· Measurement procedure to provide low latency reports (e.g. L1 based measurements)
· Methods of conveying QCL information for target cell (e.g. MAC CE based indication of QCL information for target cell)
· Link recovery on non-serving cells

[bookmark: _Ref129681832]In this contribution, we provide an overview on possible RAN1 specification impacts on the identified solutions.
Overview on NR mobility enhancement from RAN1 perspective
1.1 DC-based HO solution
The need for simultaneous NR-PDCCH reception

In RAN1#96b, RAN1 sent an LS reply to RAN2 regarding the feasibility of simultaneous connectivity in a variety of scenarios based on the frequency range (FR1 vs. FR2), the band operation (intra-band vs. inter-band), the frequency operation (intra-frequency vs. inter-frequency) and the network deployment type (synchronous vs. asynchronous). DC requires the UE to transmit signals to and receive signals from the PCell and PSCell simultaneously. The feasibility and applicability of such simultaneous transmission and reception boils down to two factors: the UE’s capability and the scenario in which the UE is operating. The main motivation behind the mobility enhancements is to meet the 0ms mobility interruption time, i.e. to ensure that user-place packets are always being exchanged between the UE and a given base station. From RAN1’s perspective: this can be interpreted as having the UE monitor and receive NR-PDCCH messages scheduling NR-PDSCH (resp. PUSCH) transmissions in every slot. Both DC and multi-TRP transmission schemes allow the UE to do so as we will describe below.
From a physical layer perspective: the commonality between the DC-based approach and the multi-TRP approach is that in both cases the UE is configured with multiple CORESETs to monitor NR-PDCCH messages scheduling NR-PDSCH/NR-PUSCH transmissions on. Whether these CORESETs are part of the same or different BWPs, same or different carriers, same or different cells, is based on the scenario (e.g. intra-band intra-frequency DC). What is relevant is for the UE to know that it is looking for NR-PDCCH messages with different properties, such as the CORESET identity and the QCL assumption associated to that CORESET, and to maintain the corresponding physical links independently from one-another.
Observation 1: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages.

The following agreement reached during RAN1#96 for multi-TRP in eMIMO specifically mentions that the NR-PDCCH messages schedule NR-PDSCH transmissions in the same active DL BWP of a component carrier.
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

It is unknown yet whether NR-PDCCH can schedule NR-PUSCH transmissions in eMIMO multi-TRP discussion. However, a DC-based HO solution should allow the UE to do both DL and UL data transmissions, therefore, the current multi-TRP transmission framework in the eMIMO provides at least a foundation for developing simultaneous reception. 
In NR R15, DC operation is restricted to the inter-band case where one cell is operating on a band in FR1 while the other cell is operating on a band in FR2. Conceptually nothing prevents a UE to be configured with two serving cells operating in the same band, in the same carrier or even on the same BWP. A common use-case for mobility is that of intra-frequency HO, where the UE moves between two cells that are using the same carrier. As an example: for a UE that supports simultaneous reception but not simultaneous transmission, a PCell and a PSCell can both transmit NR-PDCCHs scheduling NR-PDSCHs to the UE on their respective CORESETs and rely on TDM patterns for UL transmission. Note that for the intra-frequency network deployments, it is assumed that the two cells configure the same BWP for simplicity and otherwise it is categorized into inter-frequency operation.
In addition, as discussed and proposed in [5] that given that DC-based and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs, there is no point in designing enhanced MBB solutions, while DC-based solution has already been adopted in Rel-15 for inter-frequency case (intra-frequency case is under discussions in Rel-16) and provides more flexibilities. Therefore, the following proposals are given:
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. 
 
Uplink-related aspects and the challenges in FR2
Simultaneous transmission towards multiple cells comes with a set of challenges that need to be overcome. For UEs receiving multiple NR-PDSCH transmissions, adequate HARQ-ACK feedback mechanisms need to be defined. In this section we will look into aspects relating to HARQ-ACK feedback, UL power control and challenges for UL transmission in FR2. For more details, we invite the interested reader to refer to our companion contribution [6].
In early stages of NR deployments, it is reasonable to assume that UEs may have simultaneous reception capability without simultaneous transmission capability. Another aspect to keep in mind is that simultaneous connectivity feasibility in FR2 is still under study in RAN1 and it is widely expected that there will be numerous technical challenges to overcome with regards to beamforming. In light of the above, one way to ensure proper HARQ-ACK feedback is to rely on TDM-based solutions. 
Rel-15 NR already has mechanisms such as HARQ-ACK codebook type 2 that allow the UE to combine HARQ-ACK bits together based on the DAI index in DCI format 1_0 or DCI format 1_1. If the UE is configured to receive multiple NR-PDCCHs and both the PCell and the PSCell are using DCI format 1_1 with their own respective DAI indexes and the UE is configured with HARQ-ACK codebook type 2, based on DAI indexes alone the UE could end up packing HARQ-ACK bits that are meant to the PCell or PSCell together. This could negatively impact HARQ operation (e.g. ACK delivered instead of NAK) and thus disrupt our goal of achieving 0ms mobility interruption time. Therefore there is a need for the UE to track NR-PDCCH messages based on some type of property. For instance, the UE can determine which HARQ-ACK bits to combine together based on the properties of the corresponding NR-PDCCH messages, such as: the CORESET a given NR-PDCCH message is received on; QCL indication in the corresponding TCI state; the C-RNTI the DCI format is scrambled with.
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.

When UE maintains simultaneous PUCCH/PUSCH transmission to source and target gNBs during DC-based handover procedure, how to perform uplink power control needs to be identified/specified. 
As of Release 15 there is no mechanism specified in RAN1 for how the UE performs Power Control across cell groups for channels such as PUCCH, PUSCH and PRACH in NR-NR DC as Rel-15 only supports NR-NR DC with two cells being deployed in FR1 and in FR2, respectively. Let’s use the PUSCH transmit power as an example:
[image: ]
PLb,f,c(qd) is the downlink path loss estimate based on a DL reference signal that the UE measures on the active DL BWP. The NR Release 15 does not support NR-NR DC in a single frequency range, so it is unclear yet how to perform UL power control when both the are intra-frequency, e.g., how to pick DL reference signals to determine PLb,f,c(qd) for NR-NR DC when both the PCell and PSCell are in FR1 or FR2. 
How to perform uplink power control during DC-based handover is the same case as NR-NR DC as part of the multi-RAT DC/CA WI [7] for uplink power control issue. RAN1 is currently discussing the options of supporting UL power control for NR-NR DC, with proposals for supporting dynamic and semi-static power sharing operations in FR1-FR1 band combinations. If the source and target cells are both in the same frequency range and are using the same DL and UL BWPs, the UE could determine downlink pathloss estimates separately for each cell based on RSs by those cells but UL Power Control would eventually be performed in a joint manner using either dynamic or semi-static power sharing. 
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. 

In FR1 the UE could get away with omni-directional reception due to the more friendly propagation conditions but this will not be true in FR2. In higher frequency ranges, it is widely expected that the UE will have to rely on beam operation in order to receive from and transmit to a base station. Therefore beam management will play a key role in making simultaneous connectivity feasible in FR2. UE architecture will also have to allow for simultaneous beam management, which is very challenging in FR2. Considering the fact that beam management in NR is a technology that is not fully mature yet and the practical challenges UEs face to accommodate for simultaneous connectivity in FR2, it would be better to use TDM patterns for DC-based HO in FR2.
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.

The case of intra-band intra-frequency DC operation
DC operation is typically associated with inter-band or inter-carrier operation: the PCell and the PSCell are independently maintained so that the physical links can co-exist in parallel. As of Rel-15 NR, NR-NR DC is supported in inter-band scenarios where the PCell and the PSCell are on different frequency bands in different frequency ranges, this line of thought is similar to what we described above and in this section we will discuss about its application to more traditional scenarios. Intra-band intra-frequency operation was discussed during the last RAN1 meeting and the response regarding simultaneous connectivity feasibility was as follows:
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR when the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 
It should be noted that common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 
In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception. 



RAN1 states that simultaneous connectivity is feasible in FR1 intra-band intra-frequency scenarios provided that some conditions are met. One of the conditions for simultaneous Tx/Rx to be feasible is that the common PRB grids between the PCell and PSCell are aligned. In line with our proposal above, intra-band intra-frequency operation can be defined as the PCell and the PSCell using the same carrier definition and the same active DL and UL BWP definition. In the case of the PCell, the carrier information is provided using frequencyInfoDL-SIB and frequencyInfoUL-SIB IEs as part of SIB1; in the case of the PSCell, the carrier information is provide using frequencyInfoDL and frequencyInfoUL IEs supplied as part of dedicated signalling during the PSCell addition. As mentioned in RAN1’s response above: the common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible. Therefore: for DC-based operation the PCell and PSCell need to be using the same point A reference for downlink and uplink carriers respectively. The inter-cell scenario covered by the eMIMO agenda for multi-TRP transmission can be configured using a PCell and PSCell, as we would do in DC. Such a signalling framework allows us to easily configure physical links with multiple base-stations while at the same time configure the spectrum of scenarios that was discussed in [3]. Hence, it is straightforward to have the transmission/reception for multi-TRP as the starting point for further discussion of DC-based handover.
Proposal 6: The transmission/reception for multi-TRP is used as the basis of DC-based HO for intra-frequency.

1.2 Make-Before-Break solution
The Make-Before-Break (MBB) based HO solutions are enhancements to the traditional HO procedure in which the UE keeps the link to the source cell, even after receiving the HO command from the source cell, rather than releasing the link as in the traditional HO procedure. 
Multiple MBB solutions have been considered in LTE mobility enhancements [8], the main differences between the solutions are when to release the source link and the amount of interruption time saved as the source link being kept longer. At the end as agreed in RAN2#95 for LTE mobility enhancements, the “make before break handover solution” means the UE continues downlink reception and uplink transmission with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB (correspoding to RACH-less or RACH-based HO, respectively) to minimize/avoid impacts on RAN1 and RAN4. The signaling flow for the LTE MBB as shown in Figure 1 is from [8]. 
	[image: option1]


[bookmark: _Ref1081625]Figure 1: Signaling flow for LTE MBB [8]
The physical channels and signals associated with links from UE to source and target eNBs at different phases are given in Table 1. These channels and signals actually show that there is no RAN1 impact for LTE MBB as there is no simultaneous DL/UL connections between a UE and source/target eNBs, other than detection of synchronization signals from target eNB. However, as analyzed in [8], the LTE MBB cannot achieve 0ms interruption time.
[bookmark: _Ref1082021]Table 1: Summary of DL/UL transmission from/to a particular eNB in LTE MBB
	Scenario
	DL/UL channels
	Phase

	
	
	Phase I
	Phase II
	Phase III
	Phase IV

	Option 1
	Source eNB
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH
	-
	-

	
	Target eNB
	-
	DL: PSS/SSS/CRS
	DL: PDCCH/PDSCH
UL: PRACH
	DL: PDCCH/PDSCH
UL: PUCCH/PUSCH



Since NR mobility enhancements target 0ms mobility interruption time, if going on this line, further modification to MBB needs to be considered, i.e., by keeping the source link longer than that of LTE MBB. Various flavors of MBB schemes were analyzed in [8], with different levels of interruption time saving and RAN1 impacts. One proposal of enhanced MBB where 0ms interruption time can be achieved was discussed in [8] and a similar scheme which may also be considered in NR is shown in Figure 2.       
[image: ]
[bookmark: _Ref1082944]Figure 2: Signaling flow for MBB-based HO
Table 2 presents physical channels and signals associated with links from UE to source and target gNBs at different phases of enhanced MBB-based HO that can achieve 0ms interruption time. Note that this enhanced MBB scheme has the same channels and signals at different phases as DC-based solution [6]. Since these channels and signals are used to identify RAN1 impacts, we can conclude that this enhanced MBB as illustrated in Figure 2 and DC-based HO have the same RAN1 impacts. 
[bookmark: _Ref1083212]Table 2: DL/UL transmission between UE and source/target gNB in eMBB-based HO that can achieve 0ms interruption time
	Scenario
	DL/UL channels
	Phase

	
	
	Phase 1
	Phase 2
	Phase 3
	Phase 4
	Phase 5

	Make-Before-Break
HO 
	Source gNB
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	-

	
	Target gNB
	-
	DL: SS/PBCH
	DL:PDCCH/PDSCH
UL: RACH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH
	DL:PDCCH/PDSCH
UL:PUCCH/PUSCH


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.
Given that DC-based [6] and enhanced MBB based HO solutions both require UE to support simultaneous connectivity to source/target gNBs, there is no point in designing enhanced MBB solutions, while DC-based solution has already been adopted in Rel-15 for inter-frequency case (intra-frequency case is under discussions in Rel-16) and provides more flexibilities. UE complexities and power consumption on DC-based solutions can be addressed by proper gNB implementation (e.g., to limit the usage of simultaneous connectivity to within the interval of time covered by the actual HO procedure, for instance where the start of the HO is the UE sending the Preamble transmission to the target gNB and the end of the HO is the UE receiving a message from the target gNB to release its link to the source gNB) and/or further introduction of UE-assisted HO solution selection (e.g., to report the preference between traditional or DC-based HO) if needed, assuming this UE is capable of simultaneous connectivity but has some concern of power consumption. 
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. 

1.3 RACH-less HO solution
The RACH-less HO solution is another enhancement to the traditional HO procedure in which the UE does not perform contention-free or contention-based random access to enable proper Timing Advance (TA) and Power Control (PC) for the target cell.  RACH-less solutions are beneficial in the sense that the UE no longer transmits a preamble and waits for the subsequent RA response for the purpose of reducing latency. Source and target gNBs would need to coordinate in order to deliver TA and PC commands to the UE so that it can start transmitting towards the target gNB at an earlier time.
RACH-less solutions have also been considered in LTE mobility enhancement, however due to a lack of accuracy in TA estimation/prediction, the LTE RACH-less HO solutions were not deemed suitable for deployments with large TA difference and its operation was restricted to deployments with TA = 0 or TA_source = TA_target.
Observation 4: LTE RACH-less HO solution was restricted to deployments with TA = 0 or TA_source = TA_target.
Some of the RAN1 impacts to consider in order to support RACH-less HO solutions in NR are the following:
1. Timing Advance (TA): Without RACH, other UE reference signals and measurements can be used to obtain TA and the corresponding UE behaviors need to be specified if needed;
2. Power control (PC): Without RACH, how to obtain PC for the initial transmission of PUSCH when there is no power-ramping mechanism, possibly using other reference signals for PL estimation and the corresponding UE behaviors; 
3. UL grant for initial PUSCH transmission: Normally UL grant would have been carried in Radom Access Response (RAR) message if RACH is transmitted. For RACH-less HO, pre-allocated resource can be configured in the RRC reconfiguration message for HO or SCG addition, to be used for the UL transmission indicating RRC reconfiguration complete. For example, the configuration of configured grant type 1 from source gNB for subsequent PUSCH transmission to target gNB can be carried in the HO commend. 
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.
One important new feature of NR compared with LTE is the support of FR2. Given the harsh radio conditions in such frequency ranges, beam management procedures were introduced to have aligned beamforming at both gNB and UE to overcome the high path loss. Even with such advanced beam management procedures, the initial deployments of FR2 will still likely be limited to cells with small radius, e.g., hotspots in crowded regions. At first sight, this may sound like an applicable scenario for RACH-less HO solution as such deployments would have small TA difference between hotspots, but if we look further: Initial deployments of FR2 will be targeted for delivering very high data rates but with relatively low moving speed. UEs in such deployments (e.g., pedestrian in a crowded street) are not expected to move at high velocity and therefore the likelihood of HOs taking place in such deployments is relatively low. Another example of such deployments is that of office buildings or premises, where employees typically occupy stationary positions over time. Such UEs are also not expected to move at high velocity and therefore would not get into situations where HOs are needed on a regular basis. 
Considering the targeted deployment scenarios and phase of commercial roll-out, it may not be urgent or commercially justified to use the remaining TU(s) in Rel-16 to specify RACH-less HO solutions. The fast beam switching required by UE rotations is to be taken care of by intra-cell beam tracking, instead of inter-cell HO. In addition, it is understood that RACH-less solution alone cannot achieve 0ms interruption time. Therefore our proposal is as follows:
Proposal 7: Urgent use cases for RACH-less HO solutions in NR should be identified before agreeing to specify them in Rel-16.

1.4 Beam-based mobility solution
Beam-based reporting for mobility enhancements
One of the enhancements that have been proposed in [9] is to introduce a physical cell identifier in the definition of SSB resources for Beam Management reporting in order to enable reporting of L1-RSRP for non-serving cells. It was claimed in [9] that the standard impact is quite small and limited to adding a PCI field in the definition of SSB resources for Beam Management. Resources for Beam Management are currently defined in the csi-MeasConfig IE, which is itself defined in the servingCellConfig IE of the active serving cell (not all fields are shown, for brevity):
-- ASN1START
-- TAG-SERVING-CELL-CONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                           OPTIONAL,   -- Cond TDD

    initialDownlinkBWP                  BWP-DownlinkDedicated                                               OPTIONAL,   -- Need M
    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                          OPTIONAL,   -- Need N
    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink                    OPTIONAL,   -- Need N
    ...
    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                     OPTIONAL,   -- Need M
    ...,
}

-- TAG-SERVING-CELL-CONFIG-STOP
-- ASN1STOP

-- ASN1START
-- TAG-CSI-MEAS-CONFIG-START

CSI-MeasConfig ::=                  SEQUENCE {
    nzp-CSI-RS-ResourceToAddModList     SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-Resources)) OF NZP-CSI-RS-Resource           OPTIONAL, -- Need N
    ...
nzp-CSI-RS-ResourceSetToAddModList SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSets)) OF NZP-CSI-RS-ResourceSet      OPTIONAL, -- Need N
...
csi-SSB-ResourceSetToAddModList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSets)) OF CSI-SSB-ResourceSet           OPTIONAL, -- Need N

    ...
}

-- TAG-CSI-MEAS-CONFIG-STOP
-- ASN1STOP

While the addition of a PCI field in the definition of SSB resources for BM is indeed a relatively small change in the RRC signaling, such an addition would have wider consequences with additional specification impacts. One of the consequences of such an addition would be that the active serving cell configuration would have to carry resource definition that belongs to neighbor cells, which are non-serving cells. It was not the intention for the servingCellConfig IE to be carrying any information that does not belong to the serving cell. Another aspect that must be considered is the UE behavior with regards to BM resources of non-serving cells in the event that the UE receives a RRC reconfiguration message with reconfigurationWithSync. When the UE receives a HO command as part of a traditional HO procedure, the UE releases its connection with the source cell and the way that is carried out is by the UE flushing its serving cell configuration and proceeding to establish its connection with the target cell. Therefore, there is specification impact expected in trying to add BM resource definition for neighbor cells.
Observation 6: The addition of SSB resource of neighbor cells in the active serving cell configuration to enable L1-RSRP for beam management has more specification impact in addition to introducing PCI.
Reporting for mobility purposes is different from reporting for Beam Management in the sense that mobility events can be done slowly whereas Beam Management events need to be done more quickly. As explained in [9], L3 mobility reporting is slow due to the exponential smoothing function and the evaluation of the reporting criteria, which is in the order of several tens of ms in order to reduce ping-pong effects. L1-RSRP for Beam Management is reported much more quickly, in order of a few ms, so that a UE can switch beams quickly. In order to enable SSB based L1-RSRP measurement and report for non-serving cell, even though the UE behavior would be simplified if L3 filtering functions were to be offloaded to the network, it would be at the expense of much processing power and reporting overhead in terms of the number of reports sent by the UE and in terms of the amount of UL resources needed to send these measurement reports to the network.
Observation 7: L1-RSRP used for mobility purposes causes UE processing power consumption and reporting overhead from the UE.

QCL signaling enhancements for Beam Management
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                           OPTIONAL, -- Need R
    bwp-Id                                   BWP-Id                                                          OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

One of the enhancements that have been proposed in [9] is to introduce a physical cell identifier in the definition of the QCL-info IE so as to facilitate updating QCL sources to reference signals in non-serving cells. It was explained in [9] that it is possible for source and neighbor cells to have the same physical layer configuration. PDCCH and PDSCH configurations are carried in the BWP-DownlinkDedicated IE, which is the UE-specific BWP configuration provided by the serving cell. It is possible that source and neighbor cells both use the same UE-specific BWP configuration for a given UE, with the parameters all being the same except for the QCL indication that the PDCCH and PDSCH DMRSs follow. Assuming that source and neighbor cells are synchronized, this would allow a handover between a source and neighbor to be reduced down to a simple beam switch based on QCL indications. 
There are aspects that were not considered in [9] which may have additional specification impact. The addition of a physical cell identity in the QCL-Info IE may be enough to indicate a SS/PBCH block if both the source and neighbor cells are using the same center frequency. In the case where source and neighbor cells are using SS/PBCH blocks on different center frequencies: the QCL-Info IE would also have to indicate the center frequency of the SS/PBCH block as well as the physical cell identity. 
Observation 8: Support for QCL indications for neighbor cells may have additional specification impact in addition to introducing PCI.

Beam Failure Recovery for mobility enhancements
A UE is configured to perform beam failure recovery using the beamFailureRecoveryConfig IE, which includes a list of candidate beams and a recovery search space where to monitor for PDCCH messages. As described in the Random Access Response reception procedure in [10]:
1> if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
	2> start the ra-ResponseWindow configured BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 from the end of the Random Access Preamble transmission;
	2> monitor for PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.
The above section will only be applicable when the UE is located in the source cell, as after transmitting the CFRA preamble associated to a candidate beam, the UE starts the RA response window and waits for a PDCCH message on the recovery search space. It is obvious that the existing Beam failure Recovery procedure cannot be performed between a source and a neighbor cell for three reasons:
1) The source cell would have to configure the beamFailureRecoveryConfig IE with some candidate beams that belong to the neighbor cell.
2) The neighbor cell would have to use the same C-RNTI as the one assigned to the UE by the source cell.
3) The neighbor cell would have to transmit PDCCH messages scrambled with the C-RNTI on the search space indicated by recoverySearchSpaceId configured by the source cell.
Introducing candidate beams that belong to neighbor cells is going to have additional specification impact, such as changes in the beamFailureRecoveryConfig IE so that it can accommodate candidate beams from neighbor cells, the corresponding UE behavior for going through candidate beams and selecting one, the procedure for the UE to receive PDCCH messages from the cell that the selected candidate beam belongs to, etc. Source and neighbor cells would also have to coordinate on their usage of the recovery search space so that the UE can successfully complete the beam failure recovery procedure.
Observation 9: Support for Beam Failure Recovery procedures for neighbor cells has more additional specification impact in addition to introducing PCI. 

Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: Multiple CORESETs are needed for the UE to be able to monitor multiple NR-PDCCH messages.
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. 
Observation 4: LTE RACH-less HO solution was restricted to deployments with TA = 0 or TA_source = TA_target.
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.
Observation 6: The addition of SSB resource of neighbor cells in the active serving cell configuration to enable L1-RSRP for beam management has more specification impact in addition to introducing PCI.
Observation 7: L1-RSRP used for mobility purposes causes UE processing power consumption and reporting overhead from the UE.
Observation 8: Support for QCL indications for neighbor cells may have additional specification impact in addition to introducing PCI.
Observation 9: Support for Beam Failure Recovery procedures for neighbor cells has more additional specification impact in addition to introducing PCI. 

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.
Proposal 7: Urgent use cases for RACH-less HO solutions in NR should be identified before agreeing to specify them in Rel-16.
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