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1	Introduction
In this contribution, we discuss physical layer aspects for mobility enhancements. We also discuss the possibility to implement parts of the mobility functionality in protocol layers below RRC. Finally, we propose to perform early CSI reporting during handover.
[bookmark: _Ref178064866]2	Discussion
2.1	Physical layer aspects of RACH-less HO
In RAN1#97, the following conclusion was made:
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 TAs in FR1
· FFS: RACH-less HO in FR2 including feasibility
· 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. The following options can be used as a starting point:
· 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
· FFS the case of FR1 inter-frequency HO & FR2
· 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.
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.  

In RACH-less HO/SCG change, Msg1 and Msg2 in the target cell are skipped. Instead, the first transmission in the target cell is Msg3. The signalling diagram for RACH-less HO is depicted in Figure 1. RACH-less HO was standardized for LTE in Rel-14. 
Note that RAN2 has not made any decision to introduce RACH-less HO in NR. 
[image: ]
[bookmark: _Ref4485206]Figure 1: RACH-less handover. The first message in the target cell is Msg3.
2.1.1	Timing advance for target cell
[bookmark: _Hlk16839565]In RAN1#97, it was concluded that NR can at least support TA scenarios where target cell TA is zero or same as one of serving cell TAs. In addition, three extensions were discussed that would enable operation in other TA scenarios as well. Essentially, two options (option 1 and 3) were NW-based, and option 2 was UE-based.
RAN4 recently agreed to allow one-shot update of TA in the beam management context [7]: the UE would autonomously update its TA if the DL timing reference has changes. It would seem that this is similar to option 2: as part of a (RACH-less) HO, the DL timing reference would change, and the UE could autonomously update its TA.
[bookmark: _Hlk4571253]In the RAN4 paper [12], we argue that RACH-less HO with different TAs is indeed feasible. It is explained that the terms not related to BS timing errors are insignificant, implying that as long as the BSs are sufficiently synchronized, the UE may calculate the TA with sufficient accuracy. It is further explained that it is indeed feasible to achieve the required level of synchronization between BSs. Finally, and most importantly, the BS timing uncertainty is known to the NW, and based on that information, the NW may choose to enable calculated TA (and also bear the consequences if the accuracy is insufficient):
[bookmark: _Ref7505427][bookmark: _Toc7514362][bookmark: _Toc16874285]The NW can choose to enable calculated TA only in scenarios where the BS timing uncertainty is sufficiently small.
However, the feasibility of using a calculated TA is a RAN4 decision, and that discussion should be performed in RAN4:
[bookmark: _Toc16874297]RAN1 to await further progress in RAN4 regarding the possibility to use a calculated TA value for the target cell at RACH-less HO. 
If RAN4 decides that calculated TA is indeed feasible, RAN1 could revisit the situation to decide if there is an RAN1 impact of the calculated TA.
If option 2 is agreed, options 1 and 3 become superfluous: RACH-less HO can handle a sufficient variety of TA scenarios. In fact, the main limitation of option 2 is that it only works in synchronized network, also exists for options 1 and 3: there is no way for the NW to distinguish between a propagation delay difference and a base station timing difference.
[bookmark: _Toc16874286]Options 1 and 3 still require that the source and target cells are synchronized, i.e., that the timing difference is fixed and known.
There are two differences between option 1 and 3:
· In option 3, it is explicitly stated that the TA in the target is estimated by the NW from an SRS transmission in the source cell. In our understanding, if the NW provides the TA to the UE, the TA estimation method is up to NW implementation, at least from a RAN1 point of view.
· In option 1, it is stated that the NW transmits a timing refinement factor, whereas in option 3, the actual TA is sent to the UE. We do not see any benefit to signal a timing adjustment refinement rather than the absolute TA: to facilitate signalling of a refinement factor, the NW has to track the TA currently used by the UE.
If option 2 is ruled out, a NW-based option that is a combination between option 1 and 3 may provide some benefit:
[bookmark: _Toc16874298]If RACH-less handover is introduced in NR and calculated TA is ruled out, the configuration should support that the network can set a specific TA value for the target cell, which is different from 0.
2.1.2	UL grants configuration and Tx/Rx beam related aspects
Since there is no Msg2 transmitted in the target cell, the UE must be provided with the UL resources in another way. For LTE, two different ways have been proposed:
· Preschedule UL resources in the RRC reconfiguration message.
· Dynamically schedule UL resources using PDCCH in target cell
So far, the only identified physical layer aspects are related to the beam formed reception and transmission. This is true for both allocation methods.
[bookmark: _Hlk4572194]In normal handover, the UE selects the best DL beam based on measurements performed just before the transmission of Msg1. Based on the best DL beam, the UE determines the RACH resource, and its Tx beam. The selected DL reference signal (beam) may be different from the beam(s) that triggered the neighbour cell report. Hence, the NW may not know which RACH resource the UE selects. To facilitate a gNB implementation based on analogue beamforming, the NW may configure RACH opportunities that are time-multiplexed. The gNB will then sweep its Rx beam during the RACH opportunities. Note that the gNB needs to perform this sweep anyway to support initial access.
The question then arises if we should allow the same flexibility for RACH-less handover: should we allow the UE to re-select the DL beam just before transmission of Msg3, and configure several PUSCH resources corresponding to different beams? Clearly, this would require the gNB to use different Rx beams for the different PUSCH resources, leading to additional overhead. In contrast to the time slots reserved for PRACH transmission (which are reused for initial access purposes), the resources reserved for Msg3 cannot be used for anything else. Furthermore, the PUSCH transmissions will most typically use a full slot, in contrast to the PRACH transmissions. 
Based on the above discussion, we realize that the NW cannot be forced to assign different resources corresponding to all the different gNB Tx beams. It should be possible to configure only a subset of UL resources for Msg3 transmission, corresponding to a subset of the gNB TX beams:
[bookmark: _Toc536602830][bookmark: _Toc536621059][bookmark: _Toc536621995][bookmark: _Toc275964][bookmark: _Toc423998][bookmark: _Toc429833][bookmark: _Toc796362][bookmark: _Toc799828][bookmark: _Toc964534][bookmark: _Toc970856][bookmark: _Toc976081][bookmark: _Toc976569][bookmark: _Toc1033760][bookmark: _Toc7018652][bookmark: _Toc7093242][bookmark: _Toc7093681][bookmark: _Toc7268135][bookmark: _Toc7280110][bookmark: _Toc7281621][bookmark: _Toc7698752][bookmark: _Toc7703773][bookmark: _Toc7704663][bookmark: _Toc16084892][bookmark: _Toc16670289][bookmark: _Toc16670552][bookmark: _Toc16672866][bookmark: _Toc16684378][bookmark: _Toc16684409][bookmark: _Toc16684458][bookmark: _Toc16874299]If RACH-less HO is introduced in NR, it should be possible to limit the validity of the RACH-less HO configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO configuration, it uses the RACH-procedure there.
Since the NW may allocate UL resources corresponding to several beams, the UE has access to several resources for its Msg3 transmission. All the pre-allocated UL grants should then be valid for transmission of the Msg3 as long as the RACH-less configuration is valid for the selected DL beam. The pre-allocated UL grants are thus not configured separately for different DL beams:
[bookmark: _Toc7281622][bookmark: _Toc7698753][bookmark: _Toc7703774][bookmark: _Toc7704664][bookmark: _Toc16084893][bookmark: _Toc16670290][bookmark: _Toc16670553][bookmark: _Toc16672867][bookmark: _Toc16684379][bookmark: _Toc16684410][bookmark: _Toc16684459][bookmark: _Toc16874300]If RACH-less HO is introduced in NR, all the pre-allocated UL grants should be valid for the Msg3 transmission (as long as the RACH-less configuration is valid for the selected DL beam).
The UE can choose its TX beam based on the corresponding DL RS.  In the RAN1 specifications, the term ‘beam’ is not used. To specify the spatial characteristics of an UL transmission, the spatial relation concept is used. For RACH-less handover, we propose to reuse that concept also for Msg3:
[bookmark: _Toc7514365][bookmark: _Hlk4574572][bookmark: _Toc16874301]If RACH-less handover is introduced in NR, the UE shall use a spatial relation defined by a DL RS selected from a set of RSs signalled by the NW to transmit Msg3.
For the corresponding DL receptions, we reuse the QCL framework:
[bookmark: _Toc7514366][bookmark: _Toc16874302]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.
Thus, the UE will use the selected RS both for DL reception and UL transmission.
Additionally, the selected DL RS is used as pathloss reference RS in the PUSCH power control:
[bookmark: _Toc4567454][bookmark: _Toc16874303]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.
For normal HO, several DL RSs (beams) can be mapped to the same RACH occasion, i.e., the time/frequency resource where the PRACH preamble is transmitted. For RACH-less HO, the RACH occasion corresponds to the Msg3 allocation, and here we stress that it is important to keep the corresponding many-to-one mapping for RACH-less HO: 
[bookmark: _Toc7514367][bookmark: _Toc16874304]In RACH-less HO, it should be possible to map several DL RSs to the same Msg3 allocation.
The reason for this mapping possibility is to limit the overhead of Msg3 allocations.
In normal HO, the NW can associate different preamble with different beams. Even if all the beams are mapped to the same RACH occasion, the NW can determine which beam the UE preferred by detecting which preamble was received. This situation is depicted in Figure 2.
[image: ]
[bookmark: _Ref16601043]Figure 2: As different beams can be associated with different PRACH preambles, the NW can identify which beam the UE preferred by detecting the received preamble.
For the PUSCH allocation used to transmit Msg3 a corresponding possibility should be introduced.  If several DL RSs are mapped to the same Msg3 allocation, the selected DL RS (beam) can be explicitly indicated in Msg3:
[bookmark: _Toc7514368][bookmark: _Toc16874305]In RACH-less HO, it should be possible to configure the UE to signal the selected DL RS (beam) in Msg3.
We note that only a small number of values need to be signalled: the UE only needs to signal which of the configured beams were selected. The exact format of the signalling is FFS. 
2.2	Make-Before-Break and DC-based HO
In RAN1#97, the following was concluded:
Conclusion:
· RAN1 expects similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements. 
· For both DC-based and MBB 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.
· Further study dependence of simultaneous transmission and/or reception on UE capability, if any.
· Continue to discuss the feasibility of DC/MBB-based HO for scenarios listed in R1-1905780 where RAN1 has not concluded on feasibility. 

As concluded in RAN1#97, 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 the conclusion from RAN1#97, it is stated that RAN1 should continue the discussion for scenarios where RAN1 has not concluded on feasibility. Here we note that RAN4 in [11] ruled out simultaneous transmission/reception with source and target cells in FR2. Therefore, it seems unnecessary that RAN1 spends any time discussing those scenarios:
[bookmark: _Toc16874287]Since RAN4 rules out simultaneous Rx/Tx in FR2, RAN1 should not spend any time discussing FR2-FR2 scenarios.
[bookmark: _GoBack]One of the topics that require further elaboration, and where the RAN1 and RAN4 reply LSs differ somewhat is how to define synchronous. In general, a network is considered synchronized if the base stations are phase synchronized which means that the radio frame begins at the same time.  The required level of synchronization depends on the purpose of the synchronization.  In the context of simultaneous RX/TX, it seems RAN4 understands synchronous to mean that base stations are sufficiently well aligned to allow simultaneous RX/TX with a single FFT. On the other hand, RAN1 at least in some cases considers any TDD deployment to be synchronous. These two definitions are quite different: with the RAN4 definition, most deployments are asynchronous:
[bookmark: _Toc7767585][bookmark: _Ref7772291][bookmark: _Toc7772639][bookmark: _Ref16835510][bookmark: _Toc16874288]With the RAN4 definition of ‘synchronous’, most handovers, including intra-frequency handovers in TDD systems, would be asynchronous.
The only synchronous handover situations would occur in small cell/indoor deployments. We also note that FR2 deployments are less likely to be synchronous, due to the shorter CP.
In general, the multi-TRP discussion is a good starting point for the feasibility of simultaneous Rx/Tx for intra-frequency FR1, since that is the only scenario that is being seriously considered. The following agreement from RAN1#96 in the eMIMO agenda item would seem applicable:
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.

In the above agreement, RAN1 states that
· The PDSCH DMRS positions must be the same
· The active BWP and SCS must be the same
This would apply to one of the cases where RAN1 has not yet concluded on feasibility:
[bookmark: _Ref16692885][bookmark: _Toc16874289]For intra-frequency FR1-FR1, the active BWP and SCS must be the same in source and target to ensure feasibility. 
We do not see why we should deviate from the conclusion resulting from the eMIMO discussion.
Furthermore, in the discussion following up to this agreement, it has been assumed that the PDSCHs were received well within the cyclic prefix. In this context, a RAN4 level of synchronization was assumed to keep the UE complexity down:
[bookmark: _Ref7766699][bookmark: _Toc7767586][bookmark: _Toc16874290]In the multi-TRP work, it is assumed that the PDSCHs arrive at the UE within the cyclic prefix, meaning that asynchronous intra-frequency FR1-FR1 has been ruled out.
The multi-TRP discussion has been very much focused on the PDSCH reception, since that has been specified already for LTE. However, the NR functionality should cover also multiple PDCCH case. It should be noted that simultaneous reception of multiple PDCCHs have not even been discussed in the multi-TRP work:
[bookmark: _Ref7766701][bookmark: _Toc7767587][bookmark: _Toc16874291]Simultaneous reception of multiple PDCCHs has not been discussed in the multi-TRP agenda item.
Essentially, such multi-user PDCCH reception has not been heard of. 
Yet another agreement on simultaneous Tx was made in RAN1#96:
[bookmark: _Hlk7766427]Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2

Here we note that the PUCCH conveying the ACK/NACK feedback to the different TRPs needs to be TDM. Note that there is no agreement that PUCCH resources can be FDM:
[bookmark: _Ref4401514][bookmark: _Ref7766702][bookmark: _Toc7767588][bookmark: _Toc16874292]There is no agreement that PUCCH resources corresponding to different TRPs can be FDM.
Finally, we note that RAN1 has not even started to discuss simultaneous transmission of PUSCH in the multi-TRP context. 
In the discussion leading up to the LS reply, the focus was very much on the UE aspects. This lead up to the conclusion that simultaneous Tx in synchronous deployments is feasible, whereas simultaneous Tx in asynchronous deployments was FFS. There were no additional conditions associated with these statements.
However, we note that simultaneous Tx in the UL is useless if the desired signals cannot be received at the gNB(s). In fact, if no constraints are placed on the UL transmissions from the UE, it will be quite challenging to decode them at the gNB, since they may be transmitted in the same time/frequency resources using the same antenna. Under some circumstances, the gNB will receive the transmissions at SINR = 0dB, without any possibility to rely on spatial interference suppression to separate the signals:
[bookmark: _Toc7767590][bookmark: _Toc16874293]Reception of multiple UL signals transmitted from the same UE in the same time/frequency resource will be very challenging.
Hence, we note that some level of separation in time or frequency is probably required to successfully decode the UL transmissions at the gNB:
[bookmark: _Toc7767591][bookmark: _Ref16692904][bookmark: _Toc16874294]Separation in time or frequency is required to separate signals from the same UE at the gNB.
Considering Observation 4 – Observation 10 we realize that the situations where simultaneous reception and transmission are feasible appear to be rather scarce. Solutions to achieve 0ms delay based on simultaneous Rx/Tx would be applicable only in these scarce situations. 
Based on this discussion, we propose
[bookmark: _Toc16874306]RAN1 should investigate other ways to reduce interruption to 0ms.
2.3	Lower-layer mobility enhancements 
Already early during the Rel-15 standardization, it was agreed that NR would support two types of mobility: 
· Mobility with RRC involvement
· Mobility without RRC involvement
Mobility with RRC involvement is quite similar to the LTE mobility functionality: it is based on event-driven reporting over RRC, where the UE performs measurement on various reference signals (mapping to cells) and filters these measurements. When the filtered measurements fulfil certain criteria parametrized by the NW, the UE will trigger a measurement report. 
Mobility without RRC involvement is also known as beam management. Although designed for a scenario where one TRP generates several narrow beams, it is equally applicable to a multi-TRP cell as depicted in Figure 3.
.
[bookmark: _Ref4584220][image: ]
[bookmark: _Ref4587195]Figure 3: A multi-TRP cell. All TRPs transmit the same SS/PBCH block(s). The UE performs intra-cell mobility, and the NW tracks the UE using either UL receptions or measurements on CSI-RS. RRC reconfigurations are not needed to handle the mobility.
For the network topology in Figure 3, it would also be possible to make each TRP its own cell, as depicted in Figure 4
[image: ]
[bookmark: _Ref4588792]Figure 4: Five separate cells. All TRPs transmit different SS/PBCH block. The UE performs inter-cell mobility using RRC reconfiguration with sync.  
Comparing Figure 3 and Figure 4, the mobility procedures become significantly more complicated, and the handovers between the cells causes interrupts. The fact that the network is now transmitting different SS/PBCH blocks from the different TRPs creates an artificial border in the network, leading to a performance degradation.
The deployment in Figure 3 has some complications. The UE would be configured to use the SS/PBCH block as QCL source for TRS, despite the fact that the TRS would be transmitted from only one of the TRPs. This may lead to some performance degradation. Also, if intra-cell mobility is handled using CSI-RS leads to additional overhead. Also, from an O&M point of view, the single-cell configuration may also not be preferred: if LTE and NR are co-sited, keeping the 5-cell configuration from LTE would be easier to maintain. 
Fortunately, only small changes are needed in the standard to make the deployment in Figure 4 possible and still avoid RRC reconfigurations, thereby reducing interrupts and signalling. With small additions to the standard, it also becomes possible to perform measurements of the neighbour cells using L1 measurements, which would speed up the reporting, and make it possible to increase robustness.
This is achieved using the following functionality:
· Introduce the possibility to include SS/PBCH blocks for non-serving cells in the TCI state [2]. With this, it becomes possible to change the synchronization source of the UE to a non-serving cell. The connection can then be transferred between two cells without any RRC signalling to the UE. Compared to the RRC procedures, the handling is much faster: the TCI update is activated 3ms after the MAC CE command is received. The key NR property that makes this possible is that the physical layer parameters can be completely decoupled from the PCI. In LTE, this is impossible: the PDCCH scrambling is directly derived from the PCI.
· Introduce the possibility to report L1-RSRP[3] from non-serving cells over L1, i.e., using PUCCH/PUSCH. With these reports, the network can determine when the UE crosses the border between cells without involving RRC. Since the reports are leaner, they can be transmitted more often, providing more information to the network. This in turns enables the network to perform more advanced processing of the measurements.
Both these pieces of functionality are simple extensions of beam management procedures to the inter-cell case. These inter-cell extensions should not lead to a significant burden on the UE: the measurements are anyway performed, and the only additional thing is to get the measurements to the network. The MAC CE update of the TCI state is anyway implemented, and the only extension is that the UE should be able to directly use RSs in neighbour cells as QCL sources.
Further details can be found in [8]. 
2.4 Early CSI reporting
With link adaptation, the adjusts the modulation and coding schemes to match the instantaneous channel conditions. In DL, the adaptation is based on CSI reports from the UE. The UE performs measurements on CSI-RS and send the measurement to the NW. The UE cannot perform any measurements or send any CSI report to the network until the RRC configuration has been completed. Before that, the network would have to assume that the UE is at the cell border and is forced to use quite robust modulation and coding scheme.
After a handover has taken place, the UE is experiencing new channel conditions. The CSI reports collected in the old cell are no longer relevant. This lack of channel knowledge will force the network to rely on the most robust modulation and coding schemes until the first CQI report arrives in the new cell. If the UE could be asked to provide channel state information earlier, the throughput can be improved. 
The four-step random access procedure is depicted in Figure 5.
[image: ] 
[bookmark: _Ref4748451]Figure 5: Four step random access.
In RAR, the NW may include a CSI request: there is a bit reserved for that purpose, as described in Table 8.2-1 in [1]. However, there is no description what that bit would be used for. The CSI request field was introduced in NB-IoT, with the purpose to aid the PDCCH link adaptation: the UE would provide the NW with a CSI report already in Msg3. This is described in [9][10].
We propose to introduce such CSI reporting also for NR: 
[bookmark: _Toc4766658][bookmark: _Toc16874307]Support CSI reporting in Msg3 triggered by the CSI request bit in the RAR grant, both for contention-based and non-contention-based random access. 
For non-contention-based access, the network knows which UE sent the PRACH preamble, and knows the RRC configuration of that UE: the RRC configuration in the new cell has been provided in the RRCReconfigurationWithSync. Thus, the 
[bookmark: _Toc4766659][bookmark: _Toc16874308]For non-contention-based access, the UE reports CSI according to a specific CSIReportConfig conveyed in the RRCReconfigurationWithSync. 
Clearly, the UE would only be capable of reporting valid CSI for some CSI resource configurations: the reference signal must be periodic, and the UE must have time to perform a measurement on the CSI-RS:
[bookmark: _Toc4766656][bookmark: _Toc16874295]Only certain CSI resource configurations would be relevant for early CSI reporting. 
For contention-based access after handover, the network does not know the identity of the UE sending the PRACH, and the network does not know the configuration of the UE. Asking the UE to report CSI according to a certain CSIReportConfig will not work in this case.
Instead, for contention-based access, the UE can be asked to report CSI according to a default configuration. This is similar to the procedure specified for NB-IoT:
[bookmark: _Ref4754489][bookmark: _Toc4766660][bookmark: _Toc16874309]For contention-based access, the UE reports CSI according to a default CSI report configuration.
For the default configuration mentioned in Proposal 13, the UE could only use the reference signals known before the handover: the SS/PBCH block of the CSI-RS for mobility. Furthermore, the UE cannot be provided with any specific interference measurement resource (IMR):
[bookmark: _Toc4766657][bookmark: _Toc16874296]The CSI resource configuration for the default CSI report configuration would only contain a channel measurement resource that is known to the UE and no interference measurement resource.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The NW can choose to enable calculated TA only in scenarios where the BS timing uncertainty is sufficiently small.
Observation 2	Options 1 and 3 still require that the source and target cells are synchronized, i.e., that the timing difference is fixed and known.
Observation 3	Since RAN4 rules out simultaneous Rx/Tx in FR2, RAN1 should not spend any time discussing FR2-FR2 scenarios.
Observation 4	With the RAN4 definition of ‘synchronous’, most handovers, including intra-frequency handovers in TDD systems, would be asynchronous.
Observation 5	For intra-frequency FR1-FR1, the active BWP and SCS must be the same in source and target to ensure feasibility.
Observation 6	In the multi-TRP work, it is assumed that the PDSCHs arrive at the UE within the cyclic prefix, meaning that asynchronous intra-frequency FR1-FR1 has been ruled out.
Observation 7	Simultaneous reception of multiple PDCCHs has not been discussed in the multi-TRP agenda item.
Observation 8	There is no agreement that PUCCH resources corresponding to different TRPs can be FDM.
Observation 9	Reception of multiple UL signals transmitted from the same UE in the same time/frequency resource will be very challenging.
Observation 10	Separation in time or frequency is required to separate signals from the same UE at the gNB.
Observation 11	Only certain CSI resource configurations would be relevant for early CSI reporting.
Observation 12	The CSI resource configuration for the default CSI report configuration would only contain a channel measurement resource that is known to the UE and no interference measurement resource.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 to await further progress in RAN4 regarding the possibility to use a calculated TA value for the target cell at RACH-less HO.
Proposal 2	If RACH-less handover is introduced in NR and calculated TA is ruled out, the configuration should support that the network can set a specific TA value for the target cell, which is different from 0.
Proposal 3	If RACH-less HO is introduced in NR, it should be possible to limit the validity of the RACH-less HO configuration to a single or a few DL beam(s). If the UE enters a DL beam without valid RACH-less HO configuration, it uses the RACH-procedure there.
Proposal 4	If RACH-less HO is introduced in NR, all the pre-allocated UL grants should be valid for the Msg3 transmission (as long as the RACH-less configuration is valid for the selected DL beam).
Proposal 5	If RACH-less handover is introduced in NR, the UE shall use a spatial relation defined by a DL RS selected from a set of RSs signalled by the NW to transmit Msg3.
Proposal 6	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 7	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 8	In RACH-less HO, it should be possible to map several DL RSs to the same Msg3 allocation.
Proposal 9	In RACH-less HO, it should be possible to configure the UE to signal the selected DL RS (beam) in Msg3.
Proposal 10	RAN1 should investigate other ways to reduce interruption to 0ms.
Proposal 11	Support CSI reporting in Msg3 triggered by the CSI request bit in the RAR grant, both for contention-based and non-contention-based random access.
Proposal 12	For non-contention-based access, the UE reports CSI according to a specific CSIReportConfig conveyed in the RRCReconfigurationWithSync.
Proposal 13	For contention-based access, the UE reports CSI according to a default CSI report configuration.
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