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Introduction
In RAN1#97, some physical layer issues in NR mobility enhancement are identified for further study as captured below[1].
	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:
· [bookmark: OLE_LINK10]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. 
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. 



In this contribution, the identified physical layer issues are discussed. In addition, the application of 2-step RACH on handover is discussed 
RACH-less handover
1.1 Feasibility of RACH-less in FR2
In previous meeting, RAN1 and RAN4 both made the conclusion that RACH-less handover is feasible in the scenario where target cell TA is zero or equal to source cell TA in FR1 while the feasibility in FR2 is FFS. In FR2, an obvious difference from FR1 is beamforming techniques in terms of analog beam or hybrid beam are widely used. For intra-site handover, network has all the UE information including TA and beam related information and source cell and target cell share the same RF unit. During handover, the only changes may be the downlink and uplink beam used for signal transmission. It is feasible for target cell to receive the PUSCH/PUCCH if UE continues to use the source cell TA since the TA error is very small which can be handle by CP completely. For small cell, no matter whether beamforming is used or not, TA can be equal to zero as long as CP can handle the caused uplink timing misalignment at network if cell radius is small enough. The coverage of small cell is much smaller due to shorter CP length at high frequency.
Proposal 1: RACH-less can be supported in the scenarios where target cell TA is zero or equal to source cell TA in FR2.
1.2 Discussion on TA enhancement
2. Feasibility of UE based autonomous TA adjustment
For other scenarios, an UE-based method is proposed to calculate target cell TA, i.e. Option 2 in section 1. In synchronous network, UE calculate target cell TA based on the source cell TA and the downlink timing difference between source cell and target cell observed by UE. In asynchronous network, network downlink timing offset is also used for calculation. This method has been discussed in LTE mobility enhancement. In LTE discussion, RAN4 denied the feasibility since the target cell TA calculated by UE cannot meet the accuracy requirement considering the time error of TA error of source cell, UE reception time difference, BS transmission time alignment error, and uplink/downlink imbalance[3]. In NR, the feasibility is still FFS in RAN4[4]. One argument is that accuracy requirement for uplink transmission can be met when the BS transmission time alignment error is small enough. For example, the BS transmission time alignment is within 0.8us in synchronous network in some case. Although it is up to RAN4 to determine the feasibility, here we give our brief analysis on the TA calculation error for RAN1 progress. 
When UE uses the calculated TA to transmit PUSCH, the received PUSCH may shift forward or backward in relative to reception window of target cell due to the calculated TA error. In other words, target cell does not know it may receive the PUSCH earlier or later. In order that target cell can receive PUSCH successfully, the TA calculation error should be at least smaller than the half of CP length to make sure the reception window at target cell can cover the intact IFFT samples no matter how received PUSCH shifts.  
Observation 1: The TA error calculated by UE should be at least smaller than the half of CP length.
According to the reply LS by RAN4, there are four factors in the calculated TA error:TA error of source cell, UE reception time difference, BS transmission time alignment error and uplink/downlink imbalance. 
· TA error of source cell
[bookmark: OLE_LINK7]In TS38.133[2], it is specified that UE is required to adjust its timing to within Te when the transmission timing error between UE and the reference timing exceeds Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. Network adjust TA based on the reception timing for UE. Therefore, the transmission timing error of UE will influence the TA error and the TA error is Te. The Te defined by RAN4 is summarized in table 1 and the details can be found in the annex.
Table 1 TA error of source cell
	SCS of uplink signals s(KHz)
	Te
	TA error caused by TA command granularity
	TA error of source cell

	15
	12*64*Tc
	8*64*Tc
	20*64*Tc

	30
	10*64*Tc
	4*64*Tc
	14*64*Tc

	60
	10*64*Tc
	2*64*Tc
	12*64*Tc

	120
	3.5*64*Tc
	1*64*Tc
	4.5*64*Tc





In current design, TA command is conveyed by MAC CE. The granularity of TA command should be also taken into account. The current granularity of TA command is . Thus, the TA error caused by TA command granularity is . 
· UE reception time difference
In current specification, the requirement of reception time difference at UE is defined in terms of UE initial transmission timing error. The error is less than or equal to Te. That is to say the uncertainty of reception time difference at UE is within Te. The uncertainty of UE reception time difference between source cell and target cell is 2*Te. However, considering that the uncertainty of UE reception time in source cell has already been taken into account in the discussion of TA error of source cell, UE reception time difference should be Te which is shown in table 1.
· BS transmission time alignment error
Here we assume the BS transmission time alignment error is equal to 0.8 us in synchronous network, which is equal to 24.5*64*Tc approximately. 
· uplink/downlink imbalance
In general, uplink/downlink imbalance is mainly influenced by uplink/downlink transmission path. In NR, this is reflected by uplink/downlink transmission/reception beams. Additionally, the uplink/downlink beams changes over time. It is difficult to quantify a value for uplink/downlink. Here we assume the uplink/downlink imbalance is zero.
When UE receives a TA command, it shall adjust the timing of its transmission with a relative accuracy better than or equal to the UE TA adjustment accuracy requirement defined in TS38.133. The details of defined TA adjustment accuracy requirement can be found in annex. Similarly, when UE has calculated the target cell TA, it shall adjust the timing of transmission to target cell with the same or better accuracy than the defined requirement. This factor will also introduce an uncertainty for transmission timing and should be taken into account as well. 
The total TA error of target cell is calculated in table 2. We can see the total TA error of target cell is smaller than half of CP length only when SCS is 15kHz for PUSCH. It means the UE-calculated TA cannot work when SCS is larger than 15kHz. Even for 15kHz SCS, it should be noted the result is based on the assumption that the BS transmission time alignment error is 0.8us and the uplink/downlink imbalance is zero. If network cannot meet the requirement, the method may not work at 15kHz. Therefore, we cannot conclude the feasibility for 15kHz in this stage. Even if it is feasible under a strict network synchronization, considering the limited application scenarios, it is not preferable to adopt this method. 
Table 2 The total TA error of target cell
	SCS of uplink signals
	15k
	30k
	60k
	120k

	TA error of source cell
	20*64*Tc
	14*64*Tc
	12*64*Tc
	4.5*64*Tc

	UE reception time difference
	12*64*Tc
	10*64*Tc
	10*64*Tc
	3.5*64*Tc

	BS transmission time alignment error
	[bookmark: OLE_LINK8]24.5*64*Tc
	24.5*64*Tc
	24.5*64*Tc
	24.5*64*Tc

	Uplink/downlink imbalance
	0
	0
	0
	0

	Transmission timing adjustment error 
	4*64*Tc
	4*64*Tc
	2*64*Tc
	0.5*64*Tc

	Total error
	60.5*64*Tc
	52.5*64*Tc
	48.5*64*Tc
	33*64*Tc

	CP/2
	72*64*Tc
	36*64*Tc
	18*64*Tc
	9*64*Tc



Observation 2: UE-calculated TA may not work when PUSCH SCS is larger than 15kHz. For 15kHz, its feasibility is FFS. 
Proposal 2: It is not preferable to support UE based autonomous TA adjustment.
1.2.1 Timing refinement factor indicated by network
An enhancement for the UE-calculated method is discussed in last meeting, i.e. Option 1 in section 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. The question is how network gets the timing refinement factor. As discussed above, among all the factors listed in RAN4 LS, TA error of source, UE reception time difference and transmission timing adjustment error are related to UE performance only, which are beyond the control of network. For uplink/downlink imbalance, it is variable over time. Network cannot get the exact value of uplink/downlink imbalance which is helpful for UE to calculate target cell TA. For BS transmission time alignment error, it is related to network indeed. However, if network can guarantee this error is small enough, there is no need to indicate a refinement factor to UE. If network cannot guarantee the error is small enough, it is quite difficult for network to indicate something related to BS transmission time alignment error for TA calculation by UE. 
Observation 3: It may not be feasible for network to indicate a timing refinement factor for target cell TA calculation by UE.
1.2.2 Network-based method for TA estimation
In addition to the UE-based method, a network-based method is also proposed in last meeting i.e. Option 3 in section 1. That is target cell calculates the TA for UE based on an uplink signals, e.g. SRS, transmitted by UE before the handover execution. Then the calculated TA is conveyed in HO CMD for UE to transmit PUSCH to target cell directly. There is no problem on the accuracy since it is up to target cell to calculate TA. However, there may be a long time span between TA calculation by target cell and PUSCH transmission using calculated by UE, which can reduce the performance or even lead to that calculated TA is no longer valid. UE transmits SRS based on the transmission timing and power control of the serving cell. There exists a risk that the uplink signal reaching to target cell is too weak to be used for target cell to estimate TA. In addition, considering the BS transmission time alignment error and the CP length of SRS, this method has a higher complexity for target cell than TA calculation in normal uplink synchronization, i.e. target cell perform uplink synchronization based on preamble with a long CP length which is transmitted based on the downlink timing of target cell. During handover preparation, source cell and target cell need to exchange some extra information, such as SRS configuration. Target cell needs to estimate TA based on SRS. This will introduce some additional delay for HO CMD transmission to UE. When HO happens, generally the link quality of serving cell is not good. The additional delay will increase the risk of HOF since in many case the reason of HOF is UE cannot receive HO CMD from serving cell.  Therefore, it is not preferable to support this method due to its potential issues. 
Observation 4: There are some potential issues on latency, reliability, complexity, HOF rate for the network-based method for TA estimation. 
1.2.3 Different TA indication for different beams
Another question discussed in last meeting is whether to indicate different TA reference for different SSB or CSI-RS. The main motivation is different beams transmitted by different TRP with different locations may have large different transmission delay, which needs more than one TA to accommodate. It should be noted that currently only one TA is maintained for one cell. It means if there are many available beams for UE, UE can use any beams to transmit uplink signals based on the only one TA. Of course, it will cause the uplink timing misalignment at gNB. So it depends on whether this misalignment can be handle by CP completely in different scenarios. Since this issue is also discussed and studied in MIMO session for Rel-16 multi-TRP/panel, it is preferable to follow their conclusion on whether different TA indication for different beams or beam groups is needed.  
It can be seen that the solutions above for TA enhancement may face many issues or even may not be feasible in practice. In this stage, we may focus NR RACH-less only in the  same scenarios as LTE RACH-less.
Proposal 3: NR RACH-less is considered only in the same scenarios as LTE RACH-less.  
1.3 Other potential enhancements for RACH-less in NR
In Rel-14 LTE RACH-less handover, an UL grant configuration is configured by target cell and forwarded by source cell for UE to transmit PUSCH in target cell. Based on the grant, a periodic resource is allocated for UE since target cell cannot know the exact time when UE transmits PUSCH. UL grant configuration includes periodic time domain resource, the number of configured HARQ processes and 16bits shortened DCI information, which are sufficient for PUSCH transmission in LTE. However, more configuration information are necessary for PUSCH transmission in NR, such as the allocated OFDM symbols within a slot, QCL reference, etc. Therefore, some enhancements on UL grant are needed for NR RACH-less handover. In NR, grant-free PUSCH is supported, i.e. UE can transmit PUSCH on the pre-allocated periodic resource without sending SR first. Therefore, configured grant can be reused in RACH-less handover very well. 
Proposal 4: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
In NR, beam related information can be configured in the RRC reconfiguration for RACH transmission during traditional handover procedure, i.e. a list of RS indexes as QCL sources and corresponding RACH indexes. According to measurement result, UE may select a suitable beam to transmit RACH on the corresponding resource. Target cell configures beam related information according to the measurement results reported by UE. When UE performs contention free random access to target cell the beam quality may have already changed because long time has passed. This is the reason why multiple RACH resources corresponding to different beams should be configured for UE. Similarly, multiple resources should be configured for UE and each configured grant resource corresponds to each beam. There are two methods to configure beam related resources for PUSCH.
· Option 1: Multiple resources and beams are configured for UE and the correspondence between beam and resource is also configured.  
· Option 2: Target cell configures N resources, where N is the number of beams that UE reported in the previous measurement report and N configured resources correspond to the N beams by default.
[bookmark: OLE_LINK9]Based on the measurement, it is up to UE to choose which resource to transmit PUSCH. For example, in Figure 1, four resources are configured for UE and each resource corresponds to each SSB. Then UE detects that SSB 3 has the best signal quality. It will send PUSCH on the resource corresponding to SSB 3. However, if the signal quality of all the configured RS are below the threshold, it will fall back to use traditional random access procedure to access target cell, which is similar to the current handover in NR.
[image: ]
Figure 1. Configured resources for UE
Proposal 5: 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 to the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 6: 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.
The main purpose of RACH-less handover is to reduce the interruption time during handover. If the first PUSCH reception is failed, the benefit will be discounted due to the latency of HARQ retransmission. In order to improve PUSCH robustness, PUSCH repetition should be supported. If multiple resources corresponding different beams are configured as above, PUSCH repetition with different transmission beams and/or different RVs is more beneficial. In the example above, UE will send PUSCH on all the 4 resources using different beams and target cell should blind detect PUSCH and possibly do soft combining on all the configured resources to increase the robustness. 
Proposal 7: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
[bookmark: OLE_LINK2]After transmitting PUSCH, UE may monitor its UE-specific PDCCH from network within the defined window. If UE cannot receive its DL assignment or UL grant within the window, it is very likely that the network does not receive the previous PUSCH at all possibly caused by low transmission power. In this case, UE should transmit the PUSCH with a higher power on the allocated resource again to avoid reception failure. In other words, power ramping should be supported for PUSCH transmission in RACH-less handover. 
Proposal 8: Power ramping should be supported for PUSCH transmission in RACH-less handover.
2-step RACH
In Rel-16, a WI of contention based 2-step RACH is discussed with the aim to accelerate random access procedure. In RAN2#105bis, there was discussion on using 2-step PRACH to reduce interruption time in the agenda of NR mobility enhancements. In the 2-step RACH procedure, a UE may first send msgA including a preamble and a PSUCH carrying a short data (i.e. msgA preamble and msgA PUSCH) to network no matter whether the UE has valid TA or not. Then network will send msgB to the UE after receiving the msgA where msgB has the equivalent contents with msg2 and msg4 of 4-step RACH in NR. It is straightforward that the RRCReconfigurationComplete, which is carried in the first PUSCH in RACH-less handover, can be transmitted in msgA if the new 2-step RACH is used in handover. It can achieve the same interruption time during handover as RACH-less handover as long as the same periodicity is configured for msgA in new 2-step RACH and PUSCH in RACH-less handover. 
In 2-step RACH, after UE sends msgA preamble and msgA PUSCH to network, network can perform uplink synchronization based on the msgA preamble. Then network can decode the msgA PUSCH successfully by adjusting its FFT window to accommodate the OFDM symbols of msgA PUSCH according to the result of uplink synchronization. Basically, the design of msgA preamble refers to the current preamble in NR. That is to say the 2-step RACH can be used in any case in NR no matter what the cell size is. If 2-step RACH is used in handover, a contention free resource for msgA will be configured for UE via HO CMD. For msgA PUSCH, it can be configured flexibly, such as resource size and location, to carry the RRCReconfigurationComplete message. If  RRCReconfigurationComplete does not fit in msgA PUSCH configuration, it can be considered to extract the essential part and transmit only partial message in msgA PUSCH and continue to finish the transmission in later stages.  
Therefore, 2-step RACH can be applied to the scenario when a UE has no valid TA of the target cell, whereas RACH-less can only be used when the target cell and source cell has the same TA or the target cell TA is zero. Compared to the traditional CFRA, the new 2-step RACH has a lower access latency since the RRCReconfigurationComplete is transmitted in msgA PUSCH whereas the same message has to be transmitted after the CFRA is completed. Therefore, 2-step RACH should be considered in mobility enhancement for interruption time reduction. 
[bookmark: OLE_LINK3]Proposal 9: 2-step RACH should be considered for handover to reduce interruption time.  
Handover with dual connectivity 
In last meeting, it is concluded that similar physical layer specification impact for make-before-break (MBB) based HO enhancements and DC-based HO enhancements is expected in RAN1. For DC-based handover, source cell may configure UE to add target cell as a SCG(SeNB) at first. Then dual connection is established and source cell can be seen as MCG(MeNB). Based on the measurement reports from UE, source cell initiates a role change procedure to switch the role of source cell and target cell. After the role change, target cell becomes MCG(MeNB) and source cell becomes SCG(SeNB). Finally, the target cell informs UE to release SCG (source cell) and the HO procedure is finished. Therefore, dual connectivity operation should be established first in DC-based handover. For intra-frequency handover, corresponding intra-frequency dual connectivity should be established, which is unfortunately not supported in current specification. It means that intra-frequency dual connectivity should be supported if we want to support DC-based handover since the most cases are intra-frequency handover in practice. It would not make much sense if DC-based handover can be only applicable to inter-frequency handover only.
Observation 5: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
1.4 Discussion on reusing of design for mutli-TRP 
In RAN1#96bis, there was discussion on whether some of designs considered in the on-going multi-TRP discussion in MIMO session can be applied to intra-frequency DC based solution in mobility enhancements.  In MIMO session, downlink multi-TRP transmission is discussed to improve downlink performance and robustness, which mainly focuses more on intra-cell/inter-cell using different CORESET groups in the same BWP.  According to the agreements 1 and 2 reached in MIMO session below, the number of CORESETs in one “PDCCH-config” is increased to support multi-TRP. Therefore, it implies that different CORESET groups are configured under one “PDCCH-config” for different TRPs.  This would not be consistent with DC-based scheme.  Consequently, it requires extra amount of work to support DC-based scheme which is different from the signaling framework discussed in MIMO session. 
	1)  To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
2) For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability



[bookmark: OLE_LINK5]In addition, some constraints are defined in MIMO (e.g. in the Agreement 5 below) to allow UE to receive fully/partially/non-overlapped PDSCH from different TRPs. For example, the overlapped PDSCH should have the same DMRS configuration with respect to actual number of front loaded DMRS symbol, the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type. A CDM group of PDSCH DMRS should be configured with only one TCI state. For HARQ-ACK feedback for PDSCH, separate PUCCH should be transmitted in TDM manner where each PUCCH only carries the feedback for one TRP. 
	3) For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
4) For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.
5) 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 
6) 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. 
7) At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs
8) For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs


[bookmark: OLE_LINK4]Some of these designs can be considered to be reused for UE to communicate with source and target cell when dual connection is established during handover, but some of these may not be appropriate for intra-frequency handover case. For example, whether the BWPs of the two cells have to be fully overlapped or can be partially/non-overlapped.  Whether the scheduled PDSCHs from the two cells has to be non-overlapped or can be fully/partially overlapped. If multi-TRP scheme is used in intra-frequency handover, more coordination between source and target cell are needed compared with communication in FDM/TDM manner.  However, it may be too restrictive to require such coordination in details like DMRS pattern just for intra-frequency handover. These DMRS restrictions are mainly for the overlapped cases.  It may be simpler if we only allow non-overlapped case for mobility purpose.  In addition, the BWPs may not need to be exactly aligned between two cells.  Therefore, it needs further discussion to decide whether the restrictions defined in MIMO session should be fully reused for mobility.  
Observation 6:  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.
Further, multi-TRP like operation can also be considered at the cost of introducing restrictions for simultaneous transmission/reception as discussed above. To further improve efficiency and robustness, multi-TRP transmission can be considered to extend to DC-based downlink joint transmission. The discussion in MIMO multi-TRP has been focused on downlink in FR1 only.  Additional work would be needed to support multi-TRP downlink for FR2 as well as intra-frequency uplink.
Proposal 10: 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. 
1.5 Discussion on DL transmission
In intra-frequency dual connectivity, PCell and PScell can be operating on the fully or partially overlapped bandwidth with a mutual interference as discussed above. Therefore, some restrictions should be defined for supporting intra-frequency dual connectivity. For example, a TDM pattern can be configured for UE to realize pseudo dual connectivity for simultaneous communication with PCell and PScell. The bandwidths of Pcell and PScell for a UE can be FDM-ed by BWP configuration or by coordinated scheduling to construct inter-frequency dual connectivity like operation. 
Proposal 11: 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. 
It is agreed that UE can receive PDCCH and PDSCH from both source cell and target cell for the scenarios that DC-based handover and MBB-based handover. From the perspective view of RAN1, The source cell can be seen as PCell and the target cell can be seen as PSCell no matter which method is selected in RAN2 finally. We can just reuse and follow the current configurations for CORESET, BWP and PDCCH supported for DC based on the restrictions in the current spec e.g. maximum number of BD, CCE. Therefore, there should be no additional restrictions on the configurations for CORESET, BWP and PDCCH for source and target cell during inter-frequency handover. 
Proposal 12: The current DC design can be reused for DC based inter-frequency handover.  There should be no additional restrictions on the configurations for CORESET, BWP and PDCCH for source and target cell during inter-frequency handover.
For intra-frequency, the interference between source and target cell should be considered. It is possible to receive PDSCH from source and target cell on the same resource simultaneously as discussed in multi-TRP discussion. However, it is not possible for PDCCH reception on the same resource due to interference. In this case, the CORESET and PDCCH should be configured with no overlapped resource for PDCCH between source cell and target cell.  
Proposal 13: Additional restrictions are considered for DC based intra-frequency handover.  E.g. The CORESET and PDCCH should be configured with no overlapped resource for PDCCH between source cell and target cell during intra-frequency handover. 
1.6 Discussion on UL transmission
[bookmark: OLE_LINK11]Here we discuss further on simultaneous transmission on uplink. When handover happens, the UE is on the edge of two cells in most cases. The uplink and downlink performance will be degraded due to low SINR. If a UE can simultaneously transmit/receive data from two cells, the uplink and downlink robustness will be improved greatly. Besides, the other benefit is that low latency can be guaranteed. Both of the features are very important for URLLC. Therefore, it should be supported to transmit uplink signals to two cells simultaneously since simultaneous downlink reception has been supported in many cases.
Proposal 14: Multiple PUSCH to both source and target cell should be supported. 
In some case, it is difficult to transmit to two cells simultaneously because both of two cells needs a higher power to guarantee uplink performance. In other words, the uplink power is limited in handover with dual connectivity. For the case that uplink power is not limited, a power sharing scheme can be used for simultaneous transmission to two cells as discussed in Rel-16 NR DC. For the case that uplink power is limited, a TDM pattern for single uplink transmission can be used. This can be achieved by configuring the uplink transmit power to be zero for one cell. 
Proposal 15: 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.  . 
In FR2, the beamforming is widely used. Without multiple panels, it is unlikely for UE to transmit uplink signal to both source cell and target cell during handover since generally two cells are in different directions. One solution is to equip multiple panels for UE to form multiple beam directions simultaneously or in TDM manner.   
Proposal 16: Multi-panel uplink transmission should be supported for handover in FR2. 
Conclusion
According to the discussions above, we have the following observations and proposals:
Observation 1: The TA error calculated by UE should be at least smaller than the half of CP length.
Observation 2: UE-calculated TA may not work when PUSCH SCS is larger than 15kHz. For 15kHz, its feasibility is FFS. 
Observation 3: It may not be feasible for network to indicate a timing refinement factor for target cell TA calculation by UE.
Observation 4: There are some potential issues on latency, reliability, complexity, HOF rate for the network-based method. 
Observation 5: Support of intra-frequency dual connectivity is required if DC-based handover is adopted. 
Observation 6:  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 1: RACH-less can be supported in the scenarios where target cell TA is zero or equal to source cell TA in FR2.
Proposal 2: It is not preferable to support UE based autonomous TA adjustment..
Proposal 3: NR RACH-less is considered only in the same scenarios as LTE RACH-less.  
Proposal 4: Some enhancements on UL grant configuration are needed in NR RACH-less handover and configured grant can be reused.
Proposal 5: 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 to the best signal quality for configured grant PUSCH transmission to the target cell.  
Proposal 6: 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 7: PUSCH repetition with different transmission beams should be supported in RACH-less handover. 
Proposal 8: Power ramping should be supported for PUSCH transmission in RACH-less handover.
Proposal 9: 2-step RACH should be considered for handover to reduce interruption time.  
Proposal 10: 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 11: 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 12: The current DC design can be reused for DC based inter-frequency handover.  There should be no additional restrictions on the configurations for CORESET, BWP and PDCCH for source and target cell during inter-frequency handover.
Proposal 13: Additional restrictions are considered for DC based intra-frequency handover.  E.g. The CORESET and PDCCH should be configured with no overlapped resource for PDCCH between source cell and target cell during intra-frequency handover. 
Proposal 14: Multiple PUSCH to both source and target cell should be supported. 
Proposal 15: 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 16: Multi-panel uplink transmission should be supported for handover in FR2. 
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Annex
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.
Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 7.1.2-2: The Value of [image: ]
	Frequency range and band of cell used for uplink transmission
	[image: ](Unit: TC)

	FR1 FDD band without LTE-NR coexistence case or FR1 TDD band without LTE-NR coexistence case 
	25600 (Note 1)

	FR1 FDD band with LTE-NR coexistence case
	0 (Note 1)

	FR1 TDD band with LTE-NR coexistence case
	39936 (Note 1)

	FR2
	13792

	Note 1:	The UE identifies [image: ] based on the information n-TimingAdvanceOffset according to [2]. If UE is not provided with the information n-TimingAdvanceOffset, the default value of [image: ] is set as 25600 for FR1 band. In case of multiple UL carriers in the same TAG, UE expects that the same value of n-TimingAdvanceOffset is provided for all the UL carriers according to section 4.2 in [3] and the value 39936 of [image: ] can also be provided for a FDD serving cell.Note 2:	Void



When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.
[bookmark: OLE_LINK12]When the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp  per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200ms.
where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2-3.
Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE 1:	Tc is the basic timing unit defined in TS 38.211 [6]



[bookmark: OLE_LINK13]The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
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