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Introduction
A way forward for NR mobility enhancement was agreed in RAN4#91, with  agreements covering RACHless handover enhancement 
	R4-1904827	Way forward on NR mobility enhancement
						  CR-  rev  Cat:  () v
					Source: Intel Corporation
Abstract: 

Discussion: 
Agreement: the Slide #2 is just for information.
Decision:		Approved
· RAN4 confirms the feasibility of RACH-less handover in FR1 with zero TA or same TA between source and target cells
· For both intra and inter-frequency scenarios
· For both synchronous and asynchronous deployment
· With same or different SCS in source and target cells
· Feasibility of RACH-less in FR2 is FFS.
· Interested companies are encouraged to provide analysis on RACH-less handover with different TA


 
An LS was also agreed to RAN2 which covers some agreements for simultaneous RX/TX and RACHless handover. The technical content is aligned with the way forward.
	RAN4 thanks RAN2 for the LS on NR mobility enhancement. In RAN4 #90bis, RAN4 discussed the replies in R4-1902030 (R2-1902601) and R4-166817 (R2-166016) with focus on the difference between LTE and NR and reached the following agreements:
· the replies in R4-1902030 regarding handover/SCG change with simultaneous transmission/reception with source and target cells are also applicable for NR in FR1 on conditions that UL waveform (CP-OFDM vs. SC-OFDM) is the same in both serving and target cells, and SCS is the same for SSB and data in both serving and target cells.
· FFS if the SCS is different among SSB and data in serving and target cell.
· FFS if different waveforms for serving and target cells
· Handover with simultaneous transmission/reception with source and target cells in FR2 is not feasible.
· RACH-less handover for NR with zero or equal TA on FR1 is feasible for intra and inter frequency in synchronous and asynchronous scenarios. 
· FFS if RACH-less handover in FR2 is feasible
· FFS if RACH-less handover with different TA is feasible.

Note: definitions of intra-frequency and inter-frequency in NR are specified in TS38.133 section 9.2.1 and 9.3.1 respectively.




In this contribution we address the FFS items, namely whether RACH-less handover with different TA is feasible and if RACH-less handover in FR2 is feasible from a RAN4 point of view.
Discussion
RACH-less handover and SCG change was introduced as part of the mobility enhancements in LTE Rel-14. The feature consists of that Msg1 and Msg2 are skipped when the UE accesses the target cell and the first transmission is instead the message confirming the completion of the handover, RRCConnectionReconfigurationComplete in LTE and RRCReconfigurationComplete in NR (i.e. the RRC message which is normally included in Msg3 in a regular RACH-based handover).
A UE is configured with a RACH-less handover through the inclusion of rach-Skip-r14 in the MobilityControlInfo IE in the RRCConnectionReconfiguration message. rach-Skip-r14 has the contents as seen below, i.e. a Timing Advance (TA) value and optionally configured (pre-allocated) UL grants for the UE’s first transmission in the target cell.
RACH-Skip-r14 ::=					SEQUENCE {
	targetTA-r14					CHOICE {
		ta0-r14							NULL,
		mcg-PTAG-r14						NULL,
		scg-PTAG-r14						NULL,
		mcg-STAG-r14					STAG-Id-r11,
		scg-STAG-r14					STAG-Id-r11
	},
	ul-ConfigInfo-r14				SEQUENCE {
		numberOfConfUL-Processes-r14			INTEGER (1..8),
		ul-SchedInterval-r14			ENUMERATED {sf2, sf5, sf10},
		ul-StartSubframe-r14			INTEGER (0..9),
		ul-Grant-r14					BIT STRING (SIZE (16))
	}																OPTIONAL	-- Need OR
}

Pre-allocated UL grants can be configured with ul-SchedInterval-r14. Once the UE has entered the target cell it will thus be able to transmit the Msg3 (RRCConnectionReconfigurationComplete message) in the first available pre-allocated UL grant, where the typical interruption thus will depend on the periodicity of the UL grants. The more frequent the allocations, the shorter interruption times will thus typically be achieved.
If pre-allocated UL grants for Msg3 transmission (RRCConnectionReconfigurationComplete message) are not configured in the RRCConnectionReconfiguration message, the UE is instead provided with UL grants through PDCCH scheduling in the target cell without preceding scheduling request.
Feasibility of Calculated TA
Since the Timing Advance (TA) value to use in the target cell cannot be determined through the RACH procedure, the UE is provided with the TA value through the targetTA-r14 in the RRCConnectionReconfiguration message. The support for RACH-less handover (and RACH-less SCG change) is thus limited to cells where the TA value is known, i.e. to cells that have the same TA value as a current PCell, PSCell or SCell, or to target cells that are small enough for TA to always be 0.
Zero TA can only be applied if the UE is close to the target cell (so has a small propagation delay) and are well time aligned with each other. In general, then, zero TA handover can only be used in small cells which synchronized with each other. The LTE cyclic prefix duration is ~4.7us which represents 1409m if we assume free space propagation at the speed of light. This means that if we apply zero TA, by the time the UE reaches ~704.5m from the serving eNB the UE’s transmission would lose orthogonality with other UEs. Considering that cyclic prefix also needs to account for multipath effects, it can be seen that zero TA cannot be applied with ISDs greater than of the order of a few hundred metres, regardless of how well synchronized the source and target cell are. In practice source and target cells may not be perfectly synced which further reduces the budget for scenarios where zero TA can be used.
Equal TA in larger cells could be applied when it is known that the propagation delay to source and target cells is equal. This corresponds to knowing the UE location, or at least knowing that it is located approximately equidistantly between source and target cells. Although theoretically this is where handover should occur if the downlink transmission power of the two nodes is the same, in practice due to hysteresis and multipath propagation, the handover may not occur at the theoretical point. Hence equal TA is not a safe assumption in many practical handover scenarios and deployments.
Observation 1: Zero or equal TA RACHless handover is targeted to special scenarios and is not a general handover enhancement.
In view of observation 1, our view is that it would be highly desirable for NR to extend the RACHless handover beyond that which was specified in release 14 for LTE, namely allow both scenarios with non-zero TA, and scenarios where the target TA is different from the PCell, PSCell or SCells to be addressed.
In RAN4#91, two procedures were discussed. We refer to these as a network based scheme and a UE based scheme.
· Network based scheme : In this scheme, prior to handover the UE is configured with SRS transmission by the source cell. There are multiple schemes by which he network may determine the suitable TA, for example based on historical information/machine learning. Another alternative is to use an uplink reference channel such as SRS as described in [3]  The target cell detects the UE reference signal (SRS) and compares its current timing with the desired uplink timing. From this difference, a relative adjustment (effectively a large single shot UL timing advance command) may be calculated and informed to the UE  This can be performed e.g. using the transparent handover message container which is sent to the UE via the source cell. Using this procedure, the UE is able to apply the correct timing after HO.

· UE based scheme : In this scheme, the UE computes the target TA based on the observed time difference between target and source downlink timing according to

· 
[bookmark: _Hlk6912944]Solution 1 (for synchronous NW): UE calculates TA according to TAtarget = TAsource– 2 *ΔT where ΔT is the observed difference in downlink timing under the assumption that uplink propagation delay and downlink propagation delay are equal

Solution 2.1 (for async NW) UE calculates TA according to TAtarget = TAsource+Td – 2*Δt. where Δt is the observed difference in downlink timing and Td is the time difference between the downlink transmission time of the cells, which may be found eg by O&M and provided to the UE in the handover command.

We now discuss the merits of these schemes.
Network based scheme
One of the main benefits of the network based scheme is that if the procedure fails to provide a valid TA (for example, if the target cell cannot detect the UE SRS transmission and hence determine timing) it is always possible for the to use the legacy handover. The handover command (RRCReconfigurationRequest) is already provided from source to target cell (using a transparent container) before it is provided to the UE so if a TA field is added in the RRC command to the UE it will also be added in the transparent container. There is some coordination needed between source and target cell during the handover preparation phase, because the source cell needs to configure SRS transmission and the target cell needs to be made aware that the UE is transmitting SRS and determine its timing. The details of this coordination would be for RAN2/3 to consider further, and it may to an extent also be handled by network implementation (for example when source and target eNB are single vendor).
One of the disadvantages of the network based scheme is that the overall time to execute a handover (including preparation) will be increased to coordinate, configure and detect the UE SRS transmission. This may have a negative impact on the handover success rate, since the UE may drop the connection, for instance during the time that the target cell is searching for the SRS, which could have been avoided by doing a legacy handover with a timelier start. It is also somewhat contrary to the purpose of doing RACH-less handover to reduce delays, although the interruption time for user data  may be improved by using RACH-less handover, even with an extended preparation time. It should be noted that here we discuss the practical interruption of user data which includes the possible RACH procedure, although the RAN4 definition of HO interruption does not include time for the full RACH procedure to be performed. 
Another disadvantage is that it may be difficult for the target eNB to detect SRS transmissions from the source UE as there may be a near-far problem on the uplink if nearby UEs are transmitting. By definition, the SRS will be interfered with by other UE uplink, and the time window for the search may be large because the UE is still connected to the source cell.
UE based scheme
The main benefit of this scheme is that in a non-blind handover, the UE has already measured the downlink of the target cell and should be able to estimate the time difference without further delay. So, we can expect that overall (including preparation for HO), a UE based procedure is significantly faster than a network based procedure.
In our view, the earlier solution (2.1) discussed in LTE for async NW does not really make sense, because it depends on finding a time difference (Td) between the cells eg by O&M and providing this information to the UE. If the network is able to determine Td then it would be better to use the information to synchronize the cells, rather than to continue to operate them asynchronously while providing assistance information to UEs to adjust their timing accounting for the network transmission time difference.
One of the main disadvantages of the UE based scheme concerns robustness; since the UE has no other TA value to use, if the calculation fails to provide an accurate timing then either the handover fails, or the UE establishes a connection to the target cell with incorrect timing which will cause high interference levels to other uplink signals until it can be corrected by TA commands from the target cell.
In LTE rel-14, it was concluded not to specify the UE based approach for TA calculation in RACHless handover. In our view, there are some reasons why this conclusion could be reconsidered in NR for release 16.
· Calculated uplink timing adjustments are already applied in NR at RX and TX beam switch.
· It is a network choice whether to use RACHless or legacy HO. In the analysis for LTE, most of the error comes from the uncertainty in eNB transmission time. In LTE, with perfect network sycnronisation, an error of around ±(4 + 2*9)= ±22Ts would be achievable, which should be sufficient  considering that the CP duration is at least 144Ts. In practice there will not be perfect network synchronisation, but the network does have knowledge about which nodes are well sycnronised with each other (e.g. using GNSS) and can use the RACHless UE calculated procedure when the nodes are well synchronised, and fall back to legacy handover for other cases. In practice many network nodes can be expected to be well synchronised, and exceeding the RAN4 minimum requirements for cell phase sync, which have to target difficult situations such as indoor basestation without GNSS receiver.

Based on the discussion we conclude that both network and UE based schemes have significant merit and would extend the usefulness of RACHless handover. The schemes are appropriate in different scenarios and hence it is proposed to consider both schemes further in the work item. The network based procedure is primarily for RAN2 to consider, and decide whether to specify, so RAN4 feedback should be on the accuracy of the UE based scheme.
Proposal 1 : Both UE and network based schemes for TA setting are considered for RACHless handover.
Accuracy analysis for NR for the UE based scheme
Following the same approach as was used for LTE analysis, the error in TA is
						 (1)
where
 is the uncertainty of the source cell TA value. Following the same approach as LTE, the optimistic uncertainty is ±0.5*timing advance command step size based on the allowed UE error, giving
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 is the uncertainty of the relative reception time in the UE of the source and target downlinks. For SFTD measurement, an accuracy of ±[40]*64*Tc has been specified e.g. for FR1-FR2 NR-DC and an SNR down to -3dB. This has been specified in a generic manner for different SCS, however it is expected that the baseband uncertainty for larger SCS will be significantly smaller due to the higher sampling rate used. In addition, the requirement generically covers all cases including interfrequency and interband SFTD measurement. In case the carriers are measured with the same RF receiver, there is no RF contribution to the uncertainity.

 is the uncertainty of the relative transmission timing of the source and the target cell. As discussed above, the network should have knowledge that is uncertainty small, and should not use RACHless handover in cases where the source and target are not well synchonised
Performing a worst case analysis for 15kHz DL and UL SCS based on 2, (perfectly synchronised gNB) and  gives an uncertainty in  of ≈±2.63µs. Since the uncertainty is of a similar order and actually exceeds the cyclic prefix for 15kHz( uncertainty range of 5.27µs versus CP length of 4.7µs, an initial conclusion would be that the UE calculated method is not sufficiently accurate. However, this is based on a rather generic SFTD requirement, and the premise of UE calculated timing at beam switch( in FR2 where SCS is larger and timing requirements are much stricter) is that the UE can beneficially adjust the uplink timing when the downlink propagation path changes.
From this analysis however, we can conclude that UE calculated TA may have problems in some scenarios including
1. Handover from a cell with a small DL SSB SCS to a cell with a large DL SSB SCS (e.g. FR1 to FR2 RACHless handover) with UE  calculated TA is not feasible since the source cell timing granularity is not sufficient to determine an uplink timing which is suitably accurate considering the need of accurate timing in absolute terms on the large SCS target cell.
2. Handover from a cell with a small DL SSB SCS to a cell with a large UL SCS with UE calculated TA is not feasible since the target cell uplink timing needs to be accurately set
3. Handover involving different RF chains (either UL or DL)  is likely not feasible due to the additional uncertainty in the relative difference in delay between the chains.

For this reason, we propose
Proposal 2: RACHless handover with UE calculated TA is further analysed as a solution for intrafrequency handover between cells with the same UL and DL SSB SCS
Feasibility of RACH-less handover in FR2
The discussion for RACH-less handover in FR2 is related to the preallocated uplink grant. Since the suitable TCI state for the UE is initialised by the RACH procedure, a different solution is needed to determine which uplink resource(s) to preallocate.
There are a number of different solutions possible
1. Option 1: The network may try to determine a single, likely TCI state in advance, based on UE measurement reports, and preallocate resources associated with this TCI state. If the UE determines to use a different TCI state than the one it has preallocated resources for then it may fall back to a normal RACH based handover
2. Option 2 : The network may preallocate resources for all possible TCI states, such that the UE always has a suitable resource allocation
3. Option 3: Any intermediate approach between option 1 and option 2 is possible. The network may allocate resources associated with N different TCI states, where N<TCImax. In case the resources allocated match to the resources the UE determines to use for the uplink, the RACH-less handover may be used, otherwise the UE falls back to a normal RACH based handover as in option 1.

In our understanding, RAN2 is aware of this issue and relevant contributions have been submitted to RAN2 on the topic. In the end, there is a trade-off between the likelihood of the preallocated resources being suitable, and the number of resources that need to be preallocated for a UE which might not end up being used. RAN2 has not asked RAN4 for an opinion on this issue, and it is not necessary for RAN4 to discuss the issue to respond to an LS. Hence we propose
Proposal 3: RAN4 does not need to discuss further the feasibility aspects of RACH-less handover in FR2 related to the preallocation of resources associated with different TCI states
Conclusions
In this contribution we discuss further the issues related to NR RACHless handover for mobility enhancements. For the feasibility of RACHless handover with non-zero and non-equal TA, we firstly observe:
Observation 1: Zero or equal TA RACHless handover is targeted to special scenarios and is not a general handover enhancement.
Based on this observation we propose:
Proposal 1 : Both UE and network based schemes for TA setting are considered for RACHless handover.
Proposal 2: RACHless handover with UE calculated TA is further analysed as a solution for intrafrequency handover between cells with the same UL and DL SSB SCS
Finally we discuss the feasibility of RACHless handover on FR2 related to the preallocation of resources for different TCI states. In our understanding, RAN2 is aware of this issue and relevant contributions have been submitted to RAN2 on the topic. In the end, there is a trade-off between the likelihood of the preallocated resources being suitable, and the number of resources that need to be preallocated for a UE which might not end up being used. RAN2 has not asked RAN4 for an opinion on this issue, and it is not necessary for RAN4 to discuss the issue to respond to an LS. Hence we propose

Proposal 3: RAN4 does not need to discuss further the feasibility aspects of RACH-less handover in FR2 related to the preallocation of resources associated with different TCI states
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