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Introduction
In the last RAN4#90-Bis meeting, a Way Forward was agreed on NR mobility enhancements in which RAN4 confirmed the feasibility of RACH-less HO in FR1 with zero or same TA between source and target cells for both inter-frequency and intra-frequency and asynchronous/synchronous deployments using same or different numerology in source and target cells [1]. 
In this paper, we present our views on RACH-less HO in scenarios with different TA in FR1 and FR2. 
Discussion
We discuss the methods for target cell TA estimation shown in [2] and elaborate further on the work required to make the solutions viable. There are two methods in [2]: UE-based TA estimation and NW-based TA estimation. 
UE-based TA estimation:
Figure 1 shows the UE in HO region with source and target gNBs. In contrast to [2], here it is assumed that an imbalance between DL and UL propagation paths exists so T_DL and T_UL are noted separately. 



Figure 1 UE in HO region with source and target gNBs
It can be shown that the TA of the target cell can be expressed as:

Where  in the inherent timing offset between source and target cells and can be assumed to be in synchronous deployments, and 

is the round-trip time difference between target and source cells. In LTE, RTT of the serving (source) cell can be calculated using two measurements: UE Rx-Tx timing difference, and eNB Rx-Tx timing difference. The relationship between these two measurements and RTT are shown in Figure 2 in which eNB transmits at t1, UE receives at t2, UE transmits at t3, and eNB receives at t4. Hence, 






Figure 2 RTT relationship with UE Rx-Tx and NB Rx-Tx difference

The measurements  and  are defined in TS 36.215 clause 5.2.5 and clause 5.1.15, respectively. However, they are not yet defined for NR in TS 38.215. As part of the NR positioning WI, these two measurements are being defined very similar to their LTE counterparts (see [3] as an example of proposed texts). The following metrics are then needed for UE to be able to derive the TA of the target cell:
·  which needs to be estimated by the NW and signaled to UE
· Source cell  which can be estimated by source cell through UL SRS or PRACH and signaled to UE
· Source cell  which can be estimated by UE using DL reference signals or channels (e.g., SSB)
· Target cell  which can be estimated and signaled to UE. In the context of Rel-15 NR, this is not possible. However, within positioning WI in Rel-16, non-serving gNB (e.g., target cell) will measure SRS from the UE to derive this metric.
· Target cell  which can be estimated by UE using DL reference signals or channels (e.g., SSB)

Observation 1. In the most generic form, target cell TA can be derived from source cell TA using NR positioning measurements as:



where: 
·  is the inherent timing offset between source and target cells and needs to be estimated by the NW and signaled to UE
· Source and target cell  which can be estimated by source and target cells through UL SRS or PRACH and signaled to UE
· Source and target cell  which can be estimated by UE using DL reference signals or channels (e.g., SSB)

In the absence of positioning enhancements, the above formulation can alternatively be expressed as in the following [4].
Assume DL/UL timing imbalance for a cell can be expressed as

where  represents the DL/UL timing imbalance. Consequently, the TA of target cell can now be expressed as:

where 
 
is the reference signal time difference between target and source cell defined as the difference between the timing of the earliest usable path of source and target cells; i.e., i.e.,  is the time when the UE receives the start of one subframe from source cell and  is the time when the UE receives the corresponding start of one subframe from target cell that is closest in time to the subframe received from source cell. In the above, the effect of DL/UL timing imbalance between source and target cell cancels out if DL/UL timing imbalance between source and target cells are assumed to be close or identical ( ). Otherwise, the term should be estimated and signalled to UE. As an example, can be panel-specific in FR2 and be different between source and target cells. 
Merging all the entities in the above equations that should be signalled to UE from NW:


Based on this reformulation, the following metrics are needed for UE to be able to derive the TA of the target cell:
·  which needs to be estimated by the NW and signaled to UE. It comprises of the difference between DL/UL timing imbalance of source and target cells and the reference timing misalignment between source and target cells. 
· RSTD between source and target cells which can be estimated by UE using DL reference signals or channels (e.g, SSB)

Observation 2. Alternatively, target cell TA can be derived as:

where 
 

and  represents the DL/UL timing imbalance of cell n and  is the inherent timing offset between source and target cells.  need to be estimated by the NW and signalled to UE. RSTD can be estimated by UE using DL reference signals or channels (e.g., SSB). 
As indicated in RAN4 reply to LS [5], sources of error in TA estimation of target cell are:
· Error in TA estimation of the source cell
· Error in RSTD estimation (UE reception time difference)
· Error in gNB transmission time alignment (
· Error in DL/UL timing imbalance difference between source and target cells ()

In the above list, only the error in RSTD estimation is sourced at UE. To improve RSTD estimation quality, UE can potentially process the same SSB index over multiple SSB bursts to increase processing gain. Though this is readily feasible for source cell, it may not be possible for target cell as UE may require measurement gaps in inter-frequency scenarios and increasing processing gain and improving RSTD estimation quality also comes at the expense of delayed execution of RACH-less HO. Alternatively, additional processing gain can be achieved by using wider DL reference signals (e.g., CSI-RS or PRS) which may again be readily feasible from the perspective of source cell but may require NW assistance in terms of setting them up for the target cell when/if UE is on the verge of HO. In other words, source cell communicates to target cell to configure CSI-RS for UE if it is not already configured. Target cell reports back CSI-RS configuration to source cell which is in turn signalled to UE as part of the measurement object. 
Observation 3. To improve RSTD estimation quality, UE will either have to increase processing gain by averaging over more SSB bursts at the expense of increased HO delay or rely on NW assistance to be configured with wideband RS signal (e.g. CSI-RS) when/if on the verge of HO. 
It is noted that RSTD estimation does not have to be as precise as positioning since the goal of target TA derivation is to ensure the UL signal is received within CP range at the target cell. As such, the complexity and accuracy with which UE can estimate RSTD should be viewed in light of the difference it can make in TA estimation of the target cell. At least in infra-frequency scenarios where UE hands over from one macro cell to another, RSTD between source and target cells can be considered negligible enough to be omitted from the target TA formula above and still make it reliable. 
[bookmark: _GoBack]Observation 4. Complexity and accuracy with which UE can estimate RSTD should be viewed in light of the difference it can make in target cell TA estimation accuracy. At least in infra-frequency scenarios where UE hands over from one macro cell to another, RSTD between source and target cells can be considered negligible enough to be omitted from the target TA formula above and still make it reliable. 
NW-based TA estimation:
In the NW-based TA estimation, target cell is enabled to estimate TA based on an UL reference signal or channel (e.g, SRS). To assist target cell in TA estimation, source cell should configure UE to transmit an SRS that is also known and detectable by target cell. As such SRS transmission is not continuously required and latency of SRS transmission is also important to reduce HO delay, SRS to target cell can be configured to be transmitted aperiodically. 
It is noted that in FR2, it may not be possible to simultaneously transmit SRS to both source and target cell as they may require different Tx beams. In such a scenario, source cell configures SRS with Tx beam information intended to target cell. 
Observation 5. NW-based target TA estimation is possible by configuring UE to transmit a known and detectable SRS to source and target cells. As such SRS transmission is not continuously required and latency of SRS transmission is also important to reduce HO delay, UE can be configured with aperiodic SRS during HO. In FR2, source cell configures SRS with Tx beam information intended to target cell. 
Proposal 1. NR RACH-less HO to support at least scenarios where target cell TA is zero and/or the same as source cell TA for both FR1 and FR2.
Proposal 2. RAN4 to investigate additional TA estimation techniques based on the above Observations to extend the use cases of NR RACH-less HO.
Conclusions
Observation 1. In the most generic form, target cell TA can be derived from source cell TA using NR positioning measurements as:



where: 
·  is the inherent timing offset between source and target cells and needs to be estimated by the NW and signaled to UE
· Source and target cell  which can be estimated by source and target cells through UL SRS or PRACH and signaled to UE
· Source and target cell  which can be estimated by UE using DL reference signals or channels (e.g., SSB)

Observation 2. Alternatively, target cell TA can be derived as:

where 
 

and  represents the DL/UL timing imbalance and  is the inherent timing offset between source and target cells.  need to be estimated by the NW and signalled to UE. RSTD can be estimated by UE using DL reference signals or channels (e.g., SSB). 
Observation 3. To improve RSTD estimation quality, UE will either have to increase processing gain by averaging over more SSB bursts at the expense of increased HO delay or rely on NW assistance to be configured with wideband RS signal (e.g. CSI-RS) when/if on the verge of HO. 
Observation 4. Complexity and accuracy with which UE can estimate RSTD should be viewed in light of the difference it can make in target cell TA estimation accuracy. At least in infra-frequency scenarios where UE hands over from one macro cell to another, RSTD between source and target cells can be considered negligible enough to be omitted from the target TA formula above and still make it reliable. 
Observation 5. NW-based target TA estimation is possible by configuring UE to transmit a known and detectable SRS to source and target cells. As such SRS transmission is not continuously required and latency of SRS transmission is also important to reduce HO delay, UE can be configured with aperiodic SRS during HO. In FR2, source cell configures SRS with Tx beam information intended to target cell. 
Proposal 1. NR RACH-less HO to support at least scenarios where target cell TA is zero and/or the same as source cell TA for both FR1 and FR2.
Proposal 2. RAN4 to investigate additional TA estimation techniques based on the above Observations to extend the use cases of NR RACH-less HO.
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