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1	Introduction
L1/L2 mobility (LTM) is the main part of the Rel-18 work item [1]. In the Rel-18 mobility WI, the serving cells of the UE will be updated based on an indication provided on L1 or L2. 
There has been reasonable progress on LTM. In RAN1#112, an important agreement was reached to support that PDCCH ordered RACH procedures with and without RAR. In this contribution, we discuss the open issues for the two solutions.
[bookmark: _Ref178064866]2	Discussion
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[bookmark: _Ref114840128]Figure 1: RAN2 agreed baseline timeline for L1/L2 inter-cell mobility.
Figure 1 shows the RAN2 agreed baseline timeline for L1/L2 inter-cell mobility. The network has prepared a set of candidate configurations, and at some point, the network identifies a target cell for the handover. 
IN RAN1#110bis-e, it was agreed that:
Agreement (RAN1#110bis-e)
· Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)

Agreement (RAN1#112)
· For PDCCH ordered-RACH for candidate cell(s), RAR reception can be configured/indicated
· If reception of RAR is not configured/indicated (without RAR)
· TA value of candidate cell is indicated in cell switch command
· [bookmark: _Hlk130810350]FFS: whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· FFS: how UE determine the transmit power of subsequent PRACH triggered by PDCCH order
· If reception of RAR is configured/indicated (with RAR), FFS
· whether RAR is received from serving cell or candidate cell
· if RAR is received from candidate cell, whether Type1-PDCCH CSS of the candidate cell is configured to the UE
· content of RAR
· FFS: signaling for configuration/indication of whether RAR needs to be received
· UE can report the support combination of with RAR only and without RAR only, where support of one default scheme is the baseline UE approach for LTM
· Send LS to RAN2 and RAN3 to check the feasibility about this agreement
· Note: Definition of candidate cells is up to RAN2

Based on the above agreement, the timeline for the procedure without RAR is depicted in Figure 2, and the timeline for the procedure with RAR is depicted in Figure 3.
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[bookmark: _Ref118108925]Figure 2: Timeline for LTM with TA acquisition before cell switch command without RAR.
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[bookmark: _Ref130809765]Figure 3: Timeline for LTM with TA acquisition before cell switch command with RAR.
Fortunately, the two procedures are rather similar, e.g., regarding the configuration for the PDCCH order.
In the following, we discuss the two solutions separately.
2.1	PDCCH ordered RACH without RAR
In the agreement, there are two FFSs related to the solution without RAR:
· whether UE should re-transmit PRACH when reception of RAR is not configured/indicated
· how UE determine the transmit power of subsequent PRACH triggered by PDCCH order

In the legacy RACH procedure, the RAR is used to stop subsequent transmissions of the PRACH preamble: if the UE does not receive the RAR, it retransmits the PRACH preamble at regular intervals. Since there is no RAR in this scenario, a solution that relies on autonomous retransmissions of the PRACH is pointless: it would simply mean that the UE always transmits multiple replicas of the PRACH preamble. Hence, we propose
[bookmark: _Toc131757460]The UE does not autonomously retransmit the PRACH preamble when RAR is not configured.
When RAR is not configured, the UE thus only transmits one single PRACH preamble.
In the legacy RACH procedure, the UE increases the transmit power of the PRACH preamble for every transmission occasion, until the PRACH is received by the gNB. This behavior ensures that the PRACH can be received, also when the open loop power control of the PRACH is inaccurate. It is desirable to maintain this power-ramping behavior also for the PDCCH-ordered RACH procedure without RAR.
The transmit power ramping can be controlled implicitly or explicitly. With implicit control of the power ramping, the UE would increase the transmit power of the PRACH preamble for every PDCCH order received. The power ramping would be reset under some conditions, e.g., based on the number of PDCCH orders, or based on a timer. The implicit solution would partially be captured in 38.213, and partially in 38.321. Depending on how the reset condition is specified, there will be different tradeoffs between UE complexity and NW flexibility. For example, does the UE need to maintain more than one power ramping process, in case the NW triggers RACH procedures towards multiple candidates?  
With explicit control of the PRACH transmit power, each PDCCH order would include a TPC command, which would instruct the UE how to adjust the transmit power. Following how the closed-loop power control for PUSCH, PUCCH and SRS is designed, we would define a transmit power offset for PRACH, and the TPC command would tell the UE to either increase or reset the transmit power offset. This approach could be captured completely in 38.213. 
Since the explicit control of the PRACH preamble transmit power is simpler to describe, and can be captured only in 38.213, in a similar way as closed-loop power control for PUSCH, PUCCH and SRS, we prefer the explicit approach:
[bookmark: _Toc131757461]Include an explicit TPC command in the PDCCH order that triggers the RACH procedure, which tells the UE to either reset or increase the transmit power offset of the PRACH preamble.
2.2	PDCCH ordered RACH with RAR
RAN1 also agreed to support PDCCH ordered RACH with RAR. This follow-up agreement was also made:
 Agreement
· If reception of RAR is configured/indicated, RAR contains at least TA of candidate cell.
· The maximum number of TA values memorized by UE is a UE capability
· FFS: whether other parameters such as UE ID, candidate cell ID etc. is contained in RAR 

There are a few open issues related to PDCCH ordered RACH with RAR. The first FFS is if the RAR is transmitted from the serving or from the candidate cell. Triggering of a legacy RACH-procedure, either by higher layers or PDCCH order, means that the UE will go through the PRACH preamble transmission and at least the reception of the random-access response (RAR) from the cell the PRACH transmission the cell was intended for. However, requiring the UE to receive the RAR from the candidate cell will mean an interruption in reception from and transmission to the serving cell. The UE would have to transmit PRACH, and then monitor the response from the candidate. Since the UE is not necessarily capable of mTRP operation, the UE would stop monitoring the serving cell during the time it monitors the candidate:
[bookmark: _Ref130891622][bookmark: _Toc130915174][bookmark: _Toc131757456]If the UE monitors RAR from the candidate cell, the interrupt will be longer.
One claimed advantage with receiving RAR from the candidate is that LTM cell-switch would be performed earlier since the UE gets the TA directly from the candidate. However, irrespective of how the UE gets the TA, the LTM cell-switch command is sent from serving cell, and even if the TA is sent directly to the UE, the candidate cell must inform the serving cell that the LTM cell-switch command can be sent. In fact, the candidate must wait until it knows that the UE has received the RAR before it can inform the serving cell:
[bookmark: _Ref130891624][bookmark: _Toc130915175][bookmark: _Toc131757457]The LTM cell-switch cannot be performed before the candidate cell has informed the serving cell that the UE received the TA.
Furthermore, if the RAR is received from the candidate cell, we realize that there is a need to provide the UE with the configuration of the DL channels for the candidate. For example, this could be at least part of PDCCH-ConfigCommon and PDSCH-ConfigCommon:
[bookmark: _Toc130915176][bookmark: _Toc131757458]The NW would have to provide the UE with the configuration of DL channels for the candidate, for example of PDCCH-ConfigCommon and PDSCH-ConfigCommon.
Finally, there is also a risk for market fragmentation if the RAR would be sent from the candidate. Keep in mind that the candidate may belong to a different DU, and then both serving and candidate DUs must support the same variant of the PDCCH-ordered RACH procedure. Based on these observations, we propose
[bookmark: _Toc131757462]If RAR is configured for a PDCCH-ordered RACH procedure towards a candidate cell, the RAR is received from the serving cell.
The next step is to decide the format of RAR. Clearly, it is not a normal random access response, since the reception of random access response would lead to that the UE updates the TA corresponding to the TAG of the serving cell where the RAR was received. Hence, there is a need to specify a new response to the PRACH preamble transmission, and the above agreement specifies the first element that should be part of that new response:
[bookmark: _Toc131757459]There is a need to specify a new response to the PRACH preamble transmission. 
The legacy RAR is identified by a single-octet MAC subheader, which contains the RAPID (the Random Access Preamble IDentifier). The RAPID identifies the premable that was used for the PRACH transmission, and since the UE knows the preamble it used, the UE knows it is the receiver of the RAR. The content of the legacy MAC RAR is depicted in Figure 4 (from 38.321).


[bookmark: _Ref131435309]Figure 4: Content of the MAC RAR (Figure 6.2.3-1 from 38.321) 
As shown in Figure 4, the legacy MAC RAR contains an UL grant to be used for Msg3. For the acquisition of the TA of the candidate cell, requesting a Msg3 transmission would lead to overhead, and it would not be clear what it would be used for, or to which node it would be sent. Also, the UE would never use the temporary C-RNTI in connected mode.
There are three main requirements on the response of the PDCCH-ordered RACH procedure towards the candidate cell:
The UE must understand that the RAR is intended for it
The UE must be able to recognize that this is the response to the PDCCH-ordered PRACH transmission for a candidate cell
There must be a TA.
We realize that the legacy RAR transmission does not fulfill the above requirement. On the other hand, it is quite simple to design a signal that does fulfill the requirements, relying on mechanisms that are already present in NR. 
Rather than using the legacy MAC RAR depicted in Figure 4, we propose to use a MAC CE for this purpose, which includes an absolute timing advance command. This MAC CE could be an extension the already existing absolute TAC MAC CE, or a new one. Some additional bits would be added to indicate that it is transmitted in response to a PRACH received in a candidate cell. Since the MAC CE would be transmitted using C-RNTI, it would only reach the desired UEs. At the reception of this MAC CE, the UE would stop transmitting PRACH preamble towards the candidate cell. We also note that the MAC CE is protected by HARQ.
In summary we propose
[bookmark: _Toc131757463]The “RAR” in a PDCCH-ordered RACH procedure towards the candidate cell is a MAC CE.
[bookmark: _Toc131757464]At the reception of the MAC CE, the UE stops transmitting PRACH towards the candidate cell.
2.3	Other
In RAN1#112, the following working assumption was agreed:
Working Assumption
· UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
· Corresponding UE capability is to be introduced to support UE-based TA measurement
· For a UE reports support of this capability, configuration of UE-based TA measurement is supported
· FFS: other impacts on RAN1 spec

With this functionality, the PDCCH-ordered RACH procedure becomes unnecessary. This is a neat optimization, and we propose to confirm the working assumption:
[bookmark: _Ref130920248][bookmark: _Toc131757465]Confirm the working assumption:  UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported. 
The functionality in Proposal 6 only works if the serving and target cell are synchronized. 
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	If the UE monitors RAR from the candidate cell, the interrupt will be longer.
Observation 2	The LTM cell-switch cannot be performed before the candidate cell has informed the serving cell that the UE received the TA.
Observation 3	The NW would have to provide the UE with the configuration of DL channels for the candidate, for example of PDCCH-ConfigCommon and PDSCH-ConfigCommon.
Observation 4	There is a need to specify a new response to the PRACH preamble transmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The UE does not autonomously retransmit the PRACH preamble when RAR is not configured.
Proposal 2	Include an explicit TPC command in the PDCCH order that triggers the RACH procedure, which tells the UE to either reset or increase the transmit power offset of the PRACH preamble.
Proposal 3	If RAR is configured for a PDCCH-ordered RACH procedure towards a candidate cell, the RAR is received from the serving cell.
Proposal 4	The “RAR” in a PDCCH-ordered RACH procedure towards the candidate cell is a MAC CE.
Proposal 5	At the reception of the MAC CE, the UE stops transmitting PRACH towards the candidate cell.
Proposal 6	Confirm the working assumption:  UE-based TA measurement (UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA value for the current serving cell) is supported.
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref114816142]RP-213565, New WID on Further NR mobility enhancements, MediaTek, RAN#94e, December 2021
[bookmark: _Ref118707860]R2-2211061 (R1-2210810), LS on RAN2 agreements about L1/L2-triggered mobility (LTM), RAN2, RAN2#119bis-e, October 2022
	4/4	
image1.png
Target

Candidate Cell switch Data using
a
config PPEI command Preamble  RAR indicated
be:
l = “

Ty Trar | Thirstdata
1

Thre  Torocessing 1 Temd  Torocessing:2 | Tsearch

UE reconfiguration DL synchronization UL synchronization

| Interruption | New cell &
TClstate




image2.jpeg
Candidate
config

Trec [N

UE reconfiguration 1

Meas.
report

gNB

trigger ERACH
Preamble
X

Cell switch

command
with TA Data using
indicated
beam
]
Tcmd Tprocessing,2 1 Tﬁrst,dam

UE reconfiguration 2

e

New cell &
TCl state

interruption




image3.png
Cell switch

NB
Meas. 8 PRACH Data using
" RAR command
Candidate report IBEST L e indicated
config X beam

4
T
!
i
i
i
i
1
i
i
]

|

)
i
i ¥
! Trre  Tprocessing1 Tsearch ] [ IEE Torocessing2 ] Tiirst.data
1 T 1 1
i meas | !
i o 1
| UE reconfiguration 1 DL sync ) | UE reconfiguration 2

New cell &
TCl state

interruption




image4.emf
Timing Advance Command Oct 1

UL Grant Oct 2

UL Grant Oct 3

UL Grant Oct 4

Temporary C-RNTI

Oct 5

Temporary C-RNTI

Oct 6

Timing Advance Command

UL Grant

Oct 7

R


Microsoft_Visio_Drawing.vsdx
Timing Advance Command

Oct 1
UL Grant
Oct 2
UL Grant
Oct 3
UL Grant
Oct 4
Temporary C-RNTI
Oct 5
Temporary C-RNTI
Oct 6
Timing Advance Command
UL Grant
Oct 7
R



