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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 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 RAN1#112bis-e, the following was agreed:
Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured, UE autonomous re-transmission of PRACH is not allowed, regardless of the configuration of PreambleTransMax.
Agreement
For PDCCH ordered-RACH, if reception of RAR is not configured
· Whether power ramping is performed or not is determined from PDCCH order
· If power ramping is performed, 
· whether PRACH is an initial transmission or retransmission is explicitly indicated in PDCCH order (FFS exact indication mechanism)
· power ramping-up value is configured 
· else, the power should be determined by open-loop power control

In the PDCCH-ordered RACH when RAR is not configured, only a single PRACH preamble is transmitted, with a certain transmit power. In legacy, the UE calculates the PRACH transmit power according to: 
	[image: ] [dBm],
Where [image: ] is the UE configured maximum output power, [image: ]is the PRACH target reception power, and [image: ]is the pathloss. In legacy, [image: ]is provided by MAC, and at every PRACH transmission occasion, MAC increases [image: ]. However, the agreement from RAN1#112bis-e states that the PDCCH order explicitly indicates if the transmit power should be increased or determined by the open-loop power control. Hence, higher layers are not involved:
[bookmark: _Ref134457558][bookmark: _Toc134963309]Higher layers are not involved during the transmission of a PDCCH-ordered RACH when RAR is not configured.
A natural consequence of Observation 1 is that when RAR is not configured, the PDCCH-ordered RACH is not described in the MAC specification:
[bookmark: _Toc134963315]When RAR reception is not configured, the PDCCH order does not trigger a RACH procedure as described in 38.321. 
Instead, the PDCCH-ordered PRACH transmission is completely described in 38.213.
In the agreement above, there is one FFS: the exact indication mechanism. Since the indication states if the PRACH transmission is an initial transmission or a retransmission, it is clearly binary. We propose to clarify this:
[bookmark: _Toc134963316]In the PDCCH order, one bit indicates if the triggered PRACH transmission is the initial transmission (0) or a retransmission (1).
Indeed, the transmission of the PRACH preamble is similar to the transmission of an SRS resource. The transmit power of an SRS resource is described by
[image: ]
The expression contains four terms: a constant term, a term that depends on the SRS bandwidth, a term that depends on the pathloss, and a term that depends on the closed-loop adjustment. Comparing to the PRACH expression, we realize that the PRACH bandwidth is constant, so the bandwidth-dependent term can be absorbed in the constant term. Furthermore, like PUCCH, fractional pathloss compensation is inappropriate for PRACH. Based on this, we propose that the PRACH transmit power is given by

In the expression, [image: ]and [image: ]are determined as in legacy, whereas   is a new RRC parameter specific to the PDCCH-ordered RACH when reception of RAR is not configured: note that this is different from  in the legacy PRACH power control equation. Finally,   is the number of consecutive PDCCH orders where the retransmission indicator is equal to 1, and  is a new RRC parameter describing the power ramping value.
2.2	PDCCH ordered RACH with RAR
RAN1 also agreed to support PDCCH ordered RACH with RAR. The following agreements were made:
 Agreement
When reception of RAR is configured, support RAR is received from serving cell at least in intra-DU case. 

Agreement
When reception of RAR is configured, support RAR is received from serving cell in inter-DU case.
· FFS: RA response window related issues

This agreement contains one FFS: the RA response window. It may be reasonable that the NW may need longer time to send the response to the PRACH preamble transmission in the inter-DU case and setting the ra-ResponseWindow in RACH-ConfigGeneric would mean that all PRACH transmissions would take longer. Hence, it would be appropriate to introduce a separate RRC parameter for the ra-ResponseWindow in LTM:
[bookmark: _Toc134963317]Introduce a separate random access response window for PDCCH-ordered RACH in LTM.
The next step is to decide the format of the RAR. In the latest FL summary from RAN1#112bis-e, the following proposal was discussed:
Proposal 1-4: When reception of RAR is configured in Rel-18 LTM, study the following issues
· whether the RAR information is carried in MAC PDU (like RAR MAC PDU in 4 step RACH) or MAC CE (like Absolute TAC in MsgB in 2 step RACH or like regular TAC)
· QCL assumption for PDCCH scheduling RAR PDSCH and RAR PDSCH

[bookmark: _Hlk134607968]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) 
[bookmark: _Hlk134608008]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.
The legacy RAR is scrambled using RA-RNTI, which is calculated based on the physical resources used by the UE to transmit the PRACH preamble. In LTM, the UE would select this resource based on the candidate configuration, the serving cell does not necessarily know the RA-RNTI: this would have to be forwarded from the candidate cell to the serving cell:
[bookmark: _Toc134963310]The RA-RNTI would have to be forwarded from the candidate cell to the serving cell. 
Even if RAN3 introduces the signaling to forward RA-RNTI from candidate to serving, the result will be that RA-RNTI will become a shared resource across all the candidate cells: if a random access resource is used in a candidate cell, the legacy RAR that is transmitted in response to that PRACH transmission may collide with other legacy RAR transmissions in the serving cell:
[bookmark: _Toc134963311]If RA-RNTI is used to scramble the response to a PRACH transmission, the RA-RNTI will be a shared resource across the serving cell and all candidate cells.
The other option in the FL proposal is to use a MAC CE to terminate the RACH procedure and convey the TA to the UE. Such a MAC CE would be included in a PDSCH, which is scheduled by a PDCCH scrambled by C-RNTI:
[bookmark: _Toc134963312]If a MAC CE is used as the response in a PDCCH-ordered RACH procedure, it would be transmitted in a PDSCH, scheduled by a PDCCH scrambled by C-RNTI.
[bookmark: _Hlk134608632]All the bells and whistles of a PDSCH transmission would be available to transmit the MAC CE: MIMO, link adaptation, HARQ. The transmission could occur in any slot: there would be no need to wait for the occurrence of a Type1 CSS. We note that for beam failure recovery, the UE considers the RACH procedure to be complete when it is scheduled using C-RNTI in a certain CORESET – there is thus already an example where the RACH procedure ends when the UE receives something else than a transmission scheduled by RA-RNTI:
A RACH procedure triggered by beam failure is completed without the UE receiving a PDCCH scrambled by RA-RNTI.
This MAC CE could be an extension the already existing absolute TAC MAC CE, or a new one. Some additional bits may be added to indicate that it is transmitted in response to a PRACH received in a candidate cell, and also to which candidate cell the transmitted TA belongs.
[bookmark: _Hlk134536655]Sometimes, it is stated that the absolute TAC MAC CE can only occur in MsgB, i.e., as part of a 2-step RACH procedure. It is true that the absolute TAC MAC CE was introduced during the specification of the 2-step RACH, but there is no limitation on the use of the TAC MAC CE. In fact, 38.213 states:
A timing advance command [11, TS 38.321] in case of random access response or in an absolute timing advance command MAC CE, , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 3846, where an amount of the time alignment for the TAG with SCS of  kHz is .  is defined in [4, TS 38.211] and is relative to the SCS of the first uplink transmission from the UE after the reception of the random access response or absolute timing advance command MAC CE.

[bookmark: _Toc134963313]The specification does not limit the use of the absolute TAC MAC CE to MsgB.
[bookmark: _Hlk134536736]The limitations are more on the UE feature side: the UE cannot report that it supports the absolute TAC MAC CE as a standalone feature: a reasonable interpretation is that the UE would have to report that is supports FG 9-1 to support the absolute TAC MAC CE. 
Both solutions may require that additional information is added to the response: the same information is missing. It would seem easier to add this information in a MAC CE, compared to adding it in the legacy RAR:
[bookmark: _Toc134963314]It is easier to add information in a MAC CE than in the MAC RAR.
Comparing the two solutions in the FL proposal, we realize that the solution based on the legacy RAR has some issues: it requires that the RA-RNTI is transferred over F1-AP, it makes the RA-RNTI a shared resource and it is difficult to add new information. None of these is a fundamental issue: the required signaling can be introduced, RA-RNTI sharing can be dealt with and RAN2 can design a new MAC RAR. However, even if these issues are solved, we end up with a solution that is more complicated for the NW and for the UE and has worse performance. In our view, a solution based on legacy RAR is not better than a solution based on MAC CE in any aspect.
In summary we propose
[bookmark: _Toc134963318]The “RAR” in a PDCCH-ordered RACH procedure towards the candidate cell is a MAC CE.
[bookmark: _Toc134963319]At the reception of the MAC CE, the UE stops transmitting PRACH towards the candidate cell.
2.3	Other
In RAN1#112bis-e, the following was agreed:
Agreement
For PDCCH-order based PRACH for candidate cell study the following issues:
· whether/how prioritizations for transmission power reduction for a PRACH transmission to a LTM candidate cell is performed
· whether/how prioritizations for prioritization of a PRACH transmission to a LTM candidate cell compared to an overlapped (in time and frequency) serving cell UL transmission
· 

Both these issues may occur as a result of that the PRACH transmission towards a candidate cell may overlap in time with another transmission. In some cases, the NW may avoid such overlap, but since the candidate RACH configuration may be unknown to the serving DU, there may be cases where this cannot be avoided. We also note that the PRACH transmission may require RF retuning, since it may be transmitted on another carrier frequency.
For the transmission power reduction, the current priority order specified in 38.213, section 7.5:
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with larger priority index 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information of the priority index
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information of the priority index or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
[bookmark: _Hlk134524268]-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 

Since the round-trip time for the PRACH retransmissions are relatively long, it would make sense to prioritize the PRACH transmissions to the candidate cell over PUSCH and PUCCH. The system is designed to handle the loss of PUSCH and PUCCH, and the NW has many transmission opportunities for these channels. Hence, we propose
[bookmark: _Toc134963320]For transmit power reductions, the PRACH transmissions towards a candidate cell have higher priority than any PUSCH or PUCCH transmission.
The same reasoning applies if a PRACH transmission towards a candidate cell overlaps with the transmission to a serving cell UL transmission. Hence, we propose
[bookmark: _Toc134963321]If a PRACH transmission overlaps with an UL transmission to a serving cell, the UE drops the transmission to the serving cell.
2.4	RRC parameters
The main part of this agenda item is related to how to trigger a RACH procedure towards a candidate cell. We note that the only use case that is foreseen is a contention-free RACH procedure triggered by a PDCCH order. The starting point for the RRC parameters is the IE RACH-ConfigDedicated. However, since the only use case is a PDCCH ordered RACH procedure, some of the parameters in RACH-ConfigDedicated are unnecessary: e.g., the UE is provided a mapping between an SSB index and PRACH preamble index, which is not used for a PDCCH ordered RACH procedure. The only thing that is needed is RACH-ConfigGeneric and ssb-perRACH-Occasion. Since this structure will most likely be used also for 2TA, it may be beneficial to introduce a new RACH-configuration for this purpose:
[bookmark: _Toc134949664][bookmark: _Toc134963322]Introduce a new RACH configuration dedicated to the PDCCH-ordered contention-free RACH procedure in 2TA and LTM.             
In addition, the UE must also be configured to receive RAR or not receive RAR.
The RRC parameters are summarized in Table 1.
[bookmark: _Ref134949607]Table 1: RRC parameters for LTM TA enhancement.
	RAN2 parent IE
	Parameter name in the spec
	Description

	
	RACH-ConfigPDCCHOrder
	Contains RACH-ConfigGeneric and ssb-perRACH-Occasion. Can also be reused for 2TA.

	
	RARReception
	Determines if the UE should expect to receive RAR in response to the PRACH transmission.


We have not listed a parent IE for the new RACH configuration. It is quite likely that it will be signalled outside the candidate cell configuration, following how the measurement configurations will be signalled. We also note that most likely, there will be a timer associated with the TA sent in the RAR. However, this should be left to RAN2.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Higher layers are not involved during the transmission of a PDCCH-ordered RACH when RAR is not configured.
Observation 2	The RA-RNTI would have to be forwarded from the candidate cell to the serving cell.
Observation 3	If RA-RNTI is used to scramble the response to a PRACH transmission, the RA-RNTI will be a shared resource across the serving cell and all candidate cells.
Observation 4	If a MAC CE is used as the response in a PDCCH-ordered RACH procedure, it would be transmitted in a PDSCH, scheduled by a PDCCH scrambled by C-RNTI.
Observation 5	The specification does not limit the use of the absolute TAC MAC CE to MsgB.
Observation 6	It is easier to add information in a MAC CE than in the MAC RAR.

Based on the discussion in the previous sections we propose the following:
Proposal 1	When RAR reception is not configured, the PDCCH order does not trigger a RACH procedure as described in 38.321.
Proposal 2	In the PDCCH order, one bit indicates if the triggered PRACH transmission is the initial transmission (0) or a retransmission (1).
Proposal 3	Introduce a separate random access response window for PDCCH-ordered RACH in LTM.
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	For transmit power reductions, the PRACH transmissions towards a candidate cell have higher priority than any PUSCH or PUCCH transmission.
Proposal 7	If a PRACH transmission overlaps with an UL transmission to a serving cell, the UE drops the transmission to the serving cell.
Proposal 8	Introduce a new RACH configuration dedicated to the PDCCH-ordered contention-free RACH procedure in 2TA and LTM.
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