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1. Introduction
[bookmark: Proposal_Beacon]LTM based Cell Switch procedure requires early TA acquisition as well as new MAC CE based mobility procedure. Using running CR, RAN2 is making good progress. This paper addresses some remaining issues.
2. Discussion
Reusing Early TA
Both RAN1 and RAN2 have been discussing Early TA acquisition topic for a while. Following two procedures can be used to acquire the Early TA value corresponding to a candidate cell:
1) PDCCH order based: Early TA is sent by the source cell (DU) to the UE included in the LTM MAC CE.
2) UE based TA measurements (UE derives TA based on Rx timing difference between current serving cell and candidate cell)
Apart from these two there’s a third possibility where RAN2 first needs to agree if the acquired Early TA should be kept (or not) after a successful mobility. On “keeping or saving Early TA value for candidate cell(s)” may be considered a valid optimization as based on ASN.1 the TAT can be configured up to 10 sec. long. On “who” keeps the Early TA, UE, or the network, following can be considered:
If UE keeps Early TAs acquired for candidate cell(s) there’s a problem when Early TA is sent to the UE in LTM, then UE does not really know when it was acquired – unless UE implementation remembers the Msg1 transmission time in the corresponding candidate cell! On the other hand, network does not know the TA value in case of UE based TA measurements. So, we can leave the possibility for network (in the PDCCH order-based case) and UE (when using UE based TA measurements) to keep/ maintain Early TA and thereby the Early TAs can still be used, in case needed by a “subsequent” case.
Accordingly, the following proposals are made:
Source cell may provide the valid timing advance value(s) (Nta) of candidate cell(s) to target cell when receiving successful handover confirmation from it (i.e., upon UE’s arrival on the target side).
A target cell (which becomes Source cell) may transmit PDCCH order once it determines that the TA received from source cell is not valid anymore. 

Cell switch command robustness and security
According to the running stage-2 CR, the following behaviour is captured:
“A supervision timer, can be used to detect failure of LTM cell switch procedure, wherein LTM procedure fails if the LTM supervision timer expires. When LTM execution attempt fails or RLF occurs, if network configured the UE to try LTM after LTM failure, the UE performs cell selection and if the selected cell is an LTM candidate cell, the UE attempts RACH-based LTM execution once to that cell; Otherwise RRC re-establishment is performed.”
The above alternative still needs the UE to perform RACH based access in a target cell, even if a valid Early TA were available from an earlier PDCCH order based early TA acquisition. This delays UE’s handover and consumes UE transmission power. So, we think this is helpful if the LTM contains more than a single target, whenever available. From MAC CE design perspective, it is feasible to have it accommodate another candidate cell using one of the many reserved bits – and RAN2 is still working on the actual MAC CE format. So, we propose:
Introduce possibility for including more than one target cells in LTM Cell Switch Command MAC CE format.

Finally, a Candidate Cell ID of merely 3 bits will pose a 100% security risk even if indexing is used to hide the PCI/ frequency of target cell since an intruder just needs to use one of the values from 1 to 8 in the LTM Cell Switch Command MAC CE, and the UE would be led to believe it is from genuine network! We therefore propose that LTM-CandidateId-r18 contain a random number of higher integer values, this will make it difficult for an intruder to predict the LTM candidate IDs. For example, a 8 bit candidate cell index, allocated randomly, an intruder has only 3% chance to disrupt UE connection, and using a 16 bit candidate cell index this reduces down to 0.01% - much more acceptable.
	#Configured candidate cells
	Bit length used for LTM-CandidateId
	2^Bit length used for LTM-CandidateId
	Chances of success for an intruder

	8
	3
	8
	100,0000%

	8
	8
	256
	3,1250%

	8
	10
	1024
	0,7813%

	8
	16
	65536
	0,0122%



RAN2 to discuss appropriate bit-length for candidate cell index and ensure that the index is allocated randomly.

Arrival announcement on the Target cell
A target network may provide both CG (Configured Grant) and DG (Dynamic Grant) resources to the UE anticipated to arrive in the cell and when so, sometimes UE might not be able to determine successful reception of its first UL data by merely receiving a PDCCH addressing the UE’s C-RNTI in the target cell. This may happen if by receiving a PDCCH addressing the UE’s C-RNTI in the target cell, UE is still unable to determine if target pro-actively scheduled a new UL transmission or if the said UL grant is indeed because of successful reception of handover complete message (RRCReconfigurationComplete) at the target cell.
This can be remedied using the principle used already in MAC specification e.g., for BFR recovery cases: UE transmits handover completion message to the target cell using an UL grant (CG or DG) and if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the handover completion message, UE determines that the target cell has received handover completion message. So, we propose:

UE determines that the target cell has received handover completion message if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the handover completion message.

However, what if uplink grant for a new transmission is for a HARQ process Id different from one used for the transmission of the handover completion message?
Following 2 options exist:
a) UE simply ignore the dynamic grant.
b) UE sends another handover complete confirmation and since it is not easy to resend the RRCReconfigurationComplete, a simple alternative could be to transmit a MAC CE e.g., a C-RNTI MAC CE, where RNTI is the one allocated by the intended target cell to which the UE is transmitting the handover complete confirmation.
We think that ignoring the dynamic grant is not useful as this delays the UE’s arrival in the target cell since the UE depends then only on the CG resources for retransmissions (in a CGRT like mechanism). Therefore:
If uplink grant for a new transmission is for a HARQ process Id different from one used for the transmission of the handover completion message, UE shall use the grant to transmit a C-RNTI MAC CE, where RNTI is the one allocated by the intended target cell.
3. Conclusion

This paper went in the details of cell switch procedure and addresses some remaining issues. Following proposals are made:
Reusing Early TA
Proposal 1: Source cell may provide the valid timing advance value(s) (Nta) of candidate cell(s) to target cell when receiving successful handover confirmation from it (i.e., upon UE’s arrival on the target side).
Proposal 2: A target cell (which becomes Source cell) may transmit PDCCH order once it determines that the TA received from source cell is not valid anymore. 
Cell switch command robustness and security
Proposal 3: Introduce possibility for including more than one target cells in LTM Cell Switch Command MAC CE format.
Proposal 4: RAN2 to discuss appropriate bit-length for candidate cell index and ensure that the index is allocated randomly.
Arrival announcement on the Target cell
Proposal 5: UE determines that the target cell has received handover completion message if a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the handover completion message.
Proposal 6: If uplink grant for a new transmission is for a HARQ process Id different from one used for the transmission of the handover completion message, UE shall use the grant to transmit a C-RNTI MAC CE, where RNTI is the one allocated by the intended target cell.
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