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Introduction
The early TCI activation/deactivation is supported for R18 LTM. However, the current LTM early TCI activation/deactivation MAC CE cannot deactivate all TCI states of the candidate cell, and also the UE handling of the activated TCI states after successful LTM cell switch is not clear.
In the contribution, we mainly focus on the discussion on early TCI activation/deactivation for LTM.
Discussion
According to the MAC spec [1], the following is the newly introduced early TCI state activation/deactivation MAC CE for LTM.
	[bookmark: _Toc155999849]6.1.3.76	Candidate Cell TCI States Activation/Deactivation MAC CE
The Candidate Cell TCI States Activation/Deactivation MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size consisting of following fields:
-	Candidate Cell ID: This field indicates the identity of an LTM candidate cell for which the MAC CE applies, corresponding to the ltm-CandidateId minus 1 as specified in TS 38.331 [5]. The length of the field is 3 bits;
-	Pi: This field indicates whether each TCI codepoint has multiple TCI states or a single TCI state. If the Pi field is set to 1, the ith TCI codepoint includes the DL TCI state and the UL TCI state. If the Pi field is set to 0, the ith TCI codepoint includes only the DL/joint TCI state or the UL TCI state. The codepoint to which a TCI state is mapped is determined by its ordinal position among all the TCI state ID fields;
-	D/U: This field indicates whether the TCI state ID in the same octet is for a joint/downlink or an uplink TCI state. If this field is set to 1, the TCI state ID in the same octet is for joint/downlink TCI state. If this field is set to 0, the TCI state ID in the same octet is for uplink TCI state;
-	TCI state ID: This field indicates the TCI state identified by TCI-StateId in ltm-DL-OrJointTCI-StateToAddModList or TCI-UL-StateId in ltm-UL-TCI-StatesToAddModList as specified in TS 38.331 [5]. If D/U is set to 1, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If D/U is set to 0, the most significant bit of TCI state ID is considered as the reserved bit and remaining 6 bits indicate the TCI-UL-StateId as specified in TS 38.331 [5]. The maximum number of activated TCI states is 16;
-	R: Reserved bit, set to 0.


Figure 6.1.3.76-1: Candidate Cell TCI state activation/deactivation MAC CE


 According to the early TCI state activation/deactivation MAC CE, each time one MAC CE can activate several TCI states for one LTM candidate cell. And if NW wants to activate the TCI states of another LTM candidate cell, NW has to send another early TCI state activation/deactivation MAC CE.
Observation 1: Candidate Cell TCI States Activation/Deactivation MAC CE is for one LTM candidate cell. To activate the TCI states of multiple LTM candidate cells, NW need to send multiple MAC CEs. 
Besides, as for the deactivation of TCI states, in general, the legacy principle of legacy TCI state activation/deactivation rule can be reused here. E.g., NW activate the TCI state #1, #2 for candidate cell #1, and later due to L1 measurement result changing, NW would like to deactivate the TCI state #1, then NW need to send a new MAC CE where the candidate cell field is set to #1, and the new MAC CE only includes the TCI state #2 of the candidate cell #1. 
Observation 2: In legacy to deactivate the TCI state of one serving cell, NW can send another MAC CE for same serving cell but does not include the TCI state which NW would like to be deactivated.
Observation 3: Similar mechanism as legacy may be used to deactivate some TCI states of one LTM candidate cell, (e.g., NW sends another MAC CE for same LTM candidate cell but does not include the TCI states to be deactivated).
However, for the legacy TCI state activation/deactivation, at least one TCI state of the serving cell should be activated and at least one TCI state index should be included in the TCI activation/deactivation MAC CE. When it comes to LTM case, it is different. Due to the dynamically changed radio environment, the candidate cell for which at least one TCI state is needed to be activated may be changed. E.g., NW activate several TCI states for LTM candidate cell #1, #2, but later due to the radio environment of LTM candidate cell#1 is not good enough to be maintained with activated TCI or due to UE moving out of the coverage of the cell#1, NW need to deactivate all TCI states of LTM candidate #1. But according to the current MAC CE, it doesn’t support for NW to deactivate all TCI states of one LTM candidate cell.
Observation 4: For LTM, NW may need to deactivate all TCI states of one LTM candidate cell, but it is unclear how to support it according to the current spec. 
To address the issue raised above, the following candidate solution is proposed:
Option 1: extend the current early TCI state activation/deactivation MAC CE for LTM, to use one R bit to indicate the deactivation of all TCI states of the LTM candidate cell;
Option 2: extend the current early TCI state activation/deactivation MAC CE for LTM, to add the activation/deactivation indication for each TCI state code point for the LTM candidate cell;
The corresponding TP for both options can be seen in the annex 1 and annex 2.
Proposal 1: RAN2 to discuss how to deactivate all TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) of the LTM candidate cell before LTM execution. The following options are to be down selected,
· Option 1: extend the current early TCI state activation/deactivation MAC CE for LTM, to use one R bit to indicate the deactivation of all TCI states of the LTM candidate cell. TP in Annex 1 is adopted
· Option 2: extend the current early TCI state activation/deactivation MAC CE for LTM, to add the activation/deactivation indication for each TCI state code point for the LTM candidate cell. TP in Annex 2 is adopted
Another issue is on the handling of the activated TCI states for the candidate cells not selected as candidate cells, and the other activated TCI states of the target cell except the TCI states included in the LTM cell switch MAC CE, after the LTM cell switch. In legacy, the configured unified TCI states are initially deactivated after reconfiguration with sync. Besides, since the activated TCI states is based on the L1 measurement which is quite variable, and after the cell switch, it is probably the activated TCI states and the candidate cells will be changed accordingly. So we think the similar behavior can be reused.
The corresponding TP for both options can be seen in the annex 3.
Proposal 2: Upon LTM execution, all activated TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) are deactivated autonomously at UE side except the TCI state(s) indicated in the LTM cell switch MAC CE. TP in annex 3 is adopted.
Besides, since the TCI state activation/deactivation description based on the received MAC CE is captured in RAN1 spec, and the option 1/2 is totally new compared with the legacy TCI state activation/deactivation, so it is proposed that RAN2 should send LS to RAN1 to ask RAN1 to correspondingly modify their spec if needed. A draft LS is provided in Annex 4.
Proposal 3: RAN2 send LS to RAN1 to inform the RAN2 conclusions on deactivation of all TCI states of a LTM candidate cell. 

Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Based on the previous analysis in section 2, our observations and proposals are summarized as follows:
Observation 1: Candidate Cell TCI States Activation/Deactivation MAC CE is for one LTM candidate cell. To activate the TCI states of multiple LTM candidate cells, NW need to send multiple MAC CEs. 
Observation 2: In legacy to deactivate the TCI state of one serving cell, NW can send another MAC CE for same serving cell but does not include the TCI state which NW would like to be deactivated.
Observation 3: Similar mechanism as legacy may be used to deactivate some TCI states of one LTM candidate cell, (e.g., NW sends another MAC CE for same LTM candidate cell but does not include the TCI states to be deactivated).
Observation 4: For LTM, NW may need to deactivate all TCI states of one LTM candidate cell, but it is unclear how to support it according to the current spec. 
Proposal 1: RAN2 to discuss how to deactivate all TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) of the LTM candidate cell before LTM execution. The following options are to be down selected,
· Option 1: extend the current early TCI state activation/deactivation MAC CE for LTM, to use one R bit to indicate the deactivation of all TCI states of the LTM candidate cell. TP in Annex 1 is adopted
· Option 2: extend the current early TCI state activation/deactivation MAC CE for LTM, to add the activation/deactivation indication for each TCI state code point for the LTM candidate cell. TP in Annex 2 is adopted
Proposal 2: Upon LTM execution, all activated TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) are deactivated autonomously at UE side except the TCI state(s) indicated in the LTM cell switch MAC CE. TP in annex 3 is adopted.
Proposal 3: RAN2 send LS to RAN1 to inform the RAN2 conclusions on deactivation of all TCI states of a LTM candidate cell. 

Reference
 [1] 3GPP TS 38.321: " NR; Medium Access Control (MAC) protocol specification", 18.0.0

Annex 1: TP for option 1
[bookmark: OLE_LINK5]6.1.3.76	Candidate Cell TCI States Activation/Deactivation MAC CE
The Candidate Cell TCI States Activation/Deactivation MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size consisting of following fields:
-	Candidate Cell ID: This field indicates the identity of an LTM candidate cell for which the MAC CE applies, corresponding to the ltm-CandidateId minus 1 as specified in TS 38.331 [5]. The length of the field is 3 bits;
-	A: This field indicates whether to deactive all TCI states for the LTM candidate cell. If the field is set to 1, all TCI states of the LTM candidate cell is deactivated; If the field is set to 0, the TCI states of the LTM candidate cell is activated based on the TCI state ID indicated in the MAC CE;
-	Pi: This field indicates whether each TCI codepoint has multiple TCI states or a single TCI state. If the Pi field is set to 1, the ith TCI codepoint includes the DL TCI state and the UL TCI state. If the Pi field is set to 0, the ith TCI codepoint includes only the DL/joint TCI state or the UL TCI state. The codepoint to which a TCI state is mapped is determined by its ordinal position among all the TCI state ID fields;
-	D/U: This field indicates whether the TCI state ID in the same octet is for a joint/downlink or an uplink TCI state. If this field is set to 1, the TCI state ID in the same octet is for joint/downlink TCI state. If this field is set to 0, the TCI state ID in the same octet is for uplink TCI state;
-	TCI state ID: This field indicates the TCI state identified by TCI-StateId in ltm-DL-OrJointTCI-StateToAddModList or TCI-UL-StateId in ltm-UL-TCI-StatesToAddModList as specified in TS 38.331 [5]. If D/U is set to 1, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If D/U is set to 0, the most significant bit of TCI state ID is considered as the reserved bit and remaining 6 bits indicate the TCI-UL-StateId as specified in TS 38.331 [5]. The maximum number of activated TCI states is 16;
-	R: Reserved bit, set to 0.



Figure 6.1.3.76-1: Candidate Cell TCI state activation/deactivation MAC CE
Annex 2: TP for option 2
6.1.3.76	Candidate Cell TCI States Activation/Deactivation MAC CE
The Candidate Cell TCI States Activation/Deactivation MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size consisting of following fields:
-	Candidate Cell ID: This field indicates the identity of an LTM candidate cell for which the MAC CE applies, corresponding to the ltm-CandidateId minus 1 as specified in TS 38.331 [5]. The length of the field is 3 bits;
-	Pi: This field indicates whether each TCI codepoint has multiple TCI states or a single TCI state. If the Pi field is set to 1, the ith TCI codepoint includes the DL TCI state and the UL TCI state. If the Pi field is set to 0, the ith TCI codepoint includes only the DL/joint TCI state or the UL TCI state. The codepoint to which a TCI state is mapped is determined by its ordinal position among all the TCI state ID fields;
-	Ai: This field indicates whether each TCI codepoint is activated or deactivated. If the Ai field is set to 0, the DL TCI state and the UL TCI state or the joint TCI state of the ith TCI codepoint includes the DL TCI state and the UL TCI state is activated. If the Ai field is set to 1, the DL TCI state and the UL TCI state or the joint TCI state of the ith TCI codepoint includes the DL TCI state and the UL TCI state is deactivated.;
-	D/U: This field indicates whether the TCI state ID in the same octet is for a joint/downlink or an uplink TCI state. If this field is set to 1, the TCI state ID in the same octet is for joint/downlink TCI state. If this field is set to 0, the TCI state ID in the same octet is for uplink TCI state;
-	TCI state ID: This field indicates the TCI state identified by TCI-StateId in ltm-DL-OrJointTCI-StateToAddModList or TCI-UL-StateId in ltm-UL-TCI-StatesToAddModList as specified in TS 38.331 [5]. If D/U is set to 1, 7-bits length TCI state ID i.e. TCI-StateId as specified in TS 38.331 [5] is used. If D/U is set to 0, the most significant bit of TCI state ID is considered as the reserved bit and remaining 6 bits indicate the TCI-UL-StateId as specified in TS 38.331 [5]. The maximum number of activated TCI states is 16;
-	R: Reserved bit, set to 0.



Figure 6.1.3.76-1: Candidate Cell TCI state activation/deactivation MAC CE

Annex 3: TP 
· [bookmark: _Toc155999700]5.18.36	Candidate Cell TCI States Activation/Deactivation
The network may activate and deactivate the TCI states of LTM candidate cell(s) configured in CandidateTCI-State and CandidateTCI-UL-State by sending the Candidate Cell TCI States Activation/Deactivation MAC CE described in clause 6.1.3.76. The configured TCI states are initially deactivated upon (re-)configuration by upper layers. And the TCI states except the TCI states included in the LTM cell switch MAC CE are deactivated after the successfully LTM cell switch. All TCI states are deactivated after the reconfiguration with sync except the reconfiguration with sync is triggered by LTM.
The MAC entity shall:
1>	if the MAC entity receives a Candidate Cell TCI States Activation/Deactivation MAC CE on a Serving Cell:
2>	indicate to lower layers the information regarding the Candidate Cell TCI States Activation/Deactivation MAC CE.

Annex 4: draft LS to RAN1

1. Overall Description:
RAN2 would like to inform the conclusions on CHO with candidate SCGs which may have impact on RAN1,
To deactivate all TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) of the LTM candidate cell before LTM execution. Option x is selected between the following options:
· Option 1: extend the current early TCI state activation/deactivation MAC CE for LTM, to use one R bit to indicate the deactivation of all TCI states of the LTM candidate cell. TP in Annex 1 is adopted
· Option 2: extend the current early TCI state activation/deactivation MAC CE for LTM, to add the activation/deactivation indication for each TCI state code point for the LTM candidate cell. TP in Annex 1 is adopted
Upon LTM execution, all activated TCI states (i.e. which were activated by Candidate Cell TCI States Activation/Deactivation MAC CE) are deactivated autonomously at UE side except the TCI state(s) indicated in the LTM cell switch MAC CE.

2. Actions:
To RAN1
ACTION: 	RAN2 respectfully asks RAN1 to take the above conclusions into account for your further corresponding work.
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