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Introduction
In the past meeting, there has been intensive discussion on L1 measurement configuration and RS configuration. However, another equally important aspect – operations related to TCI states for candidate cells – has not been progressed, except the following agreement made in RAN2#121bis-e.  
RAN2 assumes that the location of configurations of TCI states for the candidate cells (used before/at cell switch) is external to the ServingCellConfig(s) of current serving cells and external to the configuration of the LTM candidate cells (same location as RS configuration).

One reason could be that it depends on RAN1 progress on this topic. On the other hand, RAN2 can progress some aspects without waiting for RAN1 as the TCI state operations include the configuration of TCI states, activation/deactivation of TCI states and indication of TCI states. In this paper, we provide our view on RAN2 related operations of TCI state operations for LTM.

Discussion
Configuration of TCI states in RRC
In the previous RAN1 meeting, the following agreement has been made.
	Agreement in RAN1#113 
Each TCI state included up to 2 qcl-types and each qcl-type source RS in a QCL-Info of the TCI state is provided at least based on the RS configuration for LTM
· FFS: other RS index outside measurement RS configuration for LTM
· FFS: Additional contents of TCI states for LTM



Since RAN1 is still discussing what parameters should be included in TCI state configuration for LTM candidate cells, RAN2 can wait for the RAN1 LS with the RRC parameter list for the IE design of TCI state configuration. 
On the other hand, it is clear from the RAN2 agreement (mentioned in the introduction) that the list of TCI states for LTM should be provided externally to the ServingCellConfig of the current serving cell. This is different from the existing list of TCI states, which is provided inside ServingCellConfig of the serving cell. The existing list is used for Rel-15/16/17 (intra- and inter-cell) beam management.
As a consequence, Rel-18 UE supporting LTM will likely be RRC configured with two lists of TCI states, within and outside ServingCellConfig, respectively. Then the follow-up question is, should Rel-18 UE supporting LTM maintain two lists or one list? If one list is maintained, it means that the legacy TCI state list would not be used anymore if the new list for LTM is configured. For this to work, the new list (configured outside ServingCellConfig) should contain a mixed “types” of TCI states (i.e. including both for LTM and for Rel-15/16/17 Intra/inter-cell beam management). The following Figure 1 illustrates these two options:
List of RRC-configued TCI states for BM
(Inside ServingCellConfig) 
List of RRC-configued TCI states for LTM
(Outside ServingCellConfig) 









Figure 1a. UE maintains two RRC configured lists

List of RRC-configued TCI states for both BM and LTM
(Outside ServingCellConfig) 
List of RRC-configued TCI states for BM
(Inside ServingCellConfig) 
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Figure 1b. UE maintains one RRC configured list for both BM and LTM
When comparing these two options, to maintain two separate list (as shown in Figure 1a) has the merit of independent operations between BM and LTM. In this case, reconfiguration of one list would not impact the other one. For example, if the LTM operation is disabled, BM operation can still be performed as in legacy. If UE only maintains one combined list (as shown in Figure 1b), BM and LTM features are bundled together.   
Proposal 1. For UE supporting LTM, both legacy list of configured TCI states (inside ServingCellConfig) and new list of configured TCI states for LTM (outside ServingcellConfig) are maintained. 

Activation of TCI states in MAC
For unified TCI framework, a subset of TCI states from the list (referred to as legacy list in above) can be activated by MAC CE. Then a DCI will be used to indicate one or one pair from the activated TCI states for DL reception and/or UL transmission. The MAC CE is specified in 38.321 section 6.1.3.47. 
Similar to the RRC configuration, now the question is whether UE should maintain one combined list of activated TCI states, or two separate list of activated TCI states. On one hand, for the activation, it is possible to use one transmission of MAC CE if UE only maintains one list of activated TCI states, where this MAC CE should have a field to indicate whether each of the activated TCI states is taken from RRC-configured ones for LTM or for BM. Further, the legacy DCI indication may be reused to indicate one of the activated TCI states from the single list. On the other hand, following the similar spirit of independent operations, to maintain two activated lists might be preferred. In this case, two transmissions of MAC CE should be used in order to obtain two separate lists of activated TCI states. Further, for the DCI indication, a new field would be needed which one of the activated list the DCI is applied to. We suggest the separate option due to the same reason as for the configuration.
Proposal 2. For UE supporting LTM, UE can be activated with two list of activated TCI states, one for LTM and one for BM.
For the MAC CE design, to activate two separate lists, one unified design can be used where 1-bit flag can be used in MAC CE to indicate whether this MAC CE is applied to TCI states for BM or for LTM. See following Figure 2 for one example. Or alternatively, two definitions of MAC CE can be used, one for the activation of BM (existing one) and one for LTM. See following Figure 3 for one example. 
	
· S: indicates the list of RRC configured TCI states for which this MAC CE applies. If “1”, it applies to the TCI states identified by TCI-StateId. If “0”, it applies to the Candidate TCI states identified by Candidate-TCI-StateId.
· Serving Cell or LTM Candidate Cell ID: indicates the identity of a serving cell or an LTM candidate cell for which the MAC CE applies. 
· DL BWP ID and UL BWP ID: if S=“1”, these fields indicate a DL BWP and a UL BWP for which this MAC CE applies. If S=“0”, these two fields can be ignored. 
· Pi: indicates whether each TCI codepoint has multiple TCI states or a single TCI state. If the Pi field is set to 1, the i-th TCI codepoint includes the DL TCI state and the UL TCI state. If the Pi field is set to 0, the i-th 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: indicates whether the (Candidate) 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 (Candidate)TCI state ID in the same octet is for joint/downlink. If this field is set to 0, the (Candidate) TCI state ID in the same octet is for uplink.
· (Candidate) TCI state ID: If S=“1”, this field indicates the TCI state identified by TCI-StateId. If S=“0”, this field indicates the candidate TCI state identified by Candidate-TCI-StateId.
· R: reserved bit.
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Figure 2. MAC CE for the activation of TCI states either for BM or for LTM



   
	
· LTM Candidate Cell ID: indicates the identity of an LTM candidate cell for which the MAC CE applies. 
· Pi: indicates whether each TCI codepoint has multiple TCI states or a single TCI state. If the Pi field is set to 1, the i-th TCI codepoint includes the DL TCI state and the UL TCI state. If the Pi field is set to 0, the i-th 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: indicates whether the Candidate 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 Candidate TCI state ID in the same octet is for joint/downlink. If this field is set to 0, the Candidate TCI state ID in the same octet is for uplink.
· Candidate TCI state ID: this field indicates the candidate TCI state identified by Candidate-TCI-StateId.
· R: reserved bit.
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Figure 3. MAC CE for the activation of TCI states for LTM



  
Proposal 3. RAN2 to discuss the following MAC CE design options for TCI state activation for BM and LTM:
· Option 1: one unified design 
· Option 2: two MAC CE design

TCI state indication in L1
This is more within RAN1 domain. So far, RAN1 has identified 3 scenarios for TCI state indication for LTM:
· Scenario 1: Beam indication before cell switch command
· Scenario 2: Beam indication together with cell switch command
· Scenario 3: Beam indication after cell switch command

Scenario 2 is least controversial in RAN1 discussion. For scenario 2, it has been agreed that the TCI indication is carried by MAC CE (the same MAC CE carrying cell switch command). For other scenarios, DCI indication might be needed. This can depend on further RAN1 discussion.

TCI operation related to LTM cell switch
After UE performs LTM cell switch, one of candidate cells becomes the new serving cell. It needs to be discussed whether the activated TCI states from the previous serving cell still remain active after cell switch? 
One design option is to restrict the usage of the activated TCI states for LTM and BM only to the scenarios before/at the cell switch. Following this logic, after UE is switched to the target cell, the TCI state indicated in the cell switching command would be the only used (and activated) TCI state in the target cell. All other active TCI states will not be retained. Once UE is operating in the target cell, gNB can then activate a set of TCI states for legacy beam management and a set of TCI states for LTM candidate cells again.
The second option is the activated TCI state for LTM are retained after cell switching. This could be reasonable because the suitable beams from candidate cells may not change before and after cell switching. Having UE to carry on the activated TCI states can save MAC CE overhead for another unnecessary activation. For example, the retained active TCI states for LTM of the target cell can be used for BM within the new serving cell, and the retained active TCI states for LTM of other candidate cell (if any) can be used for subsequent cell switch.  
In case of retaining activated TCI states, if the source cell and the target cell are in different gNB-DU, the source DU should inform the target DU about the retained active TCI states. 
Although two options need to be further discussed with the consideration of L1 complexity, from RAN2 perspective, second option would be preferable for saving MAC CE overhead. As the second option is the superset of the first option, to support second option as additional UE feature can be one possibility.
Proposal 4. From RAN2 perspective, it is preferable that the activated TCI states for LTM are retained after cell switching.
Proposal 5. After LTM cell switch, if the previously activated TCI states are retained in the new serving cell, and if the source cell and the target cell are in different gNB-DU, the source DU should inform the target DU about the retained active TCI states. 


Conclusion
In this paper, we discuss the TCI state operations for LTM. We have following proposals.
Proposal 1. For UE supporting LTM, both legacy list of configured TCI states (inside ServingCellConfig) and new list of configured TCI states for LTM (outside ServingcellConfig) are maintained. 
Proposal 2. For UE supporting LTM, UE can be activated with two list of activated TCI states, one for LTM and one for BM.
Proposal 3. RAN2 to discuss the following MAC CE design options for TCI state activation for BM and LTM:
· Option 1: one unified design 
· Option 2: two MAC CE design
Proposal 4. From RAN2 perspective, it is preferable that the activated TCI states for LTM are retained after cell switching.
Proposal 5. After LTM cell switch, if the previously activated TCI states are retained in the new serving cell, and if the source cell and the target cell are in different gNB-DU, the source DU should inform the target DU about the retained active TCI states. 
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