

14

[bookmark: historyclause]3GPP TSG-RAN WG4 Meeting # 106bis-e												R4-2304134
Electronic Meeting, April 17 – 26, 2023
[bookmark: Source]Agenda item:	5.8.3.5
Source:	Apple
Title:   	On TCI state switching for NR FR2 multi-Rx chain DL reception
[bookmark: DocumentFor]Document for:	Discussion
1	Introduction 
At RAN4 meeting#106, a WF on TCI state switching in multi-Rx chain DL reception was agreed [1]. In this contribution, we discuss the following issues:
· The FFS part in the WF [1]
· TCI state switching independency
· Known and unknown conditions
· TCI state switch delay requirements
· UE behavior in case the UE does not support the two configured target TCI states 
2	Discussion
2.1 TCI State Switching
In the WF [1], it is stated:

TCI State Switching
· Agreements in online session
· Group Based Reporting and s/mDCI
· Group based reporting applies to both sDCI and mDCI
· Investigate and if needed specify requirements for the following TCI state switching scenarios
· single TCI to dual TCI
· dual TCI to dual TCI
· dual TCI to single TCI
· TCI Switch triggering method:
· MAC-CE based dual TCI state switch for PDCCH reception
· DCI based dual TCI state switch for PDCSH reception
· FFS RRC triggered TCI state configuration.

As RAN4 discussed, dual TCI state switching refers to the case when two active TCI states with QCL type D for simultaneous reception of PDCCH/PDSCH are involved before and/or after TCI switching command. With this understanding, we believe all three scenarios should be considered, as shown below:
· Single DCI to Dual TCI: When UE initially is connected to one TRP with one TCI state and later on the network configures two TCI states based on UE group-based reporting.
· Dual TCI to Dual TCI: UE reports at least two pairs of beams it can support through group-based beam reporting so the network can configure such dual TCI to dual TCI switching based on further CSI feedback or BFD/RLM.
· Dual TCI to Single TCI: Depending on DL traffic situation or link quality of a TCI, the network may decide to configure this switch. There are two subcases for this:
· Case 1: The target single TCI state is one of the two TCI states before TCI switching command. In this case, there should be no need to consider any new requirement. 
· Case 2: The target single state is a new state, i.e., not either of the two TCIs before switching. Likely the existing TCI switching requirement can be reused.
Proposal 1: All three TCI state switching scenarios should be considered.
On “FFS RRC triggered TCI state configuration,” it was discussed whether RRC triggering would be needed at the last meeting, especially for the initial transition of UE working in single TRP scenario to multi-TRP scenario. As it was agreed to focus on intra-cell multi-TRP scenario at the last meeting [2], we believe such RRC reconfiguration to configure a UE to work from single TCI to dual TCI is not needed. 
Proposal 2: RRC triggered TCI state configuration is not needed for intra-cell multi-TRP scenario.

2.2 TCI state switching independency
There is the following agreement in the WF [3] at RAN4#104b.

Issue 1-2-1-2:  Can the TCI switch is assumed to be independent on each RX chain?
Agreements: 
· For each of the two TCI states, the TCI state switch is assumed to be independent
· FFS on the definition/scope of “independency.”
In general, it is expected out of the two current TCI states, when one TCI state is switched, it should be independent from the other TCI state. In other words, one TCI state switch should not affect the operation of the other TCI state. However, there may be the following constraints: 
· The possible RF interaction between the panels. For example, let’s assume TCI state 1 is supported by panel A, TCI state 2 is supported by panel B. During TCI state switch, TCI state 2 switches to TCI state 3, which is supported by panel C. In this case, the UE needs to power off panel B and power on panel C. As a result, there might be some transient impact on panel A because of the power-off/on of panel B/C, respectively, depending on the power supply and panel RF setting preparation. In an extreme case, both TCI states 1 and 2 switch to TCI states 3 and 4 and involve power-off of two panels and power-on of another two panels.
· L1 measurement and processing constraint. If both target TCI states are unknow, the UE needs to perform parallel L1-RSRP measurement for RX beam refinement. If there is some baseband resource sharing between the two L1-RSRP measurement processes, they are not completely independent.
· There may be other constraints.

To address the constraints so the TCI state switch in the context of two active TCI states can be made “independent,” one possible way is to provide some additional delay in the TCI switch delay.

Proposal 3: RAN4 should investigate if there are implementation constraints in dual TCI switching and if so, whether to allow some additional delay.
2.3 Known and unknown conditions
In the topic summary [4], it is stated:

Issue 2-4: Known/Unknown State Handling
· Proposals
· Option 1: Introduce requirements only for known TCI states (discuss separately how to define known)
· Option 2: Introduce requirements for both known/unknown(including combinations of known and unknown)
· Recommended WF
· Option 1
Option 2 will result in many combinations and prolong the discussions.

Currently, the known state is defined in 38.133 as follows.
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Normally, the network is supposed to configure two target TCI states based on UE group-based beam reporting. However, it is not guaranteed that the TCI state remains detectable during the TCI state switching period due to UE rotation. Therefore, the unknown case needs to be considered. 

Proposal 4: Both known/unknow cases should be considered.

2.4 TCI state switch delay requirements
For the (known, known) and (unknown, unknown) combinations, the legacy TCI state switching delay is expected to be reused, subject to further investigation of Proposal 3. 

For the (known, unknown) combination, as we know the legacy requirements are different

· Known case: [image: ]

· Unknown case: [image: ]

The difference is for the unknow case, the UE needs to perform L1-RSRP measurement for RX beam refinement. 

For the known case, since no L1-RSRP measurement is needed, the UE can use both panels to conduct the L1 measurement for the unknown target TCI state.

Proposal 5: For dual TCI state switching, it is proposed:
· For the (known, known) and (unknown, unknown) combinations, the legacy TCI state switching delay is expected to be reused, subject to further investigation of Proposal 3.
· For the (known, unknown) combination, the legacy TCI state switching delay can be further reduced.


2.5 UE behavior in case the UE does not support the two configured target TCI states
When the network configures two target TCI states to a UE, an issue may arise: what if the UE does not support the two target TCI states simultaneously? To address this issue, we share some options below for consideration:
· The network is supposed to configure two target TCI states based on UE group-based beam reporting, and the network will only configure TCI states that the UE supports. If this is the case, no further action is needed in RAN4.
· If the network cannot ensure that the two configured TCI states are always supported by the UE, what is the UE behavior? Should the UE inform the network it does not support the two configured TCI states or it takes no action and let the TCI state switching fail?

Proposal 6: It is proposed to discuss and decide UE behavior in case the UE does not support the two configured target TCI states simultaneously.

3	Conclusions
In this contribution, we make the following proposals.
Proposal 1: All three TCI state switching scenarios should be considered.
Proposal 2: RRC triggered TCI state configuration is not needed for intra-cell multi-TRP scenario.
Proposal 3: RAN4 should investigate if there are implementation constraints in dual TCI switching and if so, whether to allow some additional delay.
Proposal 4: Both known/unknow cases should be considered.
Proposal 5: For dual TCI state switching, it is proposed:
· For the (known, known) and (unknown, unknown) combinations, the legacy TCI state switching delay is expected to be reused, subject to further investigation of Proposal 3.
· For the (known, unknown) combination, the legacy TCI state switching delay can be further reduced.

Proposal 6: It is proposed to discuss and decide UE behavior in case the UE does not support the two configured target TCI states simultaneously.
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8.10.2 Known conditions for TCI state

The TCI state is known if the following conditions are met:

- During the period from the last transmission of the RS resource used for the L1-RSRP measurement reporting
for the target TCI state to the completion of active TCI state switch, where the RS resource for L1-RSRP
measurement is the RS in target TCI state or QCLed to the target TCI state

- TClI state switch command is received within 1280 ms upon the last transmission of the RS resource for beam
reporting or measurement

- The UE has sent at least 1 L1-RSRP report for the target TCI state before the TCI state switch command
- The TCI state remains detectable during the TCI state switching period
- The SSB associated with the TCI state remain detectable during the TCI switching period

- SNR of the TCI state > -3dB

Otherwise, the TCI state is unknown.




