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1. Introduction

In RAN4#89 the requirements for SCell activation were discussed with following agreements.
	· SCell activation time shall include UE processing time for CSI reporting
· QC will draft WF to capture all the comments and conclusions for delay associated with TCI status switching and Scell activation delay with multiple TCI case.
· For intra-band CA, the SSB’s from the cells should have the same DL spatial domain transmission filter. If the SSBs don’t have same DL spatial domain transmission filter the UE is not supposed to satisfy any requirements for SCell.


However, there are still two major open issues to be solved before the topic can be closed:

· Whether to define known cell condition for FR2 
· Activation of TCI during SCell activation
In this paper we will address the open issues in the SCell activation requirements.
2. Discussion
2.1. Known cell condition
The FR1 SCell activation requirements are different for a known SCell or an unknown SCell. In the known case, UE is assumed to have obtained the coarse timing and gain setting for the SCell from the recent RRM measurement before receiving the activation command. As a result, in the activation timeline, there is no time allowed for cell detection or AGC gain settings, and a shorter activation delay can be achieved.
RAN4 has discussed whether and how to define a known cell condition for FR2 but failed to reach consensus. In RAN4#89, a WF [1] was agreed to continue discussing the issue. In the next we will provide our view.

The system in FR2 is highly dependent on beam based operation. The communication link between the network and UE is decided by the Tx-Rx beam pair. UE will select among multiple Tx beams from the network the best one for its data transmission, and UE will also sweep the Rx beams to find the best one used for receive beamforming. 

On the other hand, it is expected that the Tx-Rx beam pair may change quite dynamically. UE movement is one reason, but more importantly, the UE rotation and environment change (e.g. blockage). If the Tx-Rx beam pair changed, the timing and gain setting obtained from the last measurement may become invalid:

· For the gain setting, it is obvious. Combining both Tx and Rx beamforming, the effective antenna gain over the link may change in the order of 10dB when the beam pair changes. It means UE may need to do AGC adjustment for the new Tx-Rx beam pair.

· For the timing, it has been discussed in RAN4#89 under the Timing agenda, that the Tx or Rx beam switch may cause the timing change larger than CP length. It means UE may need to obtain the timing on the new link with cell detection.

Observation 1: In FR2 the Tx-Rx beam pair may change dynamically. The timing and gain setting obtained before the activation may become invalid during activation process.

Now we look into the time scale if same known cell condition were to be defined in the same way as in FR1. The FR1 known cell is 

	SCell in FR1 is known if it has been meeting the following conditions:

-
During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command:

-
the UE has sent a valid measurement report for the SCell being activated and
-
the SSB measured remains detectable according to the cell identification conditions specified in section 9.2 and 9.3.

-
the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 9.2 and 9.3.

Otherwise SCell in FR1 is unknown.


It means if UE has measured the SCell being activated any time during the last max([24] measCycleSCell, [24] DRX cycles), the SCell would be considered as known. Here the sample number is changed from 5 to 24 to account for UE Rx beam sweeping during the measurement. Even we take the smallest possible measurement interval 160ms, it gives 3.84s. In our understanding, it is a time scale with which the Tx-Rx beam pair may change, and thus the timing and gain setting may be invalid.

Observation 2: FR1 known cell definition cannot be re-used for FR2.

In addition, in current FR2 requirements, different activation delays are defined depending on whether there is active serving cell in the same band as the SCell being activated. As all serving cells in the same FR2 band are assumed to be co-located and transmitted with the same Tx beam on SSB, the timing and gain setting for the SCell being activated can be determined from the already active serving cell, so cell detection time and AGC adjustment time are not included in the activation timeline. In this sense, this differentiation based on whether there is active serving cell in the same band as the SCell being activated already serve the purpose of known cell condition.
Observation 3: The condition on whether there is active serving cell in the same band as the SCell being activated can serve similar purpose as known cell condition.

Based on above analysis, our preference is to not define known cell condition for FR2.
Proposal 1: Do not define known cell condition for FR2 SCell activation requirements.
2.2. TCI handling
In RAN4#89, some companies raised up the issue that the TCI selection among multiple TCI states should be considered for the SCell activation process, and a WF [2] was agreed with the following open issues.
	· If UE is configured with multiple TCI states/Spatial Relations

· Scell activation command comes via MAC-CE

· Open Items

· Procedure for down selecting to one active TCI state and spatial relation

· Order of procedure between Scell activation and TCI (spatial relation) selection

· Total delay required for all these procedures


In our view, TCI states can be configured to

· PDCCH, up to 8 TCI states can be configured, and only one is activated via MAC CE for PDCCH transmission

· PDSCH, up to 128 TCI states can be configured, and up to 8 can be activated via MAC CE, and one is selected via DCI for PDSCH transmission

· CSI-RS, including CSI-RS for CSI, for tracking and for beam management, only one TCI state can be configured

In Figure 1, we show an example of SCell activation timeline based on current requirements, and it can be seen that during the process, there is no PDCCH or PDSCH transmission on the SCell, nor there is PUCCH or PUSCH transmission (the CSI report will be on PCell PUCCH). What matters for the SCell activation process is the CSI-RS for CSI.
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Figure 1: Example of SCell activation timeline based on current requirements
Observation 4: It is the TCI of the CSI-RS for CSI that matters for the SCell activation process.
In an active serving cell, the CSI-RS for CSI is mostly likely to be transmitted in the same Tx beam as PDCCH or PDSCH, thus it is configured with the TCI which indicates the same RS as the TCI for PDCCH or PDSCH. However, for the SCell being activated, there can be two cases
· The CSI-RS for CSI is configured with a TCI state

In this case, network knows which Tx beam to use to transmit the CSI-RS for CSI, e.g. if the SCell is co-located with PCell, the TCI state can indicate a RS on the PCell. UE can immediately start the CSI measurement after getting the fine tracking, and the activation timeline is same as shown in Figure 1. It is up to network to ensure the TCI is proper, i.e. UE can get a valid CSI measurement using the same Rx beam as used for measuring the RS indicated in the TCI.
· The CSI-RS for CSI is not configured with a TCI state

In this case, network does not know which Tx beam to use to transmit the CSI-RS for CSI, e.g. if the SCell being activated is the first SCell in FR2, there is no a prior information at the network side to configure the TCI. Therefore, a UE reporting is needed to facilitate network to select the Tx beam, and the activation timeline should include one round of L1-RSRP measurement and reporting, as shown in Figure 2. After the L1-RSRP reporting, UE can assume the CSI-RS for CSI is transmitted in the reported Tx beam, i.e. it is QCL-ed with the reported SSB or CSI-RS index, until a TCI is configured for the CSI-RS for CSI.
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Figure 2: Example of SCell activation timeline when CSI-RS for CSI is not configured with TCI 
Observation 5: If TCI of the CSI-RS for CSI is not configured, additional L1-RSRP measurement and reporting is needed for network to select the Tx beam.
Based on above analysis, the SCell activation requirements should be differentiated based on whether the CSI-RS for CSI on the SCell is configured with a TCI state or not. This also applies for FR1, since network may also use multiple Tx beams in FR1.
Proposal 2: If TCI of the CSI-RS for CSI is not configured, the SCell activation delay should include the time for one round of L1-RSRP measurement and reporting.
3. Conclusions

In this paper we provided our views on the open issues for SCell activation requirements.
Observation 1: In FR2 the Tx-Rx beam pair may change dynamically. The timing and gain setting obtained before the activation may become invalid during activation process.

Observation 2: FR1 known cell definition cannot be re-used for FR2.

Observation 3: The condition on whether there is active serving cell in the same band as the SCell being activated can serve similar purpose as known cell condition.

Proposal 1: Do not define known cell condition for FR2 SCell activation requirements.
Observation 4: It is the TCI of the CSI-RS for CSI that matters for the SCell activation process.

Observation 5: If TCI of the CSI-RS for CSI is not configured, additional L1-RSRP measurement and reporting is needed for network to select the Tx beam.
Proposal 2: If TCI of the CSI-RS for CSI is not configured, the SCell activation delay should include the time for one round of L1-RSRP measurement and reporting.
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