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1. Introduction

In RAN4#90, the requirements for SCell activation were discussed, with the main focus on 

· how to handle the TCI activation of PDCCH/PDSCH/CSI-RS for CQI in the activation process

· whether known cell condition should be defined for FR2 SCell activation

No agreement was made, but the WF [1] was agreed which captures some options for further study. 
In this paper, we will provide our views on the open issues in SCell activation requirements.
2. Discussion
2.1. TCI handling
In RAN4#90, there was a discussion whether TCI activation or selection for PDCCH, PDSCH and CSI-RS for CQI should be part of SCell activation, and two options are listed in [1].

	· Consider the following options for the activation procedure for the first SCell in an FR2 band

· Option 1: activation of TCI states for PDCCH/PDSCH is part of SCell activation

· Case 1: SCell activation command comes before MAC-CE command for TCI state activation

· Case 2: SCell activation and TCI state activation are bundled in the same command

· Other possibilities are not precluded

· Study if RAN4 needs to define requirements for each of the cases or just in one case

· Time required for processing and application of each of these commands 

· If TCI state activation happens after MAC-CE for Scell activation does the UE need to provide a L1-RSRP report before network can select active TCI state

· Option 2: activation of TCI states for PDCCH/PDSCH is not part of SCell activation

· UE assumes PDCCH/PDSCH is QCL-ed with a UE reported beam before receiving the activation command of PDCCH/PDSCH TCI states 

· UE assumes CSI-RS for CQI is QCL-ed with a UE reported beam before receiving the configuration of TCI states for CSI-RS for CQI

· FFS if L3 measurement report before SCell activation can be used for the QCL assumption, or L1-RSRP measurement and report are needed during Scell activation process

· Other options are not precluded


After activation, the SCell should be ready for scheduling, i.e. UE can receive PDCCH and PDSCH on the SCell. In LTE, the SCell activation process is considered as complete when UE reports a valid CQI. The question is whether the same definition can be re-used in NR.
NR is likely to be based on beam based operation, where the PDCCH, PDSCH and CSI-RS for CQI are transmitted in certain Tx beams, and also UE may use certain Rx beams for receiving. Network will inform UE QCL relations between different channels and signals, and UE can then use the receiving parameters, such as channel parameters and Rx spatial filters, obtained from the reference signal for receiving the QCL-ed channels and signals. Without the QCL relations, UE may not be able to correctly decode PDCCH or PDSCH, or measure the CQI from CSI-RS. 

Typically the QCL relationships are indicated by network to UE via TCI. 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

Option 1 in [1] considers TCI activation or selection for PDCCH, PDSCH and CSI-RS for CQI as part of SCell activation process. In our view, this will make the SCell activation process longer as network has to explicitly configure and activate the TCI for PDCCH, PDSCH and CSI-RS for CQI before scheduling on the SCell.
On the other hand, RAN1 has defined how the QCL assumption can be made before TCI activation for PCell after initial access, and Option 2 in [1] re-uses the same solution. Basically, the SCell will be available for scheduling once network knows from UE which Tx beam to use. 
· For PDCCH, below has been specified in 38.213.

	For a CORESET other than a CORESET with index 0, if a UE has not been provided with a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has received initial configuration of more than one TCI states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure.


· For PDSCH, below has been specified in 38.214.

	he UE receives an activation command [10, TS 38.321] used to map up to 8 TCI states to the codepoints of the DCI field 'Transmission Configuration Indication'. When the HARQ-ACK corresponding to the PDSCH carrying the activation command is transmitted in slot n, the indicated mapping between TCI states and codepoints of the DCI field 'Transmission Configuration Indication' should be applied starting from slot[image: image2.png]f rame,
n+ g



+1. After a UE receives an initial higher layer configuration of TCI states and before reception of the activation command, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the SS/PBCH block determined in the initial access procedure with respect to 'QCL-TypeA', and when applicable, also with respect to'QCL-TypeD'.


Following option 2, UE can decode PDCCH and PDSCH if they are transmitted in the Tx beam indicated by the UE. This is same as for PCell after initial access. For CQI measurement, we think UE can also assume the CSI-RS for CSI is QCL-ed to the RS UE reported as preferred Tx beam. In this way, UE reporting valid CQI can still be used to define the completion of SCell activation process. 
It should be noted that the discussion is for the case where network does not know which Tx beam should be used to schedule the UE, and thus has not configured TCI for the CSI-RS for CQI. If network has configured TCI for CSI-RS for CQI, the assumption is that network knows which Tx beam to use for scheduling the UE, and that Tx beam is used to transmit both CSI-RS for CQI and PDCCH/PDSCH. Still, UE reporting valid CQI can still be used to define the completion of SCell activation process.
Proposal 1: Re-use the definition of LTE SCell activation, i.e. SCell activation is completed when UE reports a valid CQI for the SCell.
The next question is which UE reported beam can be used for QCL assumption before the TCI for PDCCH and PDSCH is activated or before the TCI for CSI-RS for CQI is configured. Unlike PCell, there is no initial access procedure during SCell activation process. 

· One straightforward option is to have a L1-RSRP measurement and reporting during the activation process, if the TCI for CSI-RS for CQI is not configured. This is shown in Figure 1. After reporting, UE can assume the CSI-RS for CQI and PDCCH/PDSCH are QCL-ed with the reported SSB index.

· Another option discussed in RAN4#90 is to use the SSB index UE reported in the L3 RRM measurement results before the SCell activation process. This is in theory possible and can make the activation faster, but it is quite unreliable. The RRM measurement on de-activated SCell is performed every max(measCycleSCell, DRX cycle), so the measurement interval is at least 160ms. It means even the L3 RRM measurement result is reported right before the SCell process, the Tx-Rx beam pair is selected based on measurement sample in a time period of 5*8*160ms. With such a long time, the Tx-Rx beam pair selected may not be suitable for transmitting/receiving PDCCH/PDSCH, and the probability of activation failure will be high.
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Figure 1: Example of SCell activation timeline when CSI-RS for CSI is not configured with TCI 
Proposal 2: For FR2 SCell activation, 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.
2.2. 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.

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.

In RAN4#90, some companies proposed that a known condition for FR2 SCell activation can re-use that of FR1, which is based on UE reporting the SCell in the last [X]ms. As discussed in section 2.1, even the L3 RRM measurement result is reported right before the SCell process, the Tx-Rx beam pair is selected based on measurement sample in a time period of 5*8*160ms, and it cannot provide reliable Tx-Rx beam pair information for PDCCH/PDSCH after activation.

Observation 2: L3 RRM report before the FR2 SCell activation cannot provide reliable Tx-Rx beam pair information for PDCCH/PDSCH after activation.

In RAN4#90, as captured in [1] there is a proposal to define known cell condition based on UE performing L1-RSRP measurement on the de-activated SCell. This would provide reliable Tx-Rx beam pair for the activation process and can make the process faster by avoiding the L1-RSRP measurement and reporting time, but in our view the L1-RSRP is part of CSI measurement, which is only performed on active BWP on active serving cells. 

In order to maintain the Tx-Rx beam pair for scheduling, the L1-RSRP needs to be measured quite frequently, and this means on the UE side there is almost no power saving compared to an active SCell, and for the network, the SCell still needs to be activated before it can be used for scheduling. Therefore, we don’t think this is a desirable solution.

Observation 3: Having UE to perform L1-RSRP measurement on de-activated SCell will compromise the power saving gain of SCell de-activation.
Finally, 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 4: 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 3: Do not define known cell condition for FR2 SCell activation requirements.
3. Conclusions

In this paper we provided our views on the open issues in SCell activation.
Proposal 1: Re-use the definition of LTE SCell activation, i.e. SCell activation is completed when UE reports a valid CQI for the SCell.
Proposal 2: For FR2 SCell activation, 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.
Proposal 3: Do not define known cell condition for FR2 SCell activation requirements.
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