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One of the objectives in the WI on NR RRM enhancements [1] concerns defining SCell activation delay requirements for activation of multiple SCells in the same MAC-CE command. 
(2) RRM requirements of multiple Scell activation/deactivation in both FR1 and FR2
· Scell activation and deactivation delay and interruption requirements for multiple SCell activation/deactivation in FR1, and FR2, and FR1+FR2
·  the corresponding delay requirements for both FR1 and FR2 should be power class agnostic
In this contribution we provide input on the SCell activation procedure for activation of multiple SCells.
Discussion
Activation of multiple SCells in E-UTRA
In E-UTRA, activation of multiple SCells with the same MAC-CE command are handled in parallel, as described in TS 36.133 clauses 7.7.1, 7.7.2 and 7.7.4:7.7.2	SCell Activation Delay Requirement for Deactivated SCell
The requirements in this section shall apply for the UE configured with one downlink SCell. The requirements in this section are applicable for E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD carrier aggregation. The requirements in this clause are also applicable for EN-DC. The requirements in this clause are also applicable for the UE operating in NE-DC.
[…]
[bookmark: _Toc383690769]7.7.1	Introduction
This section defines requirements for the delay within which the UE shall be able to activate a deactivated or dormant SCell, deactivate an activated or dormant SCell, or hibernate a deactivated or activated SCell in E-UTRA carrier aggregation. The requirements are applicable to an E-UTRA carrier aggregation capable UE which has been configured with up to six downlink SCells.
This section also defines requirements for the delay within which the UE shall be able to directly activate or directly hibernate a SCell in E-UTRA carrier aggregation. The requirements for dormant SCell are applicable for up to [4] SCell(s).
If multiple downlink SCells are activated or deactivated in the same MAC control element as defined in [17], the requirements shall apply to each of the SCells in the MAC control element.
[…]

7.7.4	SCell Activation Delay Requirement for Deactivated SCell with Multiple Downlink SCells
The requirements in this section shall apply for the UE configured with up to six downlink SCells. The requirements in this section are applicable for E-UTRA FDD, E-UTRA TDD and E-UTRA TDD-FDD carrier aggregation. The requirements in this clause are also applicable for EN-DC. The requirements in this clause are also applicable for the UE operating in NE-DC.
While activating a SCell if the UE does not receive any command to activate, deactivate, configure or deconfigure any other SCell during the SCell activation delay then the UE shall meet the SCell activation delay requirements specified in section 7.7.2.
[…]

Observation 1: SCell activations of multiple E-UTRA SCells with the same MAC-CE command are carried out in parallel, with each SCell activation meeting the same requirement as had it been the only SCell being activated.
Activation of multiple SCells in NR FR1
For known SCell to-be-activated in FR1 there is little difference to activation in E-UTRA. For unknown SCell to-be-activated, however, there are additional challenges in NR FR1 since a cell may be associated with up to 8 SSB indexes, each e.g. representing a sector or a transmission point in the cell. Even though low-complexity methods (e.g. PDP) can be used for detection and timing adjustments, usage of low-complexity methods is hardly feasible when the UE has to search for up to 8 SSB indexes.
Higher layer specfications (TS 38.321 5.9) specifies that upon completion of SCell activation, i.e. transmission of a CSI report carrying a valid CQI, the UE shall monitor PDCCH for SCell in SCell. In effect, this means that in case of multiple SSB indexes are associated to the SCell, the PDCCH will be configured with a TCI state that indicates to the UE the association between the PDCCH to receive and a SSB index. Using this information, the UE can reduce the search interval to the relevant SSB index, and the effort for detecting the SCell becomes on par with E-UTRA at least for the µ=0 case. For the µ=1 case, there is a relatively larger search interval around the SSB index in case the SCell is an inter-band neighbour to a serving cell since the MRTD is the same (±33µs) but the OFDM symbol is half length compared to µ=0; see Figure 1. This represents small increase in complexity compared to E-UTRA and does not rule out usage of low-complexity methods. In any case, since there is no channel reception on the concerned SCC, the SCell detection can be carried out using resources otherwise budgeted for channel estimation and channel reception, i.e. it does not impact the UE hardware complexity.


[bookmark: _Ref21080625]Figure 1: Timing uncertainty for unknown SCell when timing reference is inter-band serving cell (MRTD ±33µs)
Proposal 1: SCell activations of multiple FR1 cells are, similar to E-UTRA, carried out in parallel. In case of unknown SCell(s) associated with multiple SSB indexes, the requirement shall be conditioned on: (a) the relevant SSB index is indicated by the TCI state configured for PDCCH, and (b) the relevant SSB index fulfills side conditions for detectability during the SCell activation period. Each FR1 SCell activation shall meet the activation delay requirement as had a single SCell been activated. 
In E-UTRA, the number of SCells that can be activated simultaneously is capped to 6. Our preference is that in NR the UE can support parallel activation for one SCell per supported SCC.
Proposal 2: The UE is to support parallel activation of one SCell per supported SCC in FR1.
Regarding radio reconfigurations, with parallel activation all radio reconfigurations are to be coordinated and co-located in time. In case it is identified that there are UE limitations on how the radio can be reconfigured, e.g. due to serial buses or interfaces, serial writing to registers, etc, a somewhat longer interruption than currently defined can be considered.
Proposal 3: Radio reconfigurations during SCell activation of multiple FR1 SCells are to be coordinated and co-located in time. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
Activation of multiple SCells in NR FR2
For known SCell to-be-activated in FR2 there is little difference to the NR FR1 case. For unknown SCell to-be-activated, the complexity depends on whether (a) there is at least one active serving cell in the FR2 band, or (b) at least one of the SCells to-be-activated in the FR2 band with the same command is known. If this is the case, frame timing as well as spatial filter is constrained for all of the SCells to-be-activated in the FR2 band. In other words, the unknown SCells inherit the spatial and temporal constraints imposed by active intra-band serving cells or known intra-band SCells that are activated by the same command. Under these conditions, the SCells can be activated in parallel.
In case there is no active serving cell in the FR2 band, and no known SCell(s) among the SCells to be activated in the FR2 band with the same command, the timing uncertainty (MRTD ±25µs to serving cell in FR1) as well as the potentially large number of SSB indexes to search over (up to 64) may call for using contrained resources such as cell detection hardware. However, using the cell detection hardware on all SCells to-be-activated would lead to an unecessarily lengthy activation process. At the same time, once a first SCell has been detected, and TCI state has been configured, temporal and spatial constraints apply to all remaining SCells to-be-activated in that FR2 band. Hence using cell detection hardware is necessary only for the first unknown SCell.
Looking at the timeline for the activation procedure for unknown SCell (TS 38.133 8.3.2), 
Tactivation_time = 	3ms + 24*Trs + TL1-RSRP, measure + TL1-RSRP, report + max ((THARQ + Tuncertainty_MAC + 5ms + TFineTiming), (Tuncertainty_RRC + TRRC_delay)).
with TFineTiming as follows
TFineTiming is the time period between UE finish processing the last activation command for PDCCH TCI, PDSCH TCI (when applicable) and semi-persistent CSI-RS (when applicable) and the timing of first complete available SSB corresponding to the TCI state. 
it is clear that at this point in the activation timeline additional unknown SCells in the FR2 band can be detected in similar fashion as had there already been an active serving cell, provided that the concerned SSB index fulfills side conditions on detectability. Hence also for the case where all SCells to-be-activated in the FR2 band are unknown, parallel activation can be carried out, where each SCell meets the requirement as had it been activation of a single SCell. 
Proposal 4: SCell activations of multiple FR2 cells in the same band are carried out in parallel. Spatial and temporal constraints are, if necessary, inherited from known intra-band SCell(s) to-be-activated in the same command. Each FR2 SCell activation shall meet the activation delay requirement as had a single SCell been activated.
Regarding whether to cap the number of SCells in FR2 that can be activated in parallel, it is our preference that the UE can support parallel activation of one SCell per SCC in FR2. 
Proposal 5: The UE is to support parallel activation of one SCell per supported SCC in FR2 when carrier aggregation is including a single FR2 band.
On the topic of interruptions due to radio reconfigurations, similar to the FR1 case we propose that those shall be coordinated and co-located for all concerned carriers. 
Proposal 6: Radio reconfigurations during SCell activation of multiple FR2 SCells are to be coordinated and co-located in time. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
Activation of multiple SCells in NR FR1 and FR2
For activation of SCells in FR1 and FR2, we propose that those are to be handled in parallel, and further, that radio reconfigurations are coordinated and co-located across concerned carriers for UEs with per-UE gap capability.
Proposal 7: The UE is to support parallel activation of SCells in FR1 and FR2. Each SCell activation shall meet the activation delay requirement as had it been the only SCell being activated. For UEs with per-UE gap capability, radio reconfigurations shall be coordinated and co-located across all FR1 and FR2 carriers. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
As the number of supported FR1+FR2 SCCs may be less than the sum of supported FR1 SCCs and FR2 SCCs, respectively, and our preference still is that one SCell per supported SCC can be activated in parallel, we propose the following.
Proposal 8: The UE is to support parallel activation of one SCell per supported SCC in FR1-FR2 inter-band carrier aggregation.
Summary and Conclusion
In this contribution we have provided input on procedures for SCell activation of multiple SCells in the same command. The following observation was made regarding legacy:
Observation 1: SCell activations of multiple E-UTRA SCells with the same MAC-CE command are carried out in parallel, with each SCell activation meeting the same requirement as had it been the only SCell being activated.
Based on the observation we propose similar UE behaviour for a competitive performance in NR. For activation of SCells in FR1, the following proposals are made:
Proposal 1: SCell activations of multiple FR1 cells are, similar to E-UTRA, carried out in parallel. In case of unknown SCell(s) associated with multiple SSB indexes, the requirement shall be conditioned on: (a) the relevant SSB index is indicated by the TCI state configured for PDCCH, and (b) the relevant SSB index fulfills side conditions for detectability during the SCell activation period. Each FR1 SCell activation shall meet the activation delay requirement as had a single SCell been activated. 
Proposal 2: The UE is to support parallel activation of one SCell per supported SCC in FR1.
Proposal 3: Radio reconfigurations during SCell activation of multiple FR1 SCells are to be coordinated and co-located in time. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
For activation of SCells in FR2, the following proposals are made:
Proposal 4: SCell activations of multiple FR2 cells in the same band are carried out in parallel. Spatial and temporal constraints are, if necessary, inherited from known intra-band SCell(s) to-be-activated in the same command. Each FR2 SCell activation shall meet the activation delay requirement as had a single SCell been activated.
Proposal 5: The UE is to support parallel activation of one SCell per supported SCC in FR2 when carrier aggregation is including a single FR2 band.
Proposal 6: Radio reconfigurations during SCell activation of multiple FR2 SCells are to be coordinated and co-located in time. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
For activation of a combination of FR1 and FR2 cells, the following proposals are made:
Proposal 7: The UE is to support parallel activation of SCells in FR1 and FR2. Each SCell activation shall meet the activation delay requirement as had it been the only SCell being activated. For UEs with per-UE gap capability, radio reconfigurations shall be coordinated and co-located across all FR1 and FR2 carriers. Whether the interruption length needs to be increased compared to single SCell activation case is for further investigation.
Proposal 8: The UE is to support parallel activation of one SCell per supported SCC in FR1-FR2 inter-band carrier aggregation.
Other companies’ views are welcome.
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