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Introduction
This contribution considers a potential need to reduce a SCell activation/deactivation time for CA operation and the tools that Rel-15 NR provides to operate SCells.


SCell Activation/Deactivation
The motivation for faster SCell activation/deactivation is to enable faster adaptation of a number of activated/deactivated SCells for a UE to an offered UE traffic. In Rel-15, a transition time between deactivated and activated states for a SCell can be in the tens of msec (e.g. 24 to 32 msec). This issue was addressed in LTE through the introduction of a third SCell state, the ‘dormant’ state [2]. 

In the dormant SCell state, a UE performs CSI measurements, AGC tracking, and time/frequency tracking, thereby removing the components with the largest contribution to SCell activation delay. In NR, the activation delay associated with those procedures will be larger than in LTE due to the sparseness of SS/PBCH blocks in NR compared to the CRS in LTE. The situation will be even worse in FR2. It is noted that even for intra-band CA, if a UE is allowed to reduce the RF BW to not include a SCell, activation of the SCell is similar to inter-band SCell activation (for AGC, time/frequency synchronization, etc.).  

Observation 1: SCell activation delays associated with CSI measurements, AGC tracking, and time/frequency tracking are larger in NR relative to LTE.


SCell activation by PDCCH can offer only marginal benefits over SCell activation by MAC CE. Further, any benefits may even be practically cancelled if HARQ-ACK feedback from the UE is required to ensure a common understanding with the serving gNB. Therefore, as in LTE, a ‘dormant’ cell state rather than PDCCH activation is an effective solution to shortening a SCell activation delay. 


Observation 2: SCell activation by PDCCH does not address the root cause of SCell activation delay and may not offer any meaningful benefits.
 

NR can effectively rely on Rel-15 mechanisms and use BWPs to support ‘dormant’ cell functionality. Rel-15 NR enables a flexible configuration to the UE operation in terms of PDCCH monitoring and CSI measurements. Cross-carrier scheduling enables switching the BWP of a SCell to another BWP, such as one with large BW and (frequent) PDCCH monitoring. BWP switching latency can even be avoided and CSI can be made immediately available by the network configuring to the UE different BWP indexes, with different corresponding configurations, for the same bandwidth (a clarification may be needed in the specification that there is no BWP switching delay if there is no change in the corresponding bandwidth). This effectively allows the network to be switching the UE between operating states without any associated switching latency or ‘warm-up’ latency. 

Observation 3: Rel-15 NR practically supports cell ‘dormancy’, thereby offering fast SCell activation/deactivation. 


One aspect to be resolved to improve the effectiveness of cross-carrier scheduling in Rel-16 and as a result improve SCell ‘activation’ by cross-carrier scheduling in to introduce the RRC signaling support for configuring the number of PDCCH candidates for a scheduled SCell in each corresponding search-space set of the scheduling cell [3]. This was not possible in Rel-15 due to a misalignment between RAN1 and RAN2 and a lateness in modifying the RRC parameters.  

Another aspect that may need to be addressed is a capability to switch a SCell between self-carrier scheduling and cross-carrier scheduling to avoid overloading the scheduling cell. This can simply be done by having self/cross-carrier scheduling be BWP-specific instead of cell-specific.

Observation 4: Configuring the PDCCH candidates for a scheduled cell in each corresponding search space set of the scheduling cell and making self-carrier/cross-carrier scheduling BWP specific can provide meaningful enhancements in supporting ‘SCell dormancy’ in NR. 



Conclusions
This contribution considered potential need for enhancements in reducing a latency for SCell activation/deactivation. Based on the analysis in the previous section, the following are observed.

Observation 1: SCell activation delays associated with CSI measurements, AGC tracking, and time/frequency tracking are larger in NR relative to LTE.

Observation 2: SCell activation by PDCCH does not address the root cause of SCell activation delay and may not offer any meaningful benefits.

Observation 3: Rel-15 NR practically supports cell ‘dormancy’, thereby offering fast SCell activation/deactivation. 

Observation 4: Configuring the PDCCH candidates for a scheduled cell in each corresponding search space set of the scheduling cell and making self-carrier/cross-carrier scheduling BWP specific can provide meaningful enhancements in supporting ‘SCell dormancy’ in NR. 
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