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1. Introduction
In the RAN2#105, it was discussed whether the dormant SCell state is to be supported or not. The conclusion was to ‘discuss what the UE is required to do to speed up activation and how to do it’, with forgetting about the concept of dormant state for now. In this contribution, we discuss a design goal for fast SCell activation and then discuss how to achieve the design goal.
2. Discussion
2.1
What is a goal?
Firstly, it is good to confirm a design goal to be achieved in NR. In the context of fast SCell activation, the design goal should be the same or very similar as what the dormant SCell state in LTE can achieve. That is, to make the CSI measurements available for an SCell which is not used for data transmission temporarily and can be deactivated without performance (e.g. throughput) degradation, when the data transmission is required on that SCell. At the same time, to achieve the UE battery saving on that SCell by not monitoring the PDCCH there. Hereinafter, such SCell is referred to as “less active SCell”.
The essential points are 1) whether the UE can stop monitoring the PDCCH on less active SCell and 2) whether the UE should perform CSI measurements on less active SCell. We discuss these in the following.
1) whether UE can stop monitoring PDCCH on less active SCell?
In order to achieve extremely low battery consumption on the less active SCell, stop monitoring the PDCCH is very useful. This can be justified with the basic assumption that the less active SCell can be deactivated from performance point of view and there is no critical impact anyway.
Observation 1. The UE can stop monitoring the PDCCH on the less active SCell for battery saving.
2) whether UE should perform CSI measurements on less active SCell?

In Rel-15 LTE euCA, the UE continues the CSI measurement report for the dormant SCell in order for the eNB to start data transmission right after activating the dormant SCell. The target requirement can be understood that the UE should make CSI measurement available for SCell being activated by the time when the eNB and the UE are ready for data transmission and reception. The same requirement should be applied to NR.

With forgetting about dormant state for now, the requirement for NR can be reworded such that the UE should make CSI measurement available for a less active SCell which is to be used for data transmission again by when the eNB and the UE are ready for data transmission and reception on the SCell. The target delay should be at least within several ms (i.e. phase 2 in Fig 1), which is much shorter than SCell activation delay requirement [2]. Otherwise (i.e. if only phase 3 in Fig 1 is considered), even in LTE, there is no need for dormant state from the CSI measurements point of view.
Observation 2. The UE should make CSI measurement available for less active SCell at least within several ms when the gNB decides that SCell is used for data transmission again for better performance (e.g. throughput).
Another aspect is that the CSI measurements for the dormant SCell can be also useful for the eNB to select which dormant SCell is activated when more than one dormant SCells are configured (e.g. phase 1 in Fig 1). This was not the original intention for introducing the dormant SCell, but this could be good aspect to think about in NR as well. For example, it would be useful to perform the CSI measurement on the less active SCell even though the UE does not monitor the PDCCH on that less active SCell.
Observation 3. The CSI measurements for the less active SCell is also useful for selecting optimal SCell to be used for data transmission again from network point of view.
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Figure 1: CSI measurements for less active SCell
Based on discussions and observations above, the following proposals are reached.
Proposal 1: RAN2 to confirm that the following is the design goal of fast SCell activation in NR, where “less active SCell” refers to an SCell which is not used for data transmission temporarily and can be deactivated without performance (e.g. throughput) degradation:
· The UE can stop monitoring the PDCCH on the less active SCell.
· The UE should make CSI measurement available for less active SCell at least within several ms when the gNB decides to use that SCell for data transmission again.
For the latency requirement in the proposal 1, this would be satisfied by either forcing the UE to achieve new tighter requirement or keeping the CSI measurements even while the UE does not monitor the PDCCH. Considering the trade-off between the UE complexity due to additional requirement and the battery consumption due to measurements, it would be slightly better to keep performing the CSI measurements.
Proposal 2: RAN2 to agree that the CSI measurements should be available for the less active SCell while the UE does not monitor the PDCCH there.
If RAN2 agree with the proposal 2, then the second bullet of the proposal 1 can be replaced with it.
2.2
How to achieve the goal
It is discussed how the target design goals proposed in 2.1, i.e. “UE can stop PDCCH monitoring on less active SCell, and perform CSI measurements for that SCell” can be achieved.
a) Signaling aspects
On PDCCH monitoring (i.e. stop and re-start monitoring), this can be technically achieved via DL signaling even without SCell state transition e.g. between activated and deactivated. The possible DL signaling can be L1/2, MAC CE or RRC but the MAC CE is the most appropriate one for this type of network control to avoid mismatch between the network and the UE and also avoid long processing/procedure delay. When the gNB instructs the UE to re-start PDCCH monitoring, there is some delay until the UE actually starts. However, the delay can be negligible and the gNB can understand when the HARQ feedback for the instruction is received, the UE already re-starts the PDCCH monitoring.
On CSI measurements, given the PDCCH monitoring is controlled by MAC CE, there is no need for additional signaling or state transition. I.e., this can be just a sort of configuration. One negative aspect may be there is some ambiguity period in the case that the measurement configuration is to be switched to pre-configured “relaxed” configuration (if necessary). However, this would not be the critical issue, because the corresponding SCell will not be used very soon anyway.
Observation 5. For achieving the design goal, only one new MAC CE needs to be introduced for controlling both PDCCH monitoring and CSI measurements. Even if the change of CSI measurement configuration is necessary for relaxed measurements, it can be achieved with the same new MAC CE and pre-configuration by RRC.
b) Need of state transition
One more open issue is to decide whether any state transition (e.g., activated <-> deactivated) is necessary or not. Note that we assume only activated and deactivated states for now.

Currently, the UE (MAC entity) monitors the PDCCH for each activated SCell. If the UE does not monitor the PDCCH on some activated SCell(s), the MAC specification has to be modified. On the other hand, as the UE does not perform the CSI measurements for the deactivated SCell, similarly the MAC specification has to be modified. Either way, the changes will not so big.

Observation 6. From specification point of view, required modifications will be almost the same level for with and without state transition between activated and deactivated.

Additionally, the BWP aspect should be also considered. In NR, there can be more than one (and up to 4) BWPs in a cell. When the SCell is deactivated, the UE moves to the first active BWP which is to be used upon SCell activation. Given that the UE can stop monitoring the PDCCH but still perform the CSI measurements in the less active SCell and the active BWP is non-first active BWP, it should be clarified which BWP the UE should use for the CSI measurements.

If the UE should move to the first active BWP to reduce the measurement bandwidth for battery saving, the easiest way is to align with the SCell deactivation to avoid additional text for BWP switching. On the other hand, if the UE should stay in the current active BWP, there is no additional text for BWP switching as well as state transition. This could be the simplest approach in some sense, but there still remains another question, i.e. whether timer-based BWP switching is still applied, which should be avoided. Therefore, it seems better to switch the BWP to the first active BWP when the UE stop monitoring the PDCCH in less active SCell.
Observation 7. From BWP usage point of view, the UE should move to the first active BWP when the gNB instructs the UE to stop monitoring the PDCCH, which is aligned with SCell deactivation case.
Proposal 3: RAN2 to agree that the UE move to the first active BWP if the current active BWP is not the first active BWP when the gNB instructs the UE to stop monitoring the PDCCH.

If the proposal 3 is agreeable, we further propose:
Proposal 4: RAN2 to discuss whether the SCell state transition should be involved to make the UE behavior clearer by differentiating from the activated state. And, if state transition is required, RAN2 to discuss whether the target state is the deactivated state or new state (i.e. dormant) is defined.
3. Conclusion

In this contribution we discussed the design goal for fast SCell activation and how to achieve such the design goal. Then, we made the following observations and proposals.
On design goal:

Observation 1. The UE can stop monitoring the PDCCH on the less active SCell for battery saving.
Observation 2. The UE should make CSI measurement available for less active SCell at least within several ms when the gNB decides that SCell is used for data transmission again for better performance (e.g. throughput).
Observation 3. The CSI measurements for the less active SCell is also useful for selecting optimal SCell to be used for data transmission again from network point of view.
Proposal 1: RAN2 to confirm that the following is the design goal of fast SCell activation in NR, where “less active SCell” refers to an SCell which is not used for data transmission temporarily and can be deactivated without performance (e.g. throughput) degradation:

· The UE can stop monitoring the PDCCH on the less active SCell.

· The UE should make CSI measurement available for less active SCell at least within several ms when the gNB decides to use that SCell for data transmission again.

Proposal 2: RAN2 to agree that the CSI measurements should be available for the less active SCell while the UE does not monitor the PDCCH there.

If RAN2 agree with the proposal 2, then the second bullet of the proposal 1 can be replaced with it.
On how to achieve the design goal:

Observation 5. For achieving the design goal, only one new MAC CE needs to be introduced for controlling both PDCCH monitoring and CSI measurements. Even if the change of CSI measurement configuration is necessary for relaxed measurements, it can be achieved with the same new MAC CE and pre-configuration by RRC.
Observation 6. From specification point of view, required modifications will be almost the same level for with and without state transition between activated and deactivated.
Observation 7. From BWP usage point of view, the UE should move to the first active BWP when the gNB instructs the UE to stop monitoring the PDCCH, which is aligned with SCell deactivation case.

Proposal 3: RAN2 to agree that the UE move to the first active BWP if the current active BWP is not the first active BWP when the gNB instructs the UE to stop monitoring the PDCCH.

If the proposal 3 is agreeable, we further propose:
Proposal 4: RAN2 to discuss whether the SCell state transition should be involved to make the UE behavior clearer by differentiating from the activated state. And, if state transition is required, RAN2 to discuss whether the target state is the deactivated state or new state (i.e. dormant) is defined.
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