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1. Introduction

Now, a WI for DC and CA enhancements is introduced in R16 NR. One objective is:

3. Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]

a) This objective applies to MR-DC, NR-NR DC and CA

b) The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode

In RAN2#105 meeting, RAN2 discussed Fast SCell Activation in CA/DC enhancement WI. Some agreements are reached:

Agreements:

1. The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover.  Timing requirements are up to RAN4.  FFS if this applies to resume.

In RAN2#106 meeting, RAN2 further discussed Fast SCell Activation in CA/DC enhancement WI. The agreements are:

Agreement

1
SCell dormant state like LTE euCA will not be introduced in NR. 

2
‘dormancy’ behaviour will be studied as a solution for fast return to SCell utilisation for data transfer. The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. RAN1/4 input required on feasibility and benefit.

In this paper, we will discuss the concept of ‘dormancy’ behaviour in NR system for Fast SCell Activation purpose and how to support it.
2. Discussion

Issue 1: Dormancy behaviour concept

RAN2 agreed that the SCell dormant state introduced in LTE euCA will not be introduced in NR.

The 'dormancy' behaviour is per serving cell except PCell and we can consider the SCell with dormancy behaviour as activated state.

In RAN2#106 meeeting, RAN2 already agreed that “The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management.” Except above agreements for dormancy behaviour, we think it is common understanding that the UE will stop PUCCH/PUSCH/SRS transmission and stop monitor the PDCCH and PDSCH reception. However, there are still some unclear points to define what the dormancy behaviour is, E.g. 

· Whether the BFR and RLM is supported or not for dormancy behaviour?

· Whether the CQI and BM measurement should be limited on one BWP for dormancy behaviour?

· What is the difference of BM procedure between dormancy behaviour and non-dormancy behaviour?

The RS for beam failure detection and recovery procedure is configured per BWP via RRC, if the beam failure is detected, the BFR is triggered, i.e. RACH procedure is triggered to recovery the beam. For SCell in dormancy behaviour, we can not see the need to perform the beam failure detection and recovery due to the UE will stop monitor the PDCCH/PUCCH/PUSCH/SRS/PDSCH reception and transition;

Proposal 1: beam failure detection and recovery procedure is not required for the SCell in dormancy behaviour.
In NR, the BWP concept was introduced. The UE can be configured with up to 4 BWPs per serving cell and there is only one active BWP (including both DL BWP and UL BWP) per serving cell at any given time. The UE will perform the CQI measurements, RLM, PDCCH monitoring, data reception and transmission only in the active BWP. The BWP switching can be performed via either DCI, RRC signalling or timer. When RACH is initiated in a UL BWP without PRACH configuration, the UE can also perform BWP switching. Given the agreement that UE will not perform PDCCH monitoring and PDSCH reception for dormancy behaviour, we think it is not necessary to do CQI measurement in all 4 BWPs of this kind of SCell for UE power saving purpose and BWP switch is also not needed.

Proposal 2: the SCell in dormancy behaviour will not perform the BWP switch.

In R15 NR CA, when a SCell is transitioned from deactivated state to activated state, the UE will use the configured first active BWP as the active BWP. For SCell in dormancy behaviour, the UE can perform the CQI measurement in the first active BWP as RRC configured. However, we think it is beneficial to allow the network to specify one BWP to perform CQI measurement when command UE which SCell enter dormancy behaviour, e.g. network decide that according to the deployment and interference.

Proposal 3: the UE will perform CQI measurement in one BWP of SCell in dormancy behaviour. The network can specify one BWP for UE to perform CQI measurement in one SCell in dormancy behaviour.
The RS for beam management is configured per BWP via RRC. The UE will perform the measurement with the RS configuration and report measurement results, e.g. RSRP to the network via PUCCH. The same reason as CQI measurement, we also think the UE should perform the beam management measurement only on one BWP, not on all the BWPs configured by the network.

Proposal 4: the UE will perform BM measurement in one BWP of SCell in dormancy behaviour.The network can specify one BWP for UE to perform BM measurement in one SCell in dormancy behaviour.
For BM procedure, the network will configure the TCI states via RRC and activate TCI state via MAC CE. For dormancy behaviour, UE does not perform PDCCH monitoring thus there is no PDSCH reception. It seems the TCI states A/D MAC CE is not needed to maintain the activated TCI ID list.
The measurement results for BM are reported by PUCCH in one serving cell. If the serving cell configured with PUCCH in the PUCCH group is in dormancy behaviour, it is an issue for the UE to report the BM measurement results. We are not sure if the PUCCH serving cell can be dormancy or not. So it is better to not allow the PUCCH serving cell in dormancy behaviour.
There are no requirements for data reception and transmission on SCell in dormancy behaviour. We also wonder if it is needed for the UE to report BM measurement results for SCell in dormncy behaviour as activated SCell, e.g. periodical reporting, e.g. for UE power saving purpose.
The UE will not perform the DL data reception and UL data transmission. We think it is no need to maintain the TCI states frequently. We think it is better to configure a threshold, e.g. if there is no RS for beam management is above the configured threshold. Then the UE report the BM measurement results.

Proposal 5: PUCCH serving cell can not be in dormancy behaviour.
Proposal 6: the UE will report the BM measurement results based on the event triggered, e.g. no RS for beam management is above the configured threshold.
Based on the above discussion and proposals, we propose the the dormancy behaviour concept as:
Proposal 7: the dormancy behaviour for UE in one SCell is:

· perform RRM, CQI and BM measurement;

· stop BFR measurement;

· stop monitor the PDCCH;

· stop PDSCH reception;

· perform RRM, CQI and BM measurement results reporting;

· stop PUCCH/PUSCH/SRS transmission;

Issue 2: How to achieve the dormancy behaviour

In [1] dormant BWP concept is introduced to achieve the dormancy behaviour. However, the dormant BWP will occupy one BWP Id and there are at most 4 dedicated BWPs can be configured per serving cell for one UE. The separate indications are also needed to indicate dormant BWP for DL and UL respectively. Furthermore, it will rely on PCell to transfer the UE from dormant BWP to non-dormant BWP.

We think there is no need to configure a separate BWP as dormant BWP, and any dedicated BWP can be dormant BWP based on network indication. In other words, based on PDCCH indicating, the UE just enters into dormancy behaviour without switching the active BWP.
Proposal 8: the PDCCH indicates the serving cell will stay dormancy behaviour and perform CQI and BM measurement on the specified BWP.
Since the UE does not monitor the PDCCH of a SCell in dormancy behaviour, UE can not rely on the PDCCH of the SCell in dormancy behaviour if the network wants to transfer the Scell in dormancy behaviour to non-dormancy behaviour. 

In general, there are following three options to solve the issue:
Option 1.1: network transfer the SCell in dormancy behaviour to non-dormancy behaviour per SCell via PDCCH.

Option 1.2: network transfer the SCell in dormancy behaviour to non-dormancy behaviour per SCell group via PDCCH.

Option 2: network transfer the dormancy SCell to non-dormancy behaviour per SCell group via MAC CE.
For option 1.1, we can rely on the cross-carrier scheduling on Pcell to transfer the SCell in dormancy behaviour to non-dormancy behaviour. However, the CFI in PDCCH is only 3 bit and serving cell index is from 0 to 31, and there may be no CIF space for the SCell in dormancy behaviour in scheduling serving cell if the SCell in dormancy behaviour does not belong to the scheduling SCell. Of course all the Serving cell index can be included in the PDCCH, but it will increase the PDCCH size a lot.

For option 1.2, we separate the SCell into 4 groups; PDCCH will indicate the SCell group index and Scell index bitmap for the SCell group. One bit in the bitmap to indicate SCell activated state of one SCell. In this case, 10 bit will be needed in PDCCH.

For option 2, it is simple and easy to implement, but it will increase the delay compared with option 1.
Proposal 9: MAC CE is proposed to transfer the SCell in dormancy behaviour to activate state.
3. Conclusions:

In this paper, discuss how to support ‘dormancy’ behaviour in NR system for Fast SCell Activation purpose. We propose: 
Proposal 1: beam failure detection and recovery procedure is not required for the SCell in dormancy behaviour.
Proposal 2: the SCell in dormancy behaviour will not perform the BWP switch.

Proposal 3: the UE will perform CQI measurement in one BWP of SCell in dormancy behaviour. The network can specify one BWP for UE to perform CQI measurement in one SCell in dormancy behaviour.
Proposal 4: the UE will perform BM measurement in one BWP of SCell in dormancy behaviour.The network can specify one BWP for UE to perform BM measurement in one SCell in dormancy behaviour.
Proposal 5: PUCCH serving cell can not be in dormancy behaviour.
Proposal 6: the UE will report the BM measurement results based on the event triggered, e.g. no RS for beam management is above the configured threshold.
Proposal 7: the dormancy behaviour for UE in one SCell is:

· perform RRM, CQI and BM measurement;

· stop BFR measurement;

· stop monitor the PDCCH;

· stop PDSCH reception;

· perform RRM, CQI and BM measurement results reporting;

· stop PUCCH/PUSCH/SRS transmission;

Proposal 8: the PDCCH indicates the serving cell will stay dormancy behaviour and perform CQI and BM measurement on the specified BWP.

Proposal 9: MAC CE is proposed to transfer the SCell in dormancy behaviour to activate state.
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