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Introduction
In RAN#80 meeting, the Rel-16 work item of ‘DC and CA enhancements’ was approved. One of the main objectives is:

	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]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
The work on objective 2 and 3 should consider UEs in all states (i.e. IDLE, INACTIVE and CONNECTED). 



In this contribution, we discuss the applicability of the solutions for LTE Rel-15 euCA to enable fast SCell activation for data transmission. 

Efficient SCell Access Switching for NR
In LTE euCA, the concept of ‘dormancy’ is introduced for SCell, i.e. a new ‘Dormant SCell state’ is supported in addition to ‘activated’ and ‘deactivated’ state.  For the SCell in dormant state, UE doesn’t monitor PDCCH and only perform period CQI report sparsely.  
Without dormant SCell state, the SCell should be deactivated when there is no data to be scheduled. Then the SCell will be activated again by MAC CE later when additional radio resources are required. The SCell activation delay from deactivated to activated state is long, during which UE initiates CSI measurement and sends CSI reports. The network can start scheduling on the SCell only after the initial CSI report is received. The frequent transition between activated state and deactivated state is not efficient to offload the bursty traffic. 
If the SCell is kept in dormant state, the SCell activation delay can be reduced to 8ms, since the delay for initial CSI measurement and reporting is reduced by continuous CSI report.  Compared with the deactivated state, more UE power consumption is expected due to the continuous CSI measurement and report. So the resources for CSI report is configured sparsely to balance the UE power consumption. In NR, the concept of ‘dormancy’ is still useful to reduce the SCell activation latency, especially considering the uncertainty in time duration to acquire the first available UL resource for CSI reporting.
Observation 1: The dormant state can help to reduce the SCell activation delay by continuous CSI measurement and reporting. UE power consumption can be balanced by sparse CSI resource allocation.  
Proposal 1: The concept of ‘dormancy’ is supported in Rel-16 to reduce the SCell activation delay. UE in dormancy doesn’t monitor PDCCH and only performs CSI measurement and reporting. 
In NR, BWP operation is supported. Data transmission/reception are performed per BWP on top of the activated serving cells.  The BWP switching for a serving Cell is used to activate an inactive BWP and deactivate an active BWP. So all the physical channels including PDCCH, PDSCH, PUCCH, PUSCH, PRACH, etc are configured per BWP instead of per cell. The BWP switching is controlled by DCI, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure. 

Observation 2: In NR, BWP operation is introduced and data transmission/reception are performed per BWP on top of the activated serving cells.  

If the concept of ‘Dormancy’ is introduced in NR, how to realize it and make it compatible with BWP operation should be considered. 
One option is to define the ‘dormancy’ on the level of serving cell, same as LTE. In NR, the first active BWP is defined, which is the BWP UE perform data transmission/reception upon SCell activation. If the SCell is in dormant state, UE only needs to perform CSI measurement and reporting for the first active BWP.  In this option, the state transitions among activated, dormant and deactivated should be supported. It will requires new MAC CEs and new procedures in MAC layer, which is very complicated.

Observation 3: If dormant state is introduced on the level of serving cells (e.g. dormant SCell), new MAC CEs and new procedures in MAC layer to support state transitions among activated, dormant and deactivated should be specified. 

The other option is to realize the ‘dormancy’ behaviours on the level of BWP.  Actually, suspending PDCCH monitoring doesn’t necessarily need to create a new SCell state in NR. A particular BWP without PDCCH/PDSCH configuration can be configured to effectively realize the same behaviour as in dormant state. When the network intends to make UE only perform CSI measurement and reporting without PDCCH monitoring, BWP switching to the particular BWP can be performed.
Basically, only a particular BWP without PDCCH/PDSCH is configured by RRC. BWP switching with DCI can be used to send UE to the particular BWP without PDCCH monitoring. No new signalling and procedures are needed in both PHY and MAC layer. Furthermore, compared with the SCell activation delay from dormant state to activated state, the activation latency can be further reduced since the BWP switching delay is shorter compared with SCell state transition, which is only 2-3 ms. 

Observation 4: If dormancy behaviour is introduced on the level of BWPs (i.e. configuring a particular BWP without PDCCH/PDSCH), no new signalling and procedures are needed on MAC layer to support different SCell state transition. BWP switching can further reduce the activation latency. 
Proposal 2: A particular BWP without PDCCH/PDSCH can be configured. 
Proposal 3: BWP switching to the particular BWP without PDCCH/PDSCH is used to realize ‘dormancy’. 

Regarding triggering SCell BWP switching, cross-carrier scheduling defined in Rel-15 can be utilized. However, the following two drawbacks can be observed:
· If SCell data is always scheduled in PCell, PCell control resource will be occupied, and such design is not scalable for larger amount of SCells.
· If network wants to switching back to self-carrier scheduling on SCell after SCell is switched to a normal BWP with PDCCH monitoring, it relies on RRC reconfiguration which will cause long latency and break the benefit of fast SCell access switching.
Therefore, alternative solution to efficiently switching SCell BWP should be further investigated.

Observation 5: Cross-carrier scheduling can be utilized to switching SCell BWP. But there exhibit issues of limited scalability and long latency whenever changing to same-carrier scheduling.
Proposal 4: Efficient SCell access switching based on BWP is further investigated for NR Rel-16.  

Conclusion
In this contribution, how to realize efficient SCell accessing for NR is discussed. In particular, we have:

Observation 1: The dormant state can help to reduce the SCell activation delay by continuous CSI measurement and reporting. UE power consumption can be balanced by sparse CSI resource allocation.  

Proposal 1: The concept of ‘dormancy’ is supported in Rel-16 to reduce the SCell activation delay. UE in dormancy doesn’t monitor PDCCH and only performs CSI measurement and reporting. 

Observation 2: In NR, BWP operation is introduced and data transmission/reception are performed per BWP on top of the activated serving cells.  

Observation 3: If dormant state is introduced on the level of serving cells (e.g. dormant SCell), new MAC CEs and new procedures in MAC layer to support state transitions among activated, dormant and deactivated should be specified. 

Observation 4: If dormancy behaviour is introduced on the level of BWPs (i.e. configuring a particular BWP without PDCCH/PDSCH), no new signalling and procedures are needed on MAC layer to support different SCell state transition. BWP switching can further reduce the activation latency. 

Proposal 2: A particular BWP without PDCCH/PDSCH can be configured. 
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Proposal 3: BWP switching to the particular BWP without PDCCH/PDSCH is used to realize ‘dormancy’. 

Observation 5: Cross-carrier scheduling can be utilized to switching SCell BWP. But there exhibit issues of limited scalability and long latency whenever changing to same-carrier scheduling.

Proposal 4: Efficient SCell access switching based on BWP is further investigated for NR Rel-16.  

