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1. Introduction
The justification and scope of this WI includes the goal to implement efficient and low latency serving cell configuration/activation/setup [1]:

	· 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
One new key element NR is bringing is enabling the possibility of utilizing much larger spectrum bandwidths, ultimately leading to ~10 times higher peak data rates than LTE. Delays in accessing the high capacity (small) cells are detrimental to the performance and in NR this is can be even more pronounced (e.g. especially if macro is still LTE).



This contribution provides considerations on introducing dormant state in NR.
2. Discussion
In R15 euCA, dormant state is introduced in addition to activated and deactivated state.  The main motivation to introduce dormant state is to reduce delay during Scell activation [7][8]. Following diagram shows the timeline of activating SCell from deactivated state [7][8].


Figure 1, timeline for SCell configuration and activation in LTE [7][8]
During SCell activation from deactivated state, after reception of SCell activation MAC CE, the UE starts to perform CQI measurement, and then waits for CQI report occasion. According to contributions in LTE euCA discussion, CQI measurement accounts for large portion of the delay. While with dormant state, the UE keeps CQI measurement and reporting for the dormant SCell, the NW can start to schedule on the SCell after n+8 ms as shown in Figure 1. In this way, delay for first scheduling is reduced by 16ms to 26ms compared to activation from deactivated state.
The same logic also applies to SCell activation in NR. According to NR MAC specification [3], the UE activates the SCell from deactivated state according to timeline defined in TS 38.213. Following Figure 2 shows the timeline of SCell activation from activated state in NR, where n+k is the earliest time for SCell activation and n+M is the latest time requirement [5].


Figure 2, timeline for SCell activation in NR

The value of k in figure 2 is slots according to [3, 5.3], which is more than 3ms and varies according to k1 and slot duration: 
	
When a UE receives an activation command [11, TS 38.321] in a PDSCH for a secondary cell in slot n, the UE applies the corresponding actions in [11, TS 38.321] no later than the minimum requirement defined in [10, TS 38.133] and no earlier than slot , except for the following:

-	the actions related to CSI reporting on a serving cell that is active in slot 

-	the actions related to the sCellDeactivationTimer associated with the secondary cell [11, TS 38.321] that the UE applies in slot 


-	the actions related to CSI reporting on a serving cell which is not active in slot that the UE applies in the earliest slot after  in which the serving cell is active.





The value of  is  where  is a number of slots for a PUCCH transmission with HARQ-ACK information for the PDSCH reception and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format scheduling the PDSCH reception as described in Subclause 9.2.3 and  is a number of slots per subframe for the SCS configuration  of the PUCCH transmission.



The value of M in Figure 2 represents the minimum requirement for SCell activation. According to 38.133 [5], the value of M equals to [THARQ + Tactivation_time + TCSI_Reporting]. This value varies depending on different conditions, e.g. whether the SCell belongs to FR1 or FR2, the value of SMTC configuration of the SCell to be activated or active SCell, SCell measurement cycle and whether the SCell is known or unknown, CSI resource configuration and CSI report configuration.
The value of Tactivation_time is largely affected by SMTC periodicity. For SCell belonging to FR1 and known, this value varies from 15ms to 325ms. For SCell belonging to FR1 and unknown, the value varies from 45ms to 645ms. For SCell belonging to FR2 and intra-band CA, the value varies from 15ms to 165ms. The TCSI_reporting is the delay including uncertainty in acquiring the first available downlink CSI reference resource, UE processing time for CSI reporting and uncertainty in acquiring the first available CSI reporting resources.
Thus, the maximum delay of SCell activation is at least as large as values summarized as following table.
	Conditions \ Tactivation_time
	SMTC=5ms
	SMTC=160ms

	FR1, known SCell, 
SCellMeasureCycle<=160ms
	TSMTC+5ms 
= 15ms
	165ms

	FR1, known SCell, 
SCellMeasureCycle>160ms
	TSMTC_MAX + TSMTC_SCell + 5ms
= 5+10+5=20ms
	=160+160+5ms=325ms

	FR1, Unknown SCell
	2*TSMTC_MAX + 2*TSMTC_SCell + 5ms
= 2*5+2*10+5=35ms
	=2*160+2*160+5=645ms

	FR2, intra band CA
	TSMTC_SCell + 5ms 
= 10+5=15ms
	=160+5 = 165ms



The maximum delay (the worst case) of SCell activation in NR may then be much larger than that in LTE (24ms for known SCell and 34ms for unknown SCell) and varies dramatically. Considering NR SCell provides much larger bandwidth and higher QoS requirement than LTE, to introduce dormant state to reduce activation delay will bring significant benefit in performance.
Proposal 1: Similar as LTE, the dormant state for SCell shall be introduced in NR to achieve the efficient and low latency serving cell configuration/activation/setup. And the UE in dormant state shall:
· not transmit SRS on the SCell;
· report CSI for the SCell, FFS the details;
· not transmit on UL-SCH on the SCell;
· not transmit on RACH on the SCell;
· not monitor the PDCCH on the SCell;
· not monitor the PDCCH for the SCell;
· not transmit PUCCH on the SCell.

Issue 1: CSI report configuration
In LTE euCA, periodic CRS based CQI report is supported for dormant state by defining dormant state specific CQI reporting configuration. This approach provides flexibility to configure different CQI measurement resources and reporting CSI subframe pattern, PMI and RI configuration for dormant state. When a SCell is in dormant state, the UE applies this dormant specific CSI report configuration for CSI report. We understand this is helpful in UE power saving.
A similar approach can be applied to dormant state in NR. By this approach, CSI report configuration and CSI resource configuration can be configured for dormant SCell differently than that for activated state.
NR supports four CSI report types: periodic, aperiodic, semi persistent on PUCCH and semi persistent on PUSCH. Aperiodic, semi-persistent CSI report on PUCCH, and semi-persistent CSI report on PUSCH can be activated/deactivated via MAC CE or DCI from active serving cell on which the CSI report resource is configured.
Thus, from MAC point of view, all these CSI report types can be supported for dormant state SCell. Anyway, it is up to RAN1 to determine whether CSI report types other than periodic can be supported on dormant SCell.
Proposal 2: Periodic CSI report shall be supported in dormant state, and the detail shall be discussed in RAN1.

Issue 2: State configuration and transition
In LTE euCA, a SCell can be configured in dormant state via RRC connection reconfiguration message when either adding a SCell to MCG or SCG, or during handover (with mobilityControlInfo). SCell state transition to or from dormant state can only be achieved by MAC CE otherwise. We understand this principle is to avoid timing issue which may caused by state transition via RRC message. Following are copied from 36.300 11.2 for reference:
	[bookmark: _Toc535275021]11.2	Activation/Deactivation Mechanism
At reconfiguration without mobility control information:
-	SCells added to the set of serving cells are initially "deactivated", "dormant" or "activated";
-	SCells which remain in the set of serving cells (either unchanged or reconfigured) do not change their activation status ("activated", "deactivated" or "dormant").
At reconfiguration with mobility control information (i.e. handover):
-	SCells are "deactivated", "dormant" or "activated".



This approach can be reused in NR, i.e. a SCell’s state can be set to dormant state in one of following cases:
- addition of SCell to MCG or SCG, or SCG configuration
- via reconfiguration with sync, i.e. handover or SCG change
At the same time, it should be possible to move a dormant SCell to/from activated and deactivated state by MAC CE. Timers should be defined to support state transition from activated to dormant state, and transition from dormant state to deactivated state respectively.
[bookmark: _GoBack]Proposal 3:  A SCell can be configured in “dormant” state using RRC signaling. An SCell can be moved to/from “dormant” state using a MAC CE.

Issue 3: BWP management
In current NR MAC specification [3], a UE will not perform CSI reporting for a deactivated DL BWP. To support CSI measurement and report for dormant SCell, there are two alternatives from specification point of view.
In the first alternative, there is an active DL BWP for dormant SCell. The UE behavior on this active DL BWP is to be specified in NR MAC specification: UE performs CSI reporting but not perform PDCCH monitoring on this active DL BWP. This alternative may only affect NR MAC specification.
In the second alternative, there is no active DL BWP for dormant SCell. Instead, CSI report configuration and CSI resource configuration associated to a specific DL BWP are configured for the dormant SCell. This means the CSI resource is not suspended when the associated DL BWP is non-active, which is not aligned with current L1 specification [6].
We think the first alternative is relatively simple and does not change the assumption that CSI reporting is not supported for non-active DL BWP. Further, having an active BWP for dormant SCell is more future proof.
Proposal 4: For a dormant SCell, there will still be one downlink active BWP.

If we can assume that there is an active DL BWP for dormant SCell, one key issue is to avoid BWP switching when activating a dormant SCell. If BWP switching will be triggered due to activation, it means CSI measurement and report for the new active BWP will be performed before network schedules data on it. Thus, additional delay is introduced. In other words, the benefit of dormant state is eliminated.
Proposal 5: BWP switch shall be avoided upon the switch from dormant state to active state.

To avoid BWP switching during SCell activation from dormant state, the following options can be considered:
Option 1: Active BWP is maintained upon state transition from dormant state to activated state, and from activated state to dormant state. This is different to UE behavior on SCell activation from deactivated state, where the UE activates BWP according to first active BWP.
Option 2: The UE switches to the active BWP (or activates the BWP) according to the first active BWP configured for the SCell, upon transition to dormant state from activated state or if configured as dormant state by RRC message. The active BWP is maintained when the SCell is activated from dormant state. The advantage of this option is that the active BWP when a SCell is activated from dormant state is the same as the active BWP when a SCell is activated from deactivated state.
Proposal 6: For the BWP operation for dormant state, the following two options can be further studied
· Option 1: The UE keeps the current active BWP whenever the SCell is switched from active state to dormant state.
· Option2: The UE switches back to the first active BWP whenever the SCell is switched from active state to dormant state.

Issue 5: handling of configured uplink grant and configured downlink assignment
According to NR MAC specification, when a SCell is deactivated, then configured UL grants type 1 associated with the SCell is suspended, and configured UL grant type 2 and configured DL assignment are cleared. When dormant state is introduced to NR, the same principle could be followed. 
Proposal 7: Configured UL grant type 1 is suspended when associated SCell transits to dormant state and are (re)initiated when the SCell is activated. Configured UL grant type 2 and configured DL assignment are cleared when associated SCell transits to dormant state.

3. Conclusion
Based on analysis of SCell activation timeline, we propose:

Proposal 1: Similar as LTE, the dormant state for SCell shall be introduced in NR to achieve the efficient and low latency serving cell configuration/activation/setup. And the UE in dormant state shall:
· not transmit SRS on the SCell;
· report CSI for the SCell, FFS the details;
· not transmit on UL-SCH on the SCell;
· not transmit on RACH on the SCell;
· not monitor the PDCCH on the SCell;
· not monitor the PDCCH for the SCell;
· not transmit PUCCH on the SCell.
Proposal 2: Periodic CSI report shall be supported in dormant state, and the detail shall be discussed in RAN1
Proposal 3: An SCell can be configured in “dormant” state using RRC signaling. An SCell can be moved to/from “dormant” state using a MAC CE.
Proposal 4: For a dormant SCell, there will still be one downlink active BWP.
Proposal 5: BWP switch shall be avoided upon the switch from dormant state to active state .
Proposal 6: For the BWP operation for dormant state, the following two options can be further studied
· Option 1: The UE keeps the current active BWP whenever the SCell is switched from active state to dormant state.
· Option2: The UE switches back to the first active BWP whenever the SCell is switched from active state to dormant state.
Proposal 7: Configured UL grant type 1 is suspended when associated SCell transits to dormant state and are (re)initiated when the SCell is activated. Configured UL grant type 2 and configured DL assignment are cleared when associated SCell transits to dormant state.
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