3GPP TSG-RAN WG2 #105
R2-1901005
Athens, Greece, 25th February – 1st March, 2019
Agenda item:

11.10.4

Efficient and low latency configuration signalling
Source:

NEC
Title:

Efficient SCell management
Document for:

Discussion and Decision

1. Introduction
In the approved WID, some high level objectives are included [1]. One of those objectives is to improve the efficiency and latency for serving cell configuration, activation and setup:
	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]

· 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

<< omitted >>

At least scenarios with small cells should be considered, along with scenarios with large amounts of available cell bandwidth. Both FR1 and FR2 frequencies should be considered. The mechanisms already specified for LTE should be used as baseline for the work.


During the Rel-15 LTE WI of enhancing CA utilization (euCA) which should be the baseline for this work, some attractive functions were introduced and summarized as follows [2]:
	The key functionalities introduced in this work item include the following:

· UE measurements during IDLE mode: the eNB may assign UE to do measurements during IDLE that the network can use for when the UE enters CONNECTED mode. 

· << omitted >>
· Dormant Scell state: A new Scell state called dormant state is introduced. While in dormant state, UE measures and reports CQI/RRM measurements but doesn’t decode PDCCH.

· New MAC CE is introduced to control the dormant state transitions.

· Direct Scell state configuration: The Scell state may be configured to be activated or dormant via RRC. 

· This means e.g. that the SCell state may be indicated in handover or at reconfiguration, allowing the SCell to be used 

· Short CQI reporting: After Scell activation, UE may be configured to have an alternative (short) CQI reporting cycle to allow UEs to indicate faster when Scell is activated.

· After a fixed period of time, UE switches back to using the regular CQI configuration.

· Common Scell configuration: A common configuration applying to multiple SCells may be provided to UE to allow signalling optimizations.

· This is done via SCell configuration groups that allow to define common Scell parameters specific to all Scells belonging to the group. SCell dedicated configuration can be used to override the common parameters in the group configuration to allow changing some parameters only to some SCells.


Considering the NR CA mechanism is based on that of LTE CA (except euCA functions), it would be straightforward to introduce the same or similar functions to the NR CA. In this contribution, we discuss applicability of LTE euCA functions highlighted in yellow above to the NR CA.
2. Discussion
2.1
Dormant SCell state
Firstly, we discuss the dormant SCell state. Similar to LTE, NR UE can be configured with many cells (up to 16) and the network may switch the SCell states between activated and deactivated or may change the activated cells dynamically via MAC CE based on the traffic volume and/or cell loading. In these cases, there are still long SCell activation delay for valid CSI reporting, which will take at least roughly 20ms to 35ms, or even more depending on the FR1/FR2 or known/unknown SCell [3]. It would be reasonable to introduce the dormant SCell state for NR CA to make valid CSI reporting available earlier.
Proposal 1: RAN2 to agree that dormant SCell state will be introduced in NR.
Given the dormant SCell state is to be introduced for NR CA, RAN2 should also discuss a difference between LTE and NR. For example, in LTE if the SCell is switched from activated state to dormant state, the UE keeps measuring and reporting CQI/RRM measurements for this SCell. On the other hand, NR supports the BWP concept and there may be more than one BWPs in the SCell. It is not entirely clear which BWP the UE camp on for measurements while in dormant state. Is it the first active BWP, the initial BWP or the current BWP when receiving the SCell deactivation command?
Observation 1: RAN2 needs further discussion on top of LTE dormant SCell state mechanism by taking into account the BWP concept in NR.
2.2
Direct SCell state configuration
Similar to the dormant SCell, it is very straightforward to introduce the direct SCell state configuration for NR to reduce the SCell activation delay upon reconfiguration or handover.
Proposal 2: RAN2 to agree that direct SCell state configuration will be introduced in NR.
Given the direct SCell state configuration is to be introduced, RAN2 should discuss a potential impact of SCell without SSB. For example, if the SSB is transmitted in an SCell, the UE will be able to synchronize to the SCell quickly and thus configuring the SCell state as “activated” will reduce the latency in SCell activation. Otherwise, the UE may need to refer to the associated cell for synchronization and this may take some time before performing the SCell activation.
Observation 2: RAN2 needs further discussion on the impact of the SCell without SSB for direct SCell activating and may contact RAN4 to ask their analysis.
2.3
Short CQI reporting
In LTE euCA, the CQI reporting with shorter periodicity was introduced. After receiving the SCell activation command in the subframe n, the UE reports the CQI in such shorter periodicity from the subframe n+8 to n+34. This could be useful, although the benefit will depend on the UE implementation, e.g. how quickly the valid CQI value can be available for the SCell being activated. However, there is the restriction that the CSI feedback on the short CQI reporting resources shall be based on the CRS. We are wondering if the short CQI reporting would be beneficial in NR where there is no CRS and a lot of beams especially in FR2.
In NR, the new type of CQI reporting, i.e. Semi-persistent CSI reporting on PUCCH is supported. The network can configure it for a UE in addition to other type of CSI reporting (e.g. periodic, aperiodic) or alternatively. We have investigated if the SP CSI reporting can be used instead of short CQI reporting. For instance, the network configures the SP CSI reporting with a short periodicity for a UE in advance. When the network sends the SCell Activation/Deactivation MAC CE activating a SCell#1, the network sends the SP CSI reporting on PUCCH Activation/Deactivation MAC CE for the SCell#1 at the same time or right after the SCell A/D MAC CE. The UE will report the CSI (e.g. CQI) on those semi-persistent PUCCH resources. 

If the periodicity of SP CSI reporting is much shorter than that of other periodic CSI reporting, almost same gain as the short CQI reporting will be expected. Therefore, we consider further study will be required about whether to introduce short CQI reporting in NR.
Observation 3: RAN2 needs further discussion on the need of short CQI reporting in NR.
2.4
Common SCell configuration
Due to the fact that RRC message size in NR (e.g. RRCReconfiguration) tends to be much larger than that in LTE due to support of BWP configurations including many L1 parameters (e.g. multiple beams). It could be beneficial to introduce the common SCell configuration like LTE.
Proposal 3: RAN2 to agree that common SCell configuration will be introduced in NR.
Nevertheless, the NR ASN.1 structure for SCell configuration is largely different from the LTE ASN.1. The main difference is that the common configuration for SCell in NR (i.e. sCellConfigCommon = ServingCellConfigCommon) includes the physCellId which should be different among SCells and mandatory present at SCell addition, while that in LTE (i.e. radioResourceConfigCommonSCell) does not include such the cell specific information. On the other hand, the dedicated configuration for SCell in NR (i.e. sCellConfigDedicated = ServingCellConfig) also includes the configurations which possibly can be shared among SCells like that in LTE (i.e. radioResourceConfigDedicatedSCell). The benefit can be expected along with the NR ASN.1 structure as well.
Observation 4: RAN2 needs further discussion on the actual RRC ASN.1 structure by considering the difference from LTE.
Proposal 4: RAN2 to discuss further details including the following issues as examples;
· Dormant SCell state: which BWP (initial, first active or current) is to be camped on while in dormant state?
· Direct SCell state configuration: whether there is any impact due to SCell without SSB?
· Short CQI reporting: whether this is necessary by taking into account other available NR mechanisms?
· Common SCell configuration: details of configurations to be shared among SCells
3. Conclusion

In this contribution we discussed applicability of LTE euCA functions related to the efficient SCell management to the NR CA and reached to the following proposals.
Proposal 1: RAN2 to agree that dormant SCell state will be introduced in NR.
Proposal 2: RAN2 to agree that direct SCell state configuration will be introduced in NR.
Proposal 3: RAN2 to agree that common SCell configuration will be introduced in NR.
Proposal 4: RAN2 to discuss further details including the following issues as examples;
· Dormant SCell state: which BWP (initial, first active or current) is to be camped on while in dormant state?
· Direct SCell state configuration: whether there is any impact due to SCell without SSB?

· Short CQI reporting: whether this is necessary by taking into account other available NR mechanisms?

· Common SCell configuration: details of configurations to be shared among SCells
References

[1] RP-182076, “WID on Multi-RAT Dual-Connectivity and Carrier Aggregation enhancements”, Ericsson, Nokia, Nokia Shanghai Bell, Huawei
[2] RP-181596, “Summary of WI on Enhancing LTE CA utilization”, Nokia (rapporteur)
[3] TS 38.133, NR; Requirements for support of radio resource management
Annex for reference [3]

8.3
SCell Activation and Deactivation Delay

8.3.1
Introduction

This section defines requirements for the delay within which the UE shall be able to activate a deactivated SCell and deactivate an activated SCell in SCG in EN-DC, or in standalone NR carrier aggregation.

The requirements shall apply for EN-DC and standalone NR carrier aggregation.
8.3.2
SCell Activation Delay Requirement for Deactivated SCell

The requirements in this section shall apply for the UE configured with one downlink SCell in SCG in EN-DC, or in standalone NR carrier aggregation and when one SCell is being activated.

The delay within which the UE shall be able to activate the deactivated SCell depends upon the specified conditions.

Upon receiving SCell activation command in slot n, the UE shall be capable to transmit valid CSI report and apply actions related to the activation command for the SCell being activated no later than in slot n+ [THARQ + Tactivation_time + TCSI_Reporting], where:
THARQ is the timing between DL data transmission and acknowledgement as specified in [7].
Tactivation_time is the SCell activation delay. If the SCell is known and belongs to FR1, Tactivation_time is:

-
[TSMTC_SCell + 5ms], if the SCell measurement cycle is equal to or smaller than [160ms].
-
[TSMTC_MAX + TSMTC_SCell + 5ms], if the SCell measurement cycle is larger than [160ms].
If the SCell is unknown and belongs to FR1, Tactivation_time is:

-
[2*TSMTC_MAX + 2*TSMTC_SCell + 5ms] provided the SCell can be successfully detected on the first attempt.
If the SCell being activated belongs to FR2, Tactivation_time is:
-
[TSMTC_SCell + 5ms] if there is at least one active serving cell on that FR2 band, provided that the SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in section 3.6.3.
-
[TBD* TSMTC_SCell + 5ms] if there is no active serving cell on that FR2 band provided that PCell or PSCell is FR1.
Where,

TSMTC_MAX:

-
In FR1, in case of intra-band SCell activation, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided the cell specific reference signals from the active serving cells and the SCells being activated or released are available in the same slot; in case of inter-band SCell activation, TSMTC_MAX is the SMTC periodicity of SCell being activated.

-
In FR2, TSMTC_MAX is the longer SMTC periodicity between active serving cells and SCell being activated provided that in Rel-15 only support FR2 intra-band CA.
-
TSMTC_MAX is bounded to a minimum value of 10ms.

TSMTC_SCell: SMTC periodicity of SCell being activated and the minimum value is 10ms.
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 as specified in [2].

SCell in FR1 is known if it has been meeting the following conditions:

-
During the period equal to max([5] measCycleSCell,  [5] DRX cycles) for FR1 before the reception of the SCell activation command:

-
the UE has sent a valid measurement report for the SCell being activated and
-
the SSB measured remains detectable according to the cell identification conditions specified in section 9.2 and 9.3.

-
the SSB measured during the period equal to max([5] measCycleSCell, [5] DRX cycles) also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 9.2 and 9.3.

Otherwise SCell in FR1 is unknown.

If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the activation command, TSMTC_Scell follows smtc1 or smtc2 according to the physical cell ID of the target cell being activated. TSMTC_MAX follows smtc1 or smtc2 according to the physical cell IDs of the target cells being activated and the active serving cells.
In addition to CSI reporting defined above, UE shall also apply other actions related to the activation command specified in [2] for an SCell at the first opportunities for the corresponding actions once the SCell is activated.

The interruption on PSCell or any activated SCell in SCGfor EN-DC mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration ].

The interruption  on PCell or any activated SCell in MCG for NR standalone mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms + TSMTC_MAX + TSMTC_duration].
Starting from the slot specified in section 4.3 of [3] (timing for secondary Cell activation/deactivation) and until the UE has completed the SCell activation, the UE shall report out of range if the UE has available uplink resources to report CQI for the SCell.

8.3.3
SCell Deactivation Delay Requirement for Activated SCell

The requirements in this section shall apply for the UE configured with one downlink SCell in SCG in EN-DC, or in standalone NR carrier aggregation.
Upon receiving SCell deactivation command or upon expiry of the sCellDeactivationTimer in slot n, the UE shall accomplish the deactivation actions for the SCell being deactivated no later than in slot n+[THARQ +3ms ].
The interruption on PSCell or any activated SCell in SCG for EN-DC mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms].

The interruption  on PCell or any activated SCell in MCG for NR standalone mode specified in section 8.2 shall not occur before slot n+1+[THARQ] and not occur after slot n+1+[THARQ +3ms].
<< skipped >>
A.4.5.3
SCell Activation and Deactivation Delay

A.4.5.3.1
SCell Activation and deactivation of known SCell in FR1 in non-DRX for 160ms SCell measurement cycle

A.4.5.3.1.1
Test Purpose and Environment

The purpose of this test is to verify that the SCell activation and deactivation times are within the requirements stated in section 8.3, when the SCell in FR1 is known by the UE at the time of activation.
The supported test configurations are shown in table A.4.5.3.1.1-1 below. The test parameters are given in Tables A.4.5.3.1-2 and cell-specific parameters in A. 4.5.3.1-3 below. The test consists of three successive time periods, with duration of T1, T2 and T3, respectively. There are three carriers, E-UTRA has one cell, NR has two cells. All cells have constant signal levels throughout the test. Before the test starts the UE is connected to Cell 1 (PCell) on E-UTRA and Cell 2 (PSCell) on NR, but is not aware of Cell 3 (SCell) on NR. The UE is monitoring the PCell and PSCell. The UE shall be continuously scheduled in the PCell and PSCell throughout the whole test.

At the beginning of T1 the UE receives an RRC message by which the SCell (Cell 3) becomes configured on NR. The UE now starts monitoring the SCell. The test equipment sends a MAC message for activation of the SCell.

The point in time at which the MAC message is received at the UE antenna connector, in a slot # denoted m, defines the start of time period T2. The UE shall be able to report valid CSI in PSCell for the activated SCell at latest in slot (m+THARQ+Tactivation_time+TCSI_Reporting), as defined in section 8.3. The UE shall start reporting CSI in PSCell in slot (m+k) and shall report CQI index 0 (out-of-range) until the SCell activation has been completed. Any PCell or PSCell interruption due to activation of SCell shall occur in the slot (m+1+[THARQ]) to (m+1+[THARQ+3ms+TSSB_max+TSMTC_duration]), as defined in section 8.3.

Time period T3 starts when a MAC message for deactivation of SCell, sent from the test equipment to the UE in a slot # denoted n, is received at the UE antenna connector. The UE shall carry out deactivation of the SCell in a slot (n+[THARQ+3ms]), as defined in section 8.3, and any PCell and PSCell interruption due to the deactivation shall occur in the slot (n+1+[THARQ]) to (n+1+[THARQ+3ms]), as defined in section 8.3.

The test equipment verifies that potential interruption is carried out in the correct time span by monitoring ACK/NACK sent in PSCell during activation and deactivation of SCell, respectively.

The test equipment verifies the activation time by counting the slots from the time when the SCell activation command is sent until a CSI report with other than CQI index 0 is received.

The test equipment verifies the deactivation time by counting the slots from the time when the SCell deactivation command is sent until CQI reporting for SCell is discontinued.

Table A.4.5.3.1.1-1: known FR1 SCell activation in non-DRX for 160ms SCell measurement cycle supported test configurations
	Configuration
	Description

	1
	LTE FDD, NR 15 kHz SSB SCS, 10MHz bandwidth, FDD duplex mode

	2
	LTE FDD, NR 15 kHz SSB SCS, 10MHz bandwidth, TDD duplex mode

	3
	LTE FDD, NR 30kHz SSB SCS, 40MHz bandwidth, TDD duplex mode

	4
	LTE TDD, NR 15 kHz SSB SCS, 10MHz bandwidth, FDD duplex mode

	5
	LTE TDD, NR 15 kHz SSB SCS, 10MHz bandwidth, TDD duplex mode

	6
	LTE TDD, NR 30kHz SSB SCS, 40MHz bandwidth, TDD duplex mode

	Note: 
The UE is only required to be tested in one of the supported test configurations


Table A.4.5.3.1.1-2: General test parameters for known FR1 SCell activation case, 160ms SCell measurement cycle

	Parameter
	Unit
	Value
	Comment

	RF Channel Number
	
	1,2,3
	One E-UTRAN radio channel (1) and two NR radio channel (2,3) are used for this test

	Active PCell
	
	Cell 1
	Primary cell on E-UTRAN RF channel number 1.

As specified in section A.3.7.2.1

	Active PSCell
	
	Cell 2
	Primary secondary cell on NR RF channel number 2.

	Configured deactivated SCell
	
	Cell 3
	Configured deactivated secondary cell on NR RF channel number 3

	CP length
	
	Normal
	

	DRX
	
	OFF
	Continuous monitoring of primary cell

	CQI/PMI periodicity and offset configuration index
	
	0
	CQI reporting for SCell every second subframe

	Cell-individual offset for cells on E-UTRA RF channel number
	dB
	0
	Individual offset for cells on primary component carrier. 

	Cell-individual offset for cells on NR channel number
	dB
	0
	Individual offset for cells on secondary component carrier.

	SCell measurement cycle (measCycleSCell)
	ms
	160
	

	Cell3 timing offset to cell2
	(s
	0
	

	Time alignment error between cell3 and cell2
	(s
	( Time alignment error as specified in TS 38.104 [13] clause 6.5.3.1.
	The value of time alignment error depends upon the type of carrier aggregation.

	T1
	s
	[7]
	During this time the PSCell shall be known and the SCell configured and detected.

	T2
	s
	[1]
	During this time the UE shall activate the SCell.

	T3
	s
	[1]
	During this time the UE shall deactivate the SCell.

	THARQ
	ms
	TBD
	the timing between DL data transmission and acknowledgement as specified in 38.321 [7]

	TCSI_Reporting
	ms
	[2]
	the delay uncertainty in acquiring the first available CSI reporting resources as specified in 38.331 [2]

	k
	ms
	TBD
	As specified in section 4.3 of 38.213


Table A. 4.5.3.1.1-2: Cell specific test parameters for known FR1 SCell activation case, 160ms SCell measurement cycle
	Parameter
	Unit
	Cell 2
	Cell 3

	
	
	T1
	T2
	T3
	T1
	T2
	T3

	SSB ARFCN
	
	freq1
	freq1

	Duplex mode
	Config 1,4
	
	FDD

	
	Config 2,3,5,6
	
	TDD

	TDD configuration
	Config 1,4
	
	Not Applicable

	
	Config 2,5
	
	TDDConf.1.1

	
	Config 3,6
	
	TDDConf.1.2

	BWchannel
	Config 1,4
	MHz
	10: NRB,c = 52

	
	Config 2,5
	
	10: NRB,c = 52

	
	Config 3,6
	
	40: NRB,c = 106 

	BWP BW
	Config 1,4
	
	10: NRB,c = 52

	
	Config 2,5
	
	10: NRB,c = 52

	
	Config 3,6
	
	40: NRB,c = 106 

	DRx Cycle
	ms
	Not Applicable

	PDSCH Reference measurement channel 
	Config 1,4
	
	SR.1.1 FDD
	SR.1.1 FDD

	
	Config 2,5
	
	SR.1.1 TDD
	SR.1.1 TDD

	
	Config 3,6
	
	SR2.1 TDD
	SR2.1 TDD

	RMSI CORESET Reference Channel
	Config 1,4
	
	CR.1.1 FDD
	CR.1.1 FDD 

	
	Config 2,5
	
	CR.1.1 TDD
	CR.1.1 TDD

	
	Config 3,6
	
	CR2.1 TDD
	CR2.1 TDD

	RMC CORESET Reference Channel
	Config 1,4
	
	CCR.1.1 FDD
	CCR.1.1 FDD

	
	Config 2,5
	
	CCR.1.1 TDD
	CCR.1.1 TDD

	
	Config 3,6
	
	CCR.2.1 TDD
	CCR.2.1 TDD

	OCNG Patterns
	
	OCNG pattern 1

	SMTC configuration
	
	SMTC.1

	SSB configuration
	Config 1,2,4,5
	
	SSB.1 FR1

	
	Config 3,6
	
	 SSB.2 FR1

	PDSCH/PDCCH subcarrier spacing
	Config 1,2,4,5
	kHz
	15 kHz

	
	Config 3,6
	
	30kHz

	EPRE ratio of PSS to SSS
	dB
	0

	EPRE ratio of PBCH DMRS to SSS
	
	

	EPRE ratio of PBCH to PBCH DMRS
	
	

	EPRE ratio of PDCCH DMRS to SSS
	
	

	EPRE ratio of PDCCH to PDCCH DMRS
	
	

	EPRE ratio of PDSCH DMRS to SSS 
	
	

	EPRE ratio of PDSCH to PDSCH 
	
	

	EPRE ratio of OCNG DMRS to SSS(Note 1)
	
	

	EPRE ratio of OCNG to OCNG DMRS (Note 1)
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	dBm/15kHz
	[-104]
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	Config 1,2,4,5
	dBm/SCS
	[-104]

	
	Config 3,6
	
	[-101]
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	SS-RSRPNote3
	Config 1,2,4,5
	dBm/SCS
	[-87]

	
	Config 3,6
	
	[-84]

	SCH_RP Note 3
	dBm/15 kHz
	[-87]

	Propagation condition
	-
	AWGN

	Note 1:
OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 3:
SS-RSRP and SCH_RP levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 4:
The uplink resources for CSI reporting are assigned to the UE prior to the start of time period T2.]


