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1 Introduction
In RAN1 to RAN2 LS [1], regarding to the RAN2 question on stopping SRS in SCell dormancy, RAN1 responds the following:

Q 3: Are there any issues due to RAN2 agreements on CSI reporting and SRS transmission, i.e. not support aperiodic CSI reporting for dormant BWP and not support SRS transmission on dormant BWP?

RAN1 could not reach a consensus on the support of A-CSI measurement in dormant BWP (with report triggered by another cell e.g. PCell) or SP/A-SRS transmission in dormant BWP. RAN1 sees no issue with supporting at least long periodicity P-SRS (e.g. >100ms).

In the LS [1], the latest RAN1 position is positive on supporting at least periodic SRS (P-SRS) with long periodicity in dormancy. The RAN1 position requests further discussion on the SRS decision in RAN2. In this paper, we discuss the RAN1 LS and the follow-up action in RAN2, refresh and highlight the key points on the needs of maintaining P-SRS in dormancy, and introduce maintaining long periodic P-SRS in dormancy solution and network configurable SRS solution for comparison and decision. The stage 3 TPs are included for both solutions.
2 Discussion
2.1 The impact of stopping SRS in dormancy
As is commonly understood that SCell dormancy is a power saving feature under CA activated state. The intention of SCell dormancy is to further save power without triggering the legacy deactivated state transition which introduces more state transition delay. Therefore, the strict latency and quality performance requirements under activated state of RRC CONNECTED shall be met at the transition from dormancy back to non-dormancy. Otherwise, the purpose of SCell dormancy is defeated and there is no advantage and need of SCell dormancy over the deactivated state. 

Observation 1: SCell dormancy is conducted in activated state, which shall meet the strict latency requirement of the activated state of the RRC CONNECTED.

In activated state, the UE maintaining transmission of SRS in a SCell is a Rel-15 legacy function. Stopping SRS transmission in the activated state for dormancy is to make change on an existing Rel-15 function. Many companies have concerns on the impact to the latency and quality performance due to this change. Our Tdocs to RAN1/2/4 [2][3][4] demonstrate that stopping the SRS transmission in dormancy has negative impact in several aspects:

1) TA maintenance relies on UL SRS transmissions from at least one of the serving cells in the TA group (TAG). However, in the scenarios where the TA tracking and estimation rely on SRS of the dormancy SCell, stopping SRS in dormancy will introduce significant delay during the dormancy to non-dormancy transition for TA recovery. In this case, the TA recovery has to be conducted via RACH at the dormancy to non-dormancy transition and the state transition time is significantly increased. In this case, the dormancy state lost its latency advantage over the deactivated state. 
Observation 2: The out-of-dormancy transition latency can be significantly prolonged in the scenarios where stopped SRS transmissions cause the loss of TA.
2) The CSI is critical for the network to estimate the DL channel quality and ensure the most efficient DL scheduling and transmission immediately upon the dormancy to nondormancy transition. [2] explained that in a TDD system SRS can help the network obtaining the full MIMO CSI to make good decisions on whether/when to transit out of dormancy and facilitate an efficient MIMO scheme for PDSCH transmission.
Observation 3: Stopping SRS transmissions causes lack of full DL CSI necessary for efficient network/UE MIMO operations in a TDD system.
3) SRS also serves the similar purpose in UL for the network to obtain the UL channel quality estimation. For UL, SRS on another (non-dormant) serving cell does not provide sufficient UL channel information about the dormant SCell due to frequency selectivity. Therefore, without SRS the network can have little information about UL CSI of the dormant SCell. As a result, the network is not able to make a good decision on whether/when the dormant SCell to transit out of dormancy. After the SCell leaves dormancy, due to inaccurate UL CSI the UE may have to use more power to perform the UL transmissions.
Observation 4: Stopping SRS transmissions causes lack of UL CSI necessary for efficient network/UE operations.
4) In the scenario that the dormant SCell does not share RF/PA with a non-dormant serving cell and UL/DL beam correspondence does not hold, the UL beam management of the dormant SCell cannot be based on the DL beam management, and also cannot be based on UL beam management of a non-dormant cell sharing the same RF. Therefore, in this scenario without SRS of the dormant SCell, UL beam management of the dormant SCell cannot be maintained.
Observation 5: With stopped SRS in dormancy, UL beam management cannot be maintained in the scenario of non-shared RF/PA and no UL/DL beam correspondence.
2.2 Discussion considering RAN1 LS
The record of the last RAN1 e-meeting indicates that significant/unignorable number of companies in RAN1 having concerns on stopping SRS in dormancy. As a result, the RAN1 response regarding to maintaining SRS in dormancy is “RAN1 sees no issue with supporting at least long periodicity P-SRS” rather than “no consensus on maintaining SRS in dormancy” or even “no issue with stopping SRS in dormancy”. It is clear that RAN1 is more leaning on supporting at least long periodicity P-SRS. This RAN1 position is different from the behaviour currently captured in RAN2 specification that SRS transmission is stopped in dormancy. 
Observation 6: RAN1 position on maintaining at least long periodicity P-SRS is different from current RAN2 resolution of completely stopping SRS in dormancy.

Since SRS is a L1 signal and its usage and performance impact are at L1, RAN1 position is critical and should be reflected in RAN2 resolution and specification. Consider the RAN1 position, the current resolution in RAN2 and the latency/quality concern in specific scenarios (discussed in section 2.1), RAN2 needs to discuss and reconsider RAN2 resolution on SRS in dormancy. The following solutions can be discussed and selected quickly:

Solution 1: It is a straightforward solution that in dormancy the UE maintains P-SRS transmission (if configured) and stops the transmission of other types of SRS(s). This solution only needs minor changes in MAC procedure.
Solution 2: Considering the concern on missing SRS support is in the delay or quality sensitive scenarios, we introduce a network configurable solution for discussion: whether stopping or maintaining P-SRS in dormancy can be configured by the network. For delay sensitive UE or application, or in certain coverage area (e.g. MIMO coverage area), the network can configure the UE to maintain P-SRS in dormant SCell, otherwise stopping SRS in dormancy can be configured. 
Originally during the RAN2 discussion, the concern from some companies on SRS in dormancy is more power consumption. With long periodicity P-SRS, RAN1 see no issue including any concern on power consumption. For both solutions, long periodicity P-SRS can be configured to the UE at the time when the dormancy function is configured for an SCell. In this way, only minor changes are required on top of current RAN2 solution, and the UE can simply maintain the P-SRS transmission after the transition from non-dormancy to dormancy.  
Based on the above analysis and observations, we have the following proposals:

Proposal 1: Based on the input from RAN1 LS, discuss and reconsider RAN2 resolution on SRS in dormancy.
Proposal 2: Discuss and adopt one of the following solutions:

Solution 1: simply maintain long periodicity P-SRS transmission in dormancy,

Solution 2: allow stopping or maintaining long periodicity P-SRS transmission in dormancy being network configurable.
Annex contains the companion draft CRs for maintaining P-SRS solutions 1 and network configurable solution 2 for complexity comparison. From the draft CRs it is obvious the specification changes for both solutions are also very small.
3 Conclusions
Based on the above discussion, we have the following:
Observation 1: SCell dormancy is conducted in activated state, which shall meet the strict latency requirement of the activated state of the RRC CONNECTED.

Observation 2: The out-of-dormancy transition latency can be significantly prolonged in the scenarios where stopped SRS transmissions cause the loss of TA.
Observation 3: Stopping SRS transmissions causes lack of full DL CSI necessary for efficient network/UE MIMO operations in a TDD system.
Observation 4: Stopping SRS transmissions causes lack of UL CSI necessary for efficient network/UE operations.

Observation 5: With stopped SRS in dormancy, UL beam management cannot be maintained in the scenario of non-shared RF/PA and no UL/DL beam correspondence.
Observation 6: RAN1 position on maintaining at least long periodicity P-SRS is different from current RAN2 resolution of completely stopping SRS in dormancy.

Based on the above observations, we propose:
Proposal 1: Based on the input from RAN1 LS, discuss and reconsider RAN2 resolution on SRS in dormancy.

Proposal 2: Discuss and adopt one of the following solutions:

Solution 1: simply maintain long periodicity P-SRS transmission in dormancy,

Solution 2: allow stopping or maintaining long periodicity P-SRS transmission in dormancy being network configurable.
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Annex Draft TPs 

1. Solution 1: Simply maintain SRS in dormancy

1.1 Draft text proposal to TS38.321

START OF CHANGES

5.15.1
Downlink and Uplink
…

For each activated Serving Cell configured with a BWP, the MAC entity shall:

1>
if a BWP is activated and it is not the dormant BWP:

2>
transmit on UL-SCH on the BWP;

2>
transmit on RACH on the BWP, if PRACH occasions are configured;

2>
monitor the PDCCH on the BWP;

2>
transmit PUCCH on the BWP, if configured;

2>
report CSI for the BWP;

2>
transmit SRS on the BWP, if configured;

2>
receive DL-SCH on the BWP;

2>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 on the active BWP according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2;

2>
if consistent LBT failure recovery is configured:

3>
stop the lbt-FailureDetectionTimer, if running;

3>
set LBT_COUNTER to 0;

3>
monitor LBT failure indications from lower layers as specified in clause 5.21.2.

1>
if a BWP is activated and it is dormant BWP:

2>
stop the bwp-InactivityTimer of this Serving Cell, if running.

2>
not monitor the PDCCH on the BWP;

2>
not monitor the PDCCH for the BWP;

2>
not receive DL-SCH on the BWP;

2>
perform CSI measurement for the BWP, if configured;

2>
maintain the periodic SRS transmission and stop any other types of SRS transmission on the BWP;

2>
not transmit on UL-SCH on the BWP;

2>
not transmit PUCCH on the BWP.

2>
clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;

2>
suspend any configured uplink grant Type 1 associated with the SCell;
2>
if configured, perform beam failure detection and beam failure recovery for the SCell if beam failure is detected.
…

END OF CHANGES

1.2 Draft text proposal to TS38.331

START OF CHANGES

6.3.2
Radio resource control information elements

…
–

ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.

Note: When the dormancy function is configured to a DL BWP, a long periodic SRS is configured to an associated UL BWP.
END OF CHANGES

2. Solution 2: Network configurable long P-SRS in dormancy

2.1 Draft text proposal to TS38.321

START OF CHANGES

5.15.1
Downlink and Uplink
…

For each activated Serving Cell configured with a BWP, the MAC entity shall:

1>
if a BWP is activated and it is not the dormant BWP:

2>
transmit on UL-SCH on the BWP;

2>
transmit on RACH on the BWP, if PRACH occasions are configured;

2>
monitor the PDCCH on the BWP;

2>
transmit PUCCH on the BWP, if configured;

2>
report CSI for the BWP;

2>
transmit SRS on the BWP, if configured;

2>
receive DL-SCH on the BWP;

2>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 on the active BWP according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2;

2>
if consistent LBT failure recovery is configured:

3>
stop the lbt-FailureDetectionTimer, if running;

3>
set LBT_COUNTER to 0;

3>
monitor LBT failure indications from lower layers as specified in clause 5.21.2.

1>
if a BWP is activated and it is dormant BWP:

2>
stop the bwp-InactivityTimer of this Serving Cell, if running.

2>
not monitor the PDCCH on the BWP;

2>
not monitor the PDCCH for the BWP;

2>
not receive DL-SCH on the BWP;

2>
perform CSI measurement for the BWP, if configured;

2>
if maintainPSRSTransmission-InDormancy presents:

3> maintain the periodic SRS transmission and stop any other types of SRS transmission on the BWP;

2> else:

3> not transmit all types SRS on the BWP;

2>
not transmit on UL-SCH on the BWP;

2>
not transmit PUCCH on the BWP.

2>
clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;

2>
suspend any configured uplink grant Type 1 associated with the SCell;
2>
if configured, perform beam failure detection and beam failure recovery for the SCell if beam failure is detected.
…

END OF CHANGES

2.2 Draft text proposal to TS38.331

START OF CHANGES

6.3.2
Radio resource control information elements

…
–
ServingCellConfig
The IE ServingCellConfig is used to configure (add or modify) the UE with a serving cell, which may be the SpCell or an SCell of an MCG or SCG. The parameters herein are mostly UE specific but partly also cell specific (e.g. in additionally configured bandwidth parts). Reconfiguration between a PUCCH and PUCCHless SCell is only supported using an SCell release and add.

ServingCellConfig information element

-- ASN1START

-- TAG-SERVINGCELLCONFIG-START

ServingCellConfig ::=               SEQUENCE {

    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                   OPTIONAL,   -- Cond TDD

    initialDownlinkBWP                  BWP-DownlinkDedicated                                       OPTIONAL,   -- Need M

    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                  OPTIONAL,   -- Need N

    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink            OPTIONAL,   -- Need N

    firstActiveDownlinkBWP-Id           BWP-Id                                                      OPTIONAL,   -- Cond SyncAndCellAdd

    bwp-InactivityTimer                 ENUMERATED {ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30,

                                                    ms40,ms50, ms60, ms80,ms100, ms200,ms300, ms500,

                                                    ms750, ms1280, ms1920, ms2560, spare10, spare9, spare8,

                                                    spare7, spare6, spare5, spare4, spare3, spare2, spare1 }    OPTIONAL,   --Need R

    defaultDownlinkBWP-Id               BWP-Id                                                                  OPTIONAL,   -- Need S

    uplinkConfig                        UplinkConfig                                                            OPTIONAL,   -- Need M

    supplementaryUplink                 UplinkConfig                                                            OPTIONAL,   -- Need M

    pdcch-ServingCellConfig             SetupRelease { PDCCH-ServingCellConfig }                                OPTIONAL,   -- Need M

    pdsch-ServingCellConfig             SetupRelease { PDSCH-ServingCellConfig }                                OPTIONAL,   -- Need M

    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                         OPTIONAL,   -- Need M

    sCellDeactivationTimer              ENUMERATED {ms20, ms40, ms80, ms160, ms200, ms240,

                                                    ms320, ms400, ms480, ms520, ms640, ms720,

                                                    ms840, ms1280, spare2,spare1}       OPTIONAL,   -- Cond ServingCellWithoutPUCCH

    crossCarrierSchedulingConfig        CrossCarrierSchedulingConfig                                    OPTIONAL,   -- Need M

    tag-Id                              TAG-Id,

    dummy                               ENUMERATED {enabled}                                            OPTIONAL,   -- Need R

    pathlossReferenceLinking            ENUMERATED {spCell, sCell}                                       OPTIONAL,   -- Cond SCellOnly

    servingCellMO                       MeasObjectId                                                    OPTIONAL,   -- Cond MeasObject

    ...,

    [[

    lte-CRS-ToMatchAround               SetupRelease { RateMatchPatternLTE-CRS }                                OPTIONAL,   -- Need M

    rateMatchPatternToAddModList        SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern       OPTIONAL,   -- Need N

    rateMatchPatternToReleaseList       SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPatternId     OPTIONAL,   -- Need N

    downlinkChannelBW-PerSCS-List       SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier                     OPTIONAL    -- Need S

    ]],

    [[

    supplementaryUplinkRelease          ENUMERATED {true}                                                       OPTIONAL,   -- Need N
    tdd-UL-DL-ConfigurationDedicated-iab-mt-v16xy    TDD-UL-DL-ConfigDedicated-IAB-MT-v16xy                     OPTIONAL,   -- Need FFS

     dormantDownlinkBWP-Id-r16           SetupRelease { BWP-Id }                                                 OPTIONAL,   -- Cond DormantBWP                                                     
    firstWithinActiveTimeBWP-Id-r16     SetupRelease { BWP-Id }                                          OPTIONAL,   -- Cond MultipleNonDormantBWP

    firstOutsideActiveTimeBWP-Id-r16    SetupRelease { BWP-Id }                                          OPTIONAL,   -- Cond MultipleNonDormantBWP-WUS

    dormancyGroupWithinActiveTime       SetupRelease { DormancyGroupID-r16 }            OPTIONAL,   -- Need M          
    dormancyGroupOutsideActiveTime      SetupRelease { DormancyGroupID-r16 }            OPTIONAL,   -- Need M
    ca-SlotOffset-r16                   CHOICE {

        refSCS15kHz                         INTEGER (-2..2),

        refSCS30KHz                         INTEGER (-5..5),

        refSCS60KHz                         INTEGER (-10..10),

        refSCS120KHz                        INTEGER (-20..20)

    }                                                                                   OPTIONAL,   -- Cond AsyncCA

    channelAccessConfig-r16            ChannelAccessConfig-r16                         OPTIONAL    -- Need M

    ]]
}

UplinkConfig ::=                    SEQUENCE {

    initialUplinkBWP                    BWP-UplinkDedicated                                         OPTIONAL,   -- Need M

    uplinkBWP-ToReleaseList             SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                  OPTIONAL,   -- Need N

    uplinkBWP-ToAddModList              SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Uplink              OPTIONAL,   -- Need N

    firstActiveUplinkBWP-Id             BWP-Id                                                      OPTIONAL,   -- Cond SyncAndCellAdd

    pusch-ServingCellConfig             SetupRelease { PUSCH-ServingCellConfig }                    OPTIONAL,   -- Need M

    carrierSwitching                    SetupRelease { SRS-CarrierSwitching }                       OPTIONAL,   -- Need M

    ...,

    [[

    powerBoostPi2BPSK                   BOOLEAN                                                     OPTIONAL,   -- Need M

    uplinkChannelBW-PerSCS-List         SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier         OPTIONAL    -- Need S

    ]],

    [[

    bdFactorR-r16                       ENUMERATED {n1}                                             OPTIONAL,   -- Need R

    lte-CRS-PatternList-r16             SetupRelease { LTE-CRS-PatternList-r16 }                    OPTIONAL,   -- Cond LTE-CRS

    lte-CRS-PatternListSecond-r16       SetupRelease { LTE-CRS-PatternList-r16 }                    OPTIONAL,   -- Cond CORESETPool

    enablePLRS-UpdateForPUSCH-SRS       ENUMERATED {enabled}                                        OPTIONAL,   -- Need R 

    enableDefaultBeamPL-ForPUSCH0       ENUMERATED {enabled}                                        OPTIONAL,   -- Need R

    enableDefaultBeamPL-ForPUCCH        ENUMERATED {enabled}                                        OPTIONAL,   -- Need R

    enableDefaultBeamPL-ForSRS          ENUMERATED {enabled}                                        OPTIONAL    -- Need R

]],

[[


dormancy-SRS ::=                      SEQUENCE {

    
maintainPSRSTransmission-InDormancy       
ENUMERATED {enabled} 

                    
OPTIONAL,   -- Need R


uplinkBWP                           

BWP-Id










  


}

]]
}

ChannelAccessConfig-r16 ::=            SEQUENCE {

    maxEnergyDetectionThreshold-r16         INTEGER(-85..-52),

    energyDetectionThresholdOffset-r16      INTEGER (-20..-13),

    ul-toDL-COT-SharingED-Threshold-r16     INTEGER (-85..-52)    OPTIONAL,   -- Need R

    absenceOfAnyOtherTechnology-r16         ENUMERATED {true}     OPTIONAL    -- Need R

}

DormancyGroupID-r16 ::=         INTEGER (0..4)
-- TAG-SERVINGCELLCONFIG-STOP

-- ASN1STOP

…
	UplinkConfig field descriptions

	carrierSwitching
Includes parameters for configuration of carrier based SRS switching (see TS 38.214 [19], clause 6.2.1.3.

	enableDefaultBeamPlForPUSCH0_0, enableDefaultBeamPlForPUCCH, enableDefaultBeamPlForSRS

When the parameter is present, UE derives the spatial relation and the corresponding pathloss reference Rs as specified in 38.213, clauses 7.1.1, 7.2.1, 7.3.1 and 9.2.2The network only configures these parameters for FR2.

	enablePLRSupdateForPUSCHSRS

When this parameter is present, the Rel-16 feature of MAC CE based pathloss RS updates for PUSCH/SRS is enabled. Network only configures this parameter , when the UE is configured with sri-PUSCH-PowerControl.

	firstActiveUplinkBWP-Id
If configured for an SpCell, this field contains the ID of the UL BWP to be activated upon performing the RRC (re-)configuration. If the field is absent, the RRC (re-)configuration does not impose a BWP switch.

If configured for an SCell, this field contains the ID of the uplink bandwidth part to be used upon MAC-activation of an SCell. The initial bandwidth part is referred to by BandiwdthPartId = 0.

	initialUplinkBWP
The dedicated (UE-specific) configuration for the initial uplink bandwidth-part (i.e. UL BWP#0). If any of the optional IEs are configured within this IE as part of the IE uplinkConfig, the UE considers the BWP#0 to be an RRC configured BWP (from UE capability viewpoint). Otherwise, the UE does not consider the BWP#0 as an RRC configured BWP (from UE capability viewpoint). Network always configures the UE with a value for this field if no other BWPs are configured. NOTE1

	powerBoostPi2BPSK

If this field is set to true, the UE determines the maximum output power for PUCCH/PUSCH transmissions that use pi/2 BPSK modulation according to TS 38.101-1 [15], clause 6.2.4.

	pusch-ServingCellConfig
PUSCH related parameters that are not BWP-specific.

	uplinkBWP-ToAddModList

The additional bandwidth parts for uplink to be added or modified. In case of TDD uplink- and downlink BWP with the same bandwidthPartId are considered as a BWP pair and must have the same center frequency.

	uplinkBWP-ToReleaseList
The additional bandwidth parts for uplink to be released.

	uplinkChannelBW-PerSCS-List

A set of UE specific channel bandwidth and location configurations for different subcarrier spacings (numerologies). Defined in relation to Point A. The UE uses the configuration provided in this field only for the purpose of channel bandwidth and location determination. If absent, UE uses the configuration indicated in scs-SpecificCarrierList in UplinkConfigCommon / UplinkConfigCommonSIB. Network only configures channel bandwidth that corresponds to the channel bandwidth values defined in TS 38.101-1 [15] and TS 38.101-2 [39].

	maintainPSRSTransmission-InDormancy

When this parameter is present, the UE maintains the transmission of long periodicity P-SRS in the UL BWP associated with the dormant DL BWP. Network only configures this parameter when a dormancy supported SCell is configured and the P-SRS transmission in dormancy is supported.


Note: When the dormancy function is configured to a DL BWP, a long periodic SRS is configured to an associated UL BWP.
END OF CHANGES
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