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Introduction
This paper presents Nokia’s view on RRM performance requirements for SDT, specifically on the testing of SDT. 
0. Topic #2: RRM test cases for NR SDT
In the WF from RAN4#103-e meeting, [2], RAN4 reached the following agreements on the requirements  for testing of SDT:
	Issue 2-1-1: Should new RRM test cases be introduced for CG-SDT?
· Proposals
· Option 1: Yes
· Option 2: No
· Option 3: RAN4 consult RAN5 on the feasibility of testing UE initiated SDT data transmissions in RRC_INACTIVE mode to verify CG-SDT requirements
Agreement:
Option 3, consult RAN5 at first on the testing feasibility.

Issue 2-1-2: If the answer to Issue 2-1-1 is Yes, what should be considered to define RRM testing for CG-SDT? 
· Proposals
· Option 1: Can TE trigger UL data transmission at the UE?
· Option 2: Is “when to transmit the UL after data arrival” up to UE implementation?
· Option 3: the case where UE shall not transmit with CG-SDT
· Option 4: the case where UE shall transmit with CG-SDT
· Option 5: RSRP should be increasing or decreasing from RSRP1
· Option 6: RSRP2 should meet the RSRP threshold when UE measured RSRP2 within [640ms] from T3
· Option 7: RSRP2 should not meet the RSRP threshold when UE measured RSRP2 more than [640ms] prior to T3 
Agreements:
A consensus is observed on Option 3 and 4 that should be considered to define RRM testing for CG-SDT if agreed to introduce such test cases

Issue 2-2: Should new RRM test cases be introduced for RA-SDT?
· Proposals
· Option 1: Yes
· Option 2: No
· Option 3: RAN4 consult RAN5 on the feasibility of testing UE initiated SDT data transmissions in RRC_INACTIVE mode to verify the RA-SDT requirements
Agreement:
It is not needed to introduce new RRM test cases for RA-SDT.

[bookmark: _Hlk102046700]Issue 2-3: Should RRM test cases be introduced for verifying relaxation on inter-freq and inter-RAT measurement for SDT
· Proposals
· Option 1: Yes
· Option 2: No
Agreement:
Option 2.

Issue 2-4: Should RRM test cases be introduced for verifying specific scheduling restrictions for SDT
· Proposals
· Option 1: Yes
· Option 2: No
Agreement:
Option 2.





Discussion
SDT decision tree testing

For testing SDT thoroughly, as many combinations shown in Figure 1 should be tested.


[bookmark: _Ref106630096]Figure 1: SDT decision tree
The SDT decision tree holds the following decisions based on parameters and measurements:
1. Data volume fits an SDT procedure or not
2. RSRP is above the RSRP threshold set for using SDT
3. Whether CG-SDT resources are configured
4. Whether CG-SDT resources are available for a transmission
5. TA timer check
6. TA validation
7. Whether the actual SSB is above the SS-RSRP threshold
8. Whether 2-RA-SDT resources are available
9. Whether RSRP is above the SDT msgA RSRP threshold
10. Whether 4-RA-SDT resources are available

Before reaching the point of the TA validation test, the first 5 points have to be decided first.
If the TA validation passes, one more check is done before the actual CG-SDT transmission.
If the TA validation fails, there are up to 3 decisions before a non-CG-SDT procedure is reached.
Therefore, a test of TA validation cannot avoid implicitly testing other decision points as well.
Testing of TA validation cannot avoid testing of other decision points in the SDT decision tree.
A test case can be considered as following one path through the decision tree, setting parameters to fit the desired path. This is illustrated in Figure 2.


[bookmark: _Ref106685586]Figure 2: Decision tree used to define test case of SDT. The red line indicates the use case being tested. The examples are given as A-J.
Parameters are listed in section 2.4 and it is clear, that each test example in Figure 2 can be achieved with a wide range of parameter settings.
Any test of SDT can be based on a path through the SDT decision tree.
Any path through the decision tree can have multiple tests due to parameter variation.
Base test cases for SDT on paths through the decision tree and adding parameters variation.
Test cases for SDT should cover all decision points in the SDT decision tree.

TA validation verification
TA validation is part of the decisions made in the decision tree of Figure 1 and is high-lighted in figure Figure 3.


[bookmark: _Ref106774278]Figure 3: TA validation decision point in the decision tree given by a red ellipse.
In Figure 2, test examples C, D, E, I and J are all examples of testing TA validation. As seen in example E, if TA validation fails, there are options to test RA-SDT in the same test case.
When testing TA validation, options are there to test other SDT procedures in test cases where TA validation doesn’t pass and the UE cant transmit in CG-SDT resource, for example fallback to RA-SDT can be used or not RA-SDT may not be configured. 
If RA-SDT is not configured, in test cases where TA validation is not expected to pass the UE may attempt to got to RRC CONNECTED every time the TA validation fails. 
If RA-SDT is configured, in test cases where TA validation is not expected to pass, the UE may prevent going to RRC CONNECTED every time the TA validation fails, resulting in reduced testing time. 


Table 1 Relevant features related to SDT from 38.306
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	…
	…
	…
	…
	…

	ra-SDT-r17
Indicates whether the UE supports transmission of data and/or signalling over allowed radio bearers in RRC_INACTIVE state via Random Access procedure (i.e., RA-SDT) with 4-step RA type and if UE supports twoStepRACH-r16, with 2-step RA type, as specified in TS 38.331 [9].
	UE
	No
	No
	No

	…
	…
	…
	…
	…

	cg-SDT-r17
Indicates whether the UE supports transmission of data and/or signalling over allowed radio bearers in RRC_INACTIVE state via configured grant type 1 (i.e. CG-SDT), as specified in TS 38.331 [9]. UE shall set the capability value consistently
for all FDD-FR1 bands, all TDD-FR1 bands and all TDD-FR2 bands respectively.
UE supports multiple CG-SDT configurations when a UE indicates the support of this feature and activeConfiguredGrant-r16; otherwise UE only supports one CG-SDT configuration.
	Band
	No
	N/A
	N/A

	twoStepRACH-r16
Indicates whether the UE supports the following basic structure and procedure of 2-step RACH:
-	Fallback procedures from 2-step RA type to 4-step RA type;
-	MSGA PRACH resource and format determination;
-	MSGA PUSCH configuration;
-	Validation and transmission of MSGA PRACH and PUSCH;
-	Mapping between preamble of MSGA PRACH and PUSCH occasion with DMRS resource of MSGA PUSCH;
-	MSGB monitoring and decoding;
-	PUCCH transmission for HARQ-ACK feedback to a MSGB;
-	Power control for MSGA PRACH, MSGA PUSCH and PUCCH carrying HARQ-ACK feedback to MSGB.
-	Reconfiguration with sync using a contention free random access with 2-step RA type on MSGA PRACH and PUSCH resources that are associated with SSB resources of the target cell.
	UE
	No
	No
	No



2-step RACH is an independent feature and UE support is given independently of SDT.
A UE implementation may choose to support RA-SDT and CG-SDT independently, therefore it cannot be assumed that a UE supporting CG-SDT will also support RA-SDT. 
In test cases where TA validation is not supposed to pass, discuss among the options in:
Option 1: RA-SDT is not configured in CG-SDT test cases. 
Option 2: RA-SDT is configured in CG-SDT test cases, and the UE may transmit data using RA-SDT resources if it supports that feature. 


When testing TA validation, one option is to vary receive levels at UE side. Figure 4 shows examples where the test equipment may vary the transmit power such that TA validation conditions can be verified. In order to do so, the following power levels are defined:
· Pin1 is the transmitted power at the test equipment while the UE is in RRC connected mode inside the RSRP1 measurement window
· Pin2 is the transmitted power at the test equipment while the UE is in RRC inactive mode inside the RSRP2 measurement window
· Pout1 is the transmitted power at the test equipment while the UE is in RRC connected mode prior to the RSRP1 measurement window
· Pout2 is the transmitted power at the test equipment while the UE is in RRC inactive mode just after the RSRP1 measurement window
· Pout3 is the transmitted power at the test equipment while the UE is in RRC inactive mode prior to the RSRP2 measurement window



[bookmark: _Ref110502278]Figure 4: Examples of varying RSRP values to test TA validation for CG-SDT. The green, blue, red and yellow lines represents one test run of TA validation, where the green line represents a run where TA validation must fail and the rest where TA validation must pass.
When varying the RSRP values during the test, the variation shall happen at the edge of the control points of the TA validation procedure, the start of the RSRP1 measurement window, the end of RSRP1 measurement window, the start of the RSRP2 measurement window and at the CG SDT resource time.
When varying the RSRP values outside the SDT RSRP windows, the values set are not to trigger any reselection/selection procedures.

Considering the TA validation mechanism, we expect the following potential error cases regarding the RSRP measurements, which would lead the UE to take wrong TA validation decisions:
· Error case 1: the UE measures RSRP1 outside the first measurement window
· Error case 2: the UE measures RSRP2 outside the second measurement window

Given the error cases, we can define power levels which can be used for the definition of testing conditions.
If we define power levels such that |Pin1 – Pout1|>cg-SDT-ChangeThreshold and/or |Pin1 – Pout2|>cg-SDT-ChangeThreshold, we can verify if the UE is using the correct RSRP1 measurement window with the following conditions:
· Condition A: The TA validation condition is satisfied, i.e. the TE transmit power in the is such that |Pin1 – Pin2| ≤ cg-SDT-ChangeThreshold, and CG-SDT is allowed. Two examples of such tests are shown in Figure 5 and Figure 6.
· Other sub-conditions can be used such that erroneous measurements would result in wrong TA validation decision, such as |Pin1 – Pout2| > cg-SDT-ChangeThreshold
· Condition B: The TA validation condition is not satisfied, i.e. the TE transmit power in the second RSRP window Pin2 is such that |Pin1 – Pin2| > cg-SDT-ChangeThreshold, and CG-SDT is NOT allowed, and Pin2 is chosen such that if RSRP1 is measured outside of the window the TA validation condition would be satisfied, i.e., | Pout1 – Pin2| ≤ cg-SDT-ChangeThreshold or | Pout2 – Pin2| ≤ cg-SDT-ChangeThreshold. This step is used to verify if the UE measured RSRP1 outside the measurement window. 
· Condition C: The TA validation condition is not satisfied and, i.e., the SS transmit power in the second RSRP window Pin2 is such that |Pin1 – Pin2| > cg-SDT-ChangeThreshold, and CG-SDT is NOT allowed. Additionally, the TE transmit power outside the second measurement window is chosen such that |Pin1 – Pout3| ≤ cg-SDT-ChangeThreshold. This condition is used to verify if the UE has measured RSRP2 outside the measurement window. 

In Figure 5 and Figure 6 Condition A is meet, and even though the power outside RSRP windows Pout1, Pout2, Pout3 may be changed, the TA validation criteria is met and the UE may transmit on the CG SDT occasion. 
Figure 7 shows one example where Condition B is tested, and the UE is not allowed to transmit on the CG-SDT occasion. In this condition if the UE uses a measurement outside the RSRP window 1 it could erroneously pass the TA validation criteria and send on the CG-SDT occasion. 
Figure 8 shows one example where condition C is tested, and the UE is not allowed to transmit on the CG-SDT occasion. This situation differs from the Condition B in Figure 7, because in this case the RSRP value measured around the second window for RSRP measurement is the same as the RSRP value inside the first RSRP measurement window. In that case if the UE uses an old measurement for the RSRP1 measurement it could erroneously pass the TA validation criteria.  



[bookmark: _Ref107581381]Figure 5: Example of Condition A test by control of Pout1.


[bookmark: _Ref107581388]Figure 6: Example of Condition A test by control of Pout2.


[bookmark: _Ref107581430]Figure 7: Example of Condition B test by control of POut1, Pout2 and Pin2.


[bookmark: _Ref110669910]Figure 8: Example of Condition C test by control of Pin2.

TE power can be controlled in different time instants in order to identify if RSRP measurements are performed within the specified measurement windows. 
Define TA validation test cases such that if the UE measures RSRP outside the measurement window causes the tests to fail. 
Define a test case using Condition A with |Pin1 – Pout2| > cg-SDT-ChangeThreshold and |Pout1 – Pin2| ≤ cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted. 
Define a test case using Condition B with |Pin1 – Pout2| < cg-SDT-ChangeThreshold |Pin1 – Pout2|< cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted
In order for the test condition to be verifiable, the TE equipment has to be capable of triggering CG-SDT transmissions while the UE is in RRC inactive. 
Define TA validation test cases considering that the TE is capable of triggering CG-SDT transmissions at certain CG-SDT occasions.
If testing of TA validation is to include the TAT, the windows for expiry of the timer should be before the RSRP2 measurement window if the TAT is to invalidate the use of CG-SDT.
TAT expiry to invalidate the CG-SDT procedure should be before the RSRP2 measurement window.
Define TA validation test cases that verify the validity of the TAT timer. 
Define TA validation test cases where the TA timer has expired. The test case shall fail any CG-SDT transmission in this case.


[bookmark: _Ref106685519]Parameter background information (TS 38.331)


SDT-Config-r17 ::=                  SEQUENCE {
    sdt-DRB-List-r17                    SEQUENCE (SIZE (0..maxDRB)) OF DRB-Identity                         OPTIONAL,   -- Need M
    sdt-SRB2-Indication-r17             ENUMERATED {allowed}                                                OPTIONAL,   -- Need R
    sdt-MAC-PHY-CG-Config-r17           SetupRelease {SDT-CG-Config-r17}                                        OPTIONAL,   -- Need M
    sdt-DRB-ContinueROHC-r17            ENUMERATED { cell, rna }                                            OPTIONAL    -- Need R
}

SDT-CG-Config-r17 ::= OCTET STRING (CONTAINING SDT-MAC-PHY-CG-Config-r17)

SDT-MAC-PHY-CG-Config-r17 ::=       SEQUENCE {
    -- CG-SDT specific configuration
    -- FFS on BSR configuration (e.g. i.e. for the FFS on the logicalChannelSR-DelayTimer)
    -- FFS on delta signalling (We need to clarify how this works, for instance, whether initial BWP dedicated can be considered as
    -- baseline to enable delta configuration or not etc).
     
    cg-SDT-Config-LCH-restrictionToAddModList-r17 SEQUENCE (SIZE(1..maxLC-ID)) OF  CG-SDT-Config-LCH-restriction-r17 OPTIONAL,   -- Need N
    cg-SDT-Config-LCH-restrictionToReleaseList-r17 SEQUENCE (SIZE(1..maxLC-ID)) OF  LogicalChannelIdentity  OPTIONAL,   -- Need N
    cg-SDT-Config-Initial-BWP-NUL-r17       SetupRelease {BWP-Uplink-Dedicated-SDT-r17}                     OPTIONAL,   -- Need M
    cg-SDT-Config-Initial-BWP-SUL-r17       SetupRelease {BWP-Uplink-Dedicated-SDT-r17}                     OPTIONAL,   -- Need M
    cg-SDT-Config-Initial-BWP-DL-r17        BWP-Downlink-Dedicated-SDT-r17                                  OPTIONAL,   -- Need M
    cg-SDT-TimeAlignmentTimer-r17           TimeAlignmentTimer                                              OPTIONAL,   -- Need M
    cg-SDT-RSRP-ThresholdSSB-r17            RSRP-Range                                                      OPTIONAL,   -- Need M
[bookmark: _Hlk95905177]    cg-SDT-TA-ValiditationConfig-r17        SetupRelease { CG-SDT-TA-ValiditationConfig-r17 }               OPTIONAL,   -- Need M
    ...
}

CG-SDT-TA-ValiditationConfig-r17 ::= SEQUENCE {
    cg-SDT-RSRP-ChangeThreshold-r17     RSRP-Range
}

BWP-Downlink-Dedicated-SDT-r17 ::=  SEQUENCE {
    pdcch-Config-r17                    SetupRelease { PDCCH-Config }                                       OPTIONAL,   -- Need M
    pdsch-Config-r17                    SetupRelease { PDSCH-Config }                                       OPTIONAL,   -- Need M
   ...
}BWP-Uplink-Dedicated-SDT-r17 ::=    SEQUENCE {
    pusch-Config-r17                    SetupRelease { PUSCH-Config }                                       OPTIONAL,   -- Need M
    configuredGrantConfigToAddModList-r17                 ConfiguredGrantConfigToAddModList-r17             OPTIONAL,   -- Need N
    configuredGrantConfigToReleaseList-r17                ConfiguredGrantConfigToReleaseList-r17            OPTIONAL,   -- Need N
   ...
}

ConfiguredGrantConfigToAddModList-r17 ::= SEQUENCE (SIZE (1..maxNrofConfiguredGrantConfig-r16)) OF ConfiguredGrantConfig

ConfiguredGrantConfigToReleaseList-r17 ::= SEQUENCE (SIZE (1..maxNrofConfiguredGrantConfig-r16)) OF ConfiguredGrantConfigIndex-r16

CG-SDT-Config-LCH-restriction-r17 ::= SEQUENCE {
    logicalChannelIdentity-r17          LogicalChannelIdentity,
    configuredGrantType1Allowed-r17     ENUMERATED {true}                                                   OPTIONAL,   -- Need R
    allowedCG-List-r17                  SEQUENCE (SIZE (0.. maxNrofConfiguredGrantConfigMAC-1-r16)) OF ConfiguredGrantConfigIndexMAC-r16
                                                                                                            OPTIONAL    -- Need R
}

RSRP-ChangeThresh-r17 ::= ENUMERATED {dB4, dB6, dB8, dB10, dB14, dB18, dB22, dB26, dB30, dB34, spare6, spare5, spare4, spare3, spare2, spare1}

SDT-ConfigCommonSIB-r17 ::=          SEQUENCE {
    sdt-RSRP-Threshold-r17               RSRP-Range,
    sdt-LogicalChannelSR-DelayTimer-r17  ENUMERATED { sf20, sf40, sf64, sf128, sf512, sf1024, sf2560, spare1}  OPTIONAL, -- Need R
    sdt-DataVolumeThreshold-r17          ENUMERATED {byte32, byte100, byte200, byte400, byte600, byte800, byte1000, byte2000, byte4000,
                                                     byte8000, byte9000, byte10000, byte12000, byte24000, byte48000, byte96000},
    t319a-r17                            ENUMERATED { ms100, ms200, ms300, ms400, ms600, ms1000, ms2000,
                                                      ms3000, ms4000, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    ...
}


	RSRP-Range
The IE RSRP-Range specifies the value range used in RSRP measurements and thresholds. For measurements, integer value for RSRP measurements is according to Table 10.1.6.1-1 in TS 38.133 [14]. For thresholds, the actual value is (IE value – 156) dBm, except for the IE value 127, in which case the actual value is infinity.
RSRP-Range information element
-- ASN1START
-- TAG-RSRP-RANGE-START

RSRP-Range ::=                      INTEGER(0..127)

-- TAG-RSRP-RANGE-STOP
-- ASN1STOP





[bookmark: _Toc64909510]Conclusion
This paper has presented Nokia’s views on RRM performance requirements for SDT. As part of this discussion, we have reached the following observations and proposals:
1. Testing of TA validation cannot avoid testing of other decision points in the SDT decision tree.
Any test of SDT can be based on a path through the SDT decision tree.
Any path through the decision tree can have multiple tests due to parameter variation.
1. Base test cases for SDT on paths through the decision tree and adding parameters variation.
Test cases for SDT should cover all decision points in the SDT decision tree.
When testing TA validation, options are there to test other SDT procedures in test cases where TA validation doesn’t pass and the UE cant transmit in CG-SDT resource, for example fallback to RA-SDT can be used or not RA-SDT may not be configured. 
If RA-SDT is not configured, in test cases where TA validation is not expected to pass the UE may attempt to got to RRC CONNECTED every time the TA validation fails. 
If RA-SDT is configured, in test cases where TA validation is not expected to pass, the UE may prevent going to RRC CONNECTED every time the TA validation fails, resulting in reduced testing time. 
2-step RACH is an independent feature and UE support is given independently of SDT.
A UE implementation may choose to support RA-SDT and CG-SDT independently, therefore it cannot be assumed that a UE supporting CG-SDT will also support RA-SDT. 
In test cases where TA validation is not supposed to pass, discuss among the options in:
Option 1: RA-SDT is not configured in CG-SDT test cases. 
Option 2: RA-SDT is configured in CG-SDT test cases, and the UE may transmit data using RA-SDT resources if it supports that feature.
When varying the RSRP values during the test, the variation shall happen at the edge of the control points of the TA validation procedure, the start of the RSRP1 measurement window, the end of RSRP1 measurement window, the start of the RSRP2 measurement window and at the CG SDT resource time.
When varying the RSRP values outside the SDT RSRP windows, the values set are not to trigger any reselection/selection procedures.
TE power can be controlled in different time instants in order to identify if RSRP measurements are performed within the specified measurement windows. 
Define TA validation test cases such that if the UE measures RSRP outside the measurement window causes the tests to fail. 
Define a test case using Condition A with |Pin1 – Pout2| > cg-SDT-ChangeThreshold and |Pout1 – Pin2| ≤ cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted. 
Define a test case using Condition B with |Pin1 – Pout2| < cg-SDT-ChangeThreshold |Pin1 – Pout2|< cg-SDT-ChangeThreshold where the UE passes the test if CG-SDT is transmitted
In order for the test condition to be verifiable, the TE equipment has to be capable of triggering CG-SDT transmissions while the UE is in RRC inactive. 
Define TA validation test cases considering that the TE is capable of triggering CG-SDT transmissions at certain CG-SDT occasions.
TAT expiry to invalidate the CG-SDT procedure should be before the RSRP2 measurement window.
Define TA validation test cases that verify the validity of the TAT timer. 
Define TA validation test cases where the TA timer has expired. The test case shall fail any CG-SDT transmission in this case.
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