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1	Introduction
This document presents an initial discussions and our view on the RRM performance requirements for RedCap targeting following WI objective [1]: 
	Specify necessary performance requirements, measurement accuracy requirements and test cases related to the above-mentioned enhancements and core requirements [RAN4].



The contribution also contains discussions on test configurations and test case list. 
2	Test configurations
A.2 Requirement classification for statistical testing
This section contains the general requirements such as applicability and principle of testing, and any other rules that may apply to all RedCap tests. Applicability rules related to RedCap specific test cases need to be captured in this section.
[bookmark: _Ref101715519]Proposal 1 Applicability requirements for RedCap test cases are introduced in A.2. 
A.3 RRM test configurations for RedCap
A.3.1 Reference measurement channels
This section contains the reference measurement channels for PDSCH, CORESET for RMSI and RMC for the different duplex modes which are FDD and TDD. Since the current RMC tables do not explicitly state the number of receive branches nor the channel bandwidth, it is possible to reuse the existing RMC tables for RedCap. There is no need to define new RMCs specific to HD-FDD, instead the existing FDD RMCs can be reused for HD-FDD tests. 

[bookmark: _Ref101715527]Proposal 2 Existing RMC tables (PDSCH, CORESET for RMSI and RMC) for FDD and TDD defined in A.3.1 in TS 38.133 are reused for RedCap.

A.3.1.4	TDD UL/DL configuration
There is no impact on the TDD UL/DL configurations as the legacy TDD configurations are reused for RedCap.
[bookmark: _Ref101715532]Proposal 3 Existing TDD DL/UL configurations defined in A.3.1.4 in TS 38.133 are reused for RedCap.

A.3.1 OFDMA Channel Noise Generator (OCNG)
The current OCGN patterns are defined in a generic way, where the unused PRBs are used for transmissed data by OCGN. They are not affected by the reduction of UE BW for RedCap.

[bookmark: _Ref101715536]Proposal 4 Existing OCNG configurations defined in A.3.2.1 in TS 38.133 are reused for RedCap.

[bookmark: _Toc535476084]A.3.3	Reference DRX configurations
For similar reason, the existing reference DRX configurations can be reused for RedCap, however, RAN4 needs to evaluate potential impact due introduction of eDRX based on the type of test cases agreed.
[bookmark: _Ref101715540]Proposal 5 RAN4 to decide on whether to update the DRX configurations defined in A.3.3 in TS 38.133 based on type of test cases agreed for eDRX. 

A.3.4	Test Cases with Different Channel Bandwidths 
No impact expected due to that RedCap supports only standalone NR operation.

A.3.5	Test Cases for Synchronous and Asynchronous DC Operations 
Not applicable since RedCap supports only standalone NR operation.

A.3.6	Antenna configurations
[bookmark: _Toc535476091]A.3.6.1	Antenna configurations for FR1
This section contains antenna configurations for FR1 for NR FDD and NR TDD cells in all RRM test cases. More specifically, an antenna configuration of 1x2 in AWGN propagation conditions are used in all test cases. Obviously this sections is impacted due to reduction of receive branches for RedCap UEs. In addition, some of the configurations (e.g. configurations designed for 4 Rx capable Ues) are not applicable for RedCap.  It might be possible to reuse the existing configurations for 2 Rx RedCap UE, but new configurations are needed for 1 Rx RedCap UEs.
[bookmark: _Ref101715543]Proposal 6 RAN4 to introduce new antenna configurations to account for reduction of receive branches for RedCap.  
A.3.6.2	Antenna configurations for FR2
Since the number of receive branches is not reduced for RedCap UE, it is possible to reuse the existing FR2 antenna configurations. 
[bookmark: _Ref101715546]Proposal 7 Existing FR2 antenna configurations defined in A.3.6.2 in TS 38.133 are reused for RedCap UEs in FR2. 

A.3.7	EN-DC test setup
No impact expected due to that RedCap supports only standalone NR operation.

A.3.8	PRACH configurations
The existing PRACH configurations can be reused since they are not impacted by reduction of number of receive branches or introduction of HD-FDD duplex mode.
[bookmark: _Ref101715550]Proposal 8 Existing PRACH configurations defined in A.3.8 in TS 38.133 are reused for RedCap. 

A.3.9	BWP configurations
This clause contains the DL and UL BWP configurations applicable for RRM test cases. The configurations are initial BWP and dedicated BWP for UL and DL respectively and it is expected that they can be reused for RedCap. However, RAN4 may need to revisit this section based on the type of test cases agreed. For example, if RAN4 agrees to introduce dedicated test cases for UEs operating in RedCap specific BWP then new corresponding BWPs need to be introduced.
[bookmark: _Ref101715554]Proposal 9 Existing BWP configurations defined in A.3.9.2 and A.3.9.3 in TS 38.133 are reused for RedCap. 

[bookmark: _Ref101715558]Proposal 10 RAN4 to decide on whether to introduce new configuration for RedCap specific BWP based on type of test cases agreed for RedCap. 

[bookmark: _Toc535476121]A.3.10	SSB Configurations
This section contains different types of SSB configurations for FR1 and FR2 some of which are not applicable/supported for RedCap as summarized in Table 1 below. 

Table 1 Applicability of existing SSB configurations for RedCap
	SSB pattern
	SCS
	BW
	Applicability for RedCap

	SSB.1 FR1
	15 kHz
	10 MHz
	Supported

	SSB.2 FR1
	30 kHz
	40 MHz
	Not supported 

	SSB.3 FR1
	15 kHz
	10 MHz
	Supported

	SSB.4 FR1
	30 kHz
	40 MHz
	Not supported

	SSB.5 FR1
	15 kHz
	10 MHz starting from odd SFN
	Supported

	SSB.6 FR1
	30 kHz
	40 MHz starting from odd SFN
	Not supported

	SSB.1 FR2
	120 kHz
	100 MHz
	Supported

	SSB.2 FR2
	240 kHz
	100 MHz
	Supported

	SSB.3 FR2
	120 kHz
	100 MHz
	Supported

	SSB.4 FR2
	240 kHz
	100 MHz
	Supported

	SSB.5 FR2
	120 kHz
	100 MHz
	Supported

	SSB.6 FR2
	240 kHz
	100 MHz
	Supported

	SSB.7 FR2
	120 kHz
	100 MHz
	Supported

	SSB.8 FR2
	240 kHz
	100 MHz
	Supported



The new sections containing the SSB configurations for RedCap shall be prepared based on Table 1. As shown in the table, some combinations of SCS and BW cannot be supported due to reduction of UE BW for RedCap. Thus new new SSB configuration are needed for those, i.e. for 30 kHz SCS and 20 MHz BW. 

[bookmark: _Ref101715562]Proposal 11 In addition to the existing SSB configurations, new SSB configurations are introduced for 30 kHz SCS and 20 MHz BW instead of 30 KHz SCS and 40 MHz BW. 

A.3.11	SMTC Configurations
No impact on existing SMTC configurations is expected due to RedCap. 
[bookmark: _Ref101715565]Proposal 12 Existing SMTC configurations defined in A.3.11 in TS 38.133 are reused for RedCap. 

A.3.12	Test Cases with Different CC Configurations
Not applicable since RedCap supports only standalone NR operation.
[bookmark: _Toc535476134]A.3.13	Test Cases in SA and EN-DC Operations
Not applicable since RedCap supports only standalone NR operation.

A.3.13A	Test Cases involving E-UTRA/FR1 and FR2 carriers
Not applicable since RedCap supports only FR at the time. 
A.3.13B	Test Cases for EN-DC and NE-DC Operations 
Not applicable since RedCap supports only standalone NR operation.

A.3.14	CSI-RS configurations
This section contains the CSI-RS configuration for FDD and TDD. Since the current RMC tables do not explicitly state the number of receive branches nor the channel bandwidth, it is possible to reuse the existing RMC tables for RedCap. No need to introduce separate configurations for HD-FDD as the FDD configurations can be used for HD-FDD tests. 
[bookmark: _Ref101715572]Proposal 13 Existing CSI-RS configuration for FDD and TDD defined in A.3.14 in TS 38.133 are reused for RedCap. No new RMCs are needed for HD-FDD.

A.3.15	Angle of Arrival (AoA) for FR2 RRM test cases
RedCap operation in FR2 uses 2 Rx branches, therefore no significant impact is expected to the AoA requirements. However, the new power class (PC7) introduced for RedCap needs to be introduced for AoA section.
[bookmark: _Ref101715580]Proposal 14 New AoA requirements need to be introduced considering the new RedCap power class.
A.3.16	TCI State Configuration
No impact on existing SMTC configurations is expected due to RedCap. 
[bookmark: _Ref101715583]Proposal 15 Existing TCI state configuration defined in A.3.16 in TS 38.133 is reused for RedCap. 

A.3.17	Configurations of CSI-RS for tracking 
This section contains the configuration for CSI-RS tracking for FR1 and FR2 for FDD and TDD respectively.  Since some of the combination of SCS and BW are not supported for FR1, they need to be aligned with similar configuration for SSB. 
[bookmark: _Ref101715596]Proposal 16 Existing configuration for CSI-RS tracking defined for FDD and TDD defined in A.3.17 in TS 38.133, aligned with corresponding SSB configuration, are reused for RedCap. No need to create new configurations for HD-FDD. 

A.3.18	Additional definitions related to OTA testing for FR2 RRM test cases
No impact is expected due to FR2 UE supports same number of received branches as legacy UEs.
[bookmark: _Ref101715601]Proposal 17 Existing additional definitions related to OTA testing defined in A.3.18 are reused for RedCap. 

A.3.19	Test applicability for DAPS handover
Not applicable since this feature is not supported for RedCap in release 17.

A.3.20	MsgA configurations
Since the PRACH design from legacy NR is reused for RedCap, it is straightforward to reuse the existing MsgA configurations. 
[bookmark: _Ref101715606]Proposal 18 Existing PRACH configurations defined in A.3.8 in TS 38.133 are reused for RedCap. 

A.3.21	V2X sidelink communication
Not applicable since this feature is not supported for RedCap in release 17.

A.3.22	CSI-IM configurations
Similar to the earlier proposal on CSI-RS configuration, it is possible to reuse the existing CSI-IM configuration for RedCap.

[bookmark: _Ref101715619]Proposal 19 Existing CSI-IM configurations defined in A.3.22 in TS 38.133 are reused for RedCap. 

A.3.23	Spatial Relation Configuration
[bookmark: _Hlk101035800]No impact on existing spatial relation configuration is expected due to RedCap. 
[bookmark: _Ref101715627]Proposal 20 Existing spatial relation configuration defined in A.3.23 in TS 38.133 is reused for RedCap. 

A.3.24	SRS configuration
Not applicable since this feature is not supported for RedCap in release 17.
A.3.25	Channel bandwidth (CBW) configurations
No impact on existing spatial relation configuration is expected due to RedCap. 
[bookmark: _Ref101715631]Proposal 21 Existing channel bandwidth (CBW) configuration defined in A.3.25 in TS 38.133 is reused for RedCap. 

A.3.30	CSI-RS configurations for RRM
This section contains CSI-RS configuration for RRM for FDD and TDD. It is possible to reuse those for RedCap. The configurations are needed only for SCS of 15 kHz and 30 kHz, and SCS of 120 kHz need to be excluded as it cannot be supported for RedCap. No separate configurations are needed for HD-FDD since FDD configurations can be used for HD-FDD tests.

[bookmark: _Ref101715636]Proposal 22 Existing CSI-RS configuration for RRM defined for FDD and TDD in A.3.30 can be reused for RedCap except those designed for SCS > 30 kHz. 

A.3.31	PRS Configurations
Not applicable since this feature is not supported for RedCap in release 17.

A.3.31	Duplex modes
Since RedCap supports operation in FDD, TDD and HD-FDD modes, all new tests shall be developed for all three types of duplex modes.
[bookmark: _Ref101715640]Proposal 23 All RRM test cases are introduced for FDD, TDD and HD-FDD UEs. 

A.3.31	Accuracy of SS-RSRQ and SS-SINR
RAN4 has carried out the simulation campaign to study the performance SS-RSRP due to reduction of Rx branches. Based on the results, RAN4 is discussing the following option for SS-RSRP accuracy:
	Relaxation of accuracy levels for FR1
· FFS: Absolute accuracy by 1 dB compared to legacy requirements for 2 Rx UE
· FFS: Relative accuracy by 1 dB compared to legacy requirements for 2 Rx UE


 
RAN4 needs to also define the accuracy requirements for SS-RSRQ and SS-SINR. Our view is to follow the method used in the legacy requirements and cat-1bis for deriving the RSRQ and SINR requirement which is based on the relaxation applied to the legacy requirements. This means, the legacy SS-RSRQ and SS-SINR accuracy levels are relaxed by the same margin as for SS-RSRP compared the corresponding legacy requirements.
[bookmark: _Ref101715643]Proposal 24 RedCap SS-RSRQ accuracy level is derived by relaxing the legacy SS-RSRQ accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement. 
[bookmark: _Ref101715647]Proposal 25 RedCap SS-SINR accuracy level is derived by relaxing the legacy SS-SINR accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement. 

1. Summary
[bookmark: _Hlk23953093]In this contribution we have discussed the test configurations for RRM performance part of RedCap WI. Based on the discussions, we have made following observations and proposals:

Proposal 1 Applicability requirements for RedCap test cases are introduced in A.2.
Proposal 2 Existing RMC tables (PDSCH, CORESET for RMSI and RMC) for FDD and TDD defined in A.3.1 in TS 38.133 are reused for RedCap.
Proposal 3 Existing TDD DL/UL configurations defined in A.3.1.4 in TS 38.133 are reused for RedCap.
Proposal 4 Existing  OCNG configurations defined in A.3.2.1 in TS 38.133 are reused for RedCap.
Proposal 5 RAN4 to decide on whether to update the DRX configurations defined in A.3.3 in TS 38.133 based on type of test cases agreed for eDRX.
Proposal 6 RAN4 to introduce new antenna configurations to account for reduction of receive branches for RedCap.
Proposal 7 Existing FR2 antenna configurations defined in A.3.6.2 in TS 38.133 are reused for RedCap UEs in FR2.
Proposal 8 Existing PRACH configurations defined in A.3.8 in TS 38.133 are reused for RedCap.
Proposal 9 Existing BWP configurations defined in A.3.9.2 and A.3.9.3 in TS 38.133 are reused for RedCap.
Proposal 10 RAN4 to decide on whether to introduce new configuration for RedCap specific BWP based on type of test cases agreed for RedCap.
Proposal 11 In addition to the existing SSB configurations, new SSB configurations are introduced for 30 kHz SCS and 20 MHz BW instead of 30 KHz SCS and 40 MHz BW.
Proposal 12 Existing SMTC configurations defined in A.3.11 in TS 38.133 are reused for RedCap.
Proposal 13 Existing CSI-RS configuration for FDD and TDD defined in A.3.14 in TS 38.133 are reused for RedCap. No new RMCs are needed for HD-FDD.
Proposal 14 New AoA requirements need to be introduced considering the new RedCap power class.
Proposal 15 Existing TCI state configuration defined in A.3.16 in TS 38.133 is reused for RedCap.
Proposal 16 Existing configuration for CSI-RS tracking defined for FDD and TDD defined in A.3.17 in TS 38.133, aligned with corresponding SSB configuration, are reused for RedCap. No need to create new configurations for HD-FDD.
Proposal 17 Existing additional definitions related to OTA testing defined in A.3.18 are reused for RedCap.
Proposal 18 Existing PRACH configurations defined in A.3.8 in TS 38.133 are reused for RedCap.
Proposal 19 Existing CSI-IM configurations defined in A.3.22 in TS 38.133 are reused for RedCap.
Proposal 20 Existing spatial relation configuration defined in A.3.23 in TS 38.133 is reused for RedCap.
Proposal 21 Existing channel bandwidth (CBW) configuration defined in A.3.25 in TS 38.133 is reused for RedCap.
Proposal 22 Existing CSI-RS configuration for RRM defined for FDD and TDD in A.3.30 can be reused for RedCap except those designed for SCS > 30 kHz.
Proposal 23 All RRM test cases are introduced for FDD, TDD and HD-FDD UEs.
Proposal 24 RedCap SS-RSRQ accuracy level is derived by relaxing the legacy SS-RSRQ accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.
Proposal 25 RedCap SS-SINR accuracy level is derived by relaxing the legacy SS-SINR accuracy level by the same level as agreed for RedCap SS-RSRP measurement compared to legacy SS-RSRP measurement.
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