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1. Introduction
In the RAN#103 meeting, there were discussions on UE RF and RRM specification quality improvement. The following way forward was captured in moderator summary [1]. 
	· RAN4 will organize the discussions for improving the specifications in Q2 and Q3 2024 in RAN4 meeting(s), and report to RAN#104 and RAN#105
· Focus on 38.133 and 38.101-1/38.101-2/38.101-3, not covering other specifications in this RAN task
· Motivation of the work:
· Try to improve the above specifications for Rel-19 for 5G in the short term
· Try to conclude on guidance including the structure, drafting rule to ensure the quality of specifications for UE RF and RRM.
· Set up one dedicated agenda to collect the input from companies for specification improvement
· Companies are expected to point out the key issues and also provide the concrete solutions.
· No corresponding CR is expected before September
· Schedule the specific time slot for the single discussions on the specification improvement in RAN4 main session starting from April
· Identify the key issues and root reasons behind
· Summarize the candidate solutions for the next action
· Further discuss and decide how to capture the outcome of this RAN task in RAN#105 


In this contribution, we provide our views on RRM specification quality improvement.
2. Discussion
The main motivation of the work is to
· Try to improve the above specifications for Rel-19 for 5G in the short term
· Try to conclude on guidance including the structure, drafting rule to ensure the quality of specifications for UE RF and RRM.
In our view, the guidance including the structure, drafting rule to ensure the quality of specifications should be high priority. After there is clear guidance on the structure and drafting rule, we can further consider whether it is feasible and necessary to improve R19 specification. It might be difficult to make changes to the Rel-19 specification if there is big change on the spec structure.

Spec structure
If we look at the Rel-15 spec, the spec structure is fine in general. The top level of the spec structure is inherited from LTE spec. The second top level of the spec structure is for functionality that is needed for the corresponding top level.
The spec becomes complicated and hard to understand when more features are introduced in later releases. There are basically two approaches to capture RRM requirements for new features. If the feature only impacts few sections, then the requirements are incorporated in the existing sections. Most of the features are handled in this way. If it is a big feature, e.g., NR-U, RedCap, NTN, etc., it is captured in separated sections.
The main reason that the requirements become complicated is that when requirements for features from different releases are captured together. The CSSF is one of the most complicated requirements. Let’s take the simplest part of CSSF for measurements outside gap for example.
In Rel-15 spec, it looks like as below.
	[bookmark: _Toc5952688]9.1.5.1.2	SA mode: carrier-specific scaling factor for SSB-based measurements performed outside gaps
For UE in SA operation mode, the carrier-specific scaling factor CSSFoutside_gap,i for intra-frequency SSB-based measurements performed outside measurements gaps will be as specified in Table 9.1.5.1.2-1, which shall also be applied for a UE configured with NE-DC operation.
Table 9.1.5.1.2-1: CSSFoutside_gap,i scaling factor for SA mode
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	FR1 only CA
	1
	Number of configured FR1 SCell(s)
	N/A
	N/A
	N/A

	FR2 only intra band CA 
	N/A
	N/A
	1
	N/A
	Number of configured FR2 SCell(s)

	FR1 +FR2 CA (FR1 PCell) Note 1
	1
	2×(Number of configured SCell(s)-1)
	N/A
	2 Note 5
	2×(Number of configured SCell(s)-1)

	FR1 +FR2 CA (FR2 PCell) Note 1
	N/A
	Number of configured SCell(s)
	1
	N/A
	Number of configured SCell(s)

	Note 1:	Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:	Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:	Void
Note 4:	Void
Note 5: 	CSSFoutside_gap,i =1 if  only one SCell is configured.






In Rel-18 spec, it looks like below.
	9.1.5.1.2	SA mode: carrier-specific scaling factor for SSB-based, CSI-RS based L3 measurements and RSSI and channel occupancy measurements performed outside gaps
For UE in SA operation mode, the carrier-specific scaling factor CSSFoutside_gap,i for intra-frequency SSB-based measurements, inter-frequency SSB-based measurements performed outside measurements gaps, E-UTRA inter-RAT measurement [object] without measurement gap, intra-frequency CSI-RS L3 measurement and RSSI/channel occupancy measurement with no measurement gap on a carrier subject to CCA when SMTC and RMTC are overlapping will be as specified in Table 9.1.5.1.2-1, which shall also be applied for a UE configured with NE-DC operation.
Table 9.1.5.1.2-1: CSSFoutside_gap,i scaling factor for SA mode
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSF outside_gap,i for FR2 SCC where neighbour cell measurement is not required
	CSSFoutside_gap,i for inter-frequency MO with no measurement gap
	CSSFoutside_gap,i for E-UTRA inter-RAT MO with no measurement gap
[TBD]

	FR1 only CA 
	1+NPCC_CSIRS + NPCC_CCA_RSSI/CO
	NSCC_SSB +Y+Z+2x NSCC_CSIRS+ NSCC_CCA_RSSI/CO
	N/A
	N/A
	N/A
	NSCC_SSB +Y+Z+2x NSCC_CSIRS+ NSCC_CCA_RSSI/CO
	NSCC_SSB +Y+Z+2x NSCC_CSIRS

	FR2 only intra band CA 
	N/A
	N/A
	1+NPCC_CSIRS 
	N/A
	NSCC_SSB +Y+Z+2x NSCC_CSIRS
	NSCC_SSB +Y+Z+2x NSCC_CSIRS
	NSCC_SSB +Y+Z+2x NSCC_CSIRS

	FR2 only inter band CA
	N/A
	N/A
	1+NPCC_CSIRS
	2*(1+ NSCC_CSIRS_FR2_NCM) Note 3,5
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)

	FR1 +FR2 CA (FR1 PCell) Note 1
	1+NPCC_CSIRS 
	2×( NSCC_SSB +Y+Z+2* NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	N/A
	2x(1+ NSCC_CSIRS_FR2_NCM) Note 3,5
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)
	2×( NSCC_SSB +Y+Z+2x NSCC_CSIRS -1-NSCC_CSIRS_ FR2_NCM)

	FR1 +FR2 CA (FR2 PCell) Note 1
	N/A 
	NSCC_SSB +Y+Z+2x NSCC_CSIRS
	1+NPCC_CSIRS
	N/A
	NSCC_SSB +Y+Z+2x NSCC_CSIRS
	NSCC_SSB +Y+Z+2x NSCC_CSIRS
	NSCC_SSB +Y+Z+2x NSCC_CSIRS

	Note 1:	Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:	Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:	CSSFoutside_gap,i =1 if  only one SCell is configured and no inter-frequency MO without gap and only SSB based L3 measurement is configured on SCC; CSSFoutside_gap,i =2 if only one SCell is configured and no inter-frequency MO without gap and either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement is configured on SCC.
Note 4:	Y is the number of configured inter-frequency MOs without MG that are being measured outside of MG; otherwise, it is 0.
Note 5:	Only two NR FR2 operating bands are included for FR2 inter-band CA.
Note 6:	NPCC_CSIRS=1 if PCC is with either both SSB and CSI-RS based L3 configured or only CSI-RS based L3 measurement configured; otherwise, NPCC_CSIRS =0.
Note 7:	NSCC_CSIRS=Number of configured SCell(s) with either both SSB and CSI-RS based L3 measurement configured or only CSI-RS based L3 measurement configured
Note 8:	NSCC_CSIRS_FR2_NCM=1 if FR2 SCC, where neighbour cell measurement is required, is with either both SSB and CSI-RS configured or only CSI-RS measurement configured; otherwise, NSCC_CSIRS_FR2_NCM=0.
Note 9:	NSCC_SSB=Number of configured SCell(s) with only SSB based L3 measurement configured, which is measured without MG.
Note 10:	NPCC_CCA_RSSI/CO= 1 if PSCC is configured with RSSI/CO measurements without MG when RMTC and SMTC are overlapping; NSCC_CCA_RSSI/CO = Number of MOs for SCell(s) configured with RSSI/CO measurements without MG when RMTC and SMTC are overlapping.
Note 11:	Z is the number of configured E-UTRA inter-RAT MOs without MG that are being measured outside of MG; otherwise, it is 0.





It can be seen that CSSF outside gap already becomes complicated in Rel-18 when measurements for CSI-RS and NR-U are considered. At least it is not as intuitive as what the basic requirements in Rel-15 are. Furthermore, the requirements seem like for combination for NR-U and CSI-RS based L3 measurements which had not been discussed.
Thus, in our view, it is critical to have a set of solid baseline requirements since the first release of a new generation of mobile communication technology. Then, RAN4 needs to find a better way how to capture requirements for features introduced in later releases. The changes on baseline requirements in later release should be carefully checked.
Proposal 1: Define a set of solid baseline requirements from the first release of new generation technology, which should also consider future proof.
For the features introduced in later releases, it would be better the requirements are captured in separated sections if there are relatively big changes to baseline requirements. It can refer to baseline requirements as much as possible and delta part of requirements for the new feature is additionally captured.  
Proposal 2: Uses baseline + delta approach to capture requirements for features introduced in later releases.

Drafting rules
For the requirements drafting, there are chances to improve the spec quality in short term. For example, in L1 measurement requirements (RLM/BFD/CBD/L1-RSRP/L1-SINR), there are the same requirements regarding the scaling factor for all the SSB based L1 measurements, which is copied below.

	For FR1,
-	, when in the monitored cell there are measurement gaps configured for intra-frequency, inter-frequency or inter-RAT measurements, and these measurement gaps are overlapping with some but not all occasions of the SSB; and
-	P = 1 when in the monitored cell there are no measurement gaps overlapping with any occasion of the SSB.
For FR2,
-	, when RLM-RS resource is not overlapped with measurement gap and the RLM-RS resource is partially overlapped with SMTC occasion (TSSB < TSMTCperiod).
-	P is Psharing factor, when the RLM-RS resource is not overlapped with measurement gap and RLM-RS resource is fully overlapped with SMTC period (TSSB = TSMTCperiod).
-	, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS resource is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and
-	TSMTCperiod ≠ MGRP or
-	TSMTCperiod = MGRP and TSSB < 0.5*TSMTCperiod
-	, when the RLM-RS is partially overlapped with measurement gap and the RLM-RS is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with measurement gap and TSMTCperiod = MGRP and TSSB = 0.5 × TSMTCperiod
-	, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS resource is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is partially or fully overlapped with measurement gap
-	, when the RLM-RS resource is partially overlapped with measurement gap and the RLM-RS resource is fully overlapped with SMTC occasion (TSSB = TSMTCperiod) and SMTC occasion is partially overlapped with measurement gap (TSMTCperiod < MGRP)
-	Psharing factor = 1, if the RLM-RS resource outside measurement gap is
· not overlapped with the SSB symbols indicated by SSB-ToMeasure and 1 data symbol before each consecutive SSB symbols indicated by SSB-ToMeasure and 1 data symbol after each consecutive SSB symbols indicated by SSB-ToMeasure, given that SSB-ToMeasure is configured, where the SSB-ToMeasure is the union set of SSB-ToMeasure from all the configured measurement objects merged on the same serving carrier, and,
· not overlapped by the RSSI symbols indicated by ss-RSSI-Measurement and 1 data symbol before each RSSI symbol indicated by ss-RSSI-Measurement and 1 data symbol after each RSSI symbol indicated by ss-RSSI-Measurement, given that ss-RSSI-Measurement is configured.
-	Psharing factor = 3, otherwise.
where, 
	If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1. 
If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.



Even for CSI-RS based measurements, the similar scaling factor is specified with the difference of changing SSB period to CSI-RS period.
Thus, there is obvious benefit to capture all of these just in one place and refer this part in different requirements. It would make the requirements simple and easy to understand. Since it is not a completed requirement, it can be considered as baseline block for requirements.
Another example is for L3 measurements, the following part is captured in multiple places.
	Mpss/sss_sync_with_gaps : For a UE supporting FR2-1 power class 1 or 5, Mpss/sss_sync with_gaps=40. For a UE supporting FR2-1 power class 2, Mpss/sss_sync with_gaps =24.  For a UE supporting FR2-1 power class 3, Mpss/sss_sync with_gaps =24. For a UE supporting FR2-1 power class 4, Mpss/sss_sync with_gaps =24. For a UE supporting FR2-2 power class 1, Mpss/sss_sync with_gaps = 60. For a UE supporting FR2-2 power class 2, Mpss/sss_sync with_gaps = 36. For a UE supporting FR2-2 power class 3, Mpss/sss_sync with_gaps = 36.
	Mmeas_period_ with_gaps: For a UE supporting FR2-1 power class 1 or 5, Mmeas_period_ with_gaps =40. For a UE supporting FR2-1 power class 2, Mmeas_period_ with_gaps =24. For a UE supporting FR2-1 power class 3, Mmeas_period_ with_gaps =24. For a UE supporting FR2-1 power class 4, Mmeas_period with_gaps =24. For a UE supporting FR2-2 power class 1, Mmeas_period_ with_gaps = 60. For a UE supporting FR2-2 power class 2, Mmeas_period_ with_gaps = 36. For a UE supporting FR2-2 power class 3, Mmeas_period_ with_gaps = 36.
-	MSSB_index_intra: For a UE supporting FR2-2 power class 1, MSSB_index_intra = 72. For a UE supporting FR2-2 power class 2, MSSB_index_intra = 48. For a UE supporting FR2 power class 3, MSSB_index_intra = 48.


It can also be considered as basic block for requirements that it is specified in one place and referred in the different requirements. Furthermore, it is better that this part is captured in tabulated format.
One more example is for scheduling restriction/availability requirements for L1 measurements. The requirements are quite similar for different L1 measurements. It can also be defined with block-based approach.
Proposal 3: Uses block-based approach to define core requirements as much as possible.

For the test cases, similar approaches should be used. There are now 10 files being used to capture test cases, which is not good indeed. The import thing is that there are many duplicated parts in different test cases.
If we look at the test configurations/parameters, the common test setup, such as PDSCH/PDCCH/BWP/RACH/Antenna configuration etc. are the same in multiple test cases, at least for the same type of tests, e.g., L1 measurements, L3 measurements. Multiple basic blocks could be built and then referred in test setup in different test cases. This could significantly reduce the size of the test cases. Furthermore, it is beneficial for tests setup alignment.
Proposal 4: Uses block-based approach to define test cases, especially for test setup.
Moreover, the WORD is not very friendly for tabulated requirements, especially for test cases where there is bunch of tables. Since 3GPP is defining a tool to capture band combinations, it may be further extended to be used for test cases. If it is feasible, the spec size for test cases could be significantly reduced.
Proposal 5: A new tool is used to capture tabulated test setup in test cases.

If Rel-19 spec is to be improved, it needs time for RAN4 to do so. At least, a TEI with at least two meetings is needed. The examples in the paper can be considered as starting point.
Observation 1: A TEI may be needed if Rel-19 spec is to be improved.
Observation 2: Requirements for L1 measurement/L3 measurement, including scheduling restriction, CSSF can be considered starting point for spec quality improvement in Rel-19.


3. Summary
In this contribution, we further provided views on general aspects for NR FR2 multi-Rx chain DL reception WI. Following proposals and observations are present.
Proposal 1: Define a set of solid baseline requirements from the first release of new generation technology, which should also consider future proof.
Proposal 2: Uses baseline + delta approach to capture requirements for features introduced in later releases.
Proposal 3: Uses block-based approach to define core requirements as much as possible.
Proposal 4: Uses block-based approach to define test cases, especially for test setup.
Proposal 5: A new tool is used to capture tabulated test setup in test cases.
Observation 1: A TEI may be needed if Rel-19 spec is to be improved.
Observation 2: Requirements for L1 measurement/L3 measurement, including scheduling restriction, CSSF can be considered starting point for spec quality improvement in Rel-19.
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