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Introduction
In the last RAN plenary meeting (RAN#103), there is a RAN task for RAN4 to discuss the RAN4 spec quality based on the endorsed WF [1]. The main way forwards are cited below.

	· The RAN4 Rel-19 specifications are expected to be available by December 2024.
· 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





Based on the way forward, we’d like to discuss and identify the key issues and root reasons behind the RAN4 spec quality. In addition, it seems that there is no accurate metrics to evaluate the specification quality, so we’d like to discuss these evaluation metrics in high level. In the end, we’d like to provide some candidate solutions after brainstorm.


Discussion
What is the RAN4 spec quality
This is a general question. Before working group starts to discuss the RAN4 spec quality, it seems that we need some metrics to evaluate the RAN4 spec quality. Referring to the metrics of code quality, the following high-level qualitative metrics and quantifiable metrics are listed here for references.
Table 1 code quality metrics for RAN4 reference
	high-level qualitative metrics
	Maintainability, readability, extensibility, flexibility, simplicity, reusability, testability…….

	quantifiable metrics
	1) Source lines of codes
2) The number of bugs in each module or code segment.
3) Code Coverage (Quantifies the percentage of your codebase covered by automated tests.)
4) Design/Development Constraints, e.g. Class/Method Length, Number of methods/properties in a class, Number of method/constructor parameters, Comment line scale, etc.
5) Code Churn (This metric measures the code added, modified, or deleted over time. It indicates how stable or volatile the codebase is and how much effort teams spend on maintaining or changing the code.)
6) Cyclomatic Complexity (Cyclomatic complexity measures how complex a code is based on the number of decision points (linearly independent paths) in the program. Simply, it counts the number of decision paths through your code.)
Cyclomatic Complexity = E – N + 2P
E i.e. Edges, representing program flow between nodes.
N i.e. Node, the smallest unit of code in a program
P egress node
If the Cyclomatic Complexity is larger than 10, there is a big risk to make errors.
[image: C:\Users\z00471447\AppData\Roaming\eSpace_Desktop\UserData\z00471447\imagefiles\D69EDD30-140C-46B5-87AB-6F1AB7064844.png]

For example, the Cyclomatic Complexity is 2 for if-else.
7) Code Duplication (This metric measures the amount of code repeated or copied in different parts of the codebase. It indicates how well the code follows the DRY (Don't Repeat Yourself) principle and how efficient it is. A high code duplication means the code has many redundant or unnecessary parts, increasing the code size, complexity, and maintenance effort.)



For RAN4 spec quality, working group can refer to some of the code quality metrics. The approach is similar to the code quality metric.
Proposal 1: For RAN4 spec quality, working group can refer to some of the code quality metrics to define / evaluate RAN4 spec quality, e.g. high-level qualitative metrics and quantifiable metrics.
For high-level qualitative metrics of RAN4 spec quality, the following metrics can be considered at least, readability (Easy to know the background, reference and rationale behind the spec), findability (easy to look up and track), Maintainability (Easy to maintain with reasonable efforts), extensibility (Easy to expand with more features) and draft efficiency vs Accuracy.
Proposal 2: For high-level qualitative metrics of RAN4 spec quality, it’s proposed to consider the following metrics at least, readability (Easy to know the background, reference and rationale behind the spec), findability (easy to look up and track), Maintainability (Easy to maintain with reasonable efforts), extensibility (Easy to expand with more features) and draft efficiency vs Accuracy. And FFS on the quantifiable metrics of RAN4 spec quality.

The key issues for RAN4 RF spec quality
1) Phenomenon 1: the scale of specification is increasing dramatically from 3G to 5G.
We just took statistics of RF+ demod UE and BS specification’s pages and wordings from 3G to 5G. It’s summarized below.
Table 2 statistics of RF+ demod UE specification’s pages and wordings for the first release of each generation
	Generation
	3G (R99)
	4G (R8)
	5G (R15)

	Spec
	TS 25.101 3j0 R99(FDD+Perf)
	TS 25.102 3d0 R99(TDD+Perf)
	TS 36.101 8t0 (RF+Perf)
	TS 38.101-1 fo0 (SA FR1 UE)
	TS 38.101-2 fo0 (SA FR2 UE)
	TS 38.101-3 fo0 (NSA UE)
	TS 38.101-4 fk0 (UE Perf)

	Pages
	67
	44
	167
	211
	148
	192
	279

	Total Pages in one Generation
	111
	167
	830

	Wordings
	18231
	10446
	52179
	76289
	52025
	60880
	70910

	Total Wordings in one Generation
	28677
	52179
	260104



Table 3 statistics of RF+ demod UE specification’s pages and wordings for the first release of each generation
	Generation
	3G (R17)
	4G (R18)
	5G (R18)

	Spec
	TS 25.101 h00(FDD+Perf)
	TS 25.102 h00 (TDD+Perf)
	TS 36.101 i40 (Cover)
	TS 36.101 i40 (RF)
	TS 36.101 i40 (Perf)
	TS 36.101 i40 (Annex)
	TS 38.101-1 i40 (SA FR1 UE)
	TS 38.101-2 i40 (SA FR2 UE)
	TS 38.101-3 i40 (NSA UE)
	TS 38.101-4 i40 (UE Perf)

	Pages
	399
	246
	31
	573
	1006
	441
	1011
	238
	1267
	791

	Total Pages in one Generation
	645
	2051
	3307

	Wordings
	81396
	53409
	12523
	188858
	307084
	147924
	337658
	85777
	249266
	195312

	Total Wordings in one Generation
	134805
	656389
	868013

	Main features
	Less than 5 features, e.g. HSDPA，HSUPA，DC…
	
	





Figure 1 illustration of the RF+demod UE spec 101 pages 


figure 2 illustration of the RF+demod UE spec 101 wordings

Table 4 statistics of RF+ demod BS specification’s pages and wordings for the first release of each generation
	Generation
	3G (R99)
	4G (R8)
	5G (R15)

	Spec
	TS 25.104 3e0 R99(FDD+Perf)
	TS 25.105 3g0 R99(TDD+Perf)
	TS 36.104 8e1(RF+Perf)
	TS 38.104 fj0 (RF+Perf)

	Pages
	40
	41
	75
	241

	Total Pages in one Generation
	81
	75
	241

	Wordings
	10410
	10735
	23515
	82025

	Total Wordings in one Generation
	21145
	23515
	82025




Table 5 statistics of RF+ demod BS specification’s pages and wordings for the latest release of each generation
	Generation
	3G (R17)
	4G (R18)
	5G (R18)

	Spec
	TS 25.104 h00(FDD+Perf)
	TS 25.105 h00 (TDD+Perf)
	TS 36.104 i40(RF+Perf)
	TS 38.104 i40 (RF+Perf)

	Pages
	129
	121
	299
	405

	Total Pages in one Generation
	250
	299
	405

	Wordings
	44293
	29672
	110254
	142268

	Total Wordings in one Generation
	73965
	110254
	142268




figure 3 illustration of the RF+demod BS spec 104 pages


figure 4 illustration of the RF+demod BS spec 104 wordings
Observation 1: The pages and wordings for UE spec are increasing dramatically from 3G to 5G. In first version of 5G phase, there are 800 pages for UE spec. In the late phase of 4G and 5G, the total pages of UE spec are more than 2000. Compared to UE spec, BS spec didn’t increase so much.
The reason why UE spec is increasing so much from 3G to 5G is that the advanced communication system can support more powerful functions. In addition, more and more features are introduced into the specification. The rough statistics of features for each generation are shown below.
Table 6 The rough statistics of features for each generation
	Generation
	3G
	4G
	5G

	Main features
	There are a few features, e.g. HSDPA，HSUPA，DC…
	More than 10 or 20 features, e.g. CA, UL MIMO, NB-IoT, eMTC, LAA, V2X, UL 64QAM, DL 256QAM, DC, sTTI, SRS switching, HPUE…
	More than 30 or 40 features, e.g. FR2, ENDC, HPUE, SUL, CA, UL MIMO (Tx diversity), (e)RedCap, NTN, NR-U, NR V2X, UL 256QAM, DL 1024QAM, MRDC, SRS (ant.) switching, SL-U, Coverage enhance , DSS, positioning，NES, ATG…



Observation 2: Since more and more features are introduced from 3G to 5G, the scale of specification is increasing so much. This is a new topic how to handle the larger and larger specification.
2) Phenomenon 2: almost there is no comment out in current RAN4 specification.
Generally, the comment line scale is required higher than X% for program. For specification, the comment line could be considered to explain the background/rationale, give some references, and show some pictures or reasons how/why to design the requirements.
For example, it seems very hard to understand the meaning and background about “MPR outer region and inner region” for the following description in the spec.
	Where the following parameters are defined to specify valid RB allocation ranges for Outer and Inner RB allocations:
NRB is the maximum number of RBs for a given Channel bandwidth and sub-carrier spacing defined in Table 5.3.2-1. RBStart,Low = max(1, floor(LCRB/2))
where max() indicates the largest value of all arguments and floor(x) is the greatest integer less than or equal to x.
RBStart,High = NRB – RBStart,Low – LCRB
The RB allocation is an Inner RB allocation if the following conditions are met
RBStart,Low  ≤  RBStart  ≤  RBStart,High, and
LCRB  ≤  ceil(NRB/2)
where ceil(x) is the smallest integer greater than or equal to x.
An Edge RB allocation is the one for which the RB(s) is (are) allocated at the lowermost or uppermost edge of the channel with LCRB ≤ 2 RBs.
The RB allocation is an Outer RB allocation for all other allocations which are not an Inner RB allocation or Edge RB allocation.



But if a picture can be used to explain it, it will be much easier to understand the rationale behind it.
[image: ]
Sometimes, the wordings in the spec are too logical to comprehend easily. Some comment out can help improve the readability in the spec.
[bookmark: _Hlk162860173]Observation 3: Sometimes, the wordings in the spec are too logical to comprehend easily. The Text description is not intuitive. Some comment out can help improve the readability in the spec.
3) Phenomenon 3: there is no general / reasonable principles on how to handle the relationship between close coupling and decoupling for different feature.
For close coupling, it can help reduce some maintenance works as one change mark is applicable to more than one feature, but the dependency can be observed for different features. For decoupling, it may increase some unnecessary redundancy and maintenance works, but it helps the readability. And A lot of duplicated workloads/efforts can’t be unified.
For example, the SAR solution for 2Tx inter-band CA PC2 introduced in Rel-17 is almost same as the 3Tx inter-band CA PC2 introduced in Rel-18. Not sure whether the basic SAR solution module can be developed to reduce the workloads / efforts.
Observation 3: For close coupling, it can help reduce some maintenance works as one change mark is applicable to more than one feature, but the dependency can be observed for different features. For decoupling, it may increase some unnecessary redundancy and maintenance works, but it helps the readability.
4) Phenomenon 4: There is no full consideration on introduction of more and more features in the future before drafting initial framework of the spec.
For current RF spec, there are two options at least to address the general framework of the spec.
Option 1: the framework used in 4G and 5G spec. (The same requirements for different features are packed in second sub-clause together.)
	6.2	Transmitter power
6.2A	Transmitter power for CA
6.2B	Transmitter power for NR-DC
6.2C	Transmitter power for SUL
6.2D	Transmitter power for UL MIMO
6.2E	Transmitter power for V2X
6.2F	Transmitter power for shared spectrum channel access
6.2G	Transmitter power for Tx Diversity
6.2H	Transmitter power for CA with UL MIMO
……



Option 2: All of (additional) requirements for each feature could be packed together. 
	General requirements: 
5	Operating bands and channel arrangement
6	Transmitter characteristics
7	Receiver characteristics
Requirements for CA
8	Operating bands and channel arrangement for CA
9	Transmitter characteristics for CA
10	Receiver characteristics for CA
Requirements for NR-DC
11	Operating bands and channel arrangement for NR-DC
12	Transmitter characteristics for NR-DC
13	Receiver characteristics for NR-DC
Requirements for SUL
14	Operating bands and channel arrangement for SUL
15	Transmitter characteristics for SUL
16	Receiver characteristics for SUL
Requirements for MIMO
17	Operating bands and channel arrangement for MIMO
18	Transmitter characteristics for MIMO
19	Receiver characteristics for MIMO
……


Observation 5: For current RF spec, there are two options at least to address the general framework of the spec.
Option 1: the framework used in current 4G and 5G spec. (The same requirements for different features are packed in second level sub-clause together.)
Option 2: All of (additional) requirements for each feature could be packed together.

5) Phenomenon 5: Before agreeing the formal CR for one feature, it doesn’t have enough discussion on the spec framework /impacts for this feature and the coupling with other features.
The most common small example is the suffix confliction between two new features. Apart from that, there are also confliction or others between different features.
Observation 6: Not sure whether more TU/dedicated agenda can be allocated to discuss the spec framework /impacts for this feature and the coupling with other features before agreeing the formal CR for one feature.


[bookmark: _Hlk162862920]6) Phenomenon 6: For RF-specific issue, all the features are established on the bands or band combinations. It’s an issue how to handle the band/BC-specific features and band/BC-agnostic features
[bookmark: _Hlk162862930]Currently, there is no database for band/BC specified in RF. Thus, everything is specified/recorded in the specification. That would be an issue as more and more features are introduced. In addition, one band can support more than one or two features simultaneously. Thus, from RF perspective, the features should be dominated by at least two dimensions for example. Which features can be considered as band/BC-specific features? which feature can be considered as band-agnostic features? This may be very controversial.
One exemplary table is listed below.
Table 7 The exemplary relationship between Band/BC and band/BC-specific features
	
	UL power class 2
	UL MIMO
	power class 2 + UL MIMO
	R16 V2X
	NR-U
	R18 SL-U

	Bands 
	Band n1
	Supported
	Supported
	Supported
	
	
	

	
	Band n2
	Not supported
	Supported
	Not supported
	
	
	

	
	Band n3
	Supported
	Supported
	Supported
	
	
	

	
	Band n46
	Not supported
	supported
	Not supported
	not
	supported
	Supported

	
	Band n47
	Not supported
	supported
	Not supported
	supported
	not
	not

	Band combinations
	CA_n1-n2
	Supported
	
	
	
	
	

	
	CA_n1-n3
	Supported
	
	
	
	
	

	
	CA_n2-n3
	Supported
	
	
	
	
	



Observation 7: A database for band/BC-specific requirements/features is required with flexible presentation form.
7) Phenomenon 7: Some misalignments in current specification is due to the different views from different companies, which can’t belong to the spec quality issue.
For some specific issues, e.g. power class clarification, since different companies have different technical views, it should not be considered as spec quality issue.
Observation 8: For some specific issues, e.g. power class clarification, since different companies have different technical views, it should not be considered as spec quality issue.
Candidate solutions
Based on the WF, the motivation of the work is to improve the above specifications for Rel-19 for 5G in the short term and conclude on guidance including the structure, drafting rule. The following candidate solutions are proposed.
Proposal 3: The following candidate solutions are proposed.
1) From procedure perspective, RAN4 can discuss whether more TUs and/or dedicated agenda can be allocated to discuss/coordinate the spec framework /impacts for new feature and the dependency with other features before agreeing the formal CR and/or during the maintenance phase.
2) From RF structure perspective, at least, the following two options can be discussed in RAN4.
Option 1: the framework used in current 4G and 5G spec. (i.e. The same requirements for different features are packed in the second sub-clause together.)
	6.2	Transmitter power
6.2A	Transmitter power for CA
6.2B	Transmitter power for NR-DC
……
6.2G	Transmitter power for Tx Diversity
6.2H	Transmitter power for CA with UL MIMO
……



Option 2: All of (additional) requirements for each feature could be packed together. 
	General requirements: 
5	Operating bands and channel arrangement
6	Transmitter characteristics
7	Receiver characteristics
Requirements for CA
8	Operating bands and channel arrangement for CA
9	Transmitter characteristics for CA
10	Receiver characteristics for CA
……
Requirements for MIMO
17	Operating bands and channel arrangement for MIMO
18	Transmitter characteristics for MIMO
19	Receiver characteristics for MIMO
……



3) From drafting rule perspective, the following suggestions can be considered.
		a) It’s encouraged to consider some more intuitive expression, e.g. diagram, table, and so on.
		b) It’s encouraged to avoid the long sentence in the spec.
		c) It’s encouraged to reuse the existing terms and symbols as much as possible. If new terms/symbols have to be proposed, the definition should be specified.

4) For better readability and traceability, it’s allowed to keep some key information / comment out for better explanation in each clause/requirement. For example, a simple TR can be maintained with references to Tdocs like CRs/WFs by some experts.

Summary
What is the RAN4 spec quality
Proposal 1: For RAN4 spec quality, working group can refer to some of the code quality metrics to define / evaluate RAN4 spec quality, e.g. high-level qualitative metrics and quantifiable metrics.
Proposal 2: For high-level qualitative metrics of RAN4 spec quality, it’s proposed to consider the following metrics at least, readability (Easy to know the background, reference and rationale behind the spec), findability (easy to look up and track), Maintainability (Easy to maintain with reasonable efforts), extensibility (Easy to expand with more features) and draft efficiency vs Accuracy. And FFS on the quantifiable metrics of RAN4 spec quality.

The key issues for RAN4 RF spec quality
1) Phenomenon 1: the scale of specification is increasing dramatically from 3G to 5G.
Observation 1: The pages and wordings for UE spec are increasing dramatically from 3G to 5G. In first version of 5G phase, there are 800 pages for UE spec. In the late phase of 4G and 5G, the total pages of UE spec are more than 2000. Compared to UE spec, BS spec didn’t increase so much.
Observation 2: Since more and more features are introduced from 3G to 5G, the scale of specification is increasing so much. This is a new topic how to handle the larger and larger specification.

2) Phenomenon 2: almost there is no comment out in current RAN4 specification.
Observation 3: Sometimes, the wordings in the spec are too logical to comprehend easily. The Text description is not intuitive. Some comment out can help improve the readability in the spec.

3) Phenomenon 3: there is no general / reasonable principles on how to handle the relationship between close coupling and decoupling for different feature.
Observation 4: For close coupling, it can help reduce some maintenance works as one change mark is applicable to more than one feature, but the dependency can be observed for different features. For decoupling, it may increase some unnecessary redundancy and maintenance works, but it helps the readability.

4) Phenomenon 4: There is no full consideration on introduction of more and more features in the future before drafting initial framework of the spec.
Observation 5: For current RF spec, there are two options at least to address the general framework of the spec.
Option 1: the framework used in current 4G and 5G spec. (The same requirements for different features are packed in second level sub-clause together.)
Option 2: All of (additional) requirements for each feature could be packed together.

5) Phenomenon 5: Before agreeing the formal CR for one feature, it doesn’t have enough discussion on the spec framework /impacts for this feature and the coupling with other features.
Observation 6: Not sure whether more TU/dedicated agenda can be allocated to discuss the spec framework /impacts for this feature and the coupling with other features before agreeing the formal CR for one feature.

6) Phenomenon 6: For RF-specific issue, all the features are established on the bands or band combinations. It’s an issue how to handle the band/BC-specific features and band/BC-agnostic features
Observation 7: A database for band/BC-specific requirements/features is required with flexible presentation form.

7) Phenomenon 7: Some misalignments in current specification is due to the different views from different companies, which can’t belong to the spec quality issue.
Observation 8: For some specific issues, e.g. power class clarification, since different companies have different technical views, it should not be considered as spec quality issue.

Candidate solutions
Proposal 3: The following candidate solutions are proposed.
1) From procedure perspective, RAN4 can discuss whether more TUs and/or dedicated agenda can be allocated to discuss/coordinate the spec framework /impacts for new feature and the dependency with other features before agreeing the formal CR and/or during the maintenance phase.

2) From RF structure perspective, at least, the following two options can be discussed in RAN4.
Option 1: the framework used in current 4G and 5G spec. (i.e. The same requirements for different features are packed in the second sub-clause together.)
	6.2	Transmitter power
6.2A	Transmitter power for CA
6.2B	Transmitter power for NR-DC
……
6.2G	Transmitter power for Tx Diversity
6.2H	Transmitter power for CA with UL MIMO
……


Option 2: All of (additional) requirements for each feature could be packed together. 
	General requirements: 
5	Operating bands and channel arrangement
6	Transmitter characteristics
7	Receiver characteristics
Requirements for CA
8	Operating bands and channel arrangement for CA
9	Transmitter characteristics for CA
10	Receiver characteristics for CA
……
Requirements for MIMO
17	Operating bands and channel arrangement for MIMO
18	Transmitter characteristics for MIMO
19	Receiver characteristics for MIMO
……



3) From drafting rule perspective, the following suggestions can be considered.
		a) It’s encouraged to consider some more intuitive expression, e.g. diagram, table, and so on.
		b) It’s encouraged to avoid the long sentence in the spec.
		c) It’s encouraged to reuse the existing terms and symbols as much as possible. If new terms/symbols have to be proposed, the definition should be specified.

4) For better readability and traceability, it’s allowed to keep some key information / comment out for better explanation in each clause/requirement. For example, a simple TR can be maintained with references to Tdocs like CRs/WFs by some experts.
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