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1. Introduction
Several NR-U key features have been introduced throughout the development of Release 17. Careful review of Release 17.7.0 has revealed several issues which we believe result in a partially broken TS for the NR-U transmitter (Tx) and receiver (Rx) requirements. These issues can be classified in two categories: TS structure related and missing essential RF requirements. This document is the companion of Change Request (CR) [1] that merges both Rx and Tx changes into a single CR due to restrictions to one CR per company for Rel-17 maintenance. This discussion paper aims at easing the CR [1] review and justifies key changes.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion on TS Structure Issues
TS structural issues are discussed in section 2.1 and can be broken down into three categories:
1. Several requirements are captured in a 2nd level clause under suffix “F,” but many should have been, and in some cases, already have been captured under a 2nd level clause suffix “A” or a general sub-clause;
2. Some requirements are captured under suffix “G” which is wrong since suffix “F” should be used for NR-U; and
3. Some requirements are captured in two distinct subclauses resulting in overlapping requirements, and in some cases, resulted in contradictory RF requirements.
Key missing requirements are discussed in clauses 2.2 and 2.3. Overall, it may be considered that the NR-U TS requirements are partially broken. It is therefore essential to fix R17 TS to ensure R18 starts on a clean baseline.  Considering there are approximately 68 changes brought in companion CR [1], only essential missing RF requirements are discussed. Companies are encouraged to capture their comments by directly editing the CR during the meeting.
[bookmark: _Toc112664222]2.1	Guidelines on Capturing NR-U in Suffix “F” vs General Clauses
Figure 1-left reminds us that suffix “F” is intended to capture NR-U requirements. However, clause 4.3 does not explicitly specify how to split the NR-U requirements between suffix “F” 2nd level clauses and “general” or other clauses. Our understanding is that the intention of suffix “F” sub-clauses is to capture only additional requirements that are specific to NR-U operation, otherwise, requirements may be captured in other clauses.
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[bookmark: _Ref115305288]Figure 1: Left: Suffix information specifications, Right: Treatment of NR-U band and band combinations in clause 5.

Observation 1: For NR-U:
· It may be assumed that 2nd level suffix “F” clauses are intended to capture additional requirements that are specific to NR-U, in other words, to capture requirements that are not covered by the general requirements.
· There is no clear definition as to which requirement is considered specific to NR-U, i.e., which requirement should be specified in a dedicated 2nd level "F" clause.
Figure 1-right shows the 2nd level structure of clause 5. Contrary to V2X bands which are captured in a dedicated suffix “E” in clause 5.2E.  NR-U bands are treated like any other FR1 bands: they are specified in the general sub-clause “5.2,” not in “5.2F.” The same principle is used for the CA configurations which are specified under suffix “A” clause 5.5A (i.e., not in 5.5F).
Observation 2: In Clause 5, there is no TS structural ambiguity: NR-U bands are considered no different than any other “general NR FR1” bands. 
While clause 5 is clear, the TS structure becomes more complicated for clauses 6 and 7. It is not always trivial to decide which logic should be applied. We consider the following features as being “specific to NR-U”:
· Power Class 5 (PC5) operation;
· Spectrum Emission Mask (SEM);
· Interlaced-waveforms;
· Wideband operation;
· Regulatory emission requirements.
There are however legacy “F” sub-clauses that have been agreed upon, even though one may consider that these clauses could have been captured under suffix “A”. This is the case for requirements related to NR-U inter-band CA, with a higher number of such clauses present in the Clause 6 Tx requirements than in the Clause 7 Rx requirements.
For the example of inter-band CA for NR-U we have the following legacy clauses:
-	6.2F.1A.1 UE maximum output power for inter-band CA
-	6.2F.2A.1 UE maximum output power reduction for inter-band CA
-	6.2F.3A.1 UE additional maximum output power reduction for inter-band CA
-	6.3F.3A.1 General ON/OFF mask for inter-band CA
-	6.4F.2A.1 Transmit modulation quality for inter-band CA

It should be determined if the following missing requirements be captured in clause “F” to follow the legacy structure.  Or it should be determined if all of these clauses should be voided and the missing requirements should be captured in the corresponding “A” sub-clauses.
· Power control for inter-band CA in 6.3F.4A?
· SEM for inter-band CA in 6.5F.2A.1?
· ACLR for inter-band CA in 6.5F.2A.2?
These two options are captured in observation 3.
Observation 3: Some requirements that are not specific to NR-U features, such as requirements for inter-band CA, have been captured in “F” sub-clause while they could have been captured in “A”. Two options are proposed to resolve this:
· Option 1: void all legacy “F” clauses that are not NR-U specific, and modify the corresponding “A” sub-clauses to ensure the NR-U requirements are captured,
· Option 2: exceptionally, keep as many legacy non-NR-U specific “F” sub-clauses intact and, add new “F” sub-clauses to introduce the missing requirements.
The motivation for the Option 2 exception rule is driven by (1) the lack of time allocated to fix Release 17, (2) concerns to prioritize fixing what is broken over delivering a 100% consistent restructured TS and, (3) concerns to prevent voiding too many legacy “F” clauses, i.e., minimizing changes to the TS structure. 
For Rx clause 7, the situation is better since most of the requirements that are not NR-U specific have already been captured in clauses other than “F”. Thus, voiding the overlapping “F” clauses is somehow “natural” and is discussed briefly in section 2.3.1 of this document.
Finally, regarding CA requirements, we observe in Table 1 that the structures of “A” clauses and “F” clauses are implemented in different order. While “A” clauses are consistently introduced first with intra-band contiguous, followed by intra-band non-contiguous and inter-band CA requirements, the “F” clauses have been implemented first with inter-band CA requirements, followed, by intra-band contiguous when the requirements are not missing. This means that in case intra-band non-contiguous CA is introduced in future Releases, we have 2 choices:
· Option 3: Void all legacy “F” clauses and re-order them according to the suffix “A” clause structure,
· Option 4: Keep the legacy “F” clause structure intact, and continue capturing CA requirements for NR-U in the order (1) inter-band CA, (2) intra-band contiguous CA, (3) intra-band non-contiguous CA (cf. Table 1).
[bookmark: _Ref118373181]Table 1: Comparison of suffix "A" vs suffix "F" TS Structure for CA requirements
	4th level sub-clause
	Suffix “A” clauses
	Suffix “F” clauses

	1st clause
	Intra-band contiguous CA
example: 6.2A.1.1
	Inter-band CA
example: 6.2F.1A.1

	2nd clause
	Intra-band non-contiguous CA
example: 6.2A.1.2
	Intra-band contiguous CA
example: 6.2F.1A.2 Note that this requirement is missing and is introduced in CR[1].

	3rd clause
	Inter-band CA
example: 6.2A.1.3
	<Intra-band non-contiguous CA>
not yet requested, 
When this will be requested, the requirements can then be added in level 3 without having to restructure the whole clause.



Observation 4: There are further inconsistencies between the TS structure of suffix “A” clauses vs suffix “F” clauses for CA requirements:
· Suffix “A” clauses capture 1st intra-band contiguous CA, 2nd intra-band non-contiguous CA, 3rd inter-band CA,
· Suffix “F” clauses capture 1st inter-band CA, 2nd intra-band contiguous.
Two options are proposed to resolve this:
· Option 1: void all legacy “F” clauses that are not NR-U specific, and modify the corresponding “A” sub-clauses to ensure the NR-U requirements are captured,
· Option 2: exceptionally, keep as many legacy non-NR-U specific “F” sub-clauses intact and, add new “F” sub-clauses to introduce the missing requirements. In case intra-band non-contiguous CA for NR-U is introduced in future Releases, the third sub-level can be used to capture these requirements.
Observation 4 - Option 2 makes the TS future proof: in case intra-band non-contiguous CA is introduced, the requirements can be captured in sub-level “3” without having to restructure the whole clause.
We propose the following guidelines based on observation 3 option 2 and observation 4 option 2:
Proposal 1: For Release 17:
· Requirements related to the following NR-U features should be considered as NR-U specific and hence should be captured in a 2nd level suffix “F” sub-clause:
· All requirements related to NR-U PC5 transmit power, e.g. maximum output power, MPR, A-MPR etc.…,
· ACLR and SEM for single carrier and intra-band CA operation,
· REFSENS, ACS, Blocking, spurious response, Rx intermodulation.

· All other requirements should be captured in suffix “A” 2nd level clauses or general clauses. For example REFSENS exceptions “MSD” requirements due to say, cross-band isolation, should in “A” clause 7.3A. 

· For the sake of minimizing the number of structural changes and due to little time allocated for Rel-17 maintenance, it proposed as an exception rule to keep intact the clause 6 “legacy agreed” suffix “F” clauses. Missing requirements are introduced with new “F” sub-level-clauses. For NR-U CA, the requirements are exceptionally captured in the following order 1) inter-band CA, 2) intra-band contiguous CA, 3) intra-band non-contiguous CA. 

2.2	Clause 6 Tx Requirements Changes
2.2.1 Clause 6.2.4: Introducing missing Pcmax requirements for NR-U
Pcmax requirements for NR-U are missing.
As discussed in the guideline principles, we consider that since NR-U bands are treated like any other NR FR1 bands. We therefore propose to capture the Pcmax requirements for NR-U by modifying the NR FR1 clause 6.2.4 as highlighted in yellow below. Please refer to companion CR to capture comments and access the full text of 6.2.4.
· PPowerClass is the maximum UE power specified in Table 6.2.1-1 and in Table 6.2F.1-1 for shared spectrum access operation, without taking into account the tolerance specified in the Table 6.2.1-1 and in Table 6.2F.1-1 for shared spectrum access operation;
· MPRc and A-MPRc for serving cell c are specified in clause 6.2.2 and clause 6.2.3, respectively and in clause 6.2F.2 and clause 6.2F.3 respectively for shared spectrum access operation;
· ∆MPRc for serving cell c is specified in clause 6.2.2 2 and in clause 6.2F.2 for shared spectrum access operation.
· The tolerance TL,c is the absolute value of the lower tolerance for the applicable operating band as specified in Table 6.2.1-1 and in Table 6.2F.1-1 for shared spectrum access operation. 
2.2.2	New sub-clause 6.2F.1A.2 for missing maximum output power for intra-band CA
Power class 5 requirements for intra-band contiguous UL CA are missing. A new clause 6.2F.1A.2 is proposed for CA_n96B and CA_n96C in new table 6.5F.1A.2-1.
2.2.3	Corrections and missing UL-CA configurations in sub-clause 6.2F.2A.2
At meeting RAN4 #103, missing configurations and several corrections to intra-band ULCA MPR were discussed in [2], but never followed up on with further discussion or any CR. The proposed CR [1] introduces the corrections/missing requirements of [2] in 6.2F.2A.2-2..
2.2.4	New Clause 6.5F.2A for missing “Out of band emission for CA” requirements
Spectrum emission requirements for intra-band contiguous CA are missing. It is proposed to introduce new sub-clauses:
· 6.5F.2A.1.1. introduces SEM for inter-band CA. As discussed in the guidelines, these changes could have been ported into “A” sub-clauses, but for the sake of consistency and minimizing structural changes, it is preferred to introduce these in “F” clauses.
· 6.5F.2A.1.2, 6.5F.2A.1.2.1 introduce SEM for intra-band contiguous ULCA by replacing “BWChannel” with “BWChannel_CA” in Table 6.5F.2A.1.2-1,
· 6.5F.2A.1.2.2 introduces SEM requirements for the case of partial sub-band allocation for intra-band contiguous UL-CA,
· 6.5F.2A.2.1 for ACLR for inter-band CA,
· 6.5F.2A.2.2 introduces ACLR for intra-band contiguous CA using “BWChannel_CA”.
Several subsequent omissions to capture NR-U RF requirements are proposed in companion CR [1]. 
1. 
2. 
2.3 Clause 7 Rx Requirements Changes
2.3.1 Clause 7.3A.4: Move and Merge NR-U Reference Sensitivity Exclusion Regions
Introductory text to Table 7.3A.4-1a is moved from clause 7.3F.5.1 to 7.3A.4. 
For Table 7.3A.4-1a:
· Contents of Table 7.3A.4-1a are merged into Table 7.3A.4-1a;
· Missing requirements for band n25 and band n66 25MHz and 30MHz CBW are added;
· Missing requirements for band n48 30MHz CBW are added;
· A new column “DL Band” is added to clarify to which NR-U band does the exception region apply; and,
· Consequently, the first column entitled “Band” is renamed “UL Band”.
2.3.2 Clause 7.3F: Voiding overlapping requirements and wrong suffix “G” clauses
For some reason, from early Release 17.0.0, a suffix “G” has been carried over to capture NR-U requirements. This is the wrong since suffix “G” is intended to capture “Tx Diversity” requirements. An attempt to fix this issue was brought in Release 17.7.0, but several issues remain due to remaining “G” suffix and requirements that not only belong to “A” clauses but have already been captured in the corresponding “A” clause. This results in overlapping, and in some cases, contradictory requirements. For example, for CA_n46A-n48A, the band n48 100MHz CBW MSD due to cross-band isolation is specified at 5.1dB in Table 7.3F.5.3-1. However, the MSD for this combination is not only already specified in Table 7.3A.6-1, but is also specified with a different MSD value of 6.2dB for n48 100MHz CBW. We consider the correct implementation is that captured in “A” sub-clauses and therefore propose to void these redundant “F” sub-clauses.
· Void clause 7.3F.3 due to contents already captured in Table 7.3A.3.2.1-1.
· Void the whole clause 7.3G.5 due to wrong suffix “G” and, 
· Void clause 7.3G5.0 since contents are already captured in 7.3F.4A.2,
· Void clause 7.3F.5.1 since contents are redundant and in contradiction with requirements already captured in Table 7.3A.4-1a,
· Void clause 7.3F.5.2 since the MSD test points are already captured in Table 7.3A.4-4,
· Void 7.3F.5.3 since MSD test point are already captured in Table 7.3A.6-1 and MSD levels are in contradiction with Table 7.3A.6-1. 
Several subsequent omissions to capture NR-U RF requirements are proposed in companion CR [1]. 
3. Conclusion
This contribution explains the essential changes of CR [1] that ensure NR-U requirements are not broken in Release 17. TS structure inconsistencies are fixed while minimizing the number of voided legacy clauses. 
Observation 1: For NR-U:
· It may be assumed that 2nd level suffix “F” clauses are intended to capture additional requirements that are specific to NR-U, in other words, to capture requirements that are not covered by the general requirements.
· There is no clear definition as to which requirement is considered specific to NR-U, i.e., which requirement should be specified in a dedicated 2nd level "F" clause.

Observation 2: In Clause 5, there is no TS structural ambiguity: NR-U bands are considered no different than any other “general NR FR1” bands. 
Observation 3: Some requirements that are not specific to NR-U features, such as requirements for inter-band CA, have been captured in “F” sub-clause while they could have been captured in “A”. Two options are proposed to resolve this:
· Option 1: void all legacy “F” clauses that are not NR-U specific, and modify the corresponding “A” sub-clauses to ensure the NR-U requirements are captured,
· Option 2: exceptionally, keep as many legacy non-NR-U specific “F” sub-clauses intact and, add new “F” sub-clauses to introduce the missing requirements.
Observation 4: There are further inconsistencies between the TS structure of suffix “A” clauses vs suffix “F” clauses for CA requirements:
· Suffix “A” clauses capture 1st intra-band contiguous CA, 2nd intra-band non-contiguous CA, 3rd inter-band CA,
· Suffix “F” clauses capture 1st inter-band CA, 2nd intra-band contiguous.
Two options are proposed to resolve this:
· Option 1: void all legacy “F” clauses that are not NR-U specific, and modify the corresponding “A” sub-clauses to ensure the NR-U requirements are captured,
· Option 2: exceptionally, keep as many legacy non-NR-U specific “F” sub-clauses intact and, add new “F” sub-clauses to introduce the missing requirements. In case intra-band non-contiguous CA for NR-U is introduced in future Releases, the third sub-level can be used to capture these requirements.
We propose the following guidelines based on observation 3 option 2 and observation 4 option 2:
Proposal 1: For Release 17:
· Requirements related to the following NR-U features should be considered as NR-U specific and hence should be captured in a 2nd level suffix “F” sub-clause:
· All requirements related to NR-U PC5 transmit power, e.g. maximum output power, MPR, A-MPR etc.…,
· ACLR and SEM for single carrier and intra-band CA operation,
· REFSENS, ACS, Blocking, spurious response, Rx intermodulation.

· All other requirements should be captured in suffix “A” 2nd level clauses or general clauses. For example REFSENS exceptions “MSD” requirements due to say, cross-band isolation, should in “A” clause 7.3A. 

· For the sake of minimizing the number of structural changes and due to little time allocated for Rel-17 maintenance, it proposed as an exception rule to keep intact the clause 6 “legacy agreed” suffix “F” clauses. Missing requirements are introduced with new “F” sub-level-clauses. For NR-U CA, the requirements are exceptionally captured in the following order 1) inter-band CA, 2) intra-band contiguous CA, 3) intra-band non-contiguous CA. 
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4.3 Specification suffix information
Unless stated otherwise the following suffixes are used for indicating at 2* level clause, shown in Table 4.3-1

Table 4.3-1: Definition of suffixes

Clause suffix Variant

None Single Carrier
Carrier Aqgregation (CA)
Dual-Connectivity (DC)
Supplement Uplink (SUL)
UL MIMO
Vax
Shared spectrum channel
access
Tx Diversity (TxD)
Carrier Aggregation(CA) with
UL MIMO
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