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Introduction
In RAN4#95-e, a LS from GCF was received [1] in which clarification questions were asked regarding power class inconsistencies. However, since the discussion was closely combined with the controversial discussion of TxD, progress was quite slow, particularly for Rel-15. Only an intermediate LS [2] was sent back to reflect the progress for Rel-16 in RAN4#96-e. 
In RAN4#99-e, with the conclusion that early implementation of TxD signalling is possible for Rel-15, there was a new hope to progress this topic, e.g. in the WF [3] and endorsed CR in [4] and they were also documented in TP for TxD TR 38.837. 
However, in RAN4#100-e, there is no progress for this topic and it seems some deadlocks were difficult to resolve. Some progress can be referenced to [5]. It is also agreed later that this topic would be treated as TEI15 since not explicitly incorporated in Rel-17 TxD WI.
In this contribution, we provide our views on these remaining issues and it is proposed to close as much as possible.
Discussion
Rel-15 SA UL-MIMO power class fall-back
In RAN4#99-e, it was agreed in WF [3] that:
· Proposals
· Option 1: Confirm ue-PowerClass should always be supported for 1-port transmission fall back mode for SA in Rel-15. 
· UE do not support TxD capability would equip a full power chain
· For UE support TxD capability, when falls back to 1-port transmission, it is also reasonable to suppose it would use TxD to achieve ue-PowerClass in standalone mode
· Option 2: Others
· Tentative agreements : 
· Option 1
· Discuss in next meeting whether Rel-15 CR would be introduced to clarify the understanding
In RAN4#100-e, a CR reflecting this to add this clarification also into Rel-15 and make it aligned between Rel-15 and Rel-16 was submitted in [6] which was also used below:
[image: ]
However, this discussion was mixed with Rel-17 topic of fall back behavior with TxD and ULFPTx, and Rel-15 topic was not treated specifically. It was strongly insisted by some companies that no Rel-16/17 capability signaling should not be referenced in Rel-15 specs, even if it can be early implemented from Rel-15. If we confirm this as a guideline, it means that no TxD capability singling should be used in Rel-15, and the previous proposal in [6] seems as far as we can do for Rel-15. So this proposal was re-submitted in this meeting.
Observation 1: Align the description with Rel-16 is by far as far as we can clarify for the UL-MIMO SA power class for Rel-15 spec.
Proposal 1: Add the description of 1-port transmission fall back for SA in Rel-15 which is the same to Rel-16. 

Rel-15 EN-DC power class Related
In RAN4#99-e, a CR was endorsed in [4] to refine the general description of EN-DC related power class based on the TxD capability. In RAN4#100-e, it was resubmitted in [7], and there are other CRs [8][9] trying to also adapt to it. However, this was strongly objected since it referenced the TxD capability which is defined in Rel-16 by RAN2. Although seem still no final conclusion, it seems that using Rel-16/17 RAN2 defined signalling which can be early implemented from Rel-15 specs in RAN4 Rel-15 specs would receive strong objection, thus not likely to be agreed anymore.This has ruled out a possibility to use this capability as a sign for differentiation of different architectures.
Observation 2. Using Rel-16/17 RAN2 defined signalling which can be early implemented from Rel-15 specs in RAN4 Rel-15 specs was strongly objected.
There was some proposal to define requirements in Rel-17, and requirements release independence can be done for Rel-15. However, Rel-16 have already include dedicated signalling for NR power class for EN-DC, thus no such problem in Rel-16/17. Any new clarification based on TxD will not be more precise on what is now in Rel-16 already, thus make any new requirements/clarification defined in Rel-17 for this purpose inappropriate. 
Observation 3: Define Rel-17 requirements and release independent from Rel-15 would make confusion for Rel-16/17 and not a good solution for further refinement of EN-DC power class issue;
Some background history regarding the general description of EN-DC related power class was added to the Annex part for reference. Most of the contents were prepared during RAN4#101-e as a temporary document and some update to reflect the latest status was also made.

Without reference to Rel-16/17 capability, it seems that the options available is limited, and we have pretty much go back to where it starts. It seems that the following are almost the complete set for the options. Here are a list of these options and some further explanations.
Option 1: Keep the general statement, revise Pcmax for NR according to actual NR power capability. i.e. Ericsson’s CR [9].
This may have the minimum impact to the spec, and doesn’t violate anything or setting up new precedence. The Pcmax also can assume a more conservative power class, but this seems a bit less popular.
Option 2: Use TxD declaration as a sign for UE architecture, and simplify the condition for the general description and Pcmax part.
As using capability is not likely to be agreed anymore, another possible way is by using declaration. We had previous WF [10] that:
•	For R15 UEs, UE vendor declaration can be used in testing
If UE vendor declaration can be used in requirements definition, the possible restriction of not being able to use TxD capability may also be bypassed. E.g. Using “If UE declare support of TxD capable,” as a condition, rather than “If UE indicates IE [Txdiversity-r16] as defined in TS 38.331 [9],”.
This would also create a quite clean solution for the conditions. However, it is also admitted that this is still somewhat unusual, if not unprecedented.
Option 3: Keep everything as it is and stop this discussion.
This discussion has been continued for some time with limited progress and moved to TEI. If no more progress can be made, this option is also viable. It is Rel-15 anyway and with time passed, the possible negative impact may be even diminished even if exist.
Option 4: Remove the general part description. This basically Rel-15 UE’s the flexibility to use TxD achieve PC2 for NR within EN-DC.
Although this option had also been tried by some companies in history and failed to be agreed due to the objection of UE vendors, at current stage it is also listed here as a way to collect views from companies to make the option set complete.

With this analysis, there is the following proposal:
Proposal 2: For the EN-DC power class clarification, there are following options on the table and it is propose to close this issue.
Option 1: Keep the general statement, revise Pcmax for NR according to actual NR power capability. i.e. Ericsson’s CR [9].
Option 2: Use TxD declaration as a sign for UE architecture, and simplify the condition for the general description and Pcmax part.
Option 3: Keep everything as it is and stop this discussion.
Option 4: Remove the general part description. This basically Rel-15 UE’s the flexibility to use TxD achieve PC2 for NR within EN-DC.
Based on a scheme, a CR can be drafted.

If conclusions can be made on previous issues and proposals, GCF LS regarding Rel-15 can be replied. A draft LS in the Annex can be used as baseline, however the key CRs would depend on the discussion progress.
Proposal 3: Reply the Rel-15 conclusions to GCF based on approved CRs.

Conclusion
In this paper, we provide our views on these remaining issues.
Observation 1: Align the description with Rel-16 is by far as far as we can clarify for the UL-MIMO SA power class for Rel-15 spec.
Proposal 1: Add the description of 1-port transmission fall back for SA in Rel-15 which is the same to Rel-16.

Observation 2. Using Rel-16/17 RAN2 defined signalling which can be early implemented from Rel-15 specs in RAN4 Rel-15 specs was strongly objected.
Observation 3: Define Rel-17 requirements and release independent from Rel-15 would make confusion for Rel-16/17 and not a good solution for further refinement of EN-DC power class issue;
Proposal 2: For the EN-DC power class clarification, there are following options on the table and it is propose to close this issue.
Option 1: Keep the general statement, revise Pcmax for NR according to actual NR power capability. i.e. Ericsson’s CR [9].
Option 2: Use TxD declaration as a sign for UE architecture, and simplify the condition for the general description and Pcmax part.
Option 3: Keep everything as it is and stop this discussion.
Option 4: Remove the general part description. This basically Rel-15 UE’s the flexibility to use TxD achieve PC2 for NR within EN-DC.
Proposal 3: Reply the Rel-15 conclusions to GCF based on approved CRs.
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Annex A Background for R15 NR power class for EN-DC

General description of R15 NR power class for EN-DC:
Unless otherwise stated, if UE indicates IE maxNumberSRS-Ports-PerResource = n2 in NR standalone operation mode,  the said UE shall meet the NR requirements for either power class 2 or power class 3 in EN-DC within FR1 if UE indicates IE maxNumberSRS-Ports-PerResource = n1 for EN-DC on this NR band. 

Background
Phase 1:
The “famous sentence”, come from the intention that UE do not equip a full-power PA may declare PC2 for SA NR by means of TxD. Vendors want to keep the possibility of non-full power PA implementation for PC2 in Rel-15 (This point itself may also controversial). However, since there is no separate capability for NR within ENDC for Rel-15, without further clarification, one can only assume same power class between NR SA and NR within EN-DC. Then it comes the “famous sentence”, to provide UE this flexibility. However, the descriptions were very indirect and involves many parameters, since there is no sign/capability of architecture. 

Phase 2:
After a while, and the “famous sentence” was stable. Ericsson raise the proposal to revise Pcmax related parameters to achieve more precise PHR reporting, to better adapt the general part “famous sentence”. Later Huawei has slightly different ones that always assumes a “relaxation” for lower power class. However, none of them could be agreed yet. In fact, Ericsson’s proposal is always slightly more popular because of accuracy.

Phase 3:
In RAN4#99, with newly introduced TxD capability used by Rel-15, there is a possible new way to signal architecture by vivo, that is: A UE without TxD capability has to have a full power PA for Rel-15. This was also means TxD capability UE may not have full-power PA. This is the first time that this no-full power PA architecture can be implicitly signaled. To utilize this, the original refinement is the applicability of this “famous sentence” can be greatly reduced, while keeping the implementation flexibility. This is the way vivo clarify this and it comes original endorsed CR in RAN#99e. (same as R4-2113013)

Phase 4:
In RAN4#100e, Huawei(R4-2114513) and Ericsson(R4-2112829) adapt their CRs with endorsed CR R4-2113013 in different ways. 
Ericsson (2829) is still depended general part (3013) description. It would still depend on the UE declaration of its achievable power class to calculate Pcmax, and does not use TxD capability in the Pcmax part. This is more precise and wouldn’t cause overkill for TxD enabled UE, because txD enable UE can also have full power PA. This option has to be combined with 3013.
Huawei (4513) is also revising similar part to Ericsson, but it directly utilized the TxD capability as a reference to the architecture restriction. After second thoughts, this may be able to by pass the more complicated general description, with a price of some more over kill. In another word, 4513 would assume any UE with TxD capability also do not have full power PA, and only can be configured to PC3 for NR within EN-DC even it declared itself as PC2 for NR. This in fact involves more overkill compared to 3013+2829, which still keeps the possibility of configured to PC2 if full power PA is still equipped.


Intermediate Analysis for RAN4#100e:
Even if Huawei(4513) seems not precise, it do have the potential to bring further simplification or even replace the complicated conditions in general part, because now it directly use TxD signaling as a sign for architecture in Pcmax part. The overall scheme may be more simplified. Furthermore, since there supposed to be not too many Rel-15 UE’s would support TxD, the actual degradation may be very small.
The ZTE’s discussion (2318) is also involves similar compromise discussion, though the proposals not precisely the same. (e.g. Still keep the general part with modified wording).

Tentative proposal: (Rejected)
Qualcomm’s proposal is totally remove the “famous sentence” and accept Huawei(4513), this may be the best way in current situation.

Status for RAN4#100e:
The tentative proposal not agreeable. Though consensus still not made, the idea of directly using Rel-16/17 RAN2 signaling early implemented from Rel-15 in RAN4 Rel-15 specs was strongly objected by some companies.
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1. Overall Description:
RAN4 would like to thank GCF CAG for the LS on power class ambiguities in RAN4 specification. Previously, the conclusion for Rel-16 has been sent back via LS R4-2011903 in RAN4#96-e, and the related revision has been applied in Rel-16. Now, RAN4 would like to inform GCF CAG about the conclusions for Rel-15:

[bookmark: _GoBack]For the general description of EN-DC power class in Rel-15 TS 38.101-3 sub-clause 6.1, RAN4 has been decided to revise them as endorsed CR in [1], in which analysis and further reference can also be found in the cover page. It is noted that Rel-15 scheme are still different from Rel-16 in which a dedicated capability was introduced as explained in previous LS.

For the fall back description for section 6.2D.1 of 3GPP 38.101-1, further revision was endorsed in [2], which aligned with the clarification in Rel-16 and remove the ambiguities. Detailed analysis and further reference can also be found in the cover page

With the endorsed CRs which are targeted to be incorporated started from V15.16.0 for 38.101-1 and 38.101-3, all the ambiguities mentioned in the original LS was deemed removed.

2. Actions:
To GCF CAG:
ACTION: RAN4 respectfully asks GCF CAG to take the above information into account.

3. Date of Next TSG WG RAN4 Meetings:
TSG-RAN WG4 Meeting #101-e-Bis	17 - 25 Jan. 2022        TBD
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If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single
antenna port codebook based transmission, the requirements in clause 6.2.1 apply_for the power class as indicated by the
ue-PowerClass field in capability signalling.





