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1. Introduction
In RAN2#111-e meeting companies agreed the case-by-case principle to evaluate whether a feature is to be early implementable and listed in Table C-1 of TS 38.331.

R2-2008627	[AT111-e][022][NR16] Summary for Early Implementation	CMCC
[022] Considering to apply the existing rule to realize early release UE implementation of R16 enhanced features, adding the candidate features after the approval into the Annex G is regarded as a preferred way. The evaluation of whether a feature is to be early implementable is to be decided on a case-by-case basis, e.g. where there is a strong industry demand.
[022] it is proposed to introduce the description of the UE requirements regarding how the ASN.1 definitions can be comprehended by the UE in the TS 38.331 as well, which is similar to that in Annex F of TS 36.331.
[022]it is proposed the clarification on the inconsistent description on the UE requirements on transfer syntax (ASN.1) comprehension between broadcast signalling and dedicated signalling is required.
[022] it is proposed to capture the feature proposed in R2-2007960, which has already been agreed to allow early implementation in the TS 38.331 according to P1.

This document intends to discuss and propose to explicitly add the candidate feature Power Class 1.5 (hereinafter referred to as “PC1.5”) into Table C-1 of TS 38.331, and to clarify UE and network interpretation while UE reporting multiple power classes in different 3GPP releases IEs.

2. Discussion
2.1. Introduction of PC1.5
In RAN2#110-e meeting, 38.331 draftCR R2-2006360 was endorsed to introduce new PC1.5 for NR SA (TDD band) and for intra-band ENDC after [1] discussion. The draftCR contained original sentences from RAN4 LS [2] in coversheet and that meant to make this feature early implementable even though it’s not the magic sentence as usual. Such intention was also proven by release independent CR [3] for intra-band ENDC and CR [4] for NR SA in TS 38.307.
	Reason for change:
	…
Ideally the signalling would be done in such a way that implementation of the change from Rel-15 will not cause interoperability issues. “
…



Later by post-meeting discussion [5] this endorsed CR is merged into a UE capabilities mega CR [6] and agreed in Plenary. It is noteworthy that there was no 38.306 draftCR so that rapporteur helped to add corresponding definitions for parameters in the tables of 38.306 during the post-meeting discussion.

Observation 1 PC1.5 has been specified to be release independent but not indicated as early implementable due to lack of magic sentence on the CR coversheet.

2.2. Further capability dependency on PC1.5
As per new WI to address high power UE (PC1.5) operation in NR bands n77 and n78 (as well as on band n79 in another WI), a new per-band UL duty cycle capability signaling is introduced as early as possible since PC1.5 for band n41 was already introduced in Rel-16 and it had been added to Annex C of 38.331 [7] in RAN2#116-e meeting.
Table C-1: List of CRs Containing Early Implementable Features and Corrections
	TDoc Number (RP-xxxxxx): CR Title
	CR Number(s)
	CR Revision Number(s)
	Earliest Implementable Release
	Additional Information

	RP-213342: Duty cycle signalling for power class 1.5
	2817
	1
	Release 15
	



Observation 2 A subsequent capability, maxUplinkDutyCycle-PC1dot5-MPE-FR1, was explicitly listed as a candidate feature for early implementation but the prerequisite (PC1.5) was not listed in the same way.

2.3. PC1.5 market demand is high and clear
According to our service and product team, there are more and more NR High Power User Equipment (HPUE) requirements or assessment plan from global markets, especially NR mid-band spectrum holders in North America, were received for all product segment covered Release-15 terminals. As per region regulatory limit is clear and HPUE is a promising technique to improve customer experience in commercial launch worldwide, not only infra vendors, but UE vendors had high priority for products and even releasing PC1.5-capable device for potential target market [8] already.
In light of industry status abovementioned, PC1.5 is no doubt an enabling technique for new business and aiming to accommodate different operator demands.

Observation 3 UE vendor received a strong demand from NA market and a high level of interest shown by corresponding NR spectrum holders for early PC1.5 support in Rel-15 UE.

RAN2 should agree to consider the HPUE specific early implementation requirement. And such an early implementable feature should not be hidden in the “magic-sentence-like” intant of the Rel-16 CR but should be captured in the Annex C of 38.331. In order to avoid possible early feature landing uncertainty, we propose to explicitly add PC1.5 as a candidate of early implementable feature. Since PC1.5 capability signaling is implemented in a BC way so that it does not introduce any interoperability problem between UE and NW.

Proposal 1 Add PC1.5 in the Table C-1 of TS 38.331 as the earliest implementable release is Rel-15.

2.4. Power class capability reporting ambiguity
By current TS 38.331 specification, UE is required to report the supported UE power class which is different than the default UE power class as defined in TS 38.101-1 (FR1) or TS 38.101-2 (FR2), and same requirement is applicable as such to High Power (i.e., PC1.5-capable) UE. According to TR 38.822 v16.3.0 they are two different FGs and the legacy (Rel-15) power class is FG 2-8, and the PC1.5 in FG 2-22 is introduced in Rel-16. It is not like the clear IE inclusion statement for ue-PowerClass-N, ue-PowerClass-5 in TS 36.331, some may wonder if a High Power UE should include both IEs ue-PowerClass and ue-PowerClass-v1610 at the same time in order to make sure a higher power class (which is different from the default one) can be reported to network for better uplink coverage.
Let’s take NR band n41 as an example. The possible combination of UE capability reporting and interpretation in NW side is shown as following:

	UE
	NW type and UE capability interpretation

	Type
	Specification interpretation, region regularity consideration and capability reporting
	Legacy gNB supports up to PC2
	Rel-16 gNB supports up to PC1.5

	High Power UE does not support PC1.5
	The highest supported power class PC2 is different from the default one so it is reported:
ue-PowerClass = pc2
	PC2
	PC2

	High Power UE supports both PC2 and PC1.5
	Case 1: The highest supported power class PC1.5 is different from the default one and it is a release independent feature, so it is the only one to be reported:
ue-PowerClass (absent)
ue-PowerClass-v1610 = pc1dot5
	PC3 (default)
	PC1.5

	
	Case 2: The highest supported power class PC1.5 is different from the default one meanwhile the PC2 by which UE will have better uplink coverage during roaming to a legacy network, is also different from the default power class. Hence both PC2 and PC1.5 are reported (in different release IE):
ue-PowerClass = pc2
ue-PowerClass-v1610 = pc1dot5
	PC2
	PC1.5 or PC2?

	High Power UE supports PC1.5 only
	Case 3 (same as Case 1 in NW view): The highest supported power class PC1.5 is different from the default one and it is a release independent feature, so it is the only one to be reported:
ue-PowerClass (absent)
ue-PowerClass-v1610 = pc1dot5
	PC3 (default)
	PC1.5


Table 2-1. High Power UE power class capability reporting scenarios for NR band n41

Either Case 1 and Case 2 UE behavior seems to be allowed by current specification. In current understanding, the Case 1 is ideally desired for UE behavior (i.e., only one different power class is determined and to be reported) because 1) PC1.5 is introduced in a release independent way; and 2) maximum UE output power determination is subject to the mechanism defined in the subclause 6.2 of TS 38.101 no matter whether PC2 is in addition reported or not by a PC1.5-capable UE. By the nature of power class ASN.1 definition design (IE is implemented by ENUMERATED type) we also realized it is not the intention that UE needs to report all supported power classes as long as they are different from the default one.
In the Case 2 UE takes a strategy to report two power classes in order to get better uplink coverage in a legacy network deployment and on the other hand we think a future-proof principle that the network regards the highest supported power class among all advertised ones as the supported capability shall be captured in the specification or we worry if it would cause an UE power class capability interpretation ambiguity in an up-to-date (Rel-16-onward) network, especially considering new power classes are introduced in Rel-17, power class distinguishment in EN-DC or NR-DC scenarios and further ones in the future:
BandNR ::=                          SEQUENCE {
    bandNR                              FreqBandIndicatorNR,
    modifiedMPR-Behaviour               BIT STRING (SIZE (8))                           OPTIONAL,
    mimo-ParametersPerBand              MIMO-ParametersPerBand                          OPTIONAL,
    extendedCP                          ENUMERATED {supported}                          OPTIONAL,
    multipleTCI                         ENUMERATED {supported}                          OPTIONAL,
    bwp-WithoutRestriction              ENUMERATED {supported}                          OPTIONAL,
    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                       OPTIONAL,
    bwp-DiffNumerology                  ENUMERATED {upto4}                              OPTIONAL,
    crossCarrierScheduling-SameSCS      ENUMERATED {supported}                          OPTIONAL,
    pdsch-256QAM-FR2                    ENUMERATED {supported}                          OPTIONAL,
    pusch-256QAM                        ENUMERATED {supported}                          OPTIONAL,
    ue-PowerClass                       ENUMERATED {pc1, pc2, pc3, pc4}                 OPTIONAL,
    rateMatchingLTE-CRS                 ENUMERATED {supported}                          OPTIONAL,
	...
	...
    rasterShift7dot5-IAB-r16                ENUMERATED {supported}                  OPTIONAL,
    ue-PowerClass-v1610                     ENUMERATED {pc1dot5}                    OPTIONAL,
    condHandover-r16                        ENUMERATED {supported}                  OPTIONAL,
	...
	...
    [[
     -- R1 36-1: Support of 1024QAM for PDSCH for FR1
    pdsch-1024QAM-FR1-r17                     ENUMERATED {supported}                       OPTIONAL,
    -- R4 22-1 support of FR2 HST operation
    ue-PowerClass-v1700                       ENUMERATED {pc5,pc6}                         OPTIONAL,
    -- R1 24: NR extension to 71GHz (FR2-2)
    fr2-2-AccessParamsPerBand-r17             FR2-2-AccessParamsPerBand-r17                OPTIONAL,
	...

The possible reporting combination would be more complicated and be hard to be comprehened by network if taking other feature dependencies (e.g., HST) and/or FRx aspects into account.

Observation 4 For UE power class capability reporting between different releases, the IE inclusion rule was not specified clearly in NR RRC specification. Currently a Rel-16 High Power UE may choose to report both Rel-15 and Rel-16 power classes for a better user experience opportunity but there was no description to clarify what network interpretation would be.

Therefore, we propose the following:

Proposal 2 The principle “Network regards the highest supported power class among all advertised ones as the supported capability” shall be captured in RAN2 specification.

We also provided TP for 38.306 accordingly.

3. Summary
In previous sections we made the following observations:
Observation 1 PC 1.5 has been specified to be release independent but not indicated as early implementable due to lack of magic sentence on the CR coversheet.
Observation 2 A subsequent capability, maxUplinkDutyCycle-PC1dot5-MPE-FR1, was explicitly listed as a candidate feature for early implementation but the prerequisite (PC 1.5) was not listed in the same way.
Observation 3 UE vendor received a strong demand from NA market and a high level of interest shown by corresponding NR spectrum holders for early PC1.5 support in Rel-15 UE.
Observation 4 For UE power class capability reporting between different releases, the IE inclusion rule was not specified clearly in NR RRC specification. Currently a Rel-16 High Power UE may choose to report both Rel-15 and Rel-16 power classes for a better user experience opportunity but there was no description to clarify what network interpretation would be.

Based on the discussion in the previous sections we propose the following:
Proposal 1 Add PC 1.5 in the Table C-1 of TS 38.331 as the earliest implementable release is Rel-15.
Proposal 2 The principle “Network regards the highest supported power class among all advertised ones as the supported capability” shall be captured in RAN2 specification.

draftCRs are provided in [9], [10], [11] and [12] respectively.
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