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1 Introduction
RAN4 has been discussing how to handle Tx diversity specific requirements and unclear definition of power class when power class related features are used simultaneously such as power classes for LTE and NR within PC EN-DC band combination in conjunction with UL MIMO and Tx diversity.
How to handle the above unclear situation would affect future RAN4 work. Thus, this contribution mainly addresses to have a mutual understanding of the issue to proceed with the discussion in Rel15 and some possible solutions together with future release.
2 Discussion
2.1 Single band and PC
UL MIMO
UL MIMO would be only the feature defined together with Power Class in 38.101-1, while it seems no specific signalling for a UE power class when the UE supports a band with UL MIMO. Note that NR carrier aggregation (NR CA) has a power class definition per band combination. At this moment, there is no PC2 NR CA band combination.
According to TS38.331, a UE can signal “one” PC for a certain NR band if the supported PC is not a default one, i.e., PC3. Hence, there are some ambiguity on power classes if a UE supports UL MIMO for a certain band. Note that we assumed that at least RAN2 signalling at least correctly represent the power class for UE w/o UL MIMO for a certain band even if the UE supports UL MIMO for that band. In other words, at least the content of column A and that of column B is the same in the Table 2.1-1. 
Table 2.1-1: Possible PC sets for a UE supports UL MIMO for a certain band
	#
	A: Signaling
	Possible Power class for NR w or w/o UL MIMO

	
	
	B: NR w/o UL MIMO
	C: NR w UL MIMO

	1
	No signaling(default)
	3
	3

	2
	No signaling(default)
	3
	2

	3
	PC2
	2
	3

	4
	PC2
	2
	2


With the current RAN2 specification, this UE has only two options in terms of signalling power class for the band. That is, no signalling or signalling power class 2. Thus, from network perspective, there would be two options.
Option 1: No signalling: It implies #1 or #2.
Option 2: PC2 signalling: It implies #3 or #4.
Though there may be the most likely candidate because of implementation restriction and/or market demands, still even if an either option is selected, power classes for w UL MIMO and without UL MIMO are not clear from network perspective.
Observation 1:  Supported power class information is not clear if a UE supports UL MIMO for a certain band. 
Tx diversity
From a perspective across RAN WGs, in LTE there have been explicit Tx diversity related requirements in RAN1/2 but no specific requirements in RAN4 while in NR there has been no Tx diversity related requirements in RAN1/2 while RAN4 is trying to have the dedicated requirements. 
Observation 2:  In LTE, RAN4 does not have Tx diversity related requirements but RAN1/2 have. In NR, RAN1/2 does not have Tx diversity related requirements but RAN4 tries to have. 
From RAN4 perspective, though a UE supporting UL MIMO may support Tx diversity, it is not clear if the UE supports UL MIMO for a band, surely supports Tx diversity or not and also its supported power class is the same as that of UL MIMO or not. Considering Tx diversity, judging supported power classes for each of the features becomes even more difficult.
If it was sufficient to assume only 23dBm Tx chain + 23 dBm Tx chain implementation for a UE supporting PC2 and UL MIMO capability, RAN4 might set a rule that that UE was capable of PC2 for NR single (without UL MIMO), UL MIMO and Tx diversity though still how to identify the support of Tx diversity is not clear. It is, however, there would be an implementation of 23 dBm Tx chain + 26 dBm Tx chain. Then, the UE may be able to meet PC2 for normal NR with only 26 dBm Tx chain or 23 dBm Tx chain x 2. According to which is used, the applicable requirements must be different. The former must fulfil single NR PC2 requirement while the latter must fulfil Tx diversity related requirements. 
Observation 3:  Due to lack of Tx diversity capability, even more challenging to identify supported features and relevant power classes among normal NR single, Tx diversity and UL MIMO. (e.g., A UE supporting PC2 UL MIMO may achieve normal NR single as PC2 with one single Tx chain or two Tx chains (Tx diversity) and applicable requirements are different based on which implementation is used.
System perspective
As mentioned above, a UE supporting PC2 UL MIMO with 23dBm + 26dBm Tx chains has possibility to support Tx diversity (space diversity and selection diversity). In its implementation, maybe single Tx chain capable of 26dBm may provide even better TRP (with PC2 power + better antenna). Notice that in reality, the antenna gains for each of the antennas are different. If the better performance antenna is connected to 26dBm Tx chain, in some cases, selecting that 26dBm Tx chain is more useful than using space diversity in a cell edge unless SAR and/or body blockage are an issue. Unfortunately, there is no way for the UE to gain the received signal quality at the destined base station so that the UE’s diversity feature (Space and selection) may not be fully utilized. For Rx diversity, the story would be different since a UE can directly measure the quality of the received signal at the UE receiver. 
Observation 4:  Tx diversity may provide a better system performance while there are no specific capability signalling and requirements for NW to make maximum use of the feature.
2.2	Band combination and PC
Firstly, we aim at correctly understanding what the signalling mechanism for LTE and NR power classes within EN-DC band combination is by referring to TS38.331.
[image: ] Figure 2.2-1: A part of BandCombinationList in ASN.1 in TS38.331
ca-ParametersEUTRA 
This parameter includes several parameters related with a LTE CA within a certain EN-DC band combination. As shown in the Annex, this parameter includes ue-CA-PowerClass-N which can share the information of LTE “CA” power class within the EN-DC band combination. 
ca-ParametersNR
This parameter includes several parameters related with a NR CA within a certain EN-DC band combination. As shown in the Annex, this does NOT include power class related information of the NR CA.
powerClass-v1530 
This includes the information of supported power class for the EN-DC band combination itself.
In summary, with the current RAN2 specification, it is possible to share only the power class information of LTE CA within a certain EN-DC band combination and that of the EN-DC band combination itself as shown below Figure 2.2-2. In Figure 2.2-1, texts in blue-colored means the power class information is possible to be signalled while texts in red-colored means the power class information is not possible to be signalled explicitly within the EN-DC band combination signalling with the current specification.
It is also noted that under a certain condition, it is possible to know NR power class within EN-DC band combination by the power class of that band combination via powerClass which is defined in TS38.306 as follows. For instance, if the power class of a band combination is PC2 and if ue-PowerClass in BandNR is not signalled as default, that means the power class of NR band within that band combination is power class 3 (default). If the power class of a band combination is PC2 and if ue-PowerClass in BandNR is signalled as PC2, the power class of NR band within that band combination is not defined and not clear.
Indicates power class the UE supports when operating according to this band combination. If the field is absent, the UE supports the default power class. If this power class is higher than the power class that the UE supports on the individual bands of this band combination (ue-PowerClass in BandNR), the latter determines maximum TX power available in each band. The UE sets the power class parameter only in band combinations with two FR1 uplink serving cells.
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Figure 2.2-1: PC information (in blue-colored) explicitly signalled within the EN-DC band combination signalling
Observation 5:  Supported power class information of each of the features comprising a certain band combination is not explicitly signalled with the current RAN2 spec.
Next, we discuss what the problems are. One of the band combinations has been intensively discussed would be DC_41_n41. For this particular band combination, there are some assumptions of UE implementation such that a UE supports DC_41_n41 PC2 with 23 dBm Tx chain + 23 dBm Tx chain, 23+26, 26+23 and 26+26 chain and so on.
Even if take just one of the assumptions like 23 dBm Tx chain + 23 dBm Tx chain assumption, there are significant ambiguity in terms of which power class is supported for each of the features.. 
If we could know the UE implementation, the corresponding PC combination of LTE and NR within the EN-DC would be (EN-DC, LTE, NR) = (PC2, PC3, PC3). In reality, it is not practical to identify the UE implementation. 
Next step we may be able to take would deduce power class set for EN-DC from power class of LTE single (standalone) and that of NR single (standalone). This UE, however, may use two Tx chains simultaneously even when the UE is in LTE single operation or in NR operation. In this case, the UE may be capable of PC2 for LTE single and/or NR single. Note that Tx diversity requirements must be clear enough. Thus, it is not safe to deduce power classes for LTE and NR within an EN-DC combination from power classes for corresponding LTE single (standalone) and NR single (standalone). The following Table 2.2-1 summarizes the possible supported power class patterns.
Table 2.2-1: 23dBm+23dBm implementation and possible PC sets
[image: ]
Hence, we believe that it is inevitable to correctly identify which power class is supported for each feature when they are used with the other power class related features like band combination, UL MIMO. 
2.4	What do to do
As the previous sections demonstrated, there are a lot of ambiguity for power classes in case a UE supports multiple features related with power classes. For Rel15, provided that impacting RAN2 spec shall be avoided, there would be only two options.
· Option 1: Live with what we have now.
· Option 2: Set a rule in a way that if a UE supporting UL MIMO transmits PC2 capability, consider the UE capable of PC2 for that band in normal NR single mode, UL MIMO mode as well as Tx diversity mode etc.
The risk of the option 2 is that there have been already UEs which may not be able to follow what RAN4 is going to decide. Then, network misunderstand UE’s capability if UEs following the rule and UEs not following the rule exit. In addition, the option 2 would restrict implementation flexibility in the future. Moreover, RAN2 sent an LS of R2-1905465 to RAN4 which indicates the following.
RAN2 would respectfully request that RAN1 and RAN4 to avoid defining default values for RRC parameters that are utilized in CONNECTED mode from Rel-16 onwards. 

In case when the default values are necessary from RAN1/4 perspective, RAN2 would request to be provided with the reasons so RAN2 can also consider whether such signalling optimizations are necessary from RAN2 perspective and how to deal with such cases in RRC (RAN2 could e.g. decide to always apply a default value in RRC in a way that’s transparent to RAN1 specifications).
From the content of the LS, it seems having default setting would not be their preference.
Proposal:
For Rel15, not to set a power class bundling rules such as if a UE supporting UL MIMO transmits PC2 capability, consider the UE capable of PC2 for that band in normal NR single, UL MIMO as well as Tx diversity mode etc, but  rather live with the current ambiguous power class definition. 
For Rel16, create a signalling mechanism to explicitly indicate supported power class when power class related features are simultaneously used as shown in Figure 2.2-1if RAN2 is possible to accommodate the request in Rel16 time-frame. 
3 Conclusion
[bookmark: _GoBack]This contribution discussed the existing issue that supported power classes of each of the power class related features is not clear enough. Based on our observations, we propose the followings.
Proposal:
For Rel15, not to set a power class bundling rules such as if a UE supporting UL MIMO transmits PC2 capability, consider the UE capable of PC2 for that band in normal NR single, UL MIMO as well as Tx diversity mode etc, but  rather live with the current ambiguous power class definition. 
For Rel16, create a signalling mechanism to explicitly indicate supported power class when power class related features are simultaneously used as shown in Figure 2.2-1if RAN2 is possible to accommodate the request in Rel16 time-frame.
4 Annex
As can be seen, CA-ParametersEUTRA inclues power class information on LTE CA.
[image: ] Figure 1: A part of CA-ParametersEUTRA in ASN.1 in TS38.331

As can be seen, CA-ParametersNR does NOT inclue power class information on NR CA.
[image: ] Figure 2: A part of CA-ParametersNR in ASN.1 in TS38.331
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- CA-ParametersEUTRA
The IE CA-ParameterEUTRA contains the E-UTRA part of band combination parameters for a given MR-DC band combination.
. NOTE: Ifadditional EJUTRA band combination parameters are defined in TS 36.331 [10], which are supported for MR-DC, they will be defined here as well.

- CA-ParametersEUTRA information element

-— ASN1START
-- TAG-CA-PARAMETERSEUTRA-START

CA-ParametersEUTRA ::= SEQUENCE {
multipleTimingAdvance ENUMERATED {supported} OPTIONAL,
simultanecusRx-Tx ENUMERATED {supported} OPTIONAL,
supportedNATCS-2CRS-AP BIT STRING (SIZE (1..8)) OPTIONAL,
additionalRx-Tx-PerformanceReq ENUMERATED {supported} OPTIONAL,
ue-CA-PowerClass-N ENUMERATED {class2} OPTIONAL,

supportedBandwidthCombinationSetEUTRA-v1530 BIT STRING (SIZE (1..32)) OPTIONAL,
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- CA-ParametersNR

The IE CA-ParametersNR contains carrier aggregation related capabilities that are defined per band combination. .
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CA-ParametersNR information element

—— ASN1START .
—- TAG-CA-PARAMETERSNR-START

CA-ParametersNR ::= SEQUENCE { .
dummy ENUMERATED {supported} OPTIONAL,
parallelTxSRS-PUCCH-PUSCH ENUMERATED {supported} OPTIONAL,
parallelTxPRACH-SRS-PUCCH-PUSCH ENUMERATED {supported} OPTIONAL, -
simultaneousRxTxInterBandCA ENUMERATED {supported} OPTIONAL, -
simultaneousRxTxSUL ENUMERATED {supported} OPTIONAL,
diffNumerologyAcrossPUCCH-Group ENUMERATED {supported} OPTIONAL,
diffNumerologyWithinPUCCH-GroupSmallerSCS ENUMERATED {supported} OPTIONAL,

supportedNumberTAG ENUMERATED {n2, n3, n4} OPTIONAL, -
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- BandCombinationList .
The IE BandCombinationList contains a list of NR CA and/or MR-DC band combinations (also including DL only or UL only band).

BandCombinationList information element

—— ASN1START
—— TAG-BANDCOMBINATIONLIST-START .

BandCombinationList ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination
BandCombinationList-v1540 :: SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1540 .

BandCombinationList-v1550

SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1550 .

BandCombinationList-v1560

SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1560 .

BandCombination SEQUENCE {
bandList SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,
featureSetCombination FeatureSetCombinationId, -
ca-ParametersEUTRA CA-ParametersEUTRA OPTIONAL, .
ca-ParametersNR CA-ParametersNR OPTIONAL, -
mrdc-Parameters MRDC-Parameters OPTIONAL,
supportedBandwidthCombinationSet BIT STRING (SIZE (1..32)) OPTIONAL,

powerClass-v1530 ENUMERATED {pc2} OPTIONAL
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