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1. Introduction
In RAN#89e meeting, RP-201584 and RP-202102 were approved to split the original 2UL CA HPUE WI to two parts as SAR solutions and the basket CA. This contribution provides the thinking of the power class scenarios distinguish and the SAR solutions.
2. Discussion
2.1 Power class scenarios
According to the WF [3], there’s one identified issue that how to distinguish the power class 2 scenarios (23+23, 23+26, etc….). For inter-band 2UL CA PC2, there’re 5 cases need to be considered.
· Scenario 1: Case a FDD+TDD, i.e. 23+23 FDD+TDD
· Scenario 2: Case a TDD+TDD, i.e. 23+23 TDD+TDD
· Scenario 3: Case b FDD+TDD, i.e. 23+26 FDD+TDD
· Scenario 4: Case b TDD+TDD, i.e. 23+26 TDD+TDD
· Scenario 5: Case c TDD+TDD, i.e. 26+26 TDD+TDD
For SUL CA, there’s one scenario as the following, so there’s no such issue.
· 23 dBm SUL + 26 dBm TDD NUL
According to the following power class IE definition,
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If the power class capabilities of a dedicated band in the two modes of single band mode and the CA mode are the same, it’s not necessary to do any clarification in spec. For example, if 23 + 23 TDD + TDD 2UL CA is B40+B41 2UL CA and the CA mode is PC2, B40 single band is PC3 and B41 single band is PC3, there’s no ambiguity according to the power class capability report. The only possible ambiguity may exist when Tx diversity is implemented for some UE and one PA used for UL CA is reused by the other band in single band mode. The long discussion Tx diversity issue was solved by the following RAN2 solution that NR part power class capability in MR-DC mode can be declared by a new developed IE.
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For the inter-band 2UL CA, if there’s no such demand we think it’s not necessary to distinguish the different implementation scenarios in RAN4 spec. Capability reporting can already distinguish them.
For the current EN-DC band combinations, the following note is clear.
NOTE 6:   The UE supports PC3 within E-UTRA cell group, and supports either PC3 or PC2 within NR cell group. Power class support within each individual cell group is signaled separately by the UE.
Observation 1: If there’s no Tx diversity implementation demands for the single band mode in 2UL CA, there’s no need to define new PC or new signalling to distinguish the different implementation scenarios for PC2.
2.2 SAR solutions for inter-band CA and SUL CA
According to the last meeting’s email discussion minutes [3], the candidate SAR solutions for inter-band CA are as following. 
Issue 2-1-1: SAR schemes for PC2 inter-band CA
· Proposals
· Option 1: Report one total UL duty cycle capability for PC2 NR inter-band CA.
· Option 2: Report the duty cycle capabilities separately, i.e. report the UL duty cycle for each carrier according to the other carrier’s configuration or reference TDD configuration.
As the scheme similar to option 2 was agreed for FDD+TDD EN-DC in last meeting [5] [6], we slightly prefer to use the similar solutions for inter-band 2 UL CA to make network implementation using similar algorithms for the scenarios. But we can still do some study for the pros and cons for the two options. The advantage of option 1 is that the signalling is simpler than option 2, but there’re still some disadvantages. First is that the total UL duty cycle capability assumes that the SAR impact of the two bands are the same if the output power is equal, second is that network needs to calculate the different duty cycle capability for each band according to the different scenarios (23+23, 23+26, 26+26, etc). When this option was discussed in EN-DC FDD+TDD, the above concerns were raised that it was not chosen. For option 2, although it has some drawbacks of more signalling, this option has more advantages that the duty cycle capability reported by device is more accurate than the values calculated from the total UL duty cycle capacities. The second benefit is that network implementation is simpler, it can just refer to the reported capabilities for the typical configurations especially for TDD configurations. For the FDD band, there may need some discussion what’s the reference configuration. NW can have some implementation based algorithm to handle the other configurations. Based on the above analysis, we prefer option 2.
Proposal 1: Option 2 is selected as the duty cycle based SAR solutions for PC2 inter-band CA.
For the SUL configurations, there were the following options,
Issue 2-1-2: SAR schemes for PC2 SUL configurations
· Proposals
· Option 1: Report the UL duty cycle for every carrier according to the other carrier’s configuration
· Option 2: Report the UL duty cycle on the SUL band according to the TDD configuration.
· Option 3: Report maxUplinkdutycycle for SUL band which is scaled based on 26dBm. 
As option 3 capability is based on 26 dBm SUL band but the WI studies 23 dBm SUL band, we don’t think it needs more discussion. We discuss option 1 and option 2 in this paper. The difference between the two options is if the NUL capability according to the SUL configuration should be reported. The problem raised in the last meeting was that the capability is reported during the initial access and at that stage no SUL band combination is configured which leads to no prior knowledge of SUL configuration. We have different understanding for this issue. It’s true that capability is reported during the initial access but the capability can be reported to network as a whole. Take the finished EN-DC TDD-TDD HPUE IE as following as example, the duty cycle capability for all the configurations is reported to network not that only the current configuration capability is reported.
MRDC-Parameters-v1620 ::=    SEQUENCE {
    maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16    SEQUENCE{
        eutra-TDD-Config0-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config1-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config2-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config3-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config4-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config5-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
       eutra-TDD-Config6-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                    OPTIONAL,
We think there’s also some other misunderstanding that UE UL dutycycle is always aligned with the TDD carrier UL configuration. The UE UL duty cycle is determined by network scheduling and it can be changed even the TDD UL/DL configuration is fixed. Therefore, we think that problem doesn’t exist. 
The reason we still prefer option 2 is that SUL is important for coverage and when PUCCH is configured on SUL band the power of SUL band should be prioritized, if some fall back or P-MPR is used for one of the bands, that band should be NUL. Then based on the priority principle, it seems SUL and NUL should be same when considering the duty cycle capability reporting.
Proposal 2: Option 2 is selected as the duty cycle based SAR solutions for SUL configuration.
[bookmark: _GoBack]For the solutions of UE behaviour when the scheduling is beyond UE duty cycle capability and/or the capability is absent needs more discussion. More discussion is needed if fall back or P-MPR can be considered. Both of them have some benefits and disadvantages.
Observation 2: The solution for the UE behaviour when the scheduling is beyond UE duty cycle capability and/or the capability is absent needs more discussion.
3. Conclusion
This contribution provides further analysis for the issues of PC2 UL CA. We have the following observations and proposals,
Observation 1: If there’s no Tx diversity implementation demands for the single band mode in 2UL CA, current spec already can distinguish the different implementation scenarios for PC2.
Proposal 1: Option 2 is selected as the duty cycle based SAR solutions for PC2 inter-band CA.
Proposal 2: Option 2 is selected as the duty cycle based SAR solutions for SUL configuration.
Observation 2: The solution for the UE behaviour when the scheduling is beyond UE duty cycle capability and/or the capability is absent needs more discussion.
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