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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#103 meeting, the new WID [1] has been approved, and the power boosting or MPR reduction for single carrier for PC2 and PC3 is agreed to be further studied in Rel-19, the details are as follows:
As we know in the completed Rel-18 coverage enhancement WI, the power boosting and/or MPR reduction for PC2 and PC3 with QPSK were specified mainly for the inner region of a single UL carrier. One direction uses transparent schemes like FDSS to improve PAPR, while the other is based on the original simulation assumption, since the baseline itself can boost the output power over the nominal power class yet in certain area. 
Based on the previous results, the further study on the power boosting could focus on the limited factors of output power, for in some scenarios the relative strict requirements could be conditionally relaxed to some extent, including some out-of-band spectrum emission requirements, e.g., ACLR, SEM, and so on. At the same time, there is also some room for UL CA to boost the output power based on the different scheduling schemes of CCs and the optimizing of 2-PA architecture. 
	Power boosting and/or MPR reduction
· [bookmark: OLE_LINK30][bookmark: OLE_LINK31]Specify power domain enhancement, e.g., MPR reduction for NR single carrier and NR intra-band UL CA
· Study the scenarios, and if feasible, specify the power domain enhancement, e.g., MPR reduction, for PC2 and PC3 with applicable ACLR/SEM/spurious emission modification with BS indication for NR FR1 on a single UL carrier
· Include the following scenarios:
· when there is no adjacent in-band/out-of-band co-existence issue
· when a UE uses a narrower channel bandwidth within a wider BS bandwidth
· Include both (e)RedCap UE (only PC3) and non-RedCap UE
· Limited to QSPK and 16QAM
· Specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration
· Include both intra-band UL contiguous CA and intra-band non-contiguous UL CA for FR1
· Include intra-band UL contiguous CA and intra-band DL contiguous CA with single UL for FR2
· MPR requirement is not applicable until the SCell is activated
· Necessary signaling to support the above objectives


2. [bookmark: _Hlk151974188][bookmark: _Hlk145493529][bookmark: _Hlk145440945]Discussion
[bookmark: _Hlk163396258]2.1: MPR reduction with relaxed emission requirements on a single carrier
2.1.1. Possible configurations for relaxation
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(c)                                     (d)
Figure1. limit factor of output power for different RB allocations, DFT-s-OFDM, 20M
Figure1 shows the limit factor of output power for different RB allocations, and the modulation mode or power classes are different from (a) to (d). Different colors in the triangle diagram represent different requirements that limit the output power of the corresponding RB allocation. 
From (a) to (d), it can be captured that ACLR mainly affects the outer RB allocations, and the two colors green and dark blue represent left and right ACLR respectively, which means when RB allocation with relative larger RB number is close to either side of the BW, the limit factor wold be ACLR. However, SEM mainly affects the inner RB allocations close to the edge of BW and outer RB allocations with lower RB numbers.
Observation 1: ACLR mainly affects the outer RB allocations, well SEM mainly affects the inner RB allocations close to the edge of BW and outer RB allocations with lower RB numbers.
Proposal 1: ACLR relaxation could be studied from outer region.
Observation 2: If SEM is also considered to relax, the RB allocation area where output power can be boosted would be larger.
Comparing (a), (b) and (c), it can be seen that among the PC3, QPSK and 16QAM would be more severely affected by ACLR than 64QAM, since the RB allocation area occupied by ACLR is smaller in (c).
Observation 3: QPSK and 16QAM would be more severely affected by ACLR than higher modulation mode.
Comparing (a) and (d), PC2 is more susceptible to SEM when RB number is small, as more RB allocations are occupied by SEM in (d), even involves a larger area of inner. 
[bookmark: _Hlk163056232]Observation 4: PC2 is more susceptible to SEM than PC3 when RB number is small.
[bookmark: _Hlk162345119]In the current evaluation, spurious emission is evaluated outside of the ACLR applied bandwidth, and it seems not to be the limit factor of output power basically, especially when ACLR and SEM can meet the requirements. At the same time, the spurious emission limits are specified in terms of general requirements in line with ITU-R Recommendation SM.329-10 and NR operating band requirement to address UE co-existence, modifying the requirement rashly to increase transmit output power may cause some problems. So, whether spurious emission need to be relaxed and the areas in which it could be relaxed needs further discussion.
Observation 5: Whether spurious emission can/need be relaxed needs further discussion.
2.1.2. Possible scenarios for relaxation
In which scenario the out of band emission requirements could be relaxed needs further study. Firstly, it should be guaranteed that the relaxation would not cause co-existence issue for in-band and out-of-band.
No adjacent in-band/out-of-band co-existence issue
· When the BW of UE is equal to BS, there should be enough spectrum isolation between the BS’s channel with the other BS’s channel, so that the out-of-band emission leakage would not fall in the adjacent BS and cause interference. At the same time, there is no other UE operating in the same BS, so the in-band co-existence issue could also be excluded as well. Based on the premise, there is no need to consider ACLR requirement in this case.
Proposal 2：When there are no out-of-band co-existence issues, the ACLR can be omitted in MPR evaluation. 
A UE uses a narrower channel bandwidth within a wider BS
· When BW of UE is smaller than the BS and UE is operated far enough from the BS edge and other UE, e.g.,
· [bookmark: _Hlk163394468]RedCap UE operates in spectrum blocks is far wider than 20MHz and there is enough gap from the edge of the channel BW (or RB allocation) to the closet edge of the same BS channel BW or other UE[2].
· When narrower non-RedCap UE RB allocation/CBW is located around the center of the wider system bandwidth with enough isolation to other UE in the same BS[3].
In all, when original UE is allocated in a wider BS, the emission requirements outside the UE CBW could be switched from stricter out-of-band requirements like ACLR to more tolerant in-band requirements like IBE. And based on the relaxation of requirement, the output power could be increased to some extent. At the same time, for RB configuration located in the outer region of UE CBW, when the UE allocates close to the center of the wider BS, it is more likely to be in the inner region of BS CBW, and the MPR is lower naturally.
Proposal 3：When the BW of the UE is smaller than the BS, the ACLR of being outside the UE CBW but within the BS CBW could be relaxed to IBE, and ACLR requirement should be applied from the edge of the BS.



(a) Before relaxation                              (b) After relaxation 
[bookmark: OLE_LINK42]Fig 2. Applicable emission requirements outside the UE CBW
2.1.3. Signaling mechanism 
The new mapping relationships between relaxed requirements and existing MPR tables or new MPR tables should also be developed. And the mechanism of the NW to indicate the UE behavior needs to be identified and discussed, there are two different options:
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Option 1: The NW would judgement the deployment environment, when there are no co-existence issues or the UE CBW is smaller than BS CBW, and the relaxed emission requirements can be applied, the NW should send signaling to the UE and indicate power boosting, and then the corresponding mapping to MPR could be performed by the UE. 
Option 2: The NW indicates the relative positions of the UE CBW to the BS CBW, and when the UE CBW is smaller than BS CBW, the UE could perform power boosting and mapping to new MPR.
[bookmark: _Hlk163383080]Proposal 4: There are two mechanisms of the NW to indicate the UE behavior, and option1 could be studied as the baseline. 
· Option1: NW decides whether the OOBE requirement can be relaxed and sends signaling to UE, then UE improves the MPR or performs power boosting.
· [bookmark: _GoBack]Option2: NW indicates the relative positions of the UE CBW to the BS CBW, and the UE decides the MPR based on the position information. 
2.2: MPR reduction for NR intra-band UL CA
[bookmark: _Hlk163229328]2.2.1. Features of single CC scheduling in contiguous UL CA
Compared with a single-carrier BW, the width of spectrum resources occupied by scheduling or allocating one CC on the UL CA in the entire CABW is generally relatively small. At the same time, when the RB number is the same, the RB position is easier to be allocated in the center region of the CABW then of the single carrier. So in some cases, the RBs are easier to be allocated in the inner region when scheduling or allocating one CC in contiguous UL CA , and the MPR could be close to or even smaller than single carrier.
[bookmark: _Hlk162949654]Observation 6: For intra-band contiguous UL CA, when only one component carrier is scheduled or allocated, the MPR requirement could approach or be lower that of a single carrier in some cases.
For non-contiguous CA, when only one CC is allocated, the MPR requirement is divided into two categories according to whether dual PA-Architecture is indicated. And for UE without indicating dual PA-Architecture supported, it is divided again into two categories according to whether TxD is indicated or not. So the similar scheme and architecture could be studied again for contiguous UL CA.
[bookmark: _Hlk163056326]Observation 7: For intra-band contiguous CA, MPR values should be evaluated based on different architectures when scheduling or configuring only one component carrier.
When the scheduling of ULCA converting from 2CC to 1CC, the number of LO would influence the performance of transmit. 
· For 2LO architecture, each LO corresponds to one CC, and each LO generally locates at the center frequency of the CC. When 2CC is switched to 1CC and only 1LO is left in working state, and the transmission frequency bandwidth will be narrower, the performance is similar to that of a single carrier. To go further, it may reduce MPR since one CC is more likely to be allocated in the inner region as the CABW is generally wider than single carrier BW. 
[image: ]
Fig 3. 2-LO architecture of intra-band contiguous UL CA 
· For 1LO architecture, the LO locates in the center of the whole CABW generally. When 2CC is switched to 1CC, there will be IQ image interference at the symmetrical position of the other CC, and both of the in-band and out-of-band performance would be influenced. So, this architecture could not be simply equivalent to single carrier unless the LO could also be switched to the center of the scheduled CC during the CC switching.
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Fig 4. 1-LO architecture of intra-band contiguous UL CA 
Proposal 5: The 2-LO architecture of intra-band contiguous UL CA could be the baseline architecture for MPR reduction when only 1 CC is scheduled. 
Observation 8: The typical 1-LO architecture of in-band contiguous UL CA will create more IQ image interference when switching from 2CC to 1CC, this problem can be alleviated if the LO can be switched to the center of the scheduled CC at the same time.
2.2.2. Possible architecture for MPR reduction of UL contiguous CA 
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]In the 6.2.A.2.1 of TS 38.101-1, the MPR for intra-band contiguous CA with contiguous RB allocation is as follows. For PC2, the architecture of dual PA and non-dual PA shares the same requirement. And for PC3, there is no corresponding indication to distinguish different architectures.
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Fig 5. The MPR specification for intra-band contiguous CA with contiguous RB allocation
However, take PC2 for example, in the 1-PA architecture, the PA needs to transmit at full power to support the power class, as shown in Fig 6. However, in the 2-PA architecture, each PA does not have to transmit at such a high power, e.g., the combination of 23+23 can also support 26dBm. So, each PA channel has a 3dB margin from the saturated output power and the linearity is relative better, and the performance could also be better compared to one PA architecture. The reverse IMD between the two TX chain in dual PA architecture is also smaller compared to the forward IMD of one TX chain in single PA architecture, so there is room for output power to boost.
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Fig 6. Architecture of single PA for contiguous UL CA, PC2
There are two kinds of 2-PA architectures that could be further studied to boost output power compared to one PA architecture for PC2, they can also be applied to PC3 when both of the PA in the two TX chains are 23dBm:
1、 Architecture 1：
2PA+1LO, each PA supports up to 200MHz,
assumes 26dBm+26dBm or 26dBm+23dBm for PC2, (or 23dBm+23dBm for PC3)
For the combination of 26+26dBm in Fig 7, the current MPR requirement is specified in Table 6.2A.2.1-1a with dualPA-Architecture IE absent, which has room for power boosting. And this architecture could also support TxD and MIMO since both the two PAs support bandwidth of 200MHz. 
As to the combination of 23+26dBm in Fig 7, when TxD is not supported, the MPR requirement is specified in Table 6.2A.2.1-1a and could boost the output power compared to architecture of 1T PC2. However, when TxD is supported, the MPR requirement is specified in Table 6.2.A.2.1-1b, and it also has room to boost output power compared to architecture of 2T 23+23dBm. 
When both PA of the 2 TX chains are 26dBm, the linearity is better compared to deploying a 23dBm PA at TX2. 
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Fig 7. Architecture 1, 2 PA for contiguous UL CA, PC2
2、 Architecture 2：
2PA+2LO, each PA supports up to 100MHz, 
assumes 26dBm+26dBm or 26dBm+23dBm for PC2, (or 23dBm+23dBm for PC3)
For the combination of 26+26dBm in Fig 8, the current MPR requirement is specified in Table 6.2A.2.1-1a with dualPA-Architecture IE indicated. As to the combination of 23+26dBm in Fig 8, for 2LO cases for bandwidth class C only, the current MPR requirement also follows Table 6.2A.2.1-1a.
Architecture 2 has more advantages than Architecture 1:
· The two PA have narrower bandwidth and are easier to implement. At the same time, per TX chain per CC can better filter out spurious signals outside the carrier band, especially for the bandwidth gap between the upper edge of the transmission bandwidth configuration NRB1 of CC1 and the lower edge of the transmission bandwidth configuration NRB2 of CC2.
· The number of CCs participating in intermodulation is less than that of Architecture 1, and the complexity of IMD products is reduced, which means there is more room to boost the output power.
So maybe Architecture 2 could have better performance than Architecture 1.
[image: ]
Fig 8. Architecture 2, 2 PA for contiguous UL CA, PC2
Proposal 6：The following architectures could be the baseline for MPR reduction in UL contiguous CA:
Architecture 1: 2PA+1LO, each PA supports up to 200MHz.
Architecture 2: 2PA+2LO, each PA supports up to 100MHz.
2.2.3. Intra-band contiguous CA for FR2
The MPR for FR2 contiguous CA is defined based on the CABW including both UL and DL, and the reason behind is that shared LO is assumed for UL and DL. If the independent LO for UL is feasible, the aggerated BW to be considered would be narrower and the MPR can be reduced for such UE. So, for FR2, there should be new UE capabilities and signalling to support the new architecture with independent LO for UL only.
Proposal 7: For FR2 if the independent LO for UL is feasible, the MPR can be only based on the UL aggregated BW. 
Proposal 8: For FR2, a new UE capability should be introduced to indicate the UE with independent LO in UL.  
3. Conclusion
[bookmark: _Hlk163056550]3.1. MPR reduction with relaxed emission requirements on a single carrier
Observation 1: ACLR mainly affects the outer RB allocations, well SEM mainly affects the inner RB allocations close to the edge of BW and outer RB allocations with lower RB numbers.
Proposal 1: ACLR relaxation could be studied from outer region.
Observation 2: If SEM is also considered to relax, the RB allocation area where output power can be boosted would be larger.
Observation 3: QPSK and 16QAM would be more severely affected by ACLR than higher modulation mode.
Observation 4: PC2 is more susceptible to SEM than PC3 when RB number is small.
Observation 5: Whether spurious emission can/need be relaxed needs further discussion.
Proposal 2: When there are no out-of-band co-existence issues, the ACLR can be omitted in MPR evaluation. 
Proposal 3: When the BW of the UE is smaller than the BS, the ACLR of being outside the UE CBW but within the BS CBW could be relaxed to IBE, and ACLR requirement should be applied from the edge of the BS.
Proposal 4: There are two mechanisms of the NW to indicate the UE behavior, and option1 could be studied as the baseline. 
· Option1: NW decides whether the OOBE requirement can be relaxed and sends signaling to UE, then UE improves the MPR or performs power boosting.
· Option2: NW indicates the relative positions of the UE CBW to the BS CBW, and the UE decides the MPR based on the position information. 
3.2. Features of single CC scheduling in contiguous UL CA
Observation 6: For intra-band contiguous UL CA, when only one component carrier is scheduled or allocated, the MPR requirement could approach or be lower that of a single carrier in some cases.
Observation 7: For intra-band contiguous CA, MPR values should be evaluated based on different architectures when scheduling or configuring only one component carrier.
Proposal 5: The 2-LO architecture of intra-band contiguous UL CA could be the baseline architecture for MPR reduction when only 1 CC is scheduled. 
Observation 8: The typical 1-LO architecture of in-band contiguous UL CA will create more IQ image interference when switching from 2CC to 1CC, this problem can be alleviated if the LO can be switched to the center of the scheduled CC at the same time.
Proposal 6: The following architectures could be the baseline for MPR reduction in UL contiguous CA:
Architecture 1: 2PA+1LO, each PA supports up to 200MHz.
Architecture 2: 2PA+2LO, each PA supports up to 100MHz.
Proposal 7: For FR2 if the independent LO for UL is feasible, the MPR can be only based on the UL aggregated BW. 
Proposal 8: For FR2, a new UE capability should be introduced to indicate the UE with independent LO in UL.    
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6.2A.2 UE maximum output power reduction for CA

6.2A.2.1 UE maximum output power reduction for Intra-band contiguous CA

For intra-band contiguous carrier aggregation the allowed Maximum Power Reduction (MPR) for the maximum
output power in 6.2A.1.1-1 with contiguous RB allocation is specified in Table 6.24.2.1-1 for UE power class 3 CA
bandwidth classes B and C. The MPR with contiguous RB allocation is specified in Table 6.24.2.1-1a for power
class 2 CA bandwidth classes B and C when the signalling is absent for dualPA-Architecture IE, and for power class
2 CA bandwidth classes C when the signalling is indicated for dualPA-Architecture IE. The MPR with contiguous
RB allocation is specified in Table 6.2A.2.1-1b for power class 2 CA bandwidth classes B and C with TxD
supported.
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