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1. Introduction
In RAN plenary #103 meeting, a new WID[1] of UE power domain enhancement is approved with following RAN4 lead RF part objectives:
· 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
In this contribution, we focus on the scenario discussion of ACLR/SEM/spurious emission relaxation. 
2.Discussion 
Following lists potential scenarios that may lead to relaxation of ACLR/SEM/spurious emission requirements:
· Scenario 1-1:  Scenario with no adjacent in-band/out-of-band co-existence issue (single operator)
· Scenario 1-2: Scenario with no adjacent in-band/out-of-band co-existence issue (adjacent operators) 
· For example, there is reserved spectrum between two operators’ spectrum in the same area
· ACLR is symmetrical at both sides of carrier edges, only one side relaxation will not contribute to final ACLR relaxation
· Scenario 2: Narrower UE channel BW within wider BS bandwidth, then equivalent ACLR falling into adjacent gNB bandwidth may be less than current ACLR requirements.
· Sub-scenario 2-1: instead of ACLR 1, ACLR 2 or even higher order ACLR may apply due to less UE bandwidth.
· Note: this is due to the flexible UE bandwidth location within gNB bandwidth
· Sub-scenario 2-2: Equivalent ACLR due to unequal aggressor and victim bandwidth for adjacent carrier co-existence scenario
· Note: this is due to less UE aggressor bandwidth compared with gNB victim bandwidth
Proposal 1: following list the sub-scenarios of scenario 2 as starting point.
· Sub-scenario 2-1: instead of ACLR 1, ACLR 2 or even higher order ACLR may apply due to less UE bandwidth.
· Note: this is due to the flexible UE bandwidth location within gNB bandwidth
· Sub-scenario 2-2: Equivalent ACLR due to unequal aggressor and victim bandwidth for adjacent carrier co-existence scenario
· Note: this is due to less UE aggressor bandwidth compared with gNB victim bandwidth
For scenario 1-1, this usually occurs for the operation band with smaller frequency range. To avoid spectrum fragment, the regulatory agency usually allocates the whole band spectrum for only one operator. For example, the band n34 (2010-2025MHz) with total 15MHz frequency range is only allocated for CMCC in China. For this case, to be honest, ACLR/SEM requirements may not be needed if only considering adjacent carrier interference among different operators. 
However, for scenario 1, except for the adjacent carrier interference issue, we should also consider adjacent band interference issue in which case the ACLR requirement may also applies. For example, band n34 is adjacent to n256 without any guard spectrum. According to the spec, SEM/ACLR requirement applies to frequencies (ΔfOOB) starting from the  edge of the assigned NR channel bandwidth. Only for frequencies offset greater than ΔfOOB, the spurious requirements are applicable. This means ACLR/SEM of band n34 applies for certain frequency range of n256 but for the remaining frequency range of n256, the spurious emission requirement applies. However, for the adjacent operation band case, the spatial isolation distance should also be taken into consideration, in some cases due to spatial isolation, the adjacent operation band interference may be negligible. For the interference from n34 UE to n256 GEO satellite, if there is enough spatial isolation, then even without ACLR requirement, the n34 UE could co-exist with n256 GEO satellite.  
Observation 1: whether the ACLR/SEM requirement applies or not should consider both the adjacent carrier interference and adjacent operation band interference case. Besides, since ACLR/SEM requirement relaxation is BS indication basis, the spatial isolation factor for actual deployment scenario should also be taken into consideration.
Proposal 2: for scenario 1-1, the ACLR and SEM may not be needed when taken spatial isolation factor into consideration.
For the band n28, in china it is only allocated to one individual operator without adjacent-carrier interference issue. Besides, its adjacent band is broadcasting services which is outside of 3GPP scope so it’s hard to identify whether the ACLR/SEM/spurious emission requirements could be relaxed or not. 
For the band n39, in China it is also only allocated to CMCC without adjacent carrier interference issue. But n39 is adjacent to both band n3 DL and band n1 UL. To avoid the gNB-to-gNB interference, guard spectrum is reserved, i.e. 5MHz as shown below. For this case, according to 3GPP, band n39 UE ACLR1 still applies in the frequency range of band n1 even with guard band. but it seems ACLR relaxation is allowed due to the guard band. RAN4 could further discuss whether ACLR relaxation is allowed or not when there is certain guard band and the guard band is less than the CBW assumption for ACLR. 
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Proposal 3: for scenario 1-1, RAN4 further discuss whether the ACLR relaxation is allowed for the case when there is guard band but the guard band is less than CBW assumption for ACLR
For above scenario 1-2, to avoid spectrum idle and fragment, regulatory agency usually allocates the contiguous spectrum for operators rather than reserving some idle spectrum between operators. So usually option 2 is the corner case but we still need to wait for companies input to further check whether such case occurs among the world.
For above scenario 2, there are two sub-scenarios. For sub-scenario 2-1, due to UE’s bandwidth is less than gNB, the ACLR2 or ACLR3 or even high order ACLR would be applicable when we consider the synchronized deployment between adjacent operators, i.e. UE transmit with less bandwidth but gNB receiver with larger bandwidth. In current spec, there is the same ACLR1 and ACLR2 when coexist with adjacent(s) UTRA channel frequency. But for NR co-existing with adjacent NR, there is only ACLR1 and no requirements for other higher order ACLR. RAN4 needs to further discuss whether there is any relaxation for higher order ACLR. From our understanding, certain relaxation should be allowed for higher order ACLR.
Proposal 4: RAN4 needs to discuss whether there is any relaxation for higher order ACLR for the scenario when UE bandwidth is less than gNB bandwidth.
For above sub-scenario 3-2, we should identify basic principle to transform the ACLR when the aggressor and victim bandwidth is different. During the simulation of SBFD, following assumption is used to transform ACLR with different aggressor and victim bandwidth which could be referred as starting point for further discussion.
	· -	For cases where the aggressor’s bandwidth is narrower that the victim’s bandwidth:
· -	Both the ACLR and ACS are kept to the legacy value.
· -	For cases where the aggressor’s bandwidth is wider than the victim’s bandwidth:
· -	A bandwidth compensation factor is applied to the ACLR and ACS values. The factor is calculated as:

· -	For instance, for a TDD DL 100 MHz BW aggressor network interfering a UL 20 MHz BW victim, the ACLR is equal to: 45dBc + 10log10(100/20) = 52 dBc


 
Proposal 5: no relaxation of 1st ACLR, SEM and SE when narrower UE channel BW within wider BS bandwidth.
In summary of all above scenarios, we have following two case of ACLR/SEM requirements
· ACLR/SEM requirements are not applicable, e.g. for scenario 1 of band n34
· ACLR/SEM requirements allow certain relaxation, e.g. for sub-scenario 3-1 for higher order ACLR
MPR reduction is based on the extent of ACLR/SEM relaxation. Considering the MPR is based on simulation and or testing with high workload, it’s better to limit the number of ACLR relaxation to several values. For example, ACLR=0, ACLR relaxation with 5dB, 10dB, 20dB, etc. Then we can focus on the limited number of MPR reduction analysis. If there is specific relationship between ACLR relaxation and MPR reduction, then the workload of MPR reduction analysis would also be reduced. But we are afraid it’s hard to find such relationship. 
Proposal 6: it’s suggested to study the extent of ACLR/SEM relaxation at first with limited number of relaxation values to reduce further MPR reduction analysis workload.  
3. Conclusions
In this contribution, the scenario for ACLR/SEM relaxation are discussed with following observations and proposals.
Proposal 1: following list the sub-scenarios of scenario 2 as starting point.
· Sub-scenario 2-1: instead of ACLR 1, ACLR 2 or even higher order ACLR may apply due to less UE bandwidth.
· Note: this is due to the flexible UE bandwidth location within gNB bandwidth
· Sub-scenario 2-2: Equivalent ACLR due to unequal aggressor and victim bandwidth for adjacent carrier co-existence scenario
· Note: this is due to less UE aggressor bandwidth compared with gNB victim bandwidth
Proposal 2: for scenario 1-1, the ACLR and SEM may not be needed when taken spatial isolation factor into consideration.
Proposal 3: for scenario 1-1, RAN4 further discuss whether the ACLR relaxation is allowed for the case when there is guard band but the guard band is less than CBW assumption for ACL
[bookmark: _GoBack]Proposal 4: RAN4 needs to discuss whether there is any relaxation for higher order ACLR for the scenario when UE bandwidth is less than gNB bandwidth. 
Proposal 5: no relaxation of 1st ACLR, SEM and SE when narrower UE channel BW within wider BS bandwidth.
Proposal 6: it’s suggested to study the extent of ACLR/SEM relaxation at first with limited number of relaxation values to reduce further MPR reduction analysis workload.
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