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1 Introduction
[bookmark: OLE_LINK41][bookmark: OLE_LINK175]In RAN#103, power domain enhancement has been approved [1] for MPR reduction for NR single carrier and NR intra-band UL CA, as illustrated below.

	· [bookmark: OLE_LINK30][bookmark: _Hlk134791802][bookmark: OLE_LINK40][bookmark: OLE_LINK39]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



This paper follows-up on our original paper from RAN4#110bis in [3] for the single carrier enhancement.
2 Operating scenarios consideration
[bookmark: OLE_LINK60]At RAN4#110bis, the following was agreed:
· Prioritize scenario 1-1 and scenario 2 for initial study of power domain enhancements for single carrier in terms of relaxed requirements 
· FFS on sub-scenarios of scenario 2.
· Scenario 1-2 will be studied after scenario 1-1 and scenario 2

Scenario 2: Narrower UE channel BW within wider BS bandwidth
[bookmark: OLE_LINK25]In this type of operation, the adjacent channel of the UE may actually fall inside the same operator’s spectrum operated by the same Base Station. An obvious example of this is the Redcap UE, that supports a maximum channel bandwidth of 20MHz, but may operate under a Base Station carrier of 60MHz for example (especially likely in the case of TDD bands). See figure 1 below.
[image: ]

Figure 1: Existing Tx emission requirements for RedCap 
[bookmark: OLE_LINK75][bookmark: OLE_LINK26]One of the comments received during discussions on the RedCap UE operating in wider channel use case was that it is possible that the UE channel bandwidth is located at the spectrum block edge in many cases, in order to free up as many contiguous RBs as possible for non-RedCap UEs, and that relaxing Tx emissions requirements may not be feasible there. 

However, this constraint would only apply on the outer edge of the operator’s spectrum block and applying a relaxation on the inner side of the spectrum block can still allow for reduced MPR, as long as the RB allocation is a partial RB allocation, with unused RBs creating a guardband between the transmitted RBs and the edge of the spectrum block on the outer side of the spectrum block.

[bookmark: OLE_LINK76]Observation 1: It is feasible and useful for RedCap UE to apply Tx emissions requirements relaxation inside a spectrum block >20MHz if MPR reduction can be achieved.

[bookmark: OLE_LINK27]For a non-RedCap UE operating a channel bandwidth <100MHz, UE Tx emissions relaxations can already apply based on existing requirements and functionality, by e.g. allocating only a subset of RBs to be transmitted by the UE within its BWP and Channel Bandwidth.

Another potential scenario is that an operator’s spectrum block may be wider than 100MHz, in which case a similar scenario as for RedCap UE may clearly occur for a UE operating 100MHz.

[bookmark: OLE_LINK164][bookmark: OLE_LINK77]Observation 2: For a non-RedCap UE operating in a spectrum block <100MHz, there is some flexibility today to enable relaxed emissions and tighter MPR via existing functions and requirements framework. For a non-RedCap UE operating in a spectrum block >100MHz, emissions requirements relaxation appears to be feasible, if sufficient to enable MPR reduction.
3. Feasibility of Tx emissions and MPR requirements changes
3.1 Tx emissions requirements relaxation
We analyze the UE Tx emissions requirements below, to identify relevant aspects and considerations on the acceptability for their relaxation in each scenario.

[bookmark: OLE_LINK2]ACLR and SEM
[bookmark: OLE_LINK28]UE ACLR has always been derived based on system level coexistence studies where the adjacent channel to the channel operated by the UE is assumed to be used by another mobile operator, and where that mobile operator has an “uncoordinated” deployment with respect to that of the operator serving the UE. ACLR is mainly applicable only in 3GPP, and there is no clear 3GPP justification as to why UE ACLR requirements need to apply where today they would fall inside an operator’s spectrum block, especially if the network operator has control of whether to apply the relaxation or not, and whereby in other types of configuration IBE requirements are deemed sufficient. In Japan, it does seem that UE ACLR is part of the regulatory framework, but not elsewhere. 

[bookmark: OLE_LINK29]The NR UE SEM was adapted from the LTE UE SEM, in consideration of the OFDM-based waveform defined for NR. It generally scales with UE channel bandwidth. The requirement is an absolute requirement to ensure certain emission performance, but clearly is most important to protect spectrum adjacent/proximal to the spectrum used by the NR system. ITU-R Radio Regulations do not define a spectrum emission mask for the UE. In Europe (CEPT), the UE requirements have generally referred to 3GPP requirements for legacy systems, and for NR are still being finalized. Applicability of UE SEM for other regions has not yet been analyzed.

[bookmark: OLE_LINK31][bookmark: OLE_LINK82]Inside an operator’s spectrum block, for the same reasons given above, it would seem feasible to allow operators to apply a controlled relaxation of the UE SEM while still meeting IBE requirements if benefits are obtained from that, and there are geographical regions where it would appear not to contravene regulations.

At RAN4#110bis, the following was agreed (noting the square brackets):
· [No relaxation of ACLR/SEM/SE outside of the BS CBW for one operator holding spectrum for scenario 2, i.e. Narrower UE channel BW within wider BS bandwidth]
· FFS whether IBE is considered instead of the relaxed ACLR/SEM/SE for the region between UE CBW and BS CBW.
[bookmark: OLE_LINK32]The figure below compares an existing eMBB UE with 60MHz CBW and 51 RB allocation located 10MHz away from the spectrum block edge with RedCap UEs operating with the “Potential Requirements Concepts” from [3]. 
When comparing the OOB and SE requirements of the eMBB UE with the relaxed requirements for the RedCap UE, it can be observed that the OOB emissions starting point is the edge of the spectrum block, and the SEM is more relaxed in terms of the allowed power leakage profile across the adjacent 60MHz, and hence the MPR requirements today are tighter for that UE, due to more relaxed emissions requirements. 

It can also be observed that between the allocated RBs and the edge of the operator’s spectrum block, IBE is applicable for existing eMBB UE. Therefore, it seems reasonable for similar flexibility to be able to be applied by an operator for the Redcap UE Tx emissions operating in the same scenario.

Furthermore, for the One-sided requirements, the UE will anyway meet the existing RedCap UE requirements outside of the spectrum block, in the same way as today, so this can also be considered feasible.
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Figure 2: Comparison of existing MBB UE and RedCap UE with relaxed requirements

[bookmark: OLE_LINK24][bookmark: OLE_LINK33]Proposal 1: Agree that applying a shift in ACLR/SEM requirements is feasible for RedCap UE in Scenario 2, as long as the OOB requirements outside of the BS CBW are no worse than that of an existing eMBB UE configured to operate in the full BS CBW.   
[bookmark: OLE_LINK167]
Spurious Emission requirements
RAN4#110bis agreed the following in relation to spurious emission requirements:
· For regions where at least ACLR and SEM can be relaxed for the identified scenarios, FFS whether SE could be relaxed, or under which conditions can be relaxed. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK42]Spurious Emission requirements apply from 250% of the centre frequency of the “necessary bandwidth” in ITU-R radio regulations (ITU REC SM.329/328). While similar, 3GPP actually applies a “tighter” requirement than recommended by ITU REC SM.329, where the spurious emission actually starts from FOOB = 5MHz + (1.5 x UE CBW) from the centre of the channel. 

This concept comes from W-CDMA, where 250% from the centre frequency of a 5MHz CBW was applied, leading to CBW +5MHz (= 10MHz) distance from channel edge. LTE scaled the CBW, but maintained the +5MHz as it was deemed feasible to do so with the 30dB ACLR requirement and scaled SEM. This is vaguely described in 3GPP TR36.803. In turn this was then carried over into NR specifications. However, when applying this for NR, the fact that the UE may operate a narrower CBW than the Base Station was not accounted for. Therefore, if OOB emission requirements are now relaxed compared to existing levels, then the 3GPP Spurious Emission requirement should also be revisited accordingly.

[bookmark: OLE_LINK83]Proposal 2: Agree that relaxation of UE spurious emission requirement is feasible whilst still adhering to ITU REC SM.329, and necessary if ACLR and/or SEM are relaxed.

3.2	Scope of MPR reduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK67]The following was agreed at RAN4#110bis:
· FFS whether outer, edge or inner RB allocation is prioritized for further evaluation
· FFS impact on MPR by relaxing ACLR w/ or w/o relaxing SEM/Spurious Emissions
[bookmark: OLE_LINK35]Impact of relaxing ACLR without relaxing SEM/Spurious Emissions
There is a high likelihood in trying to reduce MPR while only relaxing ACLR, there will be RB allocations where the UE meets the ACLR requirements but then becomes limited by the SEM requirement. This would lead to the situation where either RAN4 does not agree any relaxation at all, or RAN4 has to identify all of the specific problematic RB allocations and identify exceptions for those. This would then lead to a more complicated process for the UE to identify which MPR is applicable for a given RB allocation.

Observation 3: Relaxing ACLR without relaxing SEM/Spurious emissions will likely have smaller MPR reduction benefit, more RAN4 effort, more complex MPR rules, and more complex real-time derivation of MPR for the UE.

[bookmark: OLE_LINK36]Prioritization of Outer RB allocation MPR reduction
Enabling MPR reduction of “outer RB allocation” MPR to achieve the same MPR level as “inner RB allocation” MPR for PC3 already brings UL Tx power gain of 1dB – 1.5dB depending on the waveform and modulation scheme used. This can be observed from Table 6.2.2-1 in TS 38.101-1. 

It has also been shown in section 2.3 that if we try to improve MPR beyond what the inner RB allocation requires today, or even boost the power beyond 0 dB MPR, then there will need to be analysis on which of <ACLR, SEM, EVM> is the bottleneck in limiting the maximum output power, and a lot of time was spent looking at this with the result of 1dB gain already in Rel-18. Doing the same type of analysis again will result in a lot of work for RAN4.

Observation 4: 1dB – 1.5dB MPR reduction for Outer RB allocations is achievable with sufficient Tx emission requirements relaxations, depending on waveform (DFT-S-OFDM or CP-OFDM) and modulation scheme (QPSK or 16QAM). On the other hand, aiming to reduce MPR lower than that of the inner RB allocation will lead to more RAN4 work to identify the requirement bottlenecks and would fully or partially repeat the Rel-18 effort.

Furthermore, from MediaTek perspective, MPR tightening is acceptable as a trade-off with Tx emission requirements relaxation, as long as this does not require additional hardware complexity in the UE compared to existing reference UE architectures. Also, developing complex MPR tables or formulas with new MPR values in between existing values would create more complexity at the UE and should be avoided. Therefore, also taking into account these constraints, we recommend prioritizing RAN4 efforts on enabling sufficient emissions requirements relaxations to enable enhanced MPR requirements such that Outer RB allocations can apply the same MPR as that of Inner RB allocations.

Proposal 3: Prioritize study on reduction of Outer RB allocation MPR to similar level as Inner RB allocation MPR for PC3 UE, without increasing reference UE complexity (particularly hardware), by appropriate Tx emission requirement relaxation. Consider MPR reduction for Inner RB allocations a low priority for all power classes.
4.	Proposed requirements concepts
4.1	Background
More background is provided in [3], where it was observed that, for a given RB allocation, the spectral distance to the channel edge will determine what MPR is required to fulfil ACLR/SEM requirements.

It can also be observed that the maximum size of the Inner RB allocation (and associated distance to channel edge) will approximately scale with UE channel bandwidth. Hence a 40MHz channel bandwidth maximum Inner RB allocation is 108 RBs, which is similar to the NRB (106 RBs) for 20MHz channel bandwidth. See figure below.
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Figure 3: 20MHz vs 40MHz comparison of Full vs Inner allocation

Observation 5: Relaxing UE ACLR/SEM/SE requirements by shifting the starting frequency (channel edge) for Tx emissions requirements away from the first or last allocated RB by a sufficient amount can enable an Outer RB allocation to become equivalent to an Inner RB allocation from MPR perspective.

[bookmark: OLE_LINK89][bookmark: OLE_LINK20]Proposal 4: Endorse a Tx emission requirements relaxation approach of shifting the Tx emissions requirements “channel edge” (ΔfOOB = 0 MHz) away from real channel edge to create sufficient guardband from the UE channel bandwidth edge, to enable ACLR, SEM, and Spurious Emission relaxation. “Extension of” IBE or equivalent to apply from first/last allocated RB to new Tx emission requirements “channel edge”.
4.2 Shifted Channel Edge via “wider CBW” emissions framework 
In this scenario, for a UE operating a 20MHz channel bandwidth (51 RB allocation with 30kHz SCS), the 40MHz channel bandwidth Tx emission (OOB and Spurious) requirements would apply from 10MHz away from the 20MHz channel edge. This should allow a UE with a full 106 RB allocation to apply the Inner RB allocation MPR instead of the Outer RB allocation MPR. One issue with this is that applying the 40MHz CBW spurious emission requirements would mean that it would start from 55MHz from the 20MHz channel bandwidth edge, which does not fulfil the 250% requirement (which is 40MHz) for necessary bandwidth of 20MHz.
[image: ]
Figure 4: Wider CBW Tx emission requirements framework

It should be noted here that this framework can already be applied today for a non-RedCap UE operating less than 100MHz channel bandwidth. However, see earlier questions in section 2.4.

[bookmark: OLE_LINK90]Proposal 5: Further focus evaluation on the Wider CBW Tx emission requirements framework is feasible to enable Outer RB allocation MPR reduction, for RedCap and non-RedCap UE. Also further study the Spurious Emission requirement issue as described for this approach.
4.3	Shifted channel edge with “same CBW” emissions framework
In this case, for the same UE as in section 4.1, the starting point of emissions requirements are still shifted by 10MHz from the channel edge for a 20MHz channel. However, the emissions requirements apply are those of 20MHz UE CBW (instead of the 40MHz CBW used in the Wider CBW approach). This implies a slightly tighter requirement for SEM and ACLR, but from our PA evaluation of DFT-S-OFDM and CP-OFDM waveforms, this still allows the inner RB allocation MPR to apply. In this approach the Spurious Emissions requirement will also apply with CBW/2 = 10MHz shift (so FOOB = 35MHz) which still fulfils the 250% requirement for 20MHz. 

[image: ]
Figure 5: Shifted channel edge with “same CBW” Tx emissions framework

[bookmark: OLE_LINK91][bookmark: OLE_LINK107]Proposal 6: Further focus evaluation on the Shifted Channel Edge with “Same CBW” Tx emission requirements framework as one option to enable Outer RB allocation MPR reduction for RedCap and non-RedCap UE.

4.4	One-sided emissions relaxation framework
This concept would help in the case that the 20MHz UE channel bandwidth is at the edge of the spectrum block, and still enabling gain by relaxing emissions requirements one the inner side of the spectrum block.

The Shifted Channel Edge approaches with “Wider CBW” or “Same CBW” can be used to enable this. An example is a partial RB allocation located next to the right side of the channel. On the right side, the relaxation is applied (shift of 10MHz) and on the left side there is a natural guardband created by unused RBs for this UE (where IBE would naturally apply as today). An example is provided in the figure below, but the maximum exact RB allocation in this scenario would need further confirmation.

[image: ]
Figure 6 One-sided transmitter emissions requirements
[bookmark: OLE_LINK92]
[bookmark: OLE_LINK169][bookmark: OLE_LINK37]Proposal 7: Conclude that the “One-Sided” Shifted Channel Edge enhancement to Proposal 5 and Proposal 6 approach is feasible to enable Outer RB allocation MPR reduction for RedCap and non-RedCap UE, when UE channel bandwidth is at one edge of the operator’s spectrum block. The maximum partial RB allocation for Outer RB allocation can be further analyzed.
4.5	Applicability for non-RedCap UE scenario
For a non-RedCap UE operating in an operator spectrum block >100MHz, the above concepts should still apply. However, some additional considerations need to be taken into account, such as:
1. For Wider Channel Bandwidth approach, in FR1 there is no single carrier Channel Bandwidth >100MHz. Could the BWchannel_CA Tx emissions requirements be applied instead?
1. Whether the CBW/2 shift from CBW edge would scale exactly for wider bandwidths. Note that the SEM does not exactly scale with bandwidth due to tighter initial 5MHz. Therefore, this needs some more analysis.
[bookmark: OLE_LINK170]Proposal 8: For the non-RedCap UE, study further the following aspects for the shifted channel edge approach:
· Which Tx emissions requirements framework would apply for Wider Channel Bandwidth >100MHz?
· Whether the CBW/2 shift from the channel edge proposed for RedCap also scales in exactly the same way for larger UE channel bandwidths such as 80-100MHz.

5	Conclusion
In this contribution, we have presented our perspectives on power domain enhancement for NR single carrier, and have provided the following observations and proposals:

Observation 1: It is feasible and useful for RedCap UE to apply Tx emissions requirements relaxation inside a spectrum block >20MHz if MPR reduction can be achieved.

Observation 2: For a non-RedCap UE operating in a spectrum block <100MHz, there is some flexibility today to enable relaxed emissions and tighter MPR via existing functions and requirements framework. For a non-RedCap UE operating in a spectrum block >100MHz, emissions requirements relaxation appears to be feasible, if sufficient to enable MPR reduction.

Observation 3: Relaxing ACLR without relaxing SEM/Spurious emissions will likely have smaller MPR reduction benefit, more RAN4 effort, more complex MPR rules, and more complex real-time derivation of MPR for the UE.

Observation 4: 1dB – 1.5dB MPR reduction for Outer RB allocations is achievable with sufficient Tx emission requirements relaxations, depending on waveform (DFT-S-OFDM or CP-OFDM) and modulation scheme (QPSK or 16QAM). On the other hand, aiming to reduce MPR lower than that of the inner RB allocation will lead to more RAN4 work to identify the requirement bottlenecks and would fully or partially repeat the Rel-18 effort.

Observation 5: Relaxing UE ACLR/SEM/SE requirements by shifting the starting frequency (channel edge) for Tx emissions requirements away from the first or last allocated RB by a sufficient amount can enable an Outer RB allocation to become equivalent to an Inner RB allocation from MPR perspective.

[bookmark: OLE_LINK21]Proposal 1: Agree that applying a shift in ACLR/SEM requirements is feasible for RedCap UE in Scenario 2, as long as the OOB requirements outside of the BS CBW are no worse than that of an existing eMBB UE configured to operate in the full BS CBW.   

Proposal 2: Agree that relaxation of UE spurious emission requirement is feasible whilst still adhering to ITU REC SM.329, and necessary if ACLR and/or SEM are relaxed.

Proposal 3: Prioritize study on reduction of Outer RB allocation MPR to similar level as Inner RB allocation MPR for PC3 UE, without increasing reference UE complexity (particularly hardware), by appropriate Tx emission requirement relaxation. Consider MPR reduction for Inner RB allocations a low priority for all power classes.

Proposal 4: Endorse a Tx emission requirements relaxation approach of shifting the Tx emissions requirements “channel edge” (ΔfOOB = 0 MHz) away from real channel edge to create sufficient guardband from the UE channel bandwidth edge, to enable ACLR, SEM, and Spurious Emission relaxation. “Extension of” IBE or equivalent to apply from first/last allocated RB to new Tx emission requirements “channel edge”.

[bookmark: OLE_LINK22]Proposal 5: Further focus evaluation on the Wider CBW Tx emission requirements framework is feasible to enable Outer RB allocation MPR reduction, for RedCap and non-RedCap UE. Also further study the Spurious Emission requirement issue as described for this approach.

Proposal 6: Further focus evaluation on the Shifted Channel Edge with “Same CBW” Tx emission requirements framework as one option to enable Outer RB allocation MPR reduction for RedCap and non-RedCap UE.

Proposal 7: Conclude that the “One-Sided” Shifted Channel Edge enhancement to Proposal 5 and Proposal 6 approach is feasible to enable Outer RB allocation MPR reduction for RedCap and non-RedCap UE, when UE channel bandwidth is at one edge of the operator’s spectrum block. The maximum partial RB allocation for Outer RB allocation can be further analyzed.

Proposal 8: For the non-RedCap UE, study further the following aspects for the shifted channel edge approach:
· Which Tx emissions requirements framework would apply for Wider Channel Bandwidth >100MHz?
· Whether the CBW/2 shift from the channel edge proposed for RedCap also scales in exactly the same way for larger UE channel bandwidths such as 80-100MHz.
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