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1 Background 
MPR reductions for intra-band UL CA configurations are contained in the second part of the main objective of the WID [1]:

· 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
In this contribution we address the MPR applicability in the WF [2]
2.2 MPR applicability for FR1 intra-band UL non-contiguous CA 

Way forward:

· FFS in the next meeting

and make proposals with a view to improve performance of deployments in fragmented intra-band spectrum for 2DL/2UL operation with both single- and dual-PA architectures. This includes single-CC transmissions on two configured UL carriers with non-simultaneous transmission on active carriers or with one configured cell deactivated. 
Many operators have fragmented spectrum allocations in bands, some examples for bands in the 2 GHz range in Figure 1 and for bands below 1 GHz in Figure 2 (both from [2]). 
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Figure 1: example of fragmented spectrum allocations, FDD bands in the 2 GHz range (Canada).
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Figure 2: example of fragmented spectrum allocations, FDD bands below 1 GHz (Australia). The spectrum blocks in dotted grey are not allocated.

There are also numerous cases for TDD. 
Some of the challenges for UL intra-band non-contiguous CA configurations are that
· the MPR larger than that for the non-CA case for UL transmissions confined within one of two configured and active UL carriers (e.g. the Pcell) for UEs not indicating dualPA-Architecture
· the MPR for concurrent transmissions on two UL carriers very large (and only evaluated for Band n41)
which implies significant reduction of UL coverage for CA in non-contiguous spectrum in these cases.
It should be possible to reduce the MPR that of non-CA for single-CC transmissions also for single-PA architectures subject to capability. Moreover, restrictions on the frequency separation between carrier can facilitate support of non-contiguous carriers with a single Tx chain. This would also enable use of a second Tx for support of non-contiguous CA combined with UL-MIMO with a restricted frequency separation.
2 Reducing MPR for single-CC transmissions without dual-PA architecture 

An MPR the same as that for non-CA case should also be possible for UL transmissions confined within one of the two carriers for a single PA architecture, the improve performance required then subject to UE capability.
The main problem for single-CC transmissions is the following in clause 6.2A.2.2.0 for UEs not indicating dualPA-Architecture:
If OR( LCRB1 = 0, LCRB2 = 0 )

For PC3 UE, MPR defined in Table 6.2.2-1, except for B < 9 MHz where 5.5 dB MPR is used;

For PC2 UE without indicating TxD, MPR defined in Table 6.2.2-2 is used, except for B < 11.52 MHz where 6.5 dB MPR is used;
For PC2 UE indicating TxD, MPR defined in Table 6.2D.2-1 is used, except for B < 11.52 MHz where the maximum value between 6.5 dB and MPR defined in Table 6.2D.2-1 is used.
an allowed MPR of 5.5 dB or greater for any transmissions confined in bandwidths B < 9/11.52 MHz on a single cell, which corresponds to almost the entire channel bandwidth in some cases and a significant constraint also for smaller allocations in wider channel bandwidth. 
We make the observation

Observation 1: the MPR for non-contiguous carriers and transmission on a single CC with a single-PA architecture is significantly larger than the MPR for non-CA transmissions. 
The MPR should enable compliance with the general unwanted emissions limits for non-contiguous CA, a composite spectrum mask is defined,
6.5A.2.2.2
Spectrum emission mask for intra-band non-contiguous CA

For intra-band non-contiguous carrier aggregation the spectrum emission mask requirement is defined as a composite spectrum emissions mask. Composite spectrum emission mask applies to frequencies up to ΔfOOB starting from the edges of the sub-blocks. Composite spectrum emission mask is defined as follows

a)
Composite spectrum emission mask is a combination of individual sub-block spectrum emissions masks 

b)
In case the sub-block consist of one component carrier the sub-lock general spectrum emission mask is defined in subclause 6.5.2.1

c)
If for some frequency sub-block spectrum emission masks overlap then spectrum emission mask allowing higher power spectral density applies for that frequency

d)
If for some frequency a sub-block spectrum emission mask overlaps with the sub-block bandwidth of another sub-block, then the emission mask does not apply for that frequency.

and the ACLR 

6.5A.2.4.1.2
NR ACLR for intra-band non-contiguous CA

For intra-band non-contiguous carrier aggregation, CA Adjacent Channel Leakage power Ratio(CAACLR) is the ratio of the sum of the filtered mean power centred on each assigned channel frequency to the filtered mean power centred on an adjacent NR channel frequency at nominal channel spacing. In case the gap bandwidth Wgap between 2 uplink CCs is smaller than maximum of the 2 uplink channel bandwidths then no CAACLR requirement is set for the gap. […]
Hence the composite emission mask is -13 dBm/MHz in a gap of a width less than or equal the sum of the sub-block bandwidths, which is the case in the example in Figure 2 and several cases in Figure 1 assuming that each sub-block consists of a single cell. The ACLR requirements are likely to be dimensioning. 

Regarding applicability of the requirements for deactivated carriers we note that 6.5A.2.2.3 specifies the following
“For inter-band carrier aggregation with uplink assigned to two NR bands, the spectrum emission mask of the UE is defined per component carrier while both component carriers are active and the requirements are specified in clauses 6.5.2.1 and 6.5.2.2.”
and we assume the same for other CA configurations:

Observation 2: the unwanted emission limits, the output RF spectrum emissions for CA, apply when the carriers are active, the transmitter is considered OFF for deactivated carriers.
For the MPR applicability for FR1 intra-band UL non-contiguous CA in the WF [2], we propose to specify requirements to reduce the MPR for single-CC transmissions for single-PA architectures subject to UE capability:
Proposal 1: introduce a capability “single-CC-transmission-with-single-CC-MPR” for single-PA architecture (could also be indicated for dual-PA architecture) per band combination to indicate support of single-CC MPR with two configured non-contiguous carriers and one scheduled/activated. 
To facilitate implementation of two non-contiguous carriers with a single Tx chain, the frequency separation between the lower edge of lower CC and upper edge of higher CC should be less than or equal to the maximum channel bandwidth supported for a single cell and SCS: 

Proposal 2: the capability applicable for a frequency separation ≤ 50 MHz for FDD and ≤ 100 MHz for TDD for a single-PA architecture to facilitate implementation with a single Tx chain.
Altogether, this will require e.g. improved linearity, LO rejection and IQ imbalance at least compared to the respective minimum requirements. A UE indicating the capability meets the composite emission mask and ACLR requirement for the supported frequency separation. 

3 Changes to 38.101-1

Notwithstanding feasibility of the MPR improvement in Proposal 1 (FFS), the aim is to introduce an exception in the MPR specification for non-contiguous CA that allows single-CC transmissions with MPR for non-CA regardless of PA architecture up to a maximum supported frequency separation. The capability is denoted uplinkNonContiguousCA-singleCC-Trans tentatively.
< start of changes >
6.2A.2.2
UE maximum output power reduction for Intra-band non-contiguous CA

6.2A.2.2.0
General

For intra-band non-contiguous CA, the allowed Maximum Power Reduction (MPR) for the maximum output power is specified into 2 types: MPR to meet -30dBm/MHz and -13dBm/MHz. The UE determins the MPR type as follows:

For UE indicating dualPA-Architecture supported

If OR (LCRB1 = 0, LCRB2 = 0)
MPR defined in Table 6.2.2-1 and Table 6.2.2-2 for PC3 and PC2 UE respectively

Else If AND( FIM3,low_block,low > SEM-13,low ,  FIM3,high_block,high < SEM-13,high )



MPR defined in Clause 6.2A.2.2.2.1 and Clause 6.2A.2.2.2.2 for PC3 and PC2 UE respectively.
Else



MPR defined in Clause 6.2A.2.2.1.1 and Clause 6.2A.2.2.1.2 for PC3 and PC2 UE respectively.


For UE without indicating dualPA-Architecture supported

If OR( LCRB1 = 0, LCRB2 = 0 )

For PC3 UE, MPR defined in Table 6.2.2-1, except for B < 9 MHz where 5.5 dB MPR is used;

For PC2 UE without indicating TxD, MPR defined in Table 6.2.2-2 is used, except for B < 11.52 MHz where 6.5 dB MPR is used;
For PC2 UE indicating TxD, MPR defined in Table 6.2D.2-1 is used, except for B < 11.52 MHz where the maximum value between 6.5 dB and MPR defined in Table 6.2D.2-1 is used.
Else If AND( FIM3,low_block,low > SEM-13,low ,  FIM3,high_block,high < SEM-13,high )



MPR defined in Clause 6.2A.2.2.2.3 and Clause 6.2A.2.2.2.4 for PC3 and PC2 UE respectively.
Else



MPR defined in Clause 6.2A.2.2.1.3 and Clause 6.2A.2.2.1.4 for PC3 and PC2 UE respectively.

where

-
LCRB1 is for CC1 which is the component carrier with lower frequency

-
LCRB2 is for CC2 which is the component carrier with higher frequency 

-
B =  (LCRB1* 12* SCS1 + LCRB2 * 12 * SCS2)/1,000

-
FIM3,high_block,high = (2 * Fhigh_alloc,high_edge ) – Flow_alloc,low_edge
-
FIM3,low_block,low = (2 * Flow_alloc,low_edge) – Fhigh_alloc,high_edge
-
Flow_alloc,low_edge is the lowermost frequency of the lower transmission bandwidth allocation.

-
Flow_alloc,high_edge is the uppermost frequency of the lower transmission bandwidth allocation.

-
Fhigh_alloc,low_edge is the lowermost frequency of the upper transmission bandwidth allocation.

-
Fhigh_alloc,high_edge is the uppermost frequency of the upper transmission bandwidth allocation.

-
SEM-13,low = Threshold frequency where lower spectral emission mask below the lower channel drops from -13 dBm / MHz to -25 dBm / MHz, as specified in Clause 6.5A.2.2.2.

-
SEM-13,high = Threshold frequency where upper spectral emission mask above the upper channel drops from -13 dBm / MHz to -25 dBm / MHz, as specified in Clause 6.5A.2.2.2.

For a UE configured with two uplink non-contiguous carriers and 
-
indicating [uplinkNonContiguousCA-singleCC-Trans] for the band combination; and
-
if dualPA-Architecture is not indicated, and indicated intraBandFreqSeparationUL-AggBW-GapBW-r16 of class 1 [or for a corresponding frequency separation ≤ 50 MHz for FDD] 
the MPR is as specified in sub-clause 6.2.2 when LCRB1 = 0 or LCRB2 = 0. This also applies if one of the two carriers is deactivated. 
MPRs in section 6.2A.2.2.1.3, 6.2A.2.2.1.4, 6.2A.2.2.2.3 and 6.2A.2.2.2.4 are applicable only when the Gap between the component carriers is ≤ the overall channel bandwidth summed across all the component carriers and when UE declares intraBandFreqSeparationUL-v1620 value ≤ 200 MHz.

The definition of the gap is between the component carriers in a spectrum that is not part of any configured component carrier that is located in between the lowest edge of the component carrier with higher center frequency and the highest edge of the component carrier with center frequency that is located lower in frequency.   

6.2A.2.2.1
MPR to meet -30dBm/MHz 

< end of changes >
Specification of a maximum frequency separation for FDD less than 50 MHz is awkward given the current values that can be indicated. One way is to introduce a condition on the proposed capability uplinkNonContiguousCA-singleCC-Trans, somewhat ugly admittedly:
Table 5.3A.5-2: NR intra-band non-contiguous UL CA frequency separation classes

	NR NC UL CA frequency separation class
	Maximum allowed frequency separation

	I
	100 MHz

	II
	200 MHz

	III
	[600MHz]

	NOTE 5: 
For a UE indicating [uplinkNonContiguousCA-singleCC-Trans] for a band combination in an FDD band the maximum allowed frequency separation for class I is 50 MHz.  


4 Further improvement: Non-contiguous CA and UL-MIMO
Given that the non-contiguous carriers can be transmitted with as single Tx conditioned on the frequency separation, a second PA could be used for supporting a combination with UL MIMO as shown in Figure 3. 
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Figure 3: support of non-contiguous CA in fragmented spectrum with single- and dual-PA architectures.
Support with a single Rx chain would also be facilitated by the restricted frequency separation, at least when the two carriers belong to the same TAG (collocation).
Taking it even further, Tx switching between carriers supporting 1- or 2-layer transmissions could be implemented by scheduling each carrier at a time, each transmitted with non-CA MPR, possibly also for 2-layers. The network would ensure that only one carrier is scheduled at a time, similarly to the ‘transparent’ single-Tx for EN-DC without a configured TDM pattern. 
Observation 3: UL-MIMO could optionally be supported in addition to enable 1-layer or 2-layer “switching” between active carriers by scheduling (non-simultaneous transmission on carriers).

This would not require any switching gap capabilities like for UL Tx switching between bands.
5 Proposal
We make the following
Observation 1: the MPR for non-contiguous carriers and transmission on a single CC with a single-PA architecture is significantly larger than the MPR for non-CA transmissions. 
Observation 2: the unwanted emission limits, the output RF spectrum emissions for CA, apply when the carriers are active, the transmitter is considered OFF for deactivated carriers.
For the “MPR applicability for FR1 intra-band UL non-contiguous CA”, we propose to 
Proposal 1: introduce a capability “single-CC-transmission-with-single-CC-MPR” for single-PA architecture (could also be indicated for dual-PA architecture) per band combination to indicate support of single-CC MPR with two configured non-contiguous carriers and one scheduled/activated. 

with 
Proposal 2: the capability applicable for a frequency separation ≤ 50 MHz for FDD and ≤ 100 MHz for TDD for a single-PA architecture to facilitate implementation with a single Tx chain.

Taking it further

Observation 3: UL-MIMO could optionally be supported in addition to enable 1-layer or 2-layer “switching” between active carriers by scheduling (non-simultaneous transmission on carriers).
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