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Introduction
In Release 16, one of the key UE RF evolution compared to Release 15 is the addition of intra-band UL CA for NR with both contiguous and non-contiguous cases. This contribution proposes a summary of associated requirements and assumptions for the study of related MPR and AMPR. Although it focuses on FR1, most of the requirement principles are applicable to FR2. The MPR/AMPR requirements build on the inner and outer allocations concepts for 2CCs that are developed in [1].
Discussion
Generic Assumptions and Band specific Aspects
In accordance with principles used in LTE and as logical for NR stand-alone, the following assumptions are proposed:
· A single transmitter path is used
· Both CCs use the same sub-carrier spacing
· For the contiguous case, the maximum distance between the two CCs is half the sum of the carriers channel bandwidths (100 KHz channel raster) but can be smaller depending on the channel raster. This implies that the maximum aggregated bandwidth is the sum of each channel bandwidth.
· Since power sharing aspects are fully controlled compared to ENDC, each CCs use equal PSD and equal back-off and power control is applied to the total power.
· As a first step the total transmitted bandwidth (CC1+CC2 bandwidth for contiguous cases and CC1+CC2+gap bandwidth for non-contiguous case) should not exceed 3% BW for FDD and 4% bandwidth for TDD as already agreed for single carrier. Larger bandwidth may require additional back-off and/or spectrum flatness relaxations:
· The current FDD bands that are >3% BW are n1, n2, n3, n8, n20, n25, n28, n50, n65 and n66 but is it unclear if any operator owns contiguous or non-contiguous spectrum exceeding 3% BW. To our understanding, for these bands the contiguous case using twice the max channel bandwidth is less than 3% BW and operators are encouraged to check.
· The current TDD bands that are > 4% BW are n40, n41, n48, n50, n77, n78, n79, n90 and unlicensed NRU bands. For n40 no operator owns > 80 MHz to our knowledge so it should not be an issue however:
· For n41 the 4% BW is 100 MHz which can be exceeded in some regions thus additional MPR may need to be verified.
· For n48 the 4% BW is 140 MHz but assuming contiguous CA and 50 MHz channel BW it should be OK but if non-contiguous case is considered it should be studied further, especially due to huge AMPR related to the -40 dBm/MHz OOB requirement
· For n50 the 4% BW is 60 MHz, it is unclear that higher BW is required and this already corresponds to the maximum UL channel BW.
· For n77/78 the 4% BW is 150 MHz which is less than 2x100 MHz but as of today no operator owns more than 100 MHz in this band, furthermore transmission BW larger than 100 MHz could cause further issues with altimeter band and should be carefully considered in the case of n77 but also potentially for n78.
· For n79 the 4% BW is 180 MHz, same considerations than for n77
· It is suggested to start with aggregations of channel bandwidths between 20 MHz and 100 MHz

Proposal 1 assumptions for MPR studies:
· Power aspects: Single transmit path, equal PSD and equal back-off is used
· CCs: Same SCS and channel BW between 20 and 100 MHz
· Bands and channel configurations: % BW limitations (3% FDD, 4% TDD) should be considered for total transmitted BW and further back-off evaluated if exceeded (possibly with spectrum flatness relaxations)
Contiguous NR UL CA Case
As for ENDC and LTE the SEM and ACLR requirements should be based on the aggregated channel bandwidth. Still a question arises in term of the measurement bandwidths for ACLR. Table 1 below provides the aggregated spectrum utilization for aggregation of the same NR channel bandwidth for FR1 and FR2.
Table 1: Spectrum Utilization for 1CC 2CC vs channel bandwidths
	
	FR1Channel BW [MHz]

	SU
	5
	10
	15
	20
	25
	30
	40
	50

	1CC
	90.0%
	93.6%
	94.8%
	95.4%
	95.8%
	96.0%
	97.2%
	97.2%

	2CC
	95.2%
	96.9%
	97.5%
	97.7%
	97.9%
	98.0%
	98.6%
	98.6%

	
	FR1Channel BW [MHz]
	FR2 Channel BW [MHz]

	SU
	60
	80
	90
	100
	50
	100
	200
	400

	1CC
	97.2%
	97.7%
	98.0%
	98.3%
	95.0%
	95.0%
	95.0%
	95.0%

	2CC
	98.6%
	98.8%
	99.0%
	99.2%
	97.6%
	97.6%
	97.6%
	97.5%



As can be observed from this table the aggregated channel SU is larger than for a single CC and reaches up to 99%, as a result it is proposed that the measurements bandwidths for NR contiguous UL CA uses 100% aggregated BW for wanted signal and 99% aggregated BW for the adjacent channel for FR1. For FR2 98% BW could be used for both wanted and adjacent measurement bandwidths.
For LTE and ENDC the in-band emissions and EVM are evaluated with a single CC active to avoid issues with images and IMDs falling onto the CCs. It is proposed that this approach is appropriate for QPSK and 16QAM but further studies may be needed for higher order modulations. This is important to enable lowest back-off for inner allocations as defined in [1]
Proposal 2 for contiguous NR UL CA MPR evaluation:
· SEM and ACLR requirements are based on the aggregated bandwidth with ACLR measurement bandwidths as follows:
· 100% aggregated bandwidth for wanted and 99% aggregated bandwidth for adjacent in FR1
· 98% aggregated bandwidth for wanted and adjacent in FR2
· In band emissions are evaluated with a single CC active for QPSK and 16QAM. FFS for higher modulation orders
· Back-off is evaluated for inner and outer definitions of chapter 2.1.2 of [1]
Non-contiguous NR UL CA Case
Similarly to the contiguous case, it is proposed to reuse LTE principles and that SEM uses the combined mask and ACLR applies individually to each CC but with wanted signal power being the total power of CC1 and CC2.

For applicability of ACLR in the gap though, further discussion is needed as the use of a single transmitter architecture arises the image issue as described in [1] for 2UL cases (CA and ENDC)

Proposal 3 for non-contiguous NR UL CA MPR evaluation:
· SEM requirement uses the combined mask of each CC
· ACLR uses the individual CC definition for the outer adjacent channels with the wanted signal power equal to the total CC1 and CC2 power
· Due to issues with image rejection in the single transmitter case, it is suggested to ignore ALCR in the gap or to re-evaluate image rejection or ACLR requirement
· In band emissions are evaluated with a single CC active for QPSK and 16QAM. FFS for higher modulation orders (possibly less of an issue for non-contiguous case)
· Back-off is evaluated for inner and outer definitions of chapter 2.2.2 of [1]
Conclusions
In this contribution we discussed the assumptions and requirements related to NR UL CA for both contiguous and non-contiguous cases. Based on the LTE legacy, single CC NR MPR and ENDC experience, the following proposals are made. Note that most of the proposals are based on 2CC UL allocation behavior that are discussed in [1].

Proposal 1 assumptions for MPR studies:
· Power aspects: Single transmit path, equal PSD and equal back-off is used
· CCs: Same SCS and channel BW between 20 and 100 MHz
· Bands and channel configurations: % BW limitations (3% FDD, 4% TDD) should be considered for total transmitted BW and further back-off evaluated if exceeded (possibly with spectrum flatness relaxations)

Proposal 2 for contiguous NR UL CA MPR evaluation:
· SEM and ACLR requirements are based on the aggregated bandwidth with ACLR measurement bandwidths as follows:
· 100% aggregated bandwidth for wanted and 99% aggregated bandwidth for adjacent in FR1
· 98% aggregated bandwidth for wanted and adjacent in FR2
· In band emissions are evaluated with a single CC active for QPSK and 16QAM. FFS for higher modulation orders
· Back-off is evaluated for inner and outer definitions of chapter 2.1.2 of [1]
Proposal 3 for non-contiguous NR UL CA MPR evaluation:
· SEM requirement uses the combined mask of each CC
· ACLR uses the individual CC definition for the outer adjacent channels with the wanted signal power equal to the total CC1 and CC2 power
· Due to issues with image rejection in the single transmitter case, it is suggested to ignore ALCR in the gap or to re-evaluate image rejection or ACLR requirement
· In band emissions are evaluated with a single CC active for QPSK and 16QAM. FFS for higher modulation orders (possibly less of an issue for non-contiguous case)
· Back-off is evaluated for inner and outer definitions of chapter 2.2.2 of [1]
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