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1. Introduction
In this document, we discuss the TP that was flagged in the last meeting [1]. We will discuss some of the issues in this document.
2. Discussion
CA_n66-n70 was introduced as a 2ULCA configuration. There are obvious challenges with 2UL as we address in this contribution. As shown in Table 2-1, the UL frequency ranges are right next to each other as highlighted. We briefly discuss the filtering and UL configuration options.
	NR Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	BS receive / UE transmit
	BS transmit / UE receive
	

	
	FUL_low – FUL_high
	FDL_low – FDL_high
	

	n66
	1710 MHz
	–
	1780 MHz
	2110 MHz
	–
	2200 MHz
	FDD

	n70
	1695 MHz
	–
	1710 MHz
	1995 MHz
	–
	2020 MHz
	FDD


Table 2-1: Frequency Space
2.1. Filtering for 1UL or 2UL options.
1. Co-band filter: UE handsets have very complex front ends, and adjacent UL bands for n66 and n70 would need to be co-banded as shown in Figure 2.1-1. This type of filter is most likely the way forward regardless of UL configuration option.
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2. Dedicated filter with restricted frequency range and limited BCS. Wasted spectrum in n66 is probably not acceptable to operator not including the unwillingness of OEM to incur additional RFFE cost for specialized front end.
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Figure 2.1-1: Filtering options for n66 and n70 UL

Observation 1: Co-banding n66 and n70 UL filter is the most preferred option for UE vendor.

2.2. UL Configuration options.
2.2.1.  Single UL only. 
Deploy band combination as CA_n66-n70 with n66 UL only or CA_n66-n70 with n70 UL only. Remove 2 UL configurations as shown in Table 2.1.1-1 at expense of UL data throughput.
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n66A-n70A
	n66A

n70A
	n66
	5, 10, 15, 20, 40
	0

	
	
	n70
	5, 10, 15, 20, 25
	

	
	
	n66
	5, 10, 15, 20, 25, 30, 40
	1

	
	
	n70
	5, 10, 15, 20, 25
	


Table 2.1.1-1: UL Configuration and BCS

Observation 2: Single UL only is the easiest to deploy at expense of UL data throughput. Small increase of [FFS] in ΔTIB and ΔRIB.
2.2.2.  Non-concurrent n66 and n70 UL. 
Since these are FDD bands, cross carrier scheduling is required for n66 and n70 UL. This is switched UL between n66 and n70. DC_3A_n3A band combination in TS 38.10-1-3 is an example. Capability signaling for NRCA would be required for this type of operation. The basic timing is shown in Figure 2.2.2-1. Some UL throughput is sacrificed with no UL IMD issues. Since an extra switch is used to switch the 2UL, an increase in ΔTIB. of [FFS] dB should be considered.
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Figure 2.2.2-1: UL and DL frames over time for n66 and n70

Observation 3: Non-concurrent n66/n70UL requires capability signaling and possible increase in ΔTIB.

2.2.3.  2UL allowed restricted frequency range for n66 using dedicated filter. 
This option basically imposes a frequency guard band large enough to have dedicated filtering. This option again involves capability signaling to indicate restricted frequency operation. This was already discussed in section 2.1, option 2. This requires new BCS definition and wastes spectrum.
Observation 4: Dedicated filter or guard band wastes valuable spectrum

2.2.4.  2UL allowed with no frequency restriction. 
This operation is the most desired for the operator, but it is the most difficult scenario as there are issues to consider as follows:
1. Excessive UL IMD due to reverse intermodulation due to RB allocations that resemble non-contiguous ULCA. This leads to excessive TX power backoff just to meet the expected general and additional spurious requirements as in intra-band Contiguous/Noncontiguous ULCA. To reduce IMD, separate antennas (2PA-2ANT) should be considered with the same cobanded n66/n70 TX filter. See Figure 2.2.4-1 below.
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Figure 2.2.4-1: Architecture options. 2PA-2ANT preferred to keep Reverse IMD levels minimum.

Observation 5: Excessive TX backoff required just to meet general requirements like Non-contiguous intra-band ULCA even with a recommended 2PA-2ANT solution.

2.  Excessive EVM degradation due to near-far ACLR effect with expected TX PSD imbalance due to independent UE TX AGC if the 2 bands are not located at the same gNB site. See Figure 2.2.4-2. Restricting TX PSD imbalance or co-site operation of gNB helps alleviate the issue.


[image: image5]
Figure 2.2.4-2: Near/ Far effect of inter-band ULCA with independent TX AGC to accommodate inter-site gNB. Example shows BCS 5M+40M operation.
Observation 6: TX PSD Imbalance restriction required for 2UL operation to mitigate the UE EVM degradation due to the near-far effect for inter-site 2UL operation.
2.3.  TX Requirements

The intra-band TX requirements would need to be applied for this special inter-band case because even though n66 and n70 are distinct bands and TX requirements for inter-band ULCA exist, there is no MPR/AMPR defined for this special case of inter-band ULCA sharing the same TX band. 
Observation 7: TX inter-band emission requirements exist in TS38101-1 section 6.5A, but MPR/AMPR would have to be defined for the case where n66 and n70 TX share the same band. Some restrictions on TX PSD imbalance would have to apply for back-off considerations.
3. Conclusion
Observation 1: Co-banding n66 and n70 UL filter is the most preferred option for UE vendor.

Observation 2: Single UL only is the easiest to deploy at expense of UL data throughput. Small increase of [FFS] in ΔTIB and ΔRIB.
Observation 3: Non-concurrent n66/n70UL requires capability signaling and possible increase in ΔTIB.

Observation 4: Dedicated filter or guard band wastes valuable spectrum

Observation 5: Excessive TX backoff required just to meet general requirements like Non-contiguous intra-band ULCA even with a recommended 2PA-2ANT solution.

Observation 6: TX PSD Imbalance restriction required for 2UL operation to mitigate the UE EVM degradation due to the near-far effect for inter-site 2UL operation.

Observation 7: TX inter-band emission requirements exist in TS38101-1 section 6.5A, but MPR/AMPR would have to be defined for the case where n66 and n70 TX share the same band. Some restrictions on TX PSD imbalance would have to apply for back-off considerations.
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