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1. Introduction
In this contribution, we introduce RX requirements for type 2 UE RX with imbalanced DL carrier.
2. Discussion
2.1. Background or Problem Description
· The following feature was added in release 16 to generate a capability in 38.306:
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· The band combinations in question are DC_20_n28, DC_42_n78, DC_42_n77, DC_48_n77, CA_n78-n79
· Independent RX paths for inter-band combinations with overlapping DL spectrum do not create a pure inter-band condition such that the carrier power imbalance can be 30dB or higher with no impact on REFSENS. There is no filtering between the 2 carriers unless there is a costly dedicated filter for one of the bands. In most cases, the other carrier acts like an additional blocker due to lack of filter selectivity between the 2 carriers. Even with dedicated filtering for both B42 and n77 for example, the problem does not go away for the n77 RX path since its path must encompass the B42 spectrum. Only a pure inter-band combination can attenuate the other DL carrier, and thus the imbalance requirement must be limited with some relaxation on the RX requirement or the level of other carrier. 

· The relaxation of MRTD from 3usec to a higher value for Type 2 does not alleviate the imbalance issue.
· The problem can arise with shared or dedicated filtering for both B42 and n77 paths because B42 is subset of n77, so one path can will have selectivity, and the other will not as shown in the figure 1 below.
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Figure 2.1-1: Left: Shared RX filter for both B42 and n77 RX paths. Right: Dedicated n77 and B42 RX filter on each RX path.
· The same issue will occur with DC_48_n77, DC_42_n78, CA_n78-n79, and DC_20_n28.
· Observation 1: Both type 1 and type 2 RX require a limitation on PSD or power imbalance to have UE meet all RX requirements due to shared or dedicated filtering paths
2.2.  Analysis
· The presence of a higher DL carrier by 30dB as shown in section 2.1 acts very similar to the ACS 1 test case. The difference being that the ACS 1 test case has the ACS jammer and wanted signal level with 31.5dB difference when DL carrier BWs are equal (NR only bands); So, the wanted level is 14dB above REFSENS and the ACS jammer is 45.5 above REFSENS with an imbalance of 31.5. Any more imbalance than 31.5dB would require more that 14dB relaxation. The analysis is shown in the table 2.1-1 below for various DL carrier power imbalance.
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Table 2.1-1: From left to right, REFSENS impact for 19dB imbalance (equal DL BWs), 25.5dB (wanted DL BW> Other DL BW), and 31.5dB imbalance (equal DL BWs).
· The impact of the higher DL carrier is summarized in the graph in Figure 2. For minimum impact on REFSENS, the DL carrier imbalance must be limited to much less than 30dB or the carrier imbalance must the same as for Type 1 UE. 
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Figure 2: REFSENS Vs Carrier Imbalance for Type 2 UE

· Observation 2: Type 2 UE RX carrier imbalance impacts starts to impact REFSENS significantly for carrier imbalance > 19dB
· The imbalanced carrier will affect other RX tests due to lack of selectivity.
· ACS 1, IBB, and OBB become inter-modulation scenarios. WB inter-modulation becomes a triple beat scenario. The most concerning are the OOB range 3 tests. The OOB range 3 level is as high as -15dBm. This creates a very high inter-modulation level and places another limit on the other DL carrier level due to lack of filter selectivity. Based on the existing WB inter-modulation requirement, the DL carrier level cannot be more than 26-27dB above the wanted carrier level, otherwise the REFSENS+9dB wanted level would need to be exceeded. Preferably, if the imbalance requirement is reduced to <19dB, this problem can be avoided.
· Observation 3: Type 2 UE RX would require relaxation in the OBB range 3 requirements if 30dB carrier imbalance is exceeded due to excessive intermodulation effect.

· Observation 4: 6dB PSD imbalance can be as much as 19dB power imbalance with 5MHz RXBW on B42 and 100MHz RXBW on n77.
· Based on the observations, we propose the following.
· Proposal: 

· If DL BWwanted ≤ DL BWother,
· REFSENS must be relaxed by 0.5dB for 19dB DL carrier imbalance
· REFSENS must be relaxed by 14dB for 30dB DL carrier imbalance
· If DL BWwanted > DL BWother,,

· REFSENS must be relaxed by 0.5dB for DL carrier imbalance of 19dB - 10*log10(BWwanted / BWother).
· REFSENS must be relaxed by 14dB for DL carrier imbalance of 30dB – 10*log10(BWwanted / BWother).
3. Conclusion

Observation 1: Both type 1 and type 2 RX require a limitation on PSD or power imbalance to have UE meet all RX requirements due to shared or dedicated filtering paths

Observation 2: Type 2 UE RX carrier imbalance impacts starts to impact REFSENS significantly for carrier imbalance > 19dB
Observation 3: Type 2 UE RX would require relaxation in the OBB range 3 requirements if 30dB carrier imbalance is exceeded due to excessive intermodulation effect.

Observation 4: 6dB PSD imbalance can be as much as 19dB power imbalance with 5MHz RXBW on B42 and 100MHz RXBW on n77.
Proposal: 

· If DL BWwanted ≤ DL BWother,

· REFSENS must be relaxed by 0.5dB for 19dB DL carrier imbalance

· REFSENS must be relaxed by 14dB for 30dB DL carrier imbalance

· If DL BWwanted > DL BWother,,

· REFSENS must be relaxed by 0.5dB for DL carrier imbalance of 19dB - 10*log10(BWwanted / BWother) .

· REFSENS must be relaxed by 14dB for DL carrier imbalance of 30dB – 10*log10(BWwanted / BWother).
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