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1. Introduction
The Intra-band Non-collocated EN-DC/NR-CA WI was approved during RAN#95 meeting. The focus of this WI is to study the feasibility of supporting non-collocated scenarios, including the minimum PDSCH performance requirements. The work has been delimited to bands n77/n78. This is, band combinations DC_42_n77/n78 for EN-DC, and CA_n77(2A) and CA_n78(2A) for NR-CA. About minimum PDSCH performance requirements, they should be obtained based on the agreed conditions of applicable maximum received time difference (MRTD) requirement of 33us and the maximum power imbalance between component carriers of 25dB.
2. Discussion
RAN4 RF core part has discussed a number of types of UE for this scenario. Details are included in the table below: 
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	6dB
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	1
	2
	4
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	2
	2
	2Rx
	No limitation or ≤ X MHz
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	25dB
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	2
	2Rx
	
	
	
	



During the remainder of this WI, we will analyze the need for additional UE demodulation requirements for Type-2 UEs. Here, Type-2 UEs are capable for independent RF component to receive two independent component carriers. In this way, the test can fall back to a typical CA test, but now with the applicability of MRTD and Power Imbalance values that have been decided before: 33us and 25dB.
Observation 1: It has been agreed that for Type 2 UE, requirement will consider the maximum power imbalance of 25dB and a MRTD of 33us
In addition, it is assumed that there is sufficient frequency separation and/or low-pass filter rejection after LO. This means that little to no cross-carrier interference is expected. As of now, this feature is intended to work on Japanese markets, where according to their spectrum allocation, a minimum frequency separation between component carriers (CCs) is expected to be of at least 80MHz +BWanother/2, defined as the center of  BWanother relative to edge of BWwanted. See figure below.
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Hence, we can conclude that there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC.
Observation 2: Since Type-2 UEs have two separate Rx chains for each CC, there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC
In addition, we want to comment that the existing Type-1 UE test case for Carrier Aggregation with Power Imbalance in TS 38.101-4 operate at a quite high transmit power. Since the power spectral density if determined as 106/112 dBm/Hz, an FR1 carrier of 100MHz will imply a total received power quite close to the maximum received power defined in TS 38.101-1. This is, -112 dBm + 80dB = -32dBm. 
Hence, if we contrast the Tuype-2 scenario against the Type-1 scenario, in the latter the fundamental assumption is that the UE shares a single RF component (e.g., LNA, mixier, AGC, etc.) to receive two carriers. In this type of RF design, the UE adjusts the LO frequency between two carriers, where the image of one component carrier falls into the other component carrier. As a result, performance degradation owing to power imbalance is indeed expected.
However, in the Type-2 scenario we assume a power imbalance of 25dB. If we consider 112dBm/Hz as the power spectral density of the weaker carrier, then the absolute power of the stronger carrier will be above the maximum received power threshold. Hence, RAN4 should discuss again the fundamental assumptions for which the power levels are set, and what are the maximum channel bandwidths that should be considered to determine the performance requirement scenario. We believe that the aim of this test should be an operating condition much closer to REFSENS+1dB RF requirement, as a typical use case, rather than a very high-power scenario that is quite difficult to obtain in the field, only very close to the serving cells.
Observation 3: Exiting CA power imbalance tests operate at very high power ( 106/112 dBm/Hz ) only because a shared LNA is assumed for Type-1 UEs.
Proposal 1: RAN4 to discuss defining PDSCH demodulation requirement in STATIC and AWGN condition such that a low MCS value is considered for the weaker CC, hence at a power << 112 dBm/Hz much closer to the REFSENS+1dB requirement.
Therefore, if being consistent with the previous rationale, we should then define PDSCH performance requirements like any other CA test. Hence, the relative throughput target for PDSCH should be 70%. On the other hand, the MCS values should be defined in a way consistent to the received power regime / power spectral density to be determined by RAN4.
Proposal 2: Define the PDSCH demodulation requirement for a 70% relative throughput target.
In addition to this, we want to stress out that the same procedure for a regular CA test should be applied here. This means, only one carrier is measured at a time. First, no aggregate throughput needs to be measured since only the weaker carrier needs to be measured as an alternative hypothesis for a Type-2 implementation, i.e. to detect a UE that is not implemented in a way consistent with the Type-2 definition. 

If RAN4 maintains the agreement in RAN4#107 that both carriers need to be meadsured at the same time, this would also create some strange precedent how CA tests have been conducted in the past, and an additional testing burden and the corresponding cost increase at the conformance UE test level.
Observation 4: RAN4 has tentatively agreed that for Type-2 UE in NR-CA, both PCell and SCell will be measured at the same time. 
Observation 5: Previous EN-DC NR-CA tests will always measure the per-carrier throughput, measuring only one carrier at a time.
Proposal 3: Choose an MCS value for the weakest carrier that is consistent to the received power regime defined for Type-2 UE requirements, since there is no added value in measure both PCell and SCell, and even less if they are measured at the same time.
Hence, we believe that RAN4 should revisit this agreement and ask interested companies to discuss what specific assumptions are made in terms of UE implementation that require that both carriers should be measured at the same time. In addition, further discussion should take place on whether the fundamentals of Type-2 UE performance requirements should really differ from the legacy EN-DC testing methodology.
Proposal 4: RAN4 discuss what specific implementation assumptions are made by contributing companies that justify that the throughput of both PCell and SCell will be measured at the same time, deviating from previous CA methodology.

4. Conclusion
Our observations and proposals about the testing criteria for Type-2 UEs in Intra-band Non-collocated NR-CA scenarios are summarized below:
Observation 1: It has been agreed that for Type 2 UE, requirement will consider the maximum power imbalance of 25dB and a MRTD of 33us
Observation 2: Since Type-2 UEs have two separate Rx chains for each CC, there will be no significant adjacent channel interference, and time and frequency offsets can be corrected independently for each CC
Observation 3: Exiting CA power imbalance tests operate at very high power ( 106/112 dBm/Hz ) only because a shared LNA is assumed for Type-1 UEs.
Proposal 1: Define PDSCH demodulation requirement in STATIC and AWGN condition such that a low MCS value is considered for the weaker CC, hence at a power << 112 dBm/Hz much closer to the REFSENS+1dB requirement.
Proposal 2: Define the PDSCH demodulation requirement for a 70% relative throughput target.
Observation 4: RAN4 has tentatively agreed that for Type-2 UE in NR-CA, both PCell and SCell will be measured at the same time. 
Observation 5: Previous EN-DC NR-CA tests will always measure the per-carrier throughput, measuring only one carrier at a time.
Proposal 3: Choose an MCS value for the weakest carrier that is consistent to the received power regime defined for Type-2 UE requirements, since there is no added value in measure both PCell and SCell, and even less if they are measured at the same time.
Proposal 4: RAN4 discuss what specific implementation assumptions are made by contributing companies that justify that the throughput of both PCell and SCell will be measured at the same time, deviating from previous CA methodology.
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