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Introduction
In RAN4#90b, a contribution on Release 16 challenging EN-DC combinations [1] was approved. In this contribution, we provide an initial analysis Release 16 EN-DC and UL NR CA cases with low order IMD issue.
Discussion
The following proposal was approved in [1]: 
For combinations that show 2UL in band IMD3 issues for intra-band, narrow frequency gap or overlapping frequencies, additionally to the TP on coexistence, a separate discussion paper is provided with:
· An assessment of the challenges (MSD, AMPR, IMD issue, SUO)
· Operation and architecture assumptions (1PA or 2PA, Synchronous/Asynchronous, filter assumptions…)

The discussion in the following paragraphs is an attempt at providing some initial element on Release 16 combinations falling into these categories but also covers others where new requirements need to be developed within Release 16. The discussion below is valid for both EN-DC and NR 2UL CA. 

Disclaimer: The list of combinations comes from the latest Release 16 TR 37.716-11-11 and picks from combinations requests and may not be exhaustive or accurate.
FR1 FDD Low Band / Low Band Dual UL
Low Band Antenna Performance
In low band, which covers 617 to 960 MHz, only two antennas are available and because of the phone dimension the antennas size and separation results in poor performance in term of antenna isolation and antenna tuning efficiency especially at the lower end of the range. Even when aperture tuners are used, the antenna radiation performance is only acceptable for a small range, to the point that in some Band 71 implementations one antenna has to be tuned to the Tx band, while the other one has to be tune at the Rx band.
These aspects have already been discussed in the scope of DC_(n)71 for which it was concluded that a 2PA/2UL antenna architecture, although it would have better performance in conducted measurements, would not perform well radiated and thus was no necessarily worth the cost. This is why specification is based on a single PA architecture. It should be noted that this do not prevent dual PA architectures to be implemented, for example for larger UEs or vehicles where better antenna performance can be expected.
This observation on antenna is obviously valid for any low band / low band combinations especially if it involves Band 71 as the antenna tuning range only becomes larger.

Observation: Antenna performance in low band limits the benefit of 2PA/2UL antenna architecture for low band/low band intra or inter-band 2UL combinations, especially if the lower part of the lower range is involved.
Analysis of Combinations
To avoid a lengthy list of observations, the key aspects are highlighted in bold in the text
DC_(n)71: Release 15 reference combination for intra-band cases (ENDC and NR 2UL CA)
DC_(n)71 is the only low band FDD intra-band dual-UL case in Release 15, it can be used as the framework for similar combinations. Especially the MSD test points choice that consider a best case (quasi-contiguous) allocation and a worst case (lowest IMD self desense: IMD5 and IMD7) allocation should be the guideline. However a few aspects shall be considered:
· It only covers contiguous UL CCs, as it was shown for DC_3_n3 non-contiguous CCs often results in lower IMD order issues and thus higher MSD. Similarly, the Release 15 work on DC_41_n41 have shown that MPR is higher as IMD3 may hit the spurious emission level
· There is no MPR available for combinations <1 GHz as Band 71 was only studied for NS35 and the Release 15 MPR in the specification was derived from 2 PA architecture and spurious emission level only valid >1 GHz

Observation: generic MPR is required for intra-band Dual-UL cases and non-contiguous cases are new in release 16 but can partially reuse DC_3_n3 study.

DC_(n)5, DC_5_n(5), DC_(n)12, UL CA_n5B

This combination can reuse the DC_(n)71 framework with the following additional aspects:
· Duplexer assumption is 50 dB generically in 3GPP where 55 dB have been considered for Band 71 as there is no legacy filter.
· MPR/A-MPR needs to be re-evaluated to consider different NS and/or filter and band protection aspects
· Worst case MSD test point:
· DC_(n)5 and UL CA n5B: if max aggregated BW 20 MHz and 45 MHz duplex: 
· Similar to DC_(n)71 with IMD5/7 direct hit
· if 25 MHz aggregated, direct hit IMD3/5 similar to DC_3_n3 single PA case
· DC_5_n5: direct hit IMD3/5 in 5MHz similar to DC_3_n3 single PA case
· DC_(n)12: max aggregated BW 15 MHz and 30 MHz duplex: 
· Just miss IMD3+IMD5 and IMD5/7, similar to DC_3_n3 single PA case
· At best equivalent to DC_(n)71

DC_12_n71

This combination is a particular case since the two UL are almost contiguous. At first, one PA architecture has been suggested using a Rx/Tx/Rx triplexer on main path and Rx duplexer on diversity path. The issue with that approach is that a full Band 71 duplexer is already very difficult to achieve but a triplexer with 53 MHz BW and an 11 MHz gap bellow and 13 MHz gap above is not feasible without very severe performance degradation and would require to duplicate Band 12 and Band 71 filters. A two PA case would require two Rx/Tx/Rx triplexers on main and diversity path, again here because of the BW/Gap ratio and the antenna tuning bandwidth required the benefit of a two UL path is questionable. In this case using SUO is probably the best cost/performance approach and should be allowed.
If dual UL operation is still specified both Band 71 and Band 12 DL will be subject to IMD3 self desense which will result in significantly higher MSD than worst case Band 71.

DC_5_n71, DC_5_n12, DC_8_n28, DC_12_n5, DC_13_n5, DC_13_n71, DC_28_n8, DC_28_n5, DC_71_n5

These combinations at least benefit from enough frequency separation that enables quadplexing and use of a single TX antenna at the expense of a second PA. Still the total frequency range to be covered will be subject to the poor antenna efficiency described at the beginning of this chapter:
· DC_5_n71, DC_71_n5: 277 MHz overall range => antenna performance
· DC_5_n12, DC_12_n5: 195 MHz overall range 
· DC_8_n28, DC_28_n8: 257 MHz overall range, Band 28 dual duplexer, which part of Band 28 is involved?
· DC_13_n5: MSD => IMD3 on Band 5 and just miss on Band 13 own DL, test points needed, potentially simultaneously.
· DC_13_n71: band protection IMD3 on B71 DL, depends on filter rejection assumptions
· DC_28_n5: 191MHz overall range, Band 28 dual duplexer, 758-788 MHz is involved => OK

Figure 1 below illustrates the different two UL low band combinations and their potential IMD issues. The exact RB allocation for IMD related desense in FFS.
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Figure 1: Two UL low band combinations and their potential IMD issues
FR1 FDD Mid Band intra-band Dual UL
DC_3_n3: Release 16 reference combination for intra-band cases (ENDC and NR 2UL CA)
DC_3_n3 is the only intra-band dual-UL case in Release 16 for mid bands, it can be used as the framework for similar combinations. Especially the MSD test points choice that consider a best case (closest) allocation and a worst case (lowest IMD self desense: IMD3 and IMD5) allocation should be the guideline. However, a few aspects shall be considered:
· At mid-band, antenna performance and tuning is less an issue than in low band thus both 1 PA and 2 PA have been considered
· It only covers non-contiguous UL CCs
· There is no MPR available for 1 PA as the Release 15 MPR in the specification was derived from 2 PA architecture, also this MPR does not account from FDD filter help
· 1PA architecture result in large MSD for IMD3 case and 2PA case has ~30 dB MSD still
· SUO has to be considered is some of the cases even beyond IMD3 criteria
DC_2_n2, UL CA_n3B, DC_66_n66, UL CA_n66B
For these combinations:
· MPR/A-MPR needs to be re-evaluated to consider different NS and/or filter and band protection aspects. Also single PA MPR/AMPR is needed together with intra-band contiguous UL CA.
· Worst case MSD test point:
· DC_2_n2: Similar IMD3/5 MSD issue to DC_3_n3, 1PA and 2PA assumptions?
· UL CA_n3B: max aggregated BW is 30 MHz and 95 MHz duplex => MSD for IMD7/9
· DC_66_n66: total UL bandwidth is 70 MHz and gap is 330 MHz => lowest IMD is 11/13 and should be negligible MSD
· UL CA_66B: maximum aggregated BW is 40 MHz and 400 MHz duplex => lowest IMD is 21, no issue

Figure 2 illustrates the first two cases.
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Figure 2: Two UL intra-band mid-band combinations and their potential IMD issues
FR2 TDD Intra-band Dual UL
DC_(n)41 and DC_41_n41: Release 15 reference combination for intra-band cases (ENDC and NR 2UL CA)
DC_(n)41 is the only TDD intra-band dual-UL case in Release 15, it can be used as the framework for similar combinations, especially the MPR/AMPR aspects and 1PA/2PA architecture.
UL CA_n41(2A), UL CA_n48B&C
For UL CA_n41(2A) the work done on NS01 and NS04 MPR/AMPR can be reused with the simplifying assumption of equal PSD for the two carriers for a 2PA case, for 1PA case MPR/AMPR work is needed.

For UL CA_n48B&C significant AMPR is expected for the cases where IMD3 or the 2 CCs allocation falls into the -40 dBm/MHz emission limit.
Conclusions
In this contribution, following the agreements in [1], we have made the initial analysis for the relevant Release 16 EN-DC and UL NR CA cases we found.

Observation: This document can serve as a guideline for further MSD, MPR and AMPR studies and a checklist for completeness of related band combinations.
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