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Introduction
In the RAN#88 e-meeting n77(3A) NR 3CC non-contiguous DL CA was added to the appropriate CA basket. However when the corresponding TP [2] was introduced in RAN4#96e, some companies raised a concern about the impact on the RF front end and RF transceiver architecture. In addition, some concern was raised regarding the fact the 4x4 DL MIMO has mandatory support for band n77. In this contribution, we discuss these aspects to reach a common understanding in order to accept this combination.
Discussion
Architecture Impacts
There are already a number of NR DL CA cases that use more than two non-contiguous carriers like CA_n48(3A)/(4A) as can be seen from Table 5.5A.2-1 in 38.101-1. These combinations are for a band that is 150 MHz wide and a maximum aggregated bandwidth of 140 MHz and thus the three or four carriers can be captured using 2 LO and two 100 MHz wide receive path per antenna which is the baseline for most of release 15 and 16 UE architecture.

However, as shown in Figure 1, the n77(3A) cases has carrier spanning over 580 MHz (orange carriers) or 600 MHz (grey carriers) in Japan depending on the operator. In this case, it is not possible to capture two of the carriers with a single 100 MHz path and thus requires 3 LO in the RF transceiver and 3 RF splits after the LNA (either in the RF front end or the RF transceiver or split in between the two). This is not available in most of the release 15/16 UE transceivers or RF front ends.
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Figure 1: spectrum holding in band n77 in Japan
Observation: The support of n77(3A) in Japan requires a UE architecture with 3 receive LO and 3 RF paths per antenna which is not available in Release 15 or 16 UEs.
Proposal: n77(3A) NR non-contiguous downlink CA is introduced with release independence from Release 17.
4x4 DL MIMO Support
The current version of 38.101-1 says the following in clause 7.2:

“The UE is required to be equipped with a minimum of two Rx antenna ports in all operating bands except for the bands n7, n38, n41, n77, n78, n79 where the UE is required to be equipped with a minimum of four Rx antenna ports. This requirement applies when the band is used as a standalone band or as part of a band combination.”

From this, it should be concluded that n77(3A) should be supported with 4x4 DL MIMO which would in itself require 12 receive and BB paths. If that might be acceptable for high end phones, but it may not be the case for all Release 17 phones and it may be of interest to the end user to enable a n77(3A) solution with 2x2 DL MIMO capability only (only 6 Rx paths are needed then).

This question of allowing 2x2 DL MIMO only for n77(3A) may be of even more importance for higher order inter-band combinations as it would free up some receiver branches to support additional bands.

If 2x2 DL MIMO is allowed for n77(3A) or as a fallback for higher order inter-band cases, there may be RAN4 specification impact to the quoted test above, but also signaling impact for a solution that would like to signal lower DL MIMO support per combinations.

Observation: Due to the need to use 12 receive paths to support n77(3A) and DL 4x4 MIMO there could be limitations to the support of higher order inter-band CA combinations involving n77(3A). Also, this may not be supported by lower end Release 17 phones while they could support it with 2x2 DL MIMO.

Proposal on UE capability alternatives for n77(3A) for Release 17:
· Alternative 1: 4x4 DL MIMO is mandatory support for n77(3A) DL CA and all related higher order inter-band DL CA combinations:
· No signaling and specification update needed
· Limited support for lower end phones but also potential limitation on how many additional bands are supported in inter-band DL CA
· Alternative 2: 4x4 DL MIMO is mandatory support for n77(3A) DL CA but related higher order inter-band DL CA combinations can fall back to 2x2 DL MIMO:
· Signaling and specification update needed
· Larger support for additional bands in inter-band DL CA
· Alternative 3: 4x4 DL MIMO is optional support for n77(3A) DL CA and all related higher order inter-band DL CA combinations:
· Signaling and specification update needed
· Larger support for n77(3A)combination and/or additional bands in related inter-band DL CA
Companies are encouraged to provide their preference.
Conclusions
In this contribution, we discuss the UE architecture and capability aspects of supporting n77(3A) three carrier non-contiguous DL CA. Based on this we make the following proposal for release independence of the combination:

Proposal: n77(3A) NR non-contiguous downlink CA is introduced with release independence from Release 17.
Furthermore, UE DL MIMO capability alternatives for release 17 are proposed here:

Proposal on UE capability alternatives for n77(3A) for Release 17:
· Alternative 1: 4x4 DL MIMO is mandatory support for n77(3A) DL CA and all related higher order inter-band DL CA combinations:
· No signaling and specification update needed
· Limited support for lower end phones but also potential limitation on how many additional bands are supported in inter-band DL CA
· Alternative 2: 4x4 DL MIMO is mandatory support for n77(3A) DL CA but related higher order inter-band DL CA combinations can fall back to 2x2 DL MIMO:
· Signaling and specification update needed
· Larger support for additional bands in inter-band DL CA
· Alternative 3: 4x4 DL MIMO is optional support for n77(3A) DL CA and all related higher order inter-band DL CA combinations:
· Signaling and specification update needed
· Larger support for n77(3A)combination and/or additional bands in related inter-band DL CA
Companies are encouraged to provide their preference.
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