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Introduction
In the RAN4#90 e-meeting, n77(3A) for Japan and n77(3A/4A) for the U.S. have been discussed and a way forwards was agreed [1]. In this contribution, starting from our input in last meeting [2], we further discuss architecture and 4x4 DL MIMO support for both combinations and regional needs and make proposals in order to introduce these combinations in Release 17.
Discussion
After the discussions in last meeting and based on our input [2] and the new request for n77(4A) from US operators, a way forward [1] was agreed to guide the introduction of these combinations in Release 17:
WF for the support of 4x4 MIMO: Continue the discussion in the next meeting. 
· Option 1: 4x4 DL MIMO is mandatory support for n77(3A) DL CA and all related higher order inter-band DL CA combinations (SoftBank, Huawei):
· 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
· Option 3: 4x4 DL MIMO is optional support for n77(3A) DL CA and all related higher order inter-band DL CA combinations (QC, OPPO, LGE, Apple, Skyworks):
· Signaling and specification update needed
· Larger support for n77(3A)combination and/or additional bands in related inter-band DL CA

WF for release independent definition
· CA_n77(3A) is introduced with release independence from Release 17.  
· Higher order inter-band CA combinations including CA_n77(3A) are also introduced with release independence from Release 17. 
· CA_n77(4A) is FFS. 

In the next chapters, we further discuss the UE architecture aspects in order to provide input on 4x4 DL MIMO support.
Regional Cases and 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 shown on 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 Releases 15 and 16 UE architecture.

Figure 1, shows the n77 spectrum allocations per operators in Japan and FCC spectrum allocation in the U.S. The U.S. C-band auction was finalized in December 2020, but the exact allocation per operator was not available at the time this contribution was uploaded. It is understood that the FCC is also looking at opening the n77 spectrum immediately below n48, but it is too early to conclude on related non-contiguous DL CA constraints especially accounting for band n48 between the two C-Band parts.
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Figure 1: Japan spectrum holding and FCC spectrum allocation in band n77
The n77(3A) cases in Japan 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 Releases 15/16 UE transceivers or RF front ends.

As the exact spectrum assignment is not yet known in U.S. C-band, we can only discuss based on the available spectrum from the December 2020 auction for the corresponding n77(3A) and n77(4A) combinations. Only the 280 MHz above band n48 are available. 
It should be noted that the n77(3A) and n77(4A) requests are for 300MHz and 400MHz aggregated bandwidths respectively, which are not compatible with the available spectrum in the U.S. While n77(3A) 3x100MHz is relatively close to the spectrum usage in Japan, the 4x100MHz of n77(4A) largely exceeds the currently available spectrum in the U.S. and operators in Japan have maximum 3 blocks.
Since this is less than 300 MHz depending on the channel bandwidth combinations and gaps it may still be feasible to use only 3 LO. If four 20 MHz channels are used, which the worst case the 3gaps are 220 MHz total, thus one 80MHz gap plus two 70 MHz gaps is the worst possible case but assuming 20MHz blocks, the worst case is two 80 MHz gaps and one 60 MHz gap. This means that the two 20 MHz channels with a 60MHz gap could be received with one LO provided either in-gap ACS relaxation or two digital de-rotations. At this time it is difficult to conclude for all possible cases but if the exact operator’s cases are provided, it can be further studied.
Observation: 
· The support of n77(3A) in Japan requires a UE architecture with 3 receive LO and 3 RF paths per DL antennas
· The same 3 LO architecture covers n77(3A) in the US with reduced total frequency span
· FFS if n77(4A) could also be supported with 3LO once operator spectrum allocation in the U.S. is understood and channel configuration and aggregated bandwidth adjusted accordingly (i.e. maximum 300 MHz?)
4x4 DL MIMO Support
The current version of 38.101-1 makes the support of 4x4 DL MIMO in band n77 and associated band combinations.

Observation: If this mandate is still valid for n77(3A) and n77(4A) it means that for single band support:
· 3 LO and potentially 4 LO are needed
· 12 and potentially up to 16 receive paths are needed
· The request being for 3x100MHz and 4x100 MHz the total baseband bandwidth is up to 1.6GHz
· There may be limited support for higher order inter-band combinations as a lot of RF and baseband resources are already in use for n77
· There is low probability that good 4x4 MIMO channel is available for the 3 or 4 CCs simultaneously

From the above observations, making 4x4 DL MIMO support mandatory for n77(3A) and n77(4A) will restrict the implementation of the combinations to a small number of UEs that may still have further limitations with related higher order inter-band combinations.

With baseline 2x2 DL MIMO and optional 4x4 DL MIMO support, more UEs (and possibly some legacy UEs) will be able to support n77(3A) and n77(4A) and provide flexibility on how many MIMO layers it supports for related higher order inter-band combinations. 

For example different UEs could support:
· 2x2 DL MIMO for n77(3A/4A) and all related higher order inter-band combinations. 
· 4x4 DL MIMO for n77(3A/4A) and 2x2 DL MIMO for related higher order inter-band combinations.
· 4x4 DL MIMO for n77(3A/4A) and related higher order 2 or 3 band inter-band combinations then 2x2 DL MIMO at given number of bands.
· 2x2 DL MIMO for n77(3A/4A) and all related higher order inter-band combinations.

Proposal: To enable larger ecosystem support for n77(3A/4A) combinations and/or additional bands in related inter-band DL CA:
· 4x4 DL MIMO stays mandatory for n77 CA with 2CCs and all related higher order inter-band DL CA combinations
· 4x4 DL MIMO is optional support with capability signaling for n77(3A) and n77(4A) DL CA (>2CC) and all related higher order inter-band DL CA combinations
· Related per band and per band combinations capability signaling and RAN4 specification update is needed
Conclusions
In this contribution, we discuss the UE architecture and capability aspects of supporting n77(3A/4A) three and four carriers non-contiguous DL CA and their application to regional spectrum in Japan and the US. Based on this we make the following proposal for DL MIMO support:

Proposal: To enable larger ecosystem support for n77(3A/4A) combinations and/or additional bands in related inter-band DL CA:
· 4x4 DL MIMO stays mandatory for n77 CA with 2CCs and all related higher order inter-band DL CA combinations
· 4x4 DL MIMO is optional support with capability signaling for n77(3A) and n77(4A) DL CA (>2CC) and all related higher order inter-band DL CA combinations
· Related per band and per band combinations capability signaling and RAN4 specification update is needed
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