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1	Introduction 
3GPP Rel-16 NR-U WI specified how the NR technology can be used on the unlicensed spectrum thus offering more resources in frequency bands, such as 5GHz and 6GHz. As a part of the completed Rel-16 NR-U WI, a new unlicensed band n96 (5925-7125MHz) was added. Its applicability was initially limited only to US, but then enlarged to other countries, such as Canada, South Korea, Brazil, etc. At the same time a new licensed band n104 (6425-7125MHz) was introduced in Rel-17, which from the viewpoint of the covered frequency range overlaps with the unlicensed band n96. 
During the previous RAN WG4 and TSG RAN meetings companies discussed how to accommodate different UE designs and requirements for the case if a particular device supports both the unlicensed band n96 and the licensed band n104 [1][2]. The matter is that from the viewpoint of the 3GPP core specifications licensed and unlicensed bands have different performance requirements; in particular, unlicensed bands n46 and n96 have 2RX antennas as the minimum performance requirement. 
Based on the outcome of the TSG RAN#97 meeting [3], it was agreed to study how a device implementing both bands n96 and n104 can be granted the 2RX exception. Thus, in this discussion paper we present our further considerations on how this exception might work and how it may impact existing specifications.   


2	2RX exception for the 6GHz band
2.1	Background
As mentioned in the Introduction part and as extensively discussed in 3GPP, the root cause of the problem is the fact that band n96 and n104 overlap in the frequency range of 6425-7125MHz and that the unlicensed and licensed bands have different performance requirements. Of course, if a device plans to implement only band n96, then there is no issue because a device will not even indicate support for band n104. However, if a device wants to be forward compatible with potential band n104 deployments, then it is premature to mandate 4RX because none of the national Administrations has officially adopted 6425-7125MHz for the IMT operation. For instance, the RCC body published a recommendation on how that spectrum range should be divided and used, but none of the RCC countries has made the official change in the national regulations. Based on that it remains to be seen which deployments and in which countries/regions we will have for band n104. Thus, there should be a way for devices, which could be forward compatible with band n104, to be able to operate with 2RX in that band.    
In the subsequent sections we elaborate further on how 2RX exception for the licensed band n104 can be supported and which specifications changes will be needed. 

2.2	Performance requirements for 2RX and 4RX
It is worth mentioning that the existing TS 38.101-1 core specification already defines unlicensed band n96 performance requirements for both 2RX and 4RX case. In other words, purely from the specification perspective there is nothing that prevents a device manufacturer to build a device supporting e.g. 4RX for band n96. However, since 4RX is optional for the unlicensed bands, a device implementing 2RX will follow existing requirements defined for the 2RX receivers. 
During the TSG RAN#97 discussions several concerns/questions were raised on whether existing performance requirements will be revised, but our understanding is that they remain as they are. In other words, if a device is granted an exception for the 2RX receivers, the exception itself does not change existing requirements. 
[bookmark: _Toc109996216][bookmark: _Toc110013128][bookmark: _Toc110014380][bookmark: _Toc114844553][bookmark: _Toc114844863][bookmark: _Toc115363763][bookmark: _Toc115363890][bookmark: _Toc115375826][bookmark: _Toc115428801][bookmark: _Toc115431201]Proposal 1a:	Existing 2RX and 4RX requirements for the unlicensed band n96/n102 remain as they are.
[bookmark: _Toc115431202]Proposal 1b:	There is no impact to TS 38.101-1 in terms of performance requirements.

2.3	Signalling details
Based on the decision from the TSG RAN#97 meeting, RAN WG4 was tasked to study how the 2RX exception will or may impact existing specifications in terms of signalling. Our preliminary view is that a device implementing 2RX for band n104 does not necessarily need any new signalling because existing UE capabilities in principle allow conveying the corresponding information. There is an IE maxNumberMIMO-LayersPDSCH which indicates how many MIMO layers are supported by the UE, and the current logic of the specifications that a UE shall support 4 MIMO layers if it supports 4RX antenna ports as captured in TS 38.306
maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
However, it is obvious that if a UE supports only 2RX antenna ports, it can support only 2 MIMO layers. Thus, if a particular device implements support for band n104 with 2RX it will anyway signal only 2 MIMO layers in IE maxNumberMIMO-LayersPDSCH. Based on that the network can always differentiate between 2RX and 4RX devices supporting band n104 (and make further decisions on whether it will be configured with secondary cells, re-directed to the 6GHz layer, etc). 
[bookmark: _Toc115363892][bookmark: _Toc115375827][bookmark: _Toc115428802][bookmark: _Toc115431203]Proposal 2a:	The simplest signalling solution is to leverage existing IE maxNumberMIMO-LayersPDSCH to differentiate between 2RX and 4RX UEs for band n104 . 


As an additional note, TS 38.101-1 sub-clause 7.2 captures information on which NR bands are required to have 4 RX antenna ports. Thus, a small clarification may be needed that band n104 can have 2RX antenna ports.
[bookmark: _Hlk75461937]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, n48, 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.
[bookmark: _Toc115431204]Proposal 2b:	We might need a clarification in TS 38.101-1 indicating that a UE supporting band n104 may have 2RX antenna ports.



3	Conclusions
In this contribution we have presented our initial considerations on supporting 2RX for band n104, as was tasked by TSG RAN#97 meeting. Based on our considerations we cannot see any impact to the existing performance requirements. For instance, band n96 already defines performance requirements for 2RX and 4RX devices, and there is no need to change them. As for the signalling impact, the easiest and the most straightforward way will be to leverage existing IE indicating how many RX chains a UE supports. Based on that the network can decide how treat as UE that supports 2RX for band n104. 
Proposal 1a:	Existing 2RX and 4RX requirements for the unlicensed band n96/n102 remain as they are.
Proposal 1b:	There is no impact to TS 38.101-1 in terms of performance requirements.
Proposal 2a:	The simplest signalling solution is to leverage existing IE maxNumberMIMO-LayersPDSCH indicating number of RX chains supported by the UE.
Proposal 2b:	We might need a clarification in TS 38.101-1 indicating that a UE supporting band n104 may have 2RX antenna ports.
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