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Introduction
In RAN#103, a new WID on RF enhancements for NR FR1/FR2 and EN-DC was approved as one of Release 19 work items [1]. There are three main topics in the WID, which are High power UE (HPUE) for CA in terrestrial network (TN), power boosting and/or MPR reduction, and 6Rx for handheld and FWA UEs. In this contribution, we will focus on the topic about 6Rx for handheld and FWA UEs and the corresponding WID objective is captured as follows. 
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


In RAN4#110bis, the discussion on 6Rx for handheld and FWA UEs has been discussed but there is no much progress. Some open issues are divided into four main topics and captured in the approved WF [2]. One of four main topics is to further discuss the MIMO layer support on 6Rx for handheld and FWA UEs, and the major issues are to evaluate MIMO layers for 6Rx handheld and FWA UEs. In this paper, we would like to share our view in the following.
	Topic 3:	MIMO layers
Sub-topic 3-1:	MIMO layers to be discussed in RF or Demod session?
Agreement: Number of MIMO layers will be discussed in the RF session with involvement of Demod experts.

Sub-topic 3-2:	MIMO layer support
Way forward: Further discuss number of MIMO layers support for FWA devices and handhelds considering the following aspects:
-	antenna correlation analysis based on form factor constraints
-	performance simulation in comparison with 4 MIMO layer considering possible implementation constraints


Discussion
In 3GPP technology, multiple antennas is a key feature to enhance system data DL throughput. In modern commercial implementation, the handheld UE is often designed to be equipped with four Rx antennas when the frequency ranges are around mid/high band (MHB), e.g., n7 or n41 and so on, and ultra-high band (UHB), e.g., n77 or n79, and so on. However, due to physical form factor constraints, the number of multiple antennas cannot be increased without limitation. Hence, in current specification, 4Rx has been introduced for handheld UE and FWA UE from Rel-15 and 8Rx was introduced only for FWA UE in Rel-18.
In RAN4#110bis, 6Rx for handheld and FWA UEs has been discussed and some open issues about MIMO layer support for 6Rx are captured in the WF. One of the issues is to discuss whether 6 MIMO layer should be introduced for handheld UE and FWA UE. In our understanding, in current commercial handheld UE design, there has been already as many physical antennas as possible in order to accommodate as many RF frequency bands as possible, especially for the high-end handheld UE product. Hence, if the handheld UE would like to support 6Rx, it would be challenging because there is very limited space to put two additional new antennas without impact to overall antennas. In other way, if the UE would like to perform two additional legacy antennas sharing to support 6Rx, it would be also challenging to guarantee that the antenna performance would not degrade too much since these two legacy antennas need to cover very large frequency range. In addition, the distance among each 6Rx antenna would be also decreased, and the antenna correlation may become higher which may cause unacceptable antenna performance. 
One may question that the foldable phone may have large physical size which can highly reduce antenna correlation for 6Rx handheld UE. However, we think that it may not be necessary true for foldable phone in all scenarios. For example, if the foldable UE is in the unfolded mode, the larger distance among 6Rx antennas would make sense to reduce antenna correlation. However, if the foldable UE is in the foldable mode, the antenna correlation may not be reduced because one of the four side metal frames may be used to support mechanical operation from folded mode to unfolded mode operation. For this one side metal frame, it cannot be used to accommodate any antenna and only the other three side metal frames can be used to cover the overall antenna design, which is different from the non-foldable phone that all four metal frames can be used for antenna design. Hence, we think it is obvious that the antenna correlation for 6Rx UE may not be reduced for the foldable phone in the unfolded mode, and it has the chance to be even worse than the non-foldable phone. 
In our view, as above mentioned, it is observed that the antenna implementation complexity is very high for the handheld UE to be equipped with 6RX. For the handheld UE equipped with 6Rx, considering that 6 MIMO layer may suffer more performance degradation from higher antenna correlation than 4 MIMO layers and that the antenna implementation complexity is very high, it is proposed not to introduce 6 MIMO layer for 6Rx handheld UE in Rel-19.
Proposal 1: For the handheld UE equipped with 6Rx, considering that 6 MIMO layer may suffer more performance degradation from higher antenna correlation than 4 MIMO layers and that the antenna implementation complexity is very high, it is proposed not to introduce 6 MIMO layer for 6Rx handheld UE in Rel-19.
Conclusion
The proposals in this contribution are summarized in the following.
Proposal 1: For the handheld UE equipped with 6Rx, considering that 6 MIMO layer may suffer more performance degradation from higher antenna correlation than 4 MIMO layers and that the antenna implementation complexity is very high, it is proposed not to introduce 6 MIMO layer for 6Rx handheld UE in Rel-19.
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