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Introduction
In RAN#98-e meeting, a new work item about enhancements for 4Rx at low frequency band [1] has been approved. The objective is to study whether it is feasible to specify the requirements or any signaling impact for the handheld UE equipped with 4Rx antennas in low frequency band. In this paper, we would like to share our view in the following.
1. Enhancements for 4Rx at low frequency band (<1GHz)
· Study if feasible Specify requirements for handheld UE with 4Rx antennas including delta RIB,4R and ∆TRxSRS
· 4Rx is optional feature for handheld UE in low frequency bands
· Signalling impact will be considered if any.
· Low frequency bands considered in this WI is in table 4.1-1 with the contact information inside.


Discussion
In 3GPP technology, multiple antenna is a key feature to enhance system data throughput. For the modern commercial handheld UE implementation, the UE is often equipped with four Rx antennas in RF mid/high band(MHB) and ultrahigh band(UHB). Due to natural physical constraint, the distance between low band antennas need more space than MHB and UHB antennas. Hence, it is the common for the handheld UE to be equipped with two Rx antennas due to the handheld UE size limitation. However, from handheld antenna design perspective, if the UE is enhanced to be equipped with LB 4Rx antenna, it would be challenging to have similar antenna performance to MHB/UHB 4Rx. 
Although there are many factors may impact LB 4Rx antenna performance such as antenna efficiency, antenna correlation, and antenna clearance, the major concerns would be antenna correlation. In our understanding, there has been many physical antennas in current commercial handheld UE design, so it is too crowd to accommodate two new LB antennas to enhance the antenna correlation. The foldable phone may have larger size to improve antenna correlation, but we think the antenna performance is not much different or even worse than the non-foldable phone when the foldable UE is in the folded mode. The reason for even worse antenna performance is that one kind of implementation may use the one of the four metal frames to support mechanical open or close operation and only the other three metal frames can be used to cover the whole antenna design, which is different from the non-foldable phone that all four metal frames can be used for antenna design. For the same reason, even in the unfolded mode, we also think the antenna performance would be not much better than non-foldable phone.
In other way, if not to add new antennas but consider reusing legacy antenna to support LB 4Rx, it would cause the antenna performance tradeoff between two LB antenna and legacy antenna, which means that the legacy antenna performance would be impacted. From antenna integration design perspective, it would be better to balance the antenna performance between legacy band and low band. However, with antenna sharing with the legacy band, it is also a big challenge to have LB antenna correlation to approach 0.5. Hence, it may increase the risk to pass all antenna compliance test during product development. Furthermore, the market trend is to make the bezel as small as possible, so the antenna clearance would also become smaller and it may also impact LB 4Rx implementation a lot. Besides, two additional LB RF modules is also needed and the overall UE implementation cost would be increased. Therefore, as above mentioned, it is observed that the implementation complexity is very high for the handheld UE to be equipped with LB 4RX. So we think it need more time to evaluate the feasibility and we propose to defer LB 4Rx discussion to Rel-19.
Proposal 1: Considering the implementation complexity is very high for the handheld UE equipped with LB 4Rx, it is proposed to have more time to evaluate the feasibility and defer LB 4Rx discussion to Rel-19.
From signaling perspective, we think Rel-15 signaling is enough to indicate LB 4Rx support for the handheld UE. The reason is the RAN1 term “MIMO Layer” is always smaller or equal to the actual physical antenna number. If the UE reports “fourLayers” to the network, it implies that the UE is at least equipped with 4Rx antennas. This kind of signaling is not limited to any UE type, so it is also applicable to the handheld UE. If the UE does not want to support LB 4Rx, it can indicate “twoLayers” in “maxNumberMIMO-LayerPDSCH” for a specific low band to the network. If the UE wants to support LB 4Rx, it can indicate “fourLayers” in “maxNumberMIMO-LayerPDSCH” for a specific low band to the network. Hence, in our opinion, there is no need to introduce any new capability signaling for the handheld UE to support LB 4Rx.
Proposal 2: The Rel-15 signaling is enough for the handheld UE to indicate LB 4Rx support and there is no need to introduce any new capability signaling.
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Conclusion
The observations and proposals in this contribution are summarized in the following.
Proposal 1: Considering the implementation complexity is very high for the handheld UE equipped with LB 4Rx, it is proposed to have more time to evaluate the feasibility and defer LB 4Rx discussion to Rel-19.
Proposal 2: The Rel-15 signaling is enough for the handheld UE to indicate LB 4Rx support and there is no need to introduce any new capability signaling.
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