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Background
In 3GPP RAN#99-e meeting a revised Rel-18 WID on “4Rx handheld UE for low NR bands (<1GHz) and/or 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC” has been approved [1]. One of the working areas of the WI is to specify the enhancements for 4Rx at low frequency band (<1GHz) with the following objectives:
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.
In 3GPP RAN4#106 meeting a Way Forward has been approved [2]. In the next section we will discuss and provide our proposals for some of the open issues from the previous meeting.
2
Discussion
2.1  
ΔRIBIB,4R requirement
In the previous meeting, there was a discussion on ΔRIBIB,4R requirement with no agreed outcome:
Issue 2-2-1:  ΔRIB,4R
· Proposals

· Option 1: ΔRIB,4R = -2.7dB with reasons below

· LTE delta RIB,4R (-2.7dB and -2.2dB) were defined based on differentiation of “easy” bands (below 3GHz) and “difficult” bands (above 3GHz).
· LTE B20 is a low band and has specified with -2.7dB for all UE types.

· Antenna is main difficulty to support 4Rx but it doesn’t impact the ΔRIB,4R (conduct requirement). The RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported, however, they are similar for FWA and handheld UE.
· Option 2: Relax than -2.7dB with reasons below

· The impacted factors (coupling among Rx paths and antenna correlation) in a smartphone could be a bit more complicated and severe compared with FWA devices.

· Option 3: Other view

· Consider both antenna implementation and digital domain processing to evaluate the possible delta Rib value for handheld UE.

· Only specified for FWA form factor, it does not really prevent handheld UE from supporting the feature.

· Postpone requirements discussion after more feasibility study is conducted.

· WF:

· Considering LTE 4Rx requirement as starting point
As mentioned in Option 1, for the support of 4Rx in handheld devices the main challenge is the antenna placement where the sufficient antenna isolation should be maintained while having as small as possible impact on mid and high-band antennas. However, the reference sensitivity is a conductive requirement which is not impacted by the antenna placement. It is the front-end design and its complexity which have an impact on the reference sensitivity where four Rx chains need to be placed in the limited area of the handheld device (problem with Rx chains coupling). In particular, the placement of the LNA has a very high impact on the noise figure where for the typical design there is an imbalance between different antennas due to their locations and their different distance to a corresponding LNA and modem, which could vary considerably.

For the support of 4Rx for low-bands (<1GHz) there is no identified issue in the front-end design compared with low mid-bands (below 3GHz), which are identified as “easy” bands when it comes to the reference sensitivity requirement and for which ΔRIBIB,4R=-2.7dB, where handheld devices are not precluded [3]. On the other hand, as mentioned in Option 1, in LTE specifications [4] band 20 is specified with ΔRIBIB,4R=-2.7dB for all UE types. Therefore, in our view for low bands (<1GHz) in NR ΔRIBIB,4R should also be specified as -2.7dB.
Proposal 1: Option 1, i.e. to specify ΔRIB,4R = -2.7dB for low bands (<1GHz) in NR for handheld devices. 
2.2  
ΔTRxSRS requirement
In the previous meeting the following issue was also remained opened:
Issue 2-2-2:  delta TRxSRS
· Proposals

· Option 1: Doesn’t need to specify with reasons below
· All the requested lower bands currently are FDD bands in the WID, and SRS antenna switching is designed for TDD bands.
· WF

FFS whether specific delta TRxSRS for FDD low bands need to be defined in this WI.
ΔTRxSRS requirement mostly depends on additional insertion losses of Rx diversity branches compared with Tx (main) branches, which include routing losses and losses of RF switching modules. Since in current WID [1] there are no requests for TDD bands and since there is no identified issue for low-bands (<1GHz) in NR for handheld devices when it comes to the additional insertion losses compared with mid-bands, in our view there is no need for a specific requirement on ΔTRxSRS.
Proposal 2: Option 1, i.e. there is no need to specify ΔTRxSRS for low bands (<1GHz) in NR.
3
Conclusion

In this contribution, we have shared our view on some of the open issues from the previous meeting, and we have made the following proposals:
Proposal 1: Option 1, i.e. to specify ΔRIB,4R = -2.7dB for low bands (<1GHz) in NR for handheld devices. 
Proposal 2: Option 1, i.e. there is no need to specify ΔTRxSRS for low bands (<1GHz) in NR.
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