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Introduction
In RAN4#106 meeting, enhancements for 4Rx at low frequency band has been discussed and some agreements are reached to consensus. It is agreed that supporting 4Rx in low bands is optional feature and whether to support LB 4Rx may highly depends on UE implementation. However, there are still some undetermined requirements such as ΔRIB,4R and ΔTRxSRS need to have further discussion. In this paper, we would like to share our view in the following.
Issue 2-1-1: Feasibility of supporting 4Rx in low bands (<1GHz)
Agreement: (agreed in Main session)
· Supporting 4Rx in low bands may be feasible at least for some handheld UE and complexity might be high or gain might be low for some other UE which is UE implementation dependent.
· Supporting 4Rx in low bands is an optional feature.
· Interested companies are encouraged to provide more simulation or measurement data.


Discussion
In RAN4#106 meeting, although LB 4Rx has been agreed to be an optional feature, the RF requirement for ΔRIB,4R and ΔTRxSRS are not well determined yet.
For ΔRIB,4R, it is reference sensitivity adjustment due to support for 4 antenna ports, which means how much the gain can be improved for REFSENS by support 4Rx. There are three options are proposed by companies in the approved WF last meeting. Option 1 is proposed to use LTE LB B20 as a baseline to discuss LB 4Rx requirement. It is also pointed out by Option 1 that the main difficulty is LB 4Rx antenna implementation but REFSENS is defined not based on not OTA but conducted assumption. Hence, Option 1 is proposed to keep ΔRIB,4R = -2.7 dB which is the same as LTE B20 requirement. As for Option 2, it is proposed for handheld UE to consider Rx path coupling and LB antenna correlation as the impacted factors, so the requirement ΔRIB,4R should be relaxed more than -2.7 dB for the handheld UE. For Option 3, it is proposed to consider both antenna implementation and digital signal processing to evaluate possible ΔRIB,4R for the handheld UE. Additionally, Option 3 is also proposed to only specify for FWA UE and postpone the requirement discussion after more feasibility study.
In our view, from commercial handheld UE implementation perspective, it is common to support as many frequency bands equipped with 4Rx antenna as possible, and MHB(mid/high band) and UHB(ultrahigh band) are easier to support 4Rx antenna with acceptable antenna performance than LB(low band) due to natural physical constraint. For LB 4Rx antenna design, it is challenging to have lower antenna correlation than MHB and UHB. Hence, the handheld UE is usually equipped with 2Rx antenna for LB. In order to support LB 4Rx antenna, one possible solution is to add two more antennas in the handheld UE and the other solution is to perform antenna sharing with the legacy band. However, in current commercial handheld UE design, it is too crowd to accommodate two new additional LB antennas, and antenna sharing between LB and legacy band may also cause additional Rx performance degradation to both bands. Therefore, high implementation complexity for the handheld UE equipped with LB 4Rx needs to take into consideration. Although the requirement for ΔRIB,4R is based on the conducted assumption, we think more relaxation is needed to be included in ΔRIB,4R. So we propose to adopt ΔRIB,4R = -2.2 dB for LB 4Rx, which is also the lowest acceptable value already existed in the current specification. 
[bookmark: _GoBack]Proposal 1: Considering the implementation complexity is very high for the handheld UE equipped with LB 4Rx, it is proposed to have more relaxation to define ΔRIB,4R = -2.2 dB.
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


For ΔTRxSRS, it is the power reduction value when the UE performs SRS antenna switching feature. When the UE is configured with SRS antenna switching, SRS transmission may be performed on each Rx path with different hardware components. It may cause different insertion loss for SRS transmission on each Rx path and that is the major reason to have ΔTRxSRS requirement. However, SRS antenna switching feature is mainly designed for TDD band by utilizing channel reciprocity to assist MIMO channel estimation at the base station side. Hence, we think it is not necessary to specify ΔTRxSRS for LB 4Rx because all LB defined in the current specification are FDD bands.
Proposal 2: Since SRS antenna switching is designed for TDD bands, it is proposed not to specify ΔTRxSRS for LB 4Rx.
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.


Conclusion
The 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 relaxation to define ΔRIB,4R = -2.2 dB.
Proposal 2: Since SRS antenna switching is designed for TDD bands, it is proposed not to specify ΔTRxSRS for LB 4Rx.
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