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1. Introduction
Rel-18 3Tx and low band 4Rx WI was approved in RAN#98e with WID in [1] and the work in RAN4 starts from last meeting and approved WF [2].  In this paper, the RF requirements for low band 4Rx will be discussed.
	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
Issue 2-2-2:  delta TRxSRS
· [bookmark: _Hlk131675533]WF: FFS whether specific delta TRxSRS for FDD low bands need to be defined in this WI.
Issue 2-3-2:  Signalling to differentiate requirements for handheld UE and FWA
· Proposals
· Option 1: New signaling is not introduced, no matter the delta RIB,4R requirement is same or different between handheld UE and FWA, considering the benefit of such signaling is unclear.
· WF: Whether new signalling is needed to differentiate requirements for FWA and handheld UE can be discussed after the requirements are defined.



2. Requirements for low band 4Rx
3.1 delta RIB,4R
1) Requirement aspects:
In the WID, it is mentioned that delta RIB,4R and ∆TRxSRS need to be studied. For the delta RIB,4R, currently it is specified as -2.7dB for low bands n8, n28, n71 and n105 with FWA form factor at RAN4#92bis meeting [3][4] without much discussion on the chosen of -2.7dB. 
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However, in the introduction of LTE and NR 8Rx, the backgrounds of delta RIB were discussed. For example, in [5], the below sections were used to justify the delta RIB for LTE 8Rx:
For 4Rx REFSENs,ΔRIB,4R is defined as -2.2dB for Band 42 and -2.7dB for several Bands. The diversity gain cannot reach 3dB considering of antenna design and the implementation on PCB or other aspects. Compared with 4Rx diversity gain, 8Rx enlarge the difficulties on a limited UE size. From implementation perspective, 8Rx UE will lead to complexity on front-end design with loss, including the FEM placement and PCB layout, the increase of antennas and RF chains will increase the imbalance between them, and also the antenna design may not satisfy the requirement of independence, etc. Considering of above-mentioned factors, 8Rx diversity gain compared with 4Rx should be lower than 4Rx diversity gain. We propose 8Rx diversity gain compared with 2Rx written as ΔRIB,8R is 4dB.
[bookmark: _Hlk126241106]From the above, it can be noticed that the RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses. Similar arguments were also brought up in the discussion of NR 8Rx delta RIB. 
Observation 1:   RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported.
[bookmark: _Hlk126241184]From implementation perspective, these RFFE complexity/ILs and Rx chains imbalance are common for FWA and for smartphone in general. And the main difficulty to support 4Rx in these low bands is the antenna design instead of RFFE. However, the antenna performance doesn’t impact the RFSENS since it is a conducted requirement. 
[bookmark: _Hlk126241584]Therefore, it is expected similar RFSENS gain can be achieved for FWA and for smartphone. Current delta RIB for FWA can be reused for smartphone. This is also aligned with LTE delta RIB,4R for band 20 which is a below 1GHz band as shown in below figure.
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Observation 2:   Similar RFSENS gain can be achieved for FWA and for Smartphone considering the main difficulty of supporting 4Rx in low bands is the antenna design instead of RFFE, and the antenna performance doesn’t impact the RF RFSENS requirement.
Observation 3:   LTE band 20 is a below 1GHz band and its delta RIB,4R has been defined as -2.7dB for handheld UE in 36.101.
In the WID there are several below 1GHz bands as shown in below figure, some of them have been specified for FWA devices (n8/n28/n71/n105) while others are new (n20/n5/n26). However, if we look at how the delta RIB,4R was specified for NR [6][7][8] and for LTE [9][10], it is clear that the -2.7dB and -2.2dB were specified as compromised values after long and vast discussions. And the bands were divided into “easy” and “difficult” bands in LTE stage based on the frequency range, i.e. below 3GHz or above 3GHz. Then NR followed the same approach and reuse delta RIB,4R values. From this sense, it is also reasonable to define delta RIB,4R as -2.7dB for all the below 1GHz bands listed in the WID.
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Observation 4:   The LTE delta RIB,4R (-2.7dB and -2.2dB) were defined as a compromised outcome after long and vast discussions. The bands were divided into “easy” and “difficult” bands in LTE stage based on frequency range is below or above 3GHz. Then NR followed LTE approach.
Therefore, based on above analysis, for the below 1GHz bands delta RIB,4R can be specified as -2.7dB.
In RAN4#106, there is not much input on the candidate values of delta RIB,4R, but general analysis on the potential relaxation for below 1GHz bands with handheld UE compared to CPE/FWA. This could be further discussed if there is concrete proposals, but for now our understanding is that -2.7dB can be used for NR.
Proposal 1:         Delta RIB,4R for below 1GHz bands is specified as -2.7dB for handheld UE, considering the reasons that LTE has specified b20 as -2.7dB, also no difference between handheld UE and FWA in RFFE, and the “easy/difficult” band grouping in the past.
2) Signaling aspects:
If proposal 2 above is agreed, then no signalling is needed since the value is common for FWA and handheld UE.
During the RAN#98e discussions, there is view that signalling might be needed in case different delta RIBs are defined for FWA and for Smartphone. Our understanding is no new signalling is needed as long as the requirements are clear in the spec. One example is as below figure, where large FWA form factor is targeted for the MPR requirements, but there is no signalling to indicate whether this UE is an FWA or smartphone, let alone whether FWA is large form factor or small form factor. New signalling probably is needed only when the signalling can help NW scheduling, but to differentiate RFSENS for FWA and Smartphone is not the case in our view.
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Observation 5:   There are different requirements defined in current spec for different UE types or form factors, but no signaling in differentiating them.
Proposal 2:         Not introduce new signaling to differentiate delta RIB,4R requirement for different UE types, considering the benefit of such signaling is unclear.
3.2 delta TRxSRS
[bookmark: _Hlk131675484]Delta TRxSRS was another requirement in the WID to be discussed for low band 4Rx. In 38.101-1, the delta TRxSRS was defined based on the bands higher or lower than band n79 as shown in below figure, i.e. bands below 1GHz is part of it already. The delta TRxSRS was introduced in Rel-15 for the reason of UE transmit SRS in diversity antennas will have more ILs than the main antennas due to the additional losses caused by switches, PCB trace losses, etc. These factors are almost same for different bands, and there is no need to further define separate delta TRXSRS for the bands below 1GHz.
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Observation 6:   The delta TRxSRS was introduced in Rel-15 for the reason of UE transmit SRS in diversity antennas will have more ILs than the main antennas due to the additional losses caused by switches, PCB trace losses, etc. These factors are almost same for different bands.
Proposal 3:         Not define additional delta TRxSRS for FDD low bands, it already be covered by current spec.
3. Conclusions
In this contribution, the 4Rx for below 1GHz bands is analysed includes the feasibility of low band 4Rx for handheld UE and the corresponding delta RIB,4R requirement and delta TRxSRS requirement, also the signalling aspect also touched. Based on the above analysis, we got the following observations and proposals.
Observation 1:   RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported.
Observation 2:   Similar RFSENS gain can be achieved for FWA and for Smartphone considering the main difficulty of supporting 4Rx in low bands is the antenna design instead of RFFE, and the antenna performance doesn’t impact the RF RFSENS requirement.
Observation 3:   LTE band 20 is a below 1GHz band and its delta RIB,4R has been defined as -2.7dB for handheld UE in 36.101.
Observation 4:   The LTE delta RIB,4R (-2.7dB and -2.2dB) were defined as a compromised outcome after long and vast discussions. The bands were divided into “easy” and “difficult” bands in LTE stage based on frequency range is below or above 3GHz. Then NR followed LTE approach.
Proposal 1:         Delta RIB,4R for below 1GHz bands is specified as -2.7dB for handheld UE, considering the reasons that LTE has specified b20 as -2.7dB, also no difference between handheld UE and FWA in RFFE, and the “easy/difficult” band grouping in the past.
Observation 5:   There are different requirements defined in current spec for different UE types or form factors, but no signaling in differentiating them.
Proposal 2:         Not introduce new signaling to differentiate delta RIB,4R requirement for different UE types, considering the benefit of such signaling is unclear.
Observation 6:   The delta TRxSRS was introduced in Rel-15 for the reason of UE transmit SRS in diversity antennas will have more ILs than the main antennas due to the additional losses caused by switches, PCB trace losses, etc. These factors are almost same for different bands.
Proposal 3:         Not define additional delta TRxSRS for FDD low bands, it already be covered by current spec.
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Table 6.2D.2-3 Maximum power reduction (MPR) for power class 1.5 with dual Tx

Modulation MPR (dB)
Edge RB allocations Outer RB allocations | Inner RB allocations
DFT-s- Pi/2 BPSK <6 <15 <0
OFDM
QPSK <6.5 <2 <0
16 QAM <6.5 <3 <1
64 QAM <65 <35 <3
256 QAM <6.5 <55 <55
CP-OFDM QPSK <6.5 <4 <15
16 QAM <6.5 <4 <2
64 QAM <6.5 <45 <4
256 QAM <75 <75 <75

NOTE 1: _This table isftargeted to large FWA form factorjwith 20 dB or above antenna isolation.
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The value of ATrusks is 4.5dB for[bands whose Fur g is higher than the Fuy 1oy 0f n79Jand 3 dB for[pands ]
when the device is capable of power class 3 or power class 5 or

power class 1.5 in the band, or when the device is capable of power class 2 in the band and APpoyerciass = 3 dB, or
when UE indicating txDiversity-rl6:.

The value of ATgsrs is 7.5dB for bands whose Fur, nign is higher than the Fur, 1w 0f n79 and 6 dB for bands
whose Fur, nigh is lower than the Fup,_iow0f n79 during SRS transmission occasions with configured SRS resources

consisting of one SRS port when the device is capable of power class 2 in the band and APpoyerciass = 0 dB and
not indicating txDiversity-r16.
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Table 7.3.2-2: Four antenna port reference sensitivity allowance ARg sk

Operating band AR 4r (dB)
n8, n28, n71, n105 -2.7"
n1, n2, n3, n30, n40, n7, n34, 27
n38, n39, n41, n66, n70 }
n48, n77, 78, n79, n104 22
NOTE 1: 4 Rx operation is targeted for FWA form factor





