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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 this meeting.  In this paper, the RF requirements for low band 4Rx will be discussed.
	1. [bookmark: _Hlk122105456]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.



2. Feasibility of low band 4Rx
In RAN#98e, the low band 4Rx in handheld UE was proposed and approved. In the motivation paper [2], the antenna and field test results of some commercial smartphones with 4Rx have been shown which justified the feasibility of 4Rx to be supported in handheld UE. For better visibility, some of the contents in [2] are reproduced below.
	1) Antenna efficiencies
The four antenna efficiencies in n28 are tested, as shown in table 1, where two of the antennas are as good as current 2Rx UE antenna efficiencies. And the other two antennas are 2dB worse, however, thanks to the smaller RFFE IL (closer to RFIC) the two additional antenna’s OTA performance are still similar as those existing antennas.
The OTA test shows TIS improvement is about 2.5dB compared with 2Rx antenna UE.
Table 1 antenna efficiencies of 4Rx antennas in n28
	
	Ant 1
	Ant 2
	Ant 3
	Ant 4

	Efficiency (dB)
	-6.5
	-6.7
	-8.3
	-8.5



2) Antenna correlation/isolation
Antenna correlation (ECC) and isolation are also tested with this smartphone. Test results show the ECC can be kept within normal antenna design targets, i.e. ≤0.5. And the antenna isolations can be achieved with 10dB. This is also within normal antenna design targets.
3) Field tests
To further demonstrate the gains of this 4Rx antenna smartphone compared with current 2Rx smartphone in band n28, field tests are carried out. In this test, different locations (Center/Middle/Edge/Extreme) are chosen according to the DL RSRP levels. Then throughputs are tested with 4Rx smartphone and 2Rx smartphones. The results can be seen in table 2 and also shown in figure 1. Field test shows the throughput can be improved largely especially in the cell edge and extreme conditions.
Note: Field tests were carried out in the mid-night to avoid other user’s impacts.
Table 2 Throughput comparison of 4Rx UE and 2Rx UE in n28
	Test Location
	4Rx throughput /Mbps
	2Rx throughput /Mbps
	Improvement

	Center (-65dBm)
	259.2
	180.3
	43.7%

	Middle (-85dBm)
	143.2
	86.5
	65.4%

	Edge (-106dBm)
	101.6
	42.8
	137.4%

	Extreme (-114dBm)
	67.8
	14.9
	353.8%




Figure 1 Throughput comparison of 4Rx UE and 2Rx UE in n28 field test



[bookmark: _Hlk126176045]From above test results of commercial smartphones with 4Rx on the market, the 4Rx can not only be supported by handheld UE in low bands but also can achieve good performance. Now more and more commercial smartphones can support low band 4Rx on the market and all of them have passed the entrance certification tests including OTA tests, the antenna performance of supported bands can be guaranteed. Therefore, the feasibility can be confirmed.
Observation 1:   Commercial smartphones on the market already support low band 4Rx and all of them have passed the entrance certification tests including OTA tests. The feasibility study can be closed.
Proposal 1:         Confirm it is feasible to support low band 4Rx in handheld UE, considering there are already commercial smartphones on the market with low band 4Rx and have passed the certifications including OTA tests.
3. 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. 
[image: ]
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 2:   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.
[image: ]
Observation 3:   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 4:   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.
[image: ]
Observation 5:   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.
Proposal 2:         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.
[image: ]
Observation 6:   New signaling is not always needed in differentiating requirements for different UE types in FR1 unless it is useful in NW scheduling.
Proposal 3:         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.
3.3 delta TRxSRS
[bookmark: _Hlk126254682][bookmark: _Hlk126254721]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. It seems for the bands below 1GHz will be part of it, however, in our understanding the SRS antenna switch feature was designed for TDD bands with channel reciprocity and NW can leverage the UL SRS signal to derive the DL channel information. From this perspective, the SRS antenna switch will not be applicable to FDD bands. Currently the below 1GHz bands in the WID are all FDD bands, therefore, there is no need to further study the delta TRxSRS requirement in RAN4.
[image: ]
Observation 7:   SRS antenna switch feature was designed for TDD bands with channel reciprocity and NW can leverage the UL SRS signal to derive the DL channel information. It is not applicable to FDD bands.
Proposal 4:         There is no need to further study the delta TRxSRS requirement for the bands below 1GHz in RAN4, considering SRS antenna switching is designed for TDD bands with channel reciprocity and not applicable to FDD bands.
4. 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:   Commercial smartphones on the market already support low band 4Rx and all of them have passed the entrance certification tests including OTA tests. The feasibility study can be closed.
Proposal 1:         Confirm it is feasible to support low band 4Rx in handheld UE, considering there are already commercial smartphones on the market with low band 4Rx and have passed the certifications including OTA tests.
Observation 2:   RFFE complexity/ILs and imbalance between different Rx chains are the main contributor of Rx RFSENS losses when more Rx antennas are supported.
Observation 3:   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 4:   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 5:   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 2:         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 6:   New signaling is not always needed in differentiating requirements for different UE types in FR1 unless it is useful in NW scheduling.
Proposal 3:         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.
Observation 7:   SRS antenna switch feature was designed for TDD bands with channel reciprocity and NW can leverage the UL SRS signal to derive the DL channel information. It is not applicable to FDD bands.
Proposal 4:         There is no need to further study the delta TRxSRS requirement for the bands below 1GHz in RAN4, considering SRS antenna switching is designed for TDD bands with channel reciprocity and not applicable to FDD bands.
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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
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Table 7.3.1-1a: AR 4r
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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.





