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1 Introduction
In RAN #103 meeting, the new WID of UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4 was approved in [1], wherein the objectives related to 6Rx for handheld UE and FWA UE are listed as below:
	6Rx for handheld and FWA UE
· Specify the core requirements to enable 6Rx for higher frequency bands (>2.5GHz) targeting at support of handheld UE for NR FR1 single carrier scenario
· [bookmark: OLE_LINK80]Example bands: n41, n77/n78, n79, n104
· Support 4 MIMO layers at least, and study the gain and feasibility and if feasible, support 6 MIMO layers
· Specify the Rx requirements including reference sensitivity requirements for support 6Rx
· Note: the specified requirements can be applicable to both handheld UE and FWA devices
· [bookmark: OLE_LINK57]Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· [bookmark: OLE_LINK1]Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.


[bookmark: OLE_LINK18]In this contribution, we give some initial discussions on the UE RF requirements related to 6Rx. 
2	Discussion
[bookmark: OLE_LINK48][bookmark: OLE_LINK38][bookmark: OLE_LINK23][bookmark: OLE_LINK66]Compared with the existing 4Rx technology, the benefits of supporting 6Rx in NR have already been firmly established. This enhancement not only significantly improves the downlink throughput for a single user, ensuring faster data transmission and a smoother user experience, but also enhances the coverage for users situated at the cell edge. By doing so, it helps to bridge the coverage gap and provide more reliable service to those in areas that were previously challenging to reach with traditional wireless technologies. The introduction of 6Rx in NR thus represents a major leap forward in wireless communication, offering greater capacity, efficiency, and overall performance improvements.
[bookmark: OLE_LINK79]2.1 ΔRIB,6R
In the current specification, the support for 4Rx and 8Rx features has already been established. All the RF requirements related to single carrier operation as well as CA have been completed.
In TS38.101-1, the ΔRIB,4R and ΔRIB,8R values for 4Rx and 8Rx are defined as below: 
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
	[bookmark: OLE_LINK53]Operating band
	[bookmark: OLE_LINK82]ΔRIB,4R (dB)

	n5, n8, n13, n28, n71, n85, n105
	-2.71

	n5, n8, n28, n71, n20, n26
	-2.42

	n1, n2, n3, n25, n30, n40, n7, n34, n38, n39, n41, n66, n70
	-2.7

	n48, n77, n78, n79, n104
	-2.2

	NOTE 1:	When 4 Rx operation is supported by FWA form factor
NOTE 2:	When 4Rx operation is supported by handheld UE.



Table 7.3.2-2a: Eight antenna port reference sensitivity allowance ΔRIB,8R
	[bookmark: OLE_LINK81][bookmark: OLE_LINK54]Operating band
	ΔRIB,8R (dB)

	n7
	-4.5

	n41
	-4.3

	n77, n78, n79
	-4.0

	NOTE 1:	8 Rx operation is targeted for FWA/CPE/Vehicle/Industrial devices form factor.


[bookmark: OLE_LINK64]Based on our understanding, theoretically, the ΔRIB,4R, ΔRIB,6R and ΔRIB,8R value should be -3dB, -4.8dB and -6dB, respectively. These figures represent the expected diversity gain achieved when increasing the number of receiver chains. However, in practical implementations, several factors prevent these theoretical values from being fully realized.
One key factor is the inherent design challenges encountered during the implementation process. For instance, the difficulty in achieving a perfect design can lead to non-ideality, especially when the same RFFE design is used for both the primary Rx path and the diversity Rx paths. This can introduce inefficiencies and impairments that affect the overall performance.
Additionally, there are specific implementation details that can further complicate the matter. For example, in FDD bands, the absence of a duplexer in the diversity Rx paths can limit the achievable performance. Similarly, in TDD systems, the complexity of the switcher shared for Tx/Rx in the primary path can exceed that of the switcher used in the diversity Rx paths, leading to further degradation.
[bookmark: OLE_LINK31][bookmark: OLE_LINK51]From the implementation perspective, introducing more diversity Rx paths also means increased space requirements, which can pose additional challenges in terms of physical layout and integration. Moreover, the antennas used in the diversity Rx paths may need to be designed independently to support multiple bands, further complicating the design process.Compared to 4Rx and 8Rx, we think the ΔRIB,6R value should be in between ΔRIB,4R and ΔRIB,8R values due to 6Rx has less implementation challenges than 8Rx but more challenges than 4Rx. The ΔRIB,6R values would be: 
	Operating band
	ΔRIB,6R (dB)

	n41
	[bookmark: OLE_LINK84](-4.3, -2.7)

	n77, n78, n79, n104
	(-4.0, -2.2)


In terms of the WID, the form factor for the bands supporting 6Rx is clearly specified for handheld UE and FWA UE. However, similar with bands n41, n77/n78, n79 and n104 support 4Rx, it seems there is no need to define separated values for handheld UE and FWA UE. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK52]Proposal 1. ΔRIB,6R = [-3.5dB] for band n41, and ΔRIB,6R = [-3dB] for n77/n78/n79/n104. 
[bookmark: OLE_LINK26]2..2 ∆TRxSRS
For Tx requirements, as we can see from the PCMAX_L,f,c formula:
 PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) } 
[bookmark: OLE_LINK25]Similar with 4Rx and 8Rx, the key objective in defining the ∆TRxSRS is to quantify the additional insertion loss (IL) that occurs when the PA switches from the primary Tx antenna to the other pure Rx antennas (i.e. non-primary Tx antennas), for the transmission of SRS. This switch occurs when the SRS-TxSwitch capability is signaled, facilitating the transmission of SRS from different antennas.
[bookmark: OLE_LINK87]The primary Tx antenna is usually designed to deliver SRS at maximum power. However, when switching to the non-primary Tx antennas for SRS transmission, the power level may be reduced by up to ∆TRxSRS dB. This reduction can be attributed to several factors. Firstly, the non-primary Tx antennas may be physically located farther away from the primary Tx antenna, leading to increased path loss. Secondly, there are additional routing losses associated with the RX antennas, including losses in switches, RF cables, PCB traces, and other components involved in the signal path.
As stated in the WID, it includes t1r6, t2r6, t3r6, t4r6 SRS antenna switching cases.
	· [bookmark: OLE_LINK71][bookmark: OLE_LINK62]Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability


[bookmark: OLE_LINK49][bookmark: OLE_LINK68]In terms of the descriptions of srs-AntennaSwitchingBeyond4RX-r17 in TS38.306, 11-bit bitmap approach is adopted to indicate the combination of supported xTyRs, which is shown as below:
[image: ]
[bookmark: OLE_LINK70]However, there are no values of t3r6 and t4r6 included in the srs-AntennaSwitchingBeyond4RX-r17, it means these two values cannot be indicated by the 11-bit bitmap. So new UE capability is needed, the details can be left to RAN2’s discussion.
[bookmark: OLE_LINK83][bookmark: OLE_LINK73]Observation: t3r6 and t4r6 SRS antenna switching are not included in the existing srs-AntennaSwitchingBeyond4RX-r17.
For the left two ones, i.e. t1r6, t2r6, it seems not only the pure t2r6 antenna switch is considered, but also the back compatibility antenna switch of t1r6, and their combinations should be considered. So the SRS IL requirements to be defined should consider the following SRS antenna switch scenarios.
1. t1r6
2. t2r6
3. t1r6-t2r6
[bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK74]For the ∆TRxSRS values, different RFFE architecture would cause different values since the IL depends on which types of and how many switchers (such as SPDT, DPDT, SP4T, and etc) would be used. For example, for t1r6 SRS antenna switching, the example RFRE architectures can be found in the follow:
[image: ]    [image: ]
Figure 1. Example RFFE architectures for t1r6 (Main. Ant #1, Div. Ant #2~6)
Certainly, there are numerous potential implementations of RFRE architectures. The values of ∆TRxSRS for the t1r6 configuration, when employing the aforementioned two architectures, vary significantly. This variance is primarily attributed to the differing numbers of switches employed in the RF path. While the ∆TRxSRS values on the left side of the comparison tend to be smaller than those on the right, this advantage comes at a cost: a reduction in the SRS transmission power from the main antenna assuming the IL of SP6T is larger than SP4T.
Moreover, some companies factor in additional implementation margins beyond the total insertion loss (IL). This is done to account for potential variations in component performance, manufacturing tolerances, and other factors that can affect the overall system performance. By incorporating these margins, companies aim to ensure the reliability and stability of their RFRE systems, even under varying conditions and operating scenarios.
[bookmark: OLE_LINK85][bookmark: OLE_LINK86]Here we use the right architectures to calculation the IL, which is about 2.8dB for band n41/n77/n78 and about 3.6dB for n79. Similarly, the calculated IL are about 2.1dB for band n41/n77/n78 and 2.8 dB for n79 for t2r6, and about 2.8dB for band n41/n77/n78 and 3.8dB for n79 for t2r6. By considering additional implementation margin due to UE supports multiple band which will make REFE architecture more complicated in reality, thus we have the following proposal:
[bookmark: OLE_LINK5][bookmark: OLE_LINK4]Proposal 2. Apply 4.5dB for n41/n77/n78 and 5.5dB for n79 for t1r6 ∆TRxSRS requirements.
Proposal 3. Apply 4dB for n41/n77/n78 and 5dB for n79 for t2r6 ∆TRxSRS requirements.
[bookmark: OLE_LINK35]Proposal 4. Apply 5dB for n41/n77/n78 and 6dB for n79 for t1r6-t2r6 ∆TRxSRS requirements.
[bookmark: OLE_LINK42][bookmark: OLE_LINK30]FFS for band n104.
2.3 IL imbalance across SRS port
[bookmark: OLE_LINK65][bookmark: OLE_LINK63][bookmark: OLE_LINK3]Actually, the issue was raised when RAN4 discussed the 8Rx issue due to the issue of IL imbalance across SRS port would be more severed in 8Rx. Although there are no consensus for 8Rx(also 4Rx), the solution for the IL imbalance across SRS port discussed in 6Rx could also be applied to 4Rx and 8Rx.
[bookmark: OLE_LINK6][bookmark: OLE_LINK50][bookmark: OLE_LINK56][bookmark: OLE_LINK7][bookmark: OLE_LINK8]In general, when RAN4 define the ∆TRxSRS requirements for 4Rx/6Rx/8Rx, usually the worse case is selected. The worse case would be the SRS power is transmitted from the antenna other than main antenna who usually has longest RF path and includes more switchers, which achieve larger total IL. For example, the ∆TRxSRS is the delta SRS power transmitted between Ant#1 and Ant#6 for t1r6 since more switchers are included in the path to Ant #6 comparing with the Ant #2~5. However, the worse case (Ant#1 and #6 in this example) for ∆TRxSRS may be changed which depends on SRS resource mapping to the physical antennas in the real RFFE design.
[bookmark: OLE_LINK15][bookmark: OLE_LINK27]In terms of the 8Rx discussions in previous meetings, static reporting and/or dynamic reporting are mentioned. We think the same situation can be applied to 6Rx.
[bookmark: OLE_LINK67][bookmark: OLE_LINK72]For static reporting, we believe that certain UEs possess the necessary capabilities and will undertake power compensation for ∆TRxSRS. This compensation is aimed at maximizing the transmission of SRS power through antennas other than the primary Tx antenna, ensuring that as much power as possible is utilized efficiently. We understand that the methodology by which the UE accomplishes this power compensation is dependent on its specific implementation, remaining transparent to the network. Consequently, there are no explicit requirements that need to be defined. Once the UE performs this power compensation, the ∆TRxSRS between antennas will be significantly reduced, leading to a more balanced and optimized signal distribution. It is advantageous to inform the Network (NW) of this compensation information as it facilitates more precise CSI estimation.
[bookmark: OLE_LINK13]Proposal 5. Static reporting is up to UE implementation, and UE needs to indicate the power compensation behaviour to NW if UE reports statically.
[bookmark: OLE_LINK90][bookmark: OLE_LINK92][bookmark: OLE_LINK91][bookmark: OLE_LINK60][bookmark: OLE_LINK41]For dynamic reporting, while it is admittedly more complicated than static reporting, it offers a wealth of real-time information that is invaluable in certain scenarios. This is particularly true when the RF routing for SRS changes over time, yet the RFFE/RF routing information remains unknown to the NW. UE can report actual SRS IL in Dynamic reporting, providing crucial insights into the real-time performance of the system. Furthermore, the establishment of several thresholds for these actual SRS IL may be necessary to ensure that the NW can effectively monitor and manage the system's performance. Even the consideration of different capability classes based on the reported actual SRS IL could be explored taking into account the diverse capabilities and operational characteristics of individual UEs, which is to use the similar methodology of lower-MSD capability reporting.
Proposal 6. Dynamic reporting for actual SRS IL reporting for each SRS-TxSwitch pattern, and several thresholds associated with capability class for the actual SRS IL reporting can be considered.
[bookmark: OLE_LINK59][bookmark: OLE_LINK58][bookmark: OLE_LINK55]Due to ∆TRxSRS requirements are defined for 2Rx, 4Rx, 6Rx and 8Rx, we think the problem would be similar for all of them although the problem is minor for 2Rx. Thus if ∆TRxSRS indication from UE to NW is optionally introduced for 6Rx, it can also apply to 2Rx/4Rx/8Rx case.
[bookmark: OLE_LINK61]Proposal 7. The SRS IL imbalance reporting mechanism should be also specified for 2Rx, 4Rx and 8Rx.
3 Conclusion
In this contribution, we give some initial discussion on the UE RF requirements to support 6Rx, including REFSEN ∆TRxSRS values. The conclusions are:
Proposal 1. ΔRIB,6R = [-3.5dB] for band n41, and ΔRIB,6R = [-3dB] for n77/n78/n79/n104. 
[bookmark: OLE_LINK45]Observation: t3r6 and t4r6 SRS antenna switching are not included in the existing srs-AntennaSwitchingBeyond4RX-r17.
Proposal 2. Apply 4.5dB for n41/n77/n78 and 5.5dB for n79 for t1r6 ∆TRxSRS requirements.
Proposal 3. Apply 4dB for n41/n77/n78 and 5dB for n79 for t2r6 ∆TRxSRS requirements.
Proposal 4. Apply 5dB for n41/n77/n78 and 6dB for n79 for t1r6-t2r6 ∆TRxSRS requirements.
Proposal 5. Static reporting is up to UE implementation, and UE needs to indicate the power compensation behaviour to NW if UE reports statically.
Proposal 6. Dynamic reporting for actual SRS IL reporting for each SRS-TxSwitch pattern, and several threshold associated with capability class for the actual SRS IL reporting can be considered.
Proposal 7. The SRS IL imbalance reporting mechanism should be also specified for 2Rx, 4Rx and 8Rx.

4	Reference
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