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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.


In last meeting, some agreements are included in the approved WF[2].
[bookmark: OLE_LINK18][bookmark: OLE_LINK12]In this contribution, we give some initial discussions on the SRS antenna switchingREFSEN requirements related to 6Rx. 
2	Discussion
[bookmark: OLE_LINK48][bookmark: OLE_LINK38][bookmark: OLE_LINK66][bookmark: OLE_LINK23]In WF[2], the agreements related to SRS antenna switching are extracted in the following:
	Topic 2:	SRS antenna switching and ΔTRxSRS
Sub-topic 2-1:	SRS antenna switching configurations
Way forward: Further discuss the following options with a focus on 1tr6 and t2r6 for RAN4#111.
-	Option 1: Preclude t3r6 and t4r6 SRS antenna switching configuration for 6Rx in Rel-19 and update the WID objective in the next plenary.
-	Option 2: Preclude 3T6R AS-SRS from 6 Rx ∆TRxSRS requirements discussion in Rel-19 and update the WID, while inform RAN1 to start the work on enabling 4T6R AS-SRS, while RAN2 can wait for future inputs from RAN1 and RAN4.
-	Option 3: RAN4 discussion on 6 Rx ∆TRxSRS requirements should focus on 1T6R and 2T6R before RAN1 conclusion on how to support 4T6R can be available.
-	Option 4: To specify the ∆TRxSRS for 6Rx, it is necessary to analyse the 6Rx SRS antenna switching IL below scenarios.
-	t1r6
-	t2r6
-	t4r6
-	t1r6-t2r6
-	t1r6-t2r6-t4r6
-	t2r6-t4r6
-	t1r6-t4r6
Sub-topic 2-2:	ΔTRxSRS values
Way forward: Further discuss the ∆TRxSRS requirements.


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_LINK6][bookmark: OLE_LINK7]As we discussed in [3], there are no values of t3r6 and t4r6 included in the srs-AntennaSwitchingBeyond4RX-r17, it means these two values cannot be indicated by the current 11-bit bitmap. So new UE capability is needed, the details can be left to RAN1/2’s discussion. Meanwhile, a LS was sent from RAN4 to RAN1 to ask RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19. Therefore, we think RAN4 should postpone 4T6R and 3T6R SRS antenna switching discussion in May meeting, and can continue to discuss until there are replies from RAN1.
Proposal 1.  Postpone 4T6R and 3T6R SRS antenna switching discussion in May meeting
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_LINK30][bookmark: OLE_LINK42]FFS for band n104.
3 Conclusion
In this contribution, we give some initial discussion on the SRS antenna switchingREFSEN requirements to support 6Rx, including REFSEN ∆TRxSRS values. The conclusions are:
Proposal 1.  Postpone 4T6R and 3T6R SRS antenna switching discussion in May meeting
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.
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