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Introduction 
In RAN#103, a new WID has been approved [1] for “UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4” WI. One of the three main parts of the WI is to specify 6Rx UE RF requirements for both handheld and FWA UEs, with the following objectives:
· 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
· 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
· Specify the requirements to support SRS antenna switching including t1r6, t2r6, t3r6, t4r6 depending on UE capability
· [bookmark: _Hlk166087613]Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.
In this contribution, we focus on the second-to-last bullet point, which is to specify the requirements to support SRS antenna switching. As it can be seen above, the SRS antenna switching (AS) capabilities included in the WID are ‘t1r6’, ‘t2r6’, ‘t3r6’ and ‘t4r6’. In RAN4#110-bis, it was observed by some companies that ‘t3r6’ and ‘t4r6’ AS capabilities are not supported according to TS38.306 (and have never been specified by RAN1), so an LS has been sent to RAN1 [2] with the request to take the following action:
ACTION:  RAN4 respectfully asks RAN1 to consider introducing 4T6R and 3T6R SRS antenna switching in Rel-19.

For that reason, in the approved WF from RAN4#110-bis [3] it was suggested to focus on ‘t3r6’ and ‘t4r6’ SRS AS capabilities in RAN4#111:
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.

In this contribution, we will analyze ‘t1r6’, ‘t2r6’ as well as ‘t1r6-t2r6’ SRS AS capabilities and propose the corresponding ΔTRxSRS requirements. We will focus only on bands n41, n77/n78 and n79, while for band n104 the additional introduced insertion loss by antenna switches and PCB/routing due to a higher frequency, and how it should be reflected on ΔTRxSRS requirement, can be analyzed in future meetings.  
Discussion
When it comes to ΔTRxSRS relaxation requirement, which is measured at the antenna connector, it is important not to have too loose margins in order to limit degradation of DL-MIMO performance, i.e. to have an adequate reciprocal CSI-RS estimation, especially since the gNB measures the resulting radiated SRS power per SRS port(s) which include different antenna element gains (in a typical implementation, antenna elements on diversity paths have a poorer quality compared with the antenna elements on the main path).

As a reminder, ΔTRxSRS is a maximum allowed relaxation applied to the lower bound of the maximum configured transmitted power PCMAX,f,c due to the additional insertion loss of a given diversity branch relative to the main branch. The main “contributors” to insertion loss are antenna switches, filters, as well as PCB trace/RF cable routing located between the PA which sounds the given SRS port and the antenna connector.
‘t1r6’ SRS AS capability
On Figure 1, we have shown two alternatives (out of many possible) for the UE architecture for ‘t1r6’ SRS AS capability.

The exact value of the insertion loss introduced by each antenna switch, PCB trace/RF cable routing etc. depends on the particular component being used where values can vary considerably between different manufacturers. In addition, for the given component, the insertion loss depends mainly on the operating frequency point and for that reason in current specifications there are different ΔTRxSRS requirements for bands whose FUL_high is higher than the FUL_low of n79 and for bands whose FUL_high is lower than the FUL_low of n79. The insertion loss of the given component also depends on the temperature conditions, but we will assume normal temperature conditions in all cases.
[bookmark: _Ref135042406][image: ]           [image: ]
(a)                                                                                           (b)
Figure 1	Two alternatives for UE architecture for ‘t1r6’ antenna switching.
Instead of providing some values for insertion losses of different components which, as we have just mentioned, can vary significantly from a UE to UE (based on its architecture and concrete choice of components), we will do a rough comparison with ‘t1r4’ and ‘t1r8’ UE architectures and propose some reasonable values for ΔTRxSRS requirement. 

For bands whose FUL_high is lower than the FUL_low of n79, in current specifications [4] ΔTRxSRS is specified as 3dB for ‘t1r4’ SRS AS capability where at the time of its specification both handheld and FWA/CPE types of UE were considered. For the same group of bands, in current specifications [4] ΔTRxSRS is specified as 4dB for ‘t1r8’ SRS AS capability where at the time of its specification only FWA/CPE/vehicle/industrial types of UE were considered.

Comparing the architecture of alt. (a) on Figure 1 for ‘t1r6’ AS capability with a typical ‘t1r8’ architecture, for the “worst-case” positioned antenna of ‘t1r6’ (antenna 5 or antenna 6) the insertion loss is lower than the insertion loss of the “worst-case” positioned antenna of ‘t1r8’ (see e.g. [5] for an example of ‘t1r8’ UE architecture) as much as the insertion loss of SPDT antenna switch is lower than the insertion loss of SP4T antenna switch, which is ~0.3dB – 0.5dB. Similarly, the insertion loss of SP6T antenna switch (alt. (b) on Figure 1) is around 0.5dB smaller than the insertion loss of SP8T antenna switch, which should be needed for a similar ‘t1r8’ implementation.

Given that in this WI both handheld and FWA types of UE are considered, and that the requirement should cover both types of devices, where for handheld type of UEs PCB traces and RF cables are shorter and thus IL are smaller, we propose ΔTRxSRS = 3.5 dB. Similar to practice being used up to Rel-18, for band n79 we propose 1.5dB higher value, i.e. ΔTRxSRS = 5 dB.

Proposal 1: For ‘t1r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 3.5 dB, while for band n79 ΔTRxSRS should be specified as 5.0 dB.

‘t2r6’ SRS AS capability
The typical implementation architecture for ‘t2r6’ SRS AS capability (where no fallback to 1 PA is needed to be supported) corresponds to having two ‘t1r3’ architectures in parallel as shown on Figure 2 (there are other possibilities as well). Compared with architecture for ‘t1r8’ AS, SP3T antenna switches are used instead of SP4T, which typically have a smaller insertion loss.

[image: ]

Figure 2	An example of UE architecture for ‘t2r6’ antenna switching.
For bands whose FUL_high is lower than the FUL_low of n79, in current specifications [4] ΔTRxSRS is specified as 3 dB for ‘t1r4’ SRS AS capability and 4 dB for ‘t1r8’ SRS AS capability (under the conditions stated in clause 2.1). Even though the IL of ‘t2r8’ AS can be as low as the IL of ‘t1r4’ (since it corresponds to two ‘t1r4’ architectures in parallel), the requirement was agreed to be equal as for ‘t1r8’ case. 

Sticking to the same principle, we propose the following:

Proposal 2: For ‘t2r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 3.5 dB, while for band n79 ΔTRxSRS should be specified as 5.0 dB.

‘t1r6-t2r6’ SRS AS capability
For ‘t1r6-t2r6’ AS, one out of two PAs should be implemented as a fallback in case the other one is switched off, and thus the architecture looks a slightly more complex than in previous two cases, where one example is shown on Figure 3. 


[image: ]

Figure 3	An example of UE architecture for ‘t1r6-t2r6’ antenna switching.
For bands whose FUL_high is lower than the FUL_low of n79, in current specifications [4] ΔTRxSRS is specified as 4.5 dB for ‘t1r8-t2r8’ SRS AS capability. Compared with a typical ‘t1r8-t2r8’ architecture (see e.g. [5]), the insertion loss of the “worst-cased” positioned antenna (for ‘t1r6-t2r6’) is lower than the insertion loss of the worst-case positioned antenna for ‘t1r8-t2r8’ as much as the IL of DP3T antenna switch is smaller than the IL of DP4T antenna switch, and in addition one SPDT antenna switch could be removed. 

For that reason, and since ΔTRxSRS for ‘t1r8-t2r8’ AS capability is higher by 0.5dB compared with both ‘t1r8’ and ‘t2r8’ AS capabilities, the difference between ΔTRxSRS for ‘t1r6-t2r6’ and both ‘t1r6’ and ‘t2r6’ should be at most 0.5 dB. Thus, we propose the following:

Proposal 3: For ‘t1r6-t2r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 4.0 dB, while for band n79 ΔTRxSRS should be specified as 5.5 dB.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1: For ‘t1r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 3.5 dB, while for band n79 ΔTRxSRS should be specified as 5.0 dB.

Proposal 2: For ‘t2r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 3.5 dB, while for band n79 ΔTRxSRS should be specified as 5.0 dB.

Proposal 3: For ‘t1r6-t2r6’ AS capability, for bands n41 and n77/78 ΔTRxSRS should be specified as 4.0 dB, while for band n79 ΔTRxSRS should be specified as 5.5 dB.
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