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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN #103 meeting, RAN approved new WID on UE RF enhancements for FR1 and FR2 in Rel-19 [1]. In these WID, there are three objectives in RF related issues. One objective is high power CA/DC combinations, 2nd objective is power boosting and MPR reduction issue for single carrier and NR intra-band UL CA and the last one is support of 6Rx for HHUE and FWA devices.
In this contribution, we focus on the 6Rx core requirements for both HHUE and FWA devices. The following contents are the WI objectives for UE RF enhancements at FR1 in Rel-19.

	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
· 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
· Study the issue of insertion loss imbalance across SRS ports, and if justified, specify the corresponding solution.



 
In this paper, we provide our preference and how to specify the 6Rx core requirements including REFSENS and SRS related topic i.e. SRS IL values and SRS switching perspectives according to UE capability.
2. Initial discussion points for 6Rx in single carrier
2.1 Reference sensitivity tighten level with ΔRIB for TDD example bands
In this session, RAN4 needs to define ΔRIB,6R to allow the tightening REFSENS requirements from the 2Rx REFSENS requirements in Table 7.3.2-1a and Table 7.3.2-1b.

	Captured in TS38.101-1 [2]
For UE(s) equipped with 8 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a and in Table 7.3.2-1b shall be modified by the amount given in ΔRIB,8R in Table 7.3.2-2a for the applicable operating bands.
Table 7.3.2-2a: Eight antenna port reference sensitivity allowance ΔRIB,8R
	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.






RAN4 can consider the existing REFSENS equation to decide REFSENS levels for 6Rx devices. But the diversity gain of 6Rx is quite challenging to make consensus in the RAN4 group. Also the 8Rx tightened level is only applied to CPE/FWA as a large scale form factor. So some relaxation can be considered from the 8Rx delta values. Based on the above delta values from 8Rx UE and 4Rx UE, we propose as follow

Proposal 1: Based on the 2Rx REFSENS requirements, the 6Rx REFSENS levels wouldl be specified with ΔRIB,6R  as follow
· ΔRIB,6R is [- 3.0] dB for n77, n78, n79 and n104
· ΔRIB,6R is [- 3.3] dB for n41
Proposal 2: If RAN4 agree to specify the REFSENS based on REFSEN equation, then we are also fine to make consensus with the diversity gain of 6Rx and other parameters such as IM level.
2.2 ΔTRxSRS for TDD example bands
In session 2.2, we are shown the current specification of ΔTRxSRS for 8Rx UE according to the SRS antenna configuration. 
	Captured in TS38.101-1 [2]
The following ∆TRxSRS applies according to the indicated SRS-TxSwitch or srs-AntennaSwitchingBeyond4RX-r17 capabilities:
if  't1r8' and 't4r8' are indicated:
-	The value of ∆TRxSRS is 7.3 dB for bands whose FUL_high is higher than the FUL_low of n79 and 5.8 dB for bands whose FUL_high is lower than the FUL_low of n79 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 ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16. 
-	The value of ∆TRxSRS is 10.3 dB for bands whose FUL_high is higher than the FUL_low of n79 and 8.8 dB for bands whose FUL_high is lower than the FUL_low of 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 ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
else, if 't1r8' and 't2r8' are indicated:
-	The value of ∆TRxSRS is 6.0 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.5 dB for bands whose FUL_high is lower than the FUL_low of n79 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 ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16. 
-	The value of ∆TRxSRS is 9.0 dB for bands whose FUL_high is higher than the FUL_low of n79 and 7.5 dB for bands whose FUL_high is lower than the FUL_low of 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 ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
else, if 't1r8' or 't2r8', but not both is indicated:
-	The value of ∆TRxSRS is 5.5 dB for bands whose FUL_high is higher than the FUL_low of n79 and 4.0 dB for bands whose FUL_high is lower than the FUL_low of n79 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 ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16. 
-	The value of ∆TRxSRS is 8.5 dB for bands whose FUL_high is higher than the FUL_low of n79 and 7.0 dB for bands whose FUL_high is lower than the FUL_low of 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 ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
else, if  't1r2', 't1r1-t1r2', 't1r4', 't1r4-t2r4', 't1r1-t1r2-t1r4', 't2r4', 't1r1-t1r2-t2r2-t2r4', 't1r1-t1r2-t2r2-t1r4-t2r4' or 't4r8' is indicated:
-	The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 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 ΔPPowerClass = 3 dB, or when UE indicating txDiversity-r16..  
-	The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of 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 ΔPPowerClass = 0 dB and not indicating txDiversity-r16.
	For other SRS transmissions ∆TRxSRS is zero;



In TS38.101-1 specification, RAN4 can define the detail ΔTRxSRS of 6Rx for all candidate SRS antenna configurations as follow
· Possible SRS antenna configurations for example TDD bands
1) ‘t1r1’, ‘t1r2’, ‘t1r4’, ‘t1r6’
2) ‘t2r2’, ‘t2r4’, ‘t2r6
3) ‘t4r4’, ‘t4r6’
4) 't1r1-t1r2', 't1r4-t2r4', 't1r1-t1r2-t1r4', 't1r1-t1r2-t2r2-t2r4', 't1r1-t1r2-t2r2-t1r4-t2r4' 

Proposal 3: RAN4 can define the detailed ΔTRxSRS values according to the possible SRS antenna configuration.

2.3 Release independent for 6Rx
In TS38.307, the 8Rx feature for FWA/CPE as like large scale form-factor devices would be supported from Rel-17 based on the following specific UE RF core requirements.
	Captured in TS38.307 [3]
[bookmark: _heading=h.1fob9te]B.4.x	Common UE RF requirements for 8Rx
The requirements and test cases listed in Table B.4.x-1 are specified in the REL-18 version of TS 38.101-1 [2].
Table B.4.x-1: Common UE RF requirements for 8Rx for single band in FR1
	Clause
	Description

	7.3
	Reference sensitivity

	7.4
	Maximum input level

	7.5
	Adjacent Channel Selectivity

	7.6
	Blocking characteristics

	7.7
	Spurious response

	7.8
	Intermodulation characteristics

	7.9
	Spurious emissions



The requirements and test cases listed in Table B.4.x-2 are specified in the REL-18 version of TS 38.101-1 [2].
Table B.4.x-2: Common UE RF requirements for 8Rx for CA in FR1
	Clause
	Description

	7.3A
	Reference sensitivity for CA

	7.4A
	Maximum input level for CA

	7.5A
	Adjacent Channel Selectivity for CA

	7.6A
	Blocking characteristics for CA

	7.7A
	Spurious response for CA

	7.8A
	Intermodulation characteristics for CA

	7.9A
	Spurious emissions for CA






Based on the above analysis, we propose as follow 
Proposal 4: RAN4 will specify detailed Rx core requirements for 6Rx HHUE and 6Rx feature can be supported as release independent manner from Release 17.
   
3. Conclusions
In this contribution, we propose some RF architectures and SAR solutions for intra-band contiguous CA or non-contiguous CA. Also, we share our preference on how to support the increased CA/DC UE power limitation with different PA capability between two Bands. Based on our initial analysis for the high power intra-band CA or inter-band CA/DC combination with 2Tx/3Tx, we proposed as follow 

Proposal 1: Based on the 2Rx REFSENS requirements, the 6Rx REFSENS levels will be specified with ΔRIB,6R  as follow
· ΔRIB,6R is [- 3.0] dB for n77, n78, n79 and n104
· ΔRIB,6R is [- 3.3] dB for n41
Proposal 2: If RAN4 agree to specify the REFSENS based on REFSEN equation, then we are also fine to make consensus with the diversity gain of 6Rx and other parameters such as IM level.
Proposal 3: RAN4 can define the detailed ΔTRxSRS values according to the possible SRS antenna configuration.
Proposal 4: RAN4 will specify detailed Rx core requirements for 6Rx HHUE and 6Rx feature can be supported as release independent manner from Release 17.
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