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1. [bookmark: _heading=h.gjdgxs]Introduction
In the last RAN4 #110-bis meeting, RAN4 discussed and approved WF on requirements for 6Rx UE in Rel-19 [1]. In 6Rx WF, RAN4 discussed the REFSENS requirements, SRS antenna switching IL, MIMO layer impact and SRS IL imbalance.
In this contribution, we share our view on the 6Rx core requirements for both HHUE and FWA devices. The following WF are further discuss in this meeting to support 6Rx UE at FR1 in Rel-19.

	WF on Requirements for 6Rx for HHUE and FWA [1]
Sub-topic 1-1:	General considerations for specifying ΔRIB,6R value
Way forward: The following proposals can be endorsed. 
-	Proposal 1: Define one delta value for all CBWs for each band.
-	Proposal 2: Consider different requirements for different bands.
Further discuss the following proposals:
-	Proposal 3: Study whether band n104 should be included in the high band (n77, n78 and n79) category for 6Rx case.
-	Proposal 4: RF isolation at HB and UHB frequencies and antenna placement should be well studied and understood because of their impact on REFSENS for 6Rx handheld UEs.
-	Proposal 5: Existing ΔRIB requirements for 4Rx and 8Rx can be used as a starting point to study the performance of ΔRIB for 6Rx considering the form factor of handheld and FWA UE and other impact factors.
Sub-topic 1-2:	ΔRIB,6R value for handheld UE and FWA
Way Forward: Further discuss if the same value is used for handheld UE and FWA.
Sub-topic 1-3:	ΔRIB,6R values for handheld UE and FWA
Way forward: Further discuss the ΔRIB,6R requirements.

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.

Sub-topic 3-1:	MIMO layers to be discussed in RF or Demod session?
Agreement: Number of MIMO layers will be discussed in the RF session with involvement of Demod experts.
Sub-topic 3-2:	MIMO layer support
Way forward: Further discuss number of MIMO layers support for FWA devices and handhelds considering the following aspects:
-	antenna correlation analysis based on form factor constraints
-	performance simulation in comparison with 4 MIMO layer considering possible implementation constraints

Sub-topic 4-1:	General considerations for SRS IL imbalance issue
Way forward: Further discuss the topic of SRS IL imbalance issues with the following proposals used as a starting point. Whether a solution is agreeable, depends on further discussion of the following candidate solutions and/or identified issues.
-	Proposal 1: Study the issues of insertion loss imbalance across SRS ports.
-	Proposal 2: Further discuss SRS IL for 6RX type of devices taking into consideration:
-	SRS insertion loss requirements for 6RX UEs
-	SRS IL impact on performance
-	SRS insertion loss compensation
-	UE assistance on SRS insertion loss (power imbalance)
-	Others
-	Proposal 3: Companies should, independent of their view, provide constructive technical inputs on SRS TX power imbalance topic.
Sub-topic 4-2:	Candidate solutions for the SRS IL imbalance issue
Way forward: Further discuss the following options considering the UE behaviour in terms of the IL imbalance compensation and whether the UE can compensate the IL imbalance for AS-SRS for all power levels and whether NW and UE have consistent understanding for the possible compensation.



 
2. REFSENS 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 for HHUE and FWA UE would 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 agrees 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.
For 6Rx supporting in n104 band, RAN4 already specified the detail 2Rx and 4Rx REFSENS requirements as follow:
 REFSENS requirements in TS38.101-1
Table 7.3.2-1b: Two antenna port reference sensitivity QPSK PREFSENS for TDD, SDL and FDD with variable duplex operation bands
n101
15
5, 10
-100 + 10log10(NRB/25)
TDD

30
10
-97.1 + 10log10(NRB/24)

n1041,10
15
20, 30, 40, 50
-90.7 + 10log10(NRB/106)
TDD

30
20, 30, 40, 50, 60, 70, 80, 90, 100
-90.8 + 10log10(NRB/51)


60
20, 30, 40, 50, 60, 70, 80, 90, 100
-91.1 + 10log10(NRB/24)

n10911
15
5,10,15,20,25,30,40,50
-100 + 10log10(NRB/25) 
FDD

30
10,15,20,25,30,40,50
-97.1 + 10log10(NRB/24) 

NOTE 1:	Four Rx antenna ports shall be the baseline for this operating band except for two Rx vehicular UE and two Rx antenna port XR UEs indicating UE capability [2Rx XR]. Four Rx antenna ports for RedCap UE is not supported for this operating band.
NOTE 10:	A UE may implement two RX antenna ports for band n104 when conditions are met. The exact conditions are FFS.
Table 7.3.2-2: Four antenna port reference sensitivity allowance ΔRIB,4R
Operating band
ΔRIB,4R (dB)
n5, n8, n13, n26, 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.


Hence, RAN4 can define the n104 REFSENS requirements for 6Rx operation based on the example NR bands in WID objectives.
Proposal 3: For n104 of 6Rx supporting, RAN4 can apply the same ΔRIB,6R  as above proposal 1 since RAN4 already defined 2Rx and 4Rx REFSENS requirements in TS38.101-1 even though the Note 10 has been included in REFSENS Table 7.3.2-1b for TDD bands.
 
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 the candidate SRS antenna configurations based on actual RF architecture to support 6Rx and RAN4 can wait the RAN1 feedback from the RAN4 LS [2] to support T3R6 and 4TR6 configurations in Rel-19. 
· Possible SRS antenna configurations for example TDD bands
1) ‘t1r1’, ‘t1r2’, ‘t1r4’, ‘t1r6’
2) ‘t2r2’, ‘t2r4’, ‘t2r6
3) ‘t4r4’
4) 't1r1-t1r2', 't1r1-t1r2-t1r4', 't1r1-t1r2-t1r4-t1r6',  't1r1-t1r2-t2r2-t2r4', 't1r1-t1r2-t2r2-t2r4-t2r6', 't1r1-t1r2-t2r2-t1r4-t2r4', 't1r1-t1r2-t2r2-t1r4-t2r4-t2r6'
5) 't1r4-t2r4', 't1r4-t2r4-t2r6' 

Proposal 4: RAN4 need to define the detailed ΔTRxSRS values based on actual RF architecture with multiple switches to support 6Rx.
Proposal 5: RAN4 can update the work scope in WID with the final SRS antenna configurations based on RAN1 feedback regarding support for T3R6 and T4R6 SRS antenna configurations or not.

2.3 MIMO layers for 6Rx 
In WID scope, RAN4 needs to study the feasibility of 6 MIMO layers and explicit commented to support at least 4 MIMO layers in Rel-19. 
The 6 MIMO layer performance is quite dependent on the UE antenna correlation, antenna gain/isolation and UE design implementation perspectives in small form factor. RAN4 need to evaluate the 6Rx benefit compared to the additional RF paths and power consumption.
However, RAN4 did not have any evaluations for the pros & cons the 6Rx MIMO layer supporting as RF and demodulation perspectives. 
When 6 MIMO layer have better technical performance gains compared to 4MIMO layers and the impact on the additional RF load and power consumption has been verified, RAN4 can support 6 MIMO layers and 6Rx diversity gain in both Handheld device and FWA UE.
Based on above observation, we propose as follow:
Proposal 6: RAN4 can support 6 MIMO layer in this WID based on the performance evaluation campaign for HHUE and FWA. It means that the benefits of 6 MIMO layers compared to 4 MIMO layers should first be evaluated and verified and then, RAN4 need further analyse of the impact of the device types in terms of the additional RF load and power consumption.


2.4  SRS insertion loss imbalance for 6Rx
Based on the current RAN1 and RAN4 specification and Rel-18 discussion, we do not prefer to define any UE behaviour and capability signalling to compensate SRS power imbalance problem.

	Captured in WF R4-2406585 [1]
[bookmark: _heading=h.1fob9te]Consider some clarifications according to the RAN1 and RAN4 specs.
-	RAN1 specification on power control doesn’t require or imply that UE shall apply the same PCMAX for all AS-SRS transmission occasions
-	Under the minimum requirement ∆TRxSRS defined in RAN4 specification, it is up to UE implementation whether to apply exact value for corresponding AS-SRS transmission occasions.




Based on the above analysis, we propose as follow 
Proposal 7: If the system performance is not affected by the SRS IL offset, RAN4 does not need to report SRS IL offset to compensate SRS power imbalance.
   
3. Conclusions
In this contribution, we propose REFSNES requirements for 6Rx, share how to define the SRS IL according to the possible SRS configuration and show our preference for the number of MIMO layer as follows: 

Proposal 1: Based on the 2Rx REFSENS requirements, the 6Rx REFSENS levels for HHUE and FWA UE would 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 agrees 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: For n104 of 6Rx supporting, RAN4 can apply the same ΔRIB,6R  as above proposal 1 since RAN4 already defined 2Rx and 4Rx REFSENS requirements in TS38.101-1 even though the Note 10 has been included in REFSENS Table 7.3.2-1b for TDD bands.
Proposal 4: RAN4 need to define the detailed ΔTRxSRS values based on actual RF architecture with multiple switches to support 6Rx.
Proposal 5: RAN4 can update the work scope in WID with the final SRS antenna configurations based on RAN1 feedback regarding support for T3R6 and T4R6 SRS antenna configurations or not.
Proposal 6: RAN4 can support 6 MIMO layer in this WID based on the performance evaluation campaign for HHUE and FWA. It means that the benefits of 6 MIMO layers compared to 4 MIMO layers should first be evaluated and verified and then, RAN4 need further analyse of the impact of the device types in terms of the additional RF load and power consumption.
Proposal 7: If the system performance is not affected by the SRS IL offset, RAN4 does not need to report SRS IL offset to compensate SRS power imbalance.
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