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1. Introduction
8Rx for FWA devices is one of the main targets in FR1, and leftover issues are captured in WF [1]. This paper will discuss these open issues.

2. [bookmark: _Hlk126176045]Discussion
2.1 ΔTRxSRS indication from UE to NW
Whether UE will compensate the SRS IL differences among different antennas was discussed in last meeting, and in our UE design currently, it is able to do the power compensation of SRS IL from PA to different antenna ports. It means UE can make sure the different antenna ports have same power level until PA max power is achieved. If PA max power is achieved, the SRS IL to different antennas will show. However, it should also be noticed that whether UE will do the compensation is UE implementation dependent.

Observation 1:   UE can compensate the SRS IL among different antennas before PA max power is reached, however, it is UE implementation dependent.

With LS [2] sent to RAN1, the discussion in RAN1 is ongoing for several meetings. Without the questions from RAN1, it is expected the discussion in RAN4 should be closed. And RAN4 should focus on the ΔTRxSRS requirement definition, instead of going deeply in how the different antenna losses will be compensated in gNB side which is RAN1 issue.

Observation 2:   With RAN4 LS has sent to RAN1, the discussion in RAN1 is ongoing, and without questions from RAN1, the discussion in RAN4 should be closed.

Proposal 1:   	RAN4 should focus on ΔTRxSRS requirement definition, and not go deeply in how the different antenna losses will be compensated in gNB side which is RAN1 issue.

Regarding whether the ΔTRxSRS compensation can be applied to 2Rx and 4Rx. Our understanding is the gain is not significant considering the real antenna IL difference is small.

Observation 3:   Antenna IL differences for 2Rx and 4Rx are small which makes the gain of ΔTRxSRS compensation might be small.

2.2 8Rx Release independent
[bookmark: _Hlk142384825]For which release the 8Rx is applied, it was discussed together with antenna switching capability. And in WF [1], it was proposed as below table. However, in our view, there is no need to complicate the discussion, since 8Rx and SRS antenna switching are separate features that UE can indicate the capabilities separately. For example, a UE can indicate it supports 8Rx, and it can further choose to report either Rel-15, Rel-16, or Rel-17 SRS antenna switching capabilities, then NW can configure it according to these capabilities. Therefore, we don’t see the necessity to combine them and hard coded which release it can be supported. The only thing is to decide the release of supporting 8Rx.

	Cases
	Release each case is introduced

	1. 8Rx without AS-SRS
	Rel-15

	2. 8Rx with AS-SRS (srs-TxSwitch)
	Rel-15

	3. 8Rx with AS-SRS (srs-TxSwitch-v1610)
	Rel-16

	4. 8Rx with AS-SRS (srs-AntennaSwitchingBeyond4RX-r17)
	Rel-17



Observation 4:   It is not necessary to combine 8Rx release independent issue together with the antenna switching IE, since 8Rx and SRS antenna switching are separate capabilities, and 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities.

For which release the 8Rx can be supported, in principle, it can be from Rel-15 in signaling as eh DL MIMO layer also support it. However, in this stage, the UEs on the market now are mainly Rel-16. And it can be considered to start with Rel-16.
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Observation 5:   From signaling perspective, the 8Rx can be supported from Rel-15, however, UEs on the market now are mainly Rel-16.

Proposal 2:   	8Rx is supported from Rel-16 onwards.


2.3 8Rx SRS IL
The 1T8R and 2T8R SRS ILs have been defined in the past meetings, and here is the discussion for UE with capability of 4T8R SRS antenna switching. And the SRS ILs include cases of:
· t4r8
· t4r8 and t2r8
· t4r8 and t1r8
· t4r8 and t2r8 and t1r8

[bookmark: _Hlk110846328]The SRS IL is the difference of ILs between diversity antenna and main antenna. It may include the ILs caused by switches, filters, and the PCB trace/RF cable/routing losses, and so on. In the calculation the parameters in table 1 is used which is same as the t1r8/t2r8 in [3].
Table 1 Component IL for 3.5GHz and 4.9GHz
	
	3.5GHz
	4.9GHz

	DP4T IL
	1.3
	1.6

	DPDT IL
	0.8
	1.1

	SP4T IL
	1
	1.1

	SPDT IL
	0.7
	0.9

	3P3T IL
	1.2
	1.4

	PCB trace IL (SRS path)
	1.8
	2.4

	Note1: PCB trace loss used assumes the trace length is 60mm.



2.3.1 SRS IL for t4r8
Below figure 1 is one of the typical implementation architectures of SRS antenna switching capability t4r8 in the FWA, where LPAF is the module includes LNA/PA/Filter/switch and is same for different antennas, and DRX-M is the diversity receive module which includes the LNA and filters. Different antenna locations will lead to different routing losses (PCB trace/RF cable).


Figure 1 UE architecture for SRS antenna switching capability of t4r8

For each LPAF in figure 1, it will cover two antennas and the max SRS IL difference is between antenna 1 and 2 which mainly is the PCB trace loss considering usually the main antenna is close to the PA modules and RFIC in the main board while the diversity antennas are locating in the sub-board as shown in figure 2. The additional SRS IL is as below table 2, and consider the component variants in production line some margin is added in the final proposal.


Figure 2 PA and antenna location difference
Table 2 Additional SRS IL for UE with SRS antenna switching capability of t4r8
	
	Additional IL @ <3.5GHz
	Additional IL @ 4.9GHz

	Ant 2 – Ant 1
	PCB trace loss
= 1.8dB
	PCB trace loss
= 2.4dB



Proposal 3:         The additional SRS IL for antenna switching capability of t4r8 can be defined as 2.5dB @<3.5GHz, and 3.5dB @4.9GHz.

2.3.2 SRS IL for t4r8+t2r8
Below figure 3 is one of the typical implementation architectures with SRS antenna switching of t4r8 and t2r8 in the FWA.


Figure 3 4T8R and 2T8R UE architecture

· When NW configure 4 SRS resources in one SRS resource set each with two antenna port, the largest SRS IL is from LPAF1 to Ant 4, and the smallest is from LPAF1 to Ant 1. 
· When NW configure 2 SRS resources in one SRS resource set each with four antenna ports, then the largest SRS IL is from LPAF1 to Ant 2, and the smallest is from LPAF1 to Ant 1.

To accommodate both SRS resource configurations, the 4 SRS resource each with two antenna ports configuration is used here as shown in table 3. And with some margins added, the proposed value can be 3.5dB@3.5GHz, and 4.5dB@4.9GHz.

Table 3 Additional SRS IL for UE with SRS antenna switching capability of t4r8 and t2r8
	
	Additional IL @ <3.5GHz
	Additional IL @ 4.9GHz

	LPAF1 to Ant 4 –LPAF1 to Ant 1
	DP4T + PCB trace loss
= 3.1dB
	DP4T + PCB trace loss
= 4dB



Proposal 4:         The additional SRS IL for antenna switching capability of t4r8 + t2r8 is 4dB@<3.5GHz, and 5dB@4.9GHz.

2.3.3 SRS IL for t4r8+t2r8+t1r8 / t4r8+t1r8
Below figure 4 is one of the typical implementation architectures with SRS antenna switching of t4r8, t2r8 and t1r8. And it should be noticed that this architecture is also applicable to the t4r8+t1r8, i.e. they are same.


Figure 4 4T8R, 2T8R and 1T8R UE architecture

The largest SRS IL difference is between LPAF1 to Ant 8 and LPAF1 to Ant 1 when NW configure 8 SRS resources in one SRS resource set each with one antenna port. The calculation results are as shown in table 4. And with some margins added, the proposed value can be 6.5dB@<3.5GHz, and 7.5dB@4.9GHz.

Table 4 Additional SRS IL for UE with SRS antenna switching capability of t4r8+t2r8+t1r8 and t4r8+t1r8
	
	Additional IL @ <3.5GHz
	Additional IL @ 4.9GHz

	LPAF1 to Ant 8 –LPAF1 to Ant 1
	3P3T + 3P3T +DP4T + PCB trace loss
= 5.5dB
	3P3T + 3P3T +DP4T + PCB trace loss
= 6.8dB



Proposal 5:         The additional SRS IL for antenna switching capability of t4r8+t2r8+t1r8 and t4r8+t1r8 is 6.5dB@<3.5GHz, and 7.5dB@4.9GHz.

2.3.5 SRS IL summary
The above proposed values are summarized as below:
	
	<3.5GHz
	4.9GHz

	t4r8
	2.5dB
	3.5dB

	t4r8 + t1r8
	6.5dB
	7.5dB

	t4r8 + t2r8
	4dB
	5dB

	t4r8 + t2r8 +t1r8
	6.5dB
	7.5dB




3. Conclusions
In this contribution, 8Rx related requirements are discussed and got the following observations and proposals.

ΔTRxSRS indication from UE to NW

Observation 1:   UE can compensate the SRS IL among different antennas before PA max power is reached, however, it is UE implementation dependent.
Observation 2:   With RAN4 LS has sent to RAN1, the discussion in RAN1 is ongoing, and without questions from RAN1, the discussion in RAN4 should be closed.

Proposal 1:   	RAN4 should focus on ΔTRxSRS requirement definition, and not go deeply in how the different antenna losses will be compensated in gNB side which is RAN1 issue.

Observation 3:   Antenna IL differences for 2Rx and 4Rx are small which makes the gain of ΔTRxSRS compensation might be small.

8Rx Release independent

Observation 4:   It is not necessary to combine 8Rx release independent issue together with the antenna switching IE, since 8Rx and SRS antenna switching are separate capabilities, and 8Rx UE can choose to support either Rel-15, Rel-16, or Rel-17 SRS antenna switching via corresponding capabilities.

Observation 5:   From signaling perspective, the 8Rx can be supported from Rel-15, however, UEs on the market now are mainly Rel-16.

Proposal 2:   	8Rx is supported from Rel-16 onwards.

8Rx SRS IL

Proposal 3:         The additional SRS IL for antenna switching capability of t4r8 can be defined as 2.5dB @<3.5GHz, and 3.5dB @4.9GHz.
Proposal 4:         The additional SRS IL for antenna switching capability of t4r8 + t2r8 is 4dB@<3.5GHz, and 5dB@4.9GHz.
Proposal 5:         The additional SRS IL for antenna switching capability of t4r8+t2r8+t1r8 and t4r8+t1r8 is 6.5dB@<3.5GHz, and 7.5dB@4.9GHz.
The above proposed values are summarized as below:
	
	<3.5GHz
	4.9GHz

	t4r8
	2.5dB
	3.5dB

	t4r8 + t1r8
	6.5dB
	7.5dB

	t4r8 + t2r8
	4dB
	5dB

	t4r8 + t2r8 +t1r8
	6.5dB
	7.5dB



4. References
[1] R4-2310279, WF on UE 8Rx requirements, NTT DOCOMO, RAN4#107, May 2023
[2] R4-2303519, draft LS on the UE SRS IL imbalance issue, RAN4#106 Feb 2023
[3] R4-2216437, R18 Discussion on 8Rx FWA, OPPO, RAN4#104bis-e, Oct 2022
image2.emf
LPAF

DRX-M

DRX-M

DRX-M

DRX-M

LPAF

1

2

3

4

5

6

7

8

LPAF

LPAF

DPDT

DPDT

DPDT

DPDT


Microsoft_Visio_Drawing.vsdx
LPAF
DRX-M
DRX-M
DRX-M
DRX-M
LPAF
1
2
3
4
5
6
7
8
LPAF
LPAF
DPDT
DPDT
DPDT
DPDT



image3.emf
Battery

RFIC PAs

Main Ants

Diversity Ants

Main 

board

Sub 

board


Microsoft_Visio_Drawing1.vsdx
Battery
RFIC
PAs
Main Ants
Diversity Ants
Main board
Sub board



image4.emf
LPAF

DRX-M

DRX-M

DRX-M

DRX-M

LPAF

1

2

3

4

5

6

7

8

LPAF

LPAF

DP4T

DP4T

DP4T

DP4T


Microsoft_Visio_Drawing2.vsdx
LPAF
DRX-M
DRX-M
DRX-M
DRX-M
LPAF
1
2
3
4
5
6
7
8
LPAF
LPAF
DP4T
DP4T
DP4T
DP4T



image5.emf
LPAF

DRX-M

DRX-M

DRX-M

DRX-M

LPAF

1

2

3

4

5

6

7

8

LPAF

LPAF

DP4T

3P3T

3P3T

DP4T


Microsoft_Visio_Drawing3.vsdx
LPAF
DRX-M
DRX-M
DRX-M
DRX-M
LPAF
1
2
3
4
5
6
7
8
LPAF
LPAF
DP4T
3P3T
3P3T
DP4T



image1.png
MIMO-LayersDL ::= ENUMERATED {twolayers, fourlayers,[cightlayers

MIMO-LayersUL :

ENUMERATED {onelayer, twolayers, fourlayers)




