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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18, 8Rx for FWA/CPE/vehicle/industrial devices was one of the objectives for FR1 enhancement as below [1]. This paper will discuss these aspects.

	[bookmark: OLE_LINK20][bookmark: OLE_LINK24]Enable 8Rx for CPE/FWA/vehicle/industrial devices
· Example bands:
· TDD bands: n41, n77/ n78
· FDD bands: n7
· [bookmark: OLE_LINK25]Note 1: the total number of example band should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
· Specify the UE RF requirements to support 8Rx
· Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8
· Discussion on t4r8 shall start after at least one PC for 4Tx is completed
· NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.



2 Discussion
2.1 Rx requirements
8Rx for LTE was introduced in Rel-15 and the only change was for Refsens requirement which delta Rib for 8Rx was defined [2]. And the delta RIB,8R is defined as -4dB which considered the different ILs and also potential couplings among Rx paths in the RFFE due to the different antenna locations. This was similar as delta RIB,4R where these issues were also considered but is even worse for 8Rx.

These similar issues were also existing in NR, and CPE/FWA could be even worse due to possible larger size for some UE and the differences among paths in RF could be larger. To align with LTE, it is ok to define -4dB as the delta RIB,8R. 

Observation 1:    -4dB for delta RIB,8R was defined for LTE considering the IL differences among different Rx paths and similar issues exist in NR CPE/FWA and could be even worse.

[bookmark: _Hlk110946527]Proposal 1:         define delta RIB,8R for NR CPE/FWA as -4dB.


2.2 SRS IL
2.1 
2.2 
SRS antenna switching scenarios with 8Rx
The additional IL for SRS antenna switching with t1r8, t2r8 or t4r8 is another requirement that need to be specified. In Rel-17, the UE capability srs-AntennaSwitchingBeyond4RX-r17 was introduced as below figure, and it uses 11-bitmap approach to indicate which xTyR it supports. For example, if UE indicates t4r8 and t2r8 it means this UE can support the capability of t4r8 SRS switch transmission and also the fall back to t2r8 SRS switch transmission. This is different from Rel-15/16 SRS antenna switch capability design which is ENUMERATED approach. 

[image: ]

For the Rel-17 bitmap approach, it’s flexible in SRS switch capability indication, it can support the following three cases:
· Case 1: UE supports t4r8 only
· [bookmark: _Hlk110786261]Case 2: UE supports t4r8 and one of its fallback SRS antenna switch capabilities like t2r8 or t1r8
· Case 3: UE supports t4r8 and all of its fallback t2r8 and t1r8 capabilities

Observation 2:    Rel-17 SRS antenna switch capability is reported via bit map approach, and can support any fallback SRS switch capability reporting.

Then the SRS switch IL scenarios that need to be considered may include:
· SRS IL for t4r8
· SRS IL for t4r8 and t2r8
· SRS IL for t4r8 and t1r8
· SRS IL for t4r8 and t2r8 and t1r8
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8

Observation 3:    Rel-17 SRS antenna switch capability reporting signaling can support any kind of fallback SRS antenna switch capability indication.

Proposal 2:         8Rx SRS IL should consider all the possible fall back scenarios:
· SRS IL for t4r8
· SRS IL for t4r8 and t2r8
· SRS IL for t4r8 and t1r8
· SRS IL for t4r8 and t2r8 and t1r8
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8

[bookmark: _Hlk110845867]And according to the WID [1], discussion on t4r8 shall start after at least one PC for 4Tx is completed, then at the initial stage the SRS IL discussion can focus on the below cases:
· SRS IL for t2r8
· SRS IL for t1r8
· SRS IL for t2r8 and t1r8

Proposal 3:         Before at least one power class for 4Tx is complete, the 8Rx SRS IL discussion can focus on the below scenarios:
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8

SRS IL for t1r8
[bookmark: _Hlk110846328]When UE indicates the SRS antenna switching capability t1r8, the SRS IL is defined as the relative additional IL of the 2nd, 3rd, 4th, 5th, 6th, 7th, and 8th antenna comparing to the 1st antenna (main antenna). The SRS IL may include the ILs caused by switches, filters, and the PCB trace/RF cable/routing losses, and so on [3]. Besides, the PA impacts were also considered in Rel-16, e.g. TxD caused main antenna Tx power losses, and also the PC2 UE with PC3 PA transmit SRS in antennas other than main antenna caused additional 3dB IL.

Observation 4:    SRS IL analysis should consider the ILs caused by switches, filters, the PCB trace/RF cable/routing losses, and also the PA impacts like TxD and PC2, etc.

Below figure 1 is one of the typical implementation architectures of t1r8 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 of t1r8 SRS switch

The SRS IL link budget can be found in table 1 which shows the largest additional IL among Ant 2/3/4/5/6/7/8 comparing to the Ant 1, i.e. SRS to Ant 5/6/7/8 comparing to SRS to Ant 1 with component IL parameters shown in table 2. It can be seen that the additional IL is 3.5dB at 3.5GHz and 4.4dB at 4.9GHz with normal condition, and considering the ETC impacts can be rounded to 4dB@3.5GHz, and 5dB@4.9GHz.

Table 1 Additional SRS IL for t1r8
	
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	Ant 5/6/7/8 – Ant 1
	SP4T + SPDT + PCB trace loss
= 3.5dB
	SP4T + SPDT + PCB trace loss
= 4.4dB



Table 2 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

	PCB trace IL (SRS path)
	1.8
	2.4

	Note1: Component IL is varying at different frequency point of the band, max IL in the band under normal condition is used.
Note2: PCB trace loss used assumes the trace length is 60mm.



Proposal 4:         The additional IL for t1r8 is 4dB @3.5GHz, and 5dB @4.9GHz when SRS transmits to the antenna other than the main antenna.

SRS IL for t2r8
When UE SRS antenna switch capability is indicated as t2r8, one of the typical UE architecture could be as shown in figure 2. In this case, each LPAF will transmit to four antennas. And the largest additional IL comparing to main antenna 1 and 3 is from LPAF to Ant 5/6 or Ant 7/8 respectively.



Figure 2 UE architecture of t2r8 SRS switch

The SRS IL link budget can be found in table 3 which shows the largest additional IL among Ant 5/6 comparing to the Ant 1, or among Ant 7/8 comparing to the Ant 3, with component IL parameters shown in above table 2. It can be seen that the additional IL is 2.5dB at 3.5GHz and 3.3dB at 4.9GHz, and can be rounded to 3dB@3.5GHz and 3.5dB@4.9GHz. 

Table 3 Additional SRS IL for t2r8
	
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	Ant 5/6 – Ant 1
Or
Ant 7/8 – Ant 3
	SPDT + PCB trace loss
= 2.5dB
	SPDT + PCB trace loss
= 3.3dB



Proposal 5:         The additional IL for t2r8 is 3dB @3.5GHz, and 3.5dB @4.9GHz when SRS transmits to the antenna other than the main antennas.

SRS IL for t2r8 and t1r8
When UE SRS antenna switch capability is indicated as t2r8 and t1r8, the UE implementation probably could be two types, i.e. UE use one PA to transmit SRS to all antennas when configured t1r8, or UE use two PAs to transmit SRS with each cover four antennas, as has been discussed in [3] named as “hardware solution” and “software solution”. 

More specifically, the “software solution” is same as Figure 2 above. The two LPAF will transmit in turn when works under t1r8. When NW configure UE with eight SRS resources and each resource contains one antenna port, then in the 1~4 SRS resource activate the first LPAF and in 5~8 SRS resource activate the second LPAF, as illustrated in figure 3. In this case, the SRS IL will be same as the t2r8. However, this relies on UE have the capability of switched PA transmission.


[bookmark: _Hlk110862212]Figure 3 Switched PA transmission when configured with 1 antenna port in each SRS resource

Observation 5:    For UE with t2r8 and t1r8 SRS switch capabilities and also the capability of switched PA transmission, the SRS IL can be same as t2r8 SRS IL, i.e. 3dB @3.5GHz, and 3.5dB @4.9GHz.

Another more general implementation for UE with t2r8 and t1r8 SRS switch capability is using one PA transmit SRS to all the antennas as shown in figure 4. And the largest IL is from LPAF1 to Ant 4/7/8.



Figure 4 One PA transmit SRS to all antennas for UE with t2r4 and t1r4 capability

[bookmark: _Hlk110940019]The SRS IL link budget can be found in table 4 which shows the largest additional IL between Ant 4/7/8 comparing to the Ant 1, with component IL parameters shown in above table 2. It can be seen that the additional IL is 4.5dB at 3.5GHz and 5.8dB at 4.9GHz, and considering ETC impacts it can be rounded to 5dB@3.5GHz and 6dB@4.9GHz. 

Table 4 Additional SRS IL for t2r8 and t1r8
	
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	Ant 4/7/8 – Ant 1
	SPDT + DP4T + SPDT + PCB trace loss
= 4.5dB
	SPDT + DP4T + SPDT + PCB trace loss
= 5.8dB



Observation 6:    For UE with t2r8 and t1r8 SRS switch capabilities but without the capability of switched PA transmission, the SRS IL is 5dB@3.5GHz and 6dB@4.9GHz.

[bookmark: _Hlk110940299]It can be seen that for t2r8 and t1r8 SRS capability, if UE support switched PA transmission the SRS IL is smaller, but this may not be supported by all UEs. Then there probably have two approaches to handle this, one is to define new capability to indicate whether UE supports this switched PA transmission in t1r8 and introduce two requirements, the other is to define one requirement accommodate different implementations. The latter one may be simpler for the spec.

Observation 7:    Two approaches to handle UE with or without switched PA transmission in t2r8 and t1r8:
· One is to define new capability for switched PA transmission in t1r8 and introduce two requirements.
· The other is to define one requirement accommodate different implementations.

Proposal 6:         The additional IL for t2r8 and t1r8 is defined as 5dB@3.5GHz and 6dB@4.9GHz for all UEs.



In summary, the SRS additional IL is shown in table 4 with different SRS transmission capabilities.

Table 4 Summary of additional ILs for different SRS transmission capabilities
	UE capability
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	t1r8
	4 dB
	5 dB

	t2r8
	3 dB
	3.5 dB

	t2r8 and t1r8
	5 dB
	6 dB




3 Conclusion
In this paper, we discussed requirements for 8Rx, and one is the delta RIB,8R, the other is the SRS IL for t1r8, t2r8 and both. Below are the observations and proposals.

Observation 1:    -4dB for delta RIB,8R was defined for LTE considering the IL differences among different Rx paths and similar issues exist in NR CPE/FWA and could be even worse.

Proposal 1:         define delta RIB,8R for NR CPE/FWA as -4dB.

Observation 2:    Rel-17 SRS antenna switch capability is reported via bit map approach, and can support any fallback SRS switch capability reporting.

Observation 3:    Rel-17 SRS antenna switch capability reporting signaling can support any kind of fallback SRS antenna switch capability indication.

Proposal 2:         8Rx SRS IL should consider all the possible fall back scenarios:
· SRS IL for t4r8
· SRS IL for t4r8 and t2r8
· SRS IL for t4r8 and t1r8
· SRS IL for t4r8 and t2r8 and t1r8
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8
Proposal 3:         Before at least one power class for 4Tx is complete, the 8Rx SRS IL discussion can focus on the below scenarios:
· SRS IL for t2r8
· SRS IL for t2r8 and t1r8
· SRS IL for t1r8

Observation 4:    SRS IL analysis should consider the ILs caused by switches, filters, the PCB trace/RF cable/routing losses, and also the PA impacts like TxD and PC2, etc.

Proposal 4:         The additional IL for t1r8 is 4dB @3.5GHz, and 5dB @4.9GHz when SRS transmits to the antenna other than the main antenna.

Proposal 5:         The additional IL for t2r8 is 3dB @3.5GHz, and 3.5dB @4.9GHz when SRS transmits to the antenna other than the main antennas.

Observation 5:    For UE with t2r8 and t1r8 SRS switch capabilities and also the capability of switched PA transmission, the SRS IL can be same as t2r8 SRS IL, i.e. 3dB @3.5GHz, and 3.5dB @4.9GHz.

Observation 6:    For UE with t2r8 and t1r8 SRS switch capabilities but without the capability of switched PA transmission, the SRS IL is 5dB@3.5GHz and 6dB@4.9GHz.

Observation 7:    Two approaches to handle UE with or without switched PA transmission in t2r8 and t1r8:
· One is to define new capability for switched PA transmission in t1r8 and introduce two requirements.
· The other is to define one requirement accommodate different implementations.

Proposal 6:         The additional IL for t2r8 and t1r8 is defined as 5dB@3.5GHz and 6dB@4.9GHz for all UEs.

In summary, the SRS additional IL is shown in table 4 with different SRS transmission capabilities.

Table 4 Summary of additional ILs for different SRS transmission capabilities
	UE capability
	Additional IL @ 3.5GHz
	Additional IL @ 4.9GHz

	t1r8
	4 dB
	5 dB

	t2r8
	3 dB
	3.5 dB

	t2r8 and t1r8
	5 dB
	6 dB
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Indicates whether the UE supports SRS Antenna switching for more than 4 Rx. The
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t2r6, t1r6, t4r8, t2r8, t1r8}. For any indicated value, x shall be equal to or
smaller than the one associated with the largest y.

- entryNumberAffectBeyond4Rx-r17 indicates the entry number of the first-
listed band with UL in the band combination that affects this DL.

- entryNumberSwitchBeyond4Rx-r17 indicates the entry number of the first-
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