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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]. 

	[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.



And in last meeting the WF [4] was approved with open issues captured.
2 Discussion
2.1 Delta Rib for 8Rx
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, the difference comparing to LTE is that CPE/FWA will have larger size than smartphone, and some factors could be improved like the coupling among Rx paths, while some factors will be worse like the IL differences. For the factor of antenna correlation, it doesn’t impact the RF requirements. Therefore, overall in our view same requirement as LTE 8Rx can be applied for NR delta RIB,8R. 

Observation 1:   -4dB for delta RIB,8R was defined for LTE considering the IL differences among different Rx paths and coupling among Rx paths, these issues also exist in NR CPE/FWA and no difference from LTE handheld UE.

[bookmark: _Hlk110946527]Proposal 1:         Delta RIB,8R for NR CPE/FWA can be defined as -4dB, but as a compromise, values between -4 and -4.5dB can be further considered.

2.2 SRS IL
2.1 
2.2 
SRS ILs have been discussed in the past meetings, and the proposed values from different sources [5][6] can be found below for n77/n78.

Table 1 n77/n78 SRS IL
	ΔTRxSRS
	bands
	[5]
	[6]

	1T8R
	n77/n78
	4
	4

	2T8R
	n77/n78
	4
	3

	[bookmark: _Hlk118218379]1T8R/2T8R
	n77/n78
	4
	5



For n77/n78 and below bands, the 1T8R has been agreed as 4dB. And the value for 2T8R, 1T8R/2T8R are still open. If we check the detailed calculation of each contribution, it can be found that the architecture used are different, but values are similar.

If we look at the UE with capability 1T8R/2T8R where both contribution supporting this feature, then the calculation value is quite similar one is 4.1 in [5] and the other is 4.5 in [6], and the difference comes from rounding results, one rounded to 4, the other rounded to 5. So basically, there is no much difference here. One compromise might be use 4.5dB as the middle ground for UE with 1T8R/2T8R.
Table 2 n77/n78 SRS IL of 1T8R/2T8R
	ΔTRxSRS
	bands
	[5]
	[6]

	1T8R/2T8R
	n77/n78
	Calculation value 4.1 rounded to the proposed value 4
	Calculation value 4.5 rounded to the proposed value 5




Observation 2:   For 1T8R/2T8R @n77/n78, the calculation values are similar, one is 4.1 and the other is 4.5. The difference of proposed value comes from the rounding effect, i.e. one rounded to 4 the other rounded to 5.

Proposal 2:         The additional IL for 1T8R/2T8R@n77/n78 is proposed as 5dB, but if compromise has to be made then value should not below 4.5dB since this is the bottom line without any margin.

[bookmark: _Hlk118218352]If we look at UE with capability 2T8R, the contribution [5] doesn’t use specific UE architecture for 2T8R, it reuses the architecture for 1T8R/2T8R which makes the SRS IL value is larger than the value proposed in contribution [6] where specific UE architecture for 2T8R is used.

This is different UE design logic, though we believe dedicated architecture should be used in implementation to get better performance, we respect other companies’ choice on the architecture. To proceed, either go with the larger value or go with the middle value as compromise. We slightly prefer the middle ground, i.e. 3.5dB.

Observation 3:   For 2T8R @n77/n78, 1dB improvement of IL can be achieve by using dedicated architecture compared with reuse architecture of 1T8R/2T8R.

Proposal 3:         The additional IL for 2T8R @n77/n78 is 3.5dB as middle ground.

For the n79 SRS IL, table 3 compared two RF architectures in [5] and [6]. And similar as the discussion for n77/n78, contribution [5] use the 1T8R/2T8R architecture for all the SRS switch capabilities while contribution [6] use dedicated architecture for different SRS switch capabilities.

Table 3 n79 SRS IL
	ΔTRxSRS
	bands
	[5]
	[6]

	1T8R
	n79
	6
	5

	2T8R
	n79
	6
	3.5

	1T8R/2T8R
	n79
	6
	6



Observation 4:   Similar as n77/n78, one reuses the architecture of 1T8R/2T8R to derive proposed values while the other contribution uses dedicated architectures, this leads to different proposals of SRS IL.

From the proposed values, it can be seen that the values for 1T8R/2T8R is same, and can be adopted in our view.

Proposal 4:         The additional IL for 1T8R/2T8R@4.9GHz is 6dB.

For the 1T8R, we see 1dB difference between different architectures/proposals, there is possibility to agree the middle ground value 5.5dB.

Proposal 5:         The additional IL for 1T8R@4.9GHz is 5.5dB as middle ground compromise.

For 2T8R, we see there is larger difference (2.5dB) between using dedicated architecture for 2T8R or using common architecture of 1T8R/2T8R, it is difficult to justify a compromise value with these two different architectures. In our view, it is necessity for UE to design dedicated architecture for this SRS switch capability to get less ILs. Therefore, we suggest to use 4dB as starting point (0.5dB relaxation from contribution [6]), and encourage other companies to further check the applicable value for 2T8R.

Observation 5:   Dedicated architecture for 2T8R can get 2.5dB SRS IL improvement than reusing architecture of 1T8R/2T8R.

Proposal 6:         Use 4dB @4.9GHz as starting point for 2T8R SRS IL for further check.

To summarize, the proposed values for each SRS switch capability are as below:

Table 4 n77/n78 SRS IL
	ΔTRxSRS
	bands
	Proposal

	2T8R
	≤ n77/n78
	3.5

	1T8R/2T8R
	≤ n77/n78
	Prefer 5dB, and final value should not below 4.5dB



Table 5 n79 SRS IL
	ΔTRxSRS
	bands
	Proposal

	1T8R
	n79
	5.5

	2T8R
	n79
	4

	1T8R/2T8R
	n79
	6



2.3 SRS IL reporting
SRS IL reporting was proposed in last meeting, and in WF [4] it was captured as below. This part will discuss this aspect.
	Issue 3-3: Indication of ΔTRxSRS to NW
<Recommended WF>
Further discussion is needed especially for how NW use this information, including for instance
· Necessity of mapping the IL’s for each SRS path with SRS ports and how to map if necessity is found
· Benefits of the indication to be further evaluated considering:
· different variations between the IL’s for each SRS path
· the large variation of PL in the space
· How to cope with human body impacts.
· if PHR 3 cannot be an alternative or not



Based on R4-2116347 it seems the intention of SRS IL reporting is to help NW compensate the high SRS IL between different ports as below:
“While the need to increase the ΔTrxSRS for 8RX from respective 4RX values is rather evident, the magnitude of the allowance may have system impacts. The ΔTrxSRS  value can vary a lot between different ports. RAN4 should consider the options to help the network to compensate high ΔTRxSRS.”

Observation 6:   The intention of reporting the SRS ILs is to inform NW the real SRS IL of each antenna and help NW compensate channel estimation results.

One problem captured in last meeting WF [4] is how to cope with the problem of UE changing SRS transmit antennas due to e.g. human body impacts. If the transmit antennas are changed then the SRS IL reported also need to be changed as shown in figure1. Apparently, in this situation, the exact SRS IL used cannot be differentiated via static IL reporting and some kind of dynamic reporting is needed.


Figure 1 SRS antenna port mapping to Real Antennas

Observation 7:  The mapping between antenna port and physical antennas might change due to e.g. human body impacts which makes static SRS IL reporting is not correct.

Proposal 7:         If there is interest on SRS IL reporting, then some kind of dynamic SRS IL reporting is necessary.

2.4 Pcmax,h improvement
The potential Pcmax,h improvement issue was also raised in last meeting, i.e. whether it is possible to not reduce the 3dB power level for Pcmax,h when UE supports 2Tx but transmit with 1Tx as seen in below table.

	For a UE that supports 2Tx and 1T8R SRS AS, further study whether 3dB power back off at main antenna defined for TxD (ΔPPowerClass) is applied for PCMAX_H,f,c or not.



The 3dB power back off at main antennas was defined in Rel-17 for TxD. And it considers UE support TxD but transmit with 1Tx for SRS signal then only one of the PAs will be activated which caused the 3dB power back off at main antenna. And the 3dB power back off will be applied to both Pcmax,L and Pcmax,H. In our view, this is the normal handling of Pcmax boundaries, however, we are open to the potential enhancement in the improvement of Pcmax,h if UE can transmit higher power.

Observation 8:  3dB power back off was defined in Rel-17 for the case that UE support TxD but only one PA transmit in t1r4 then the max power at main antenna will be reduced by 3dB. And this 3dB will be applied to both Pcmax,L and Pcmax,H. 

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.

Delta Rib for 8Rx

Observation 1:   -4dB for delta RIB,8R was defined for LTE considering the IL differences among different Rx paths and coupling among Rx paths, these issues also exist in NR CPE/FWA and no difference from LTE handheld UE.

Proposal 1:         Delta RIB,8R for NR CPE/FWA can be defined as -4dB, but as a compromise, values between -4 and -4.5dB can be further considered.
SRS IL

Observation 2:   For 1T8R/2T8R @n77/n78, the calculation values are similar, one is 4.1 and the other is 4.5. The difference of proposed value comes from the rounding effect, i.e. one rounded to 4 the other rounded to 5.

Proposal 2:         The additional IL for 1T8R/2T8R@n77/n78 is proposed as 5dB, but if compromise has to be made then value should not below 4.5dB since this is the bottom line without any margin.
Observation 3:   For 2T8R @n77/n78, 1dB improvement of IL can be achieve by using dedicated architecture compared with reuse architecture of 1T8R/2T8R.

Proposal 3:         The additional IL for 2T8R @n77/n78 is 3.5dB as middle ground.

Observation 4:   Similar as n77/n78, one reuses the architecture of 1T8R/2T8R to derive proposed values while the other contribution uses dedicated architectures, this leads to different proposals of SRS IL.
Proposal 4:         The additional IL for 1T8R/2T8R@4.9GHz is 6dB.

Proposal 5:         The additional IL for 1T8R@4.9GHz is 5.5dB as middle ground compromise.

Observation 5:   Dedicated architecture for 2T8R can get 2.5dB SRS IL improvement than reusing architecture of 1T8R/2T8R.

Proposal 6:         Use 4dB @4.9GHz as starting point for 2T8R SRS IL for further check.

To summarize, the proposed values for SRS ILs are as below:
Table 4 n77/n78 SRS IL
	ΔTRxSRS
	bands
	Proposal

	2T8R
	≤ n77/n78
	3.5

	1T8R/2T8R
	≤ n77/n78
	Prefer 5dB, and final value should not below 4.5dB



Table 5 n79 SRS IL
	ΔTRxSRS
	bands
	Proposal

	1T8R
	n79
	5.5

	2T8R
	n79
	4

	1T8R/2T8R
	n79
	6



SRS IL reporting

Observation 6:   The intention of reporting the SRS ILs is to inform NW the real SRS IL of each antenna and help NW compensate channel estimation results.

Observation 7:  The mapping between antenna port and physical antennas might change due to e.g. human body impacts which makes static SRS IL reporting is not correct.

Proposal 7:         If there is interest on SRS IL reporting, then some kind of dynamic SRS IL reporting is necessary.

Pcmax,h improvement

Observation 8:  3dB power back off was defined in Rel-17 for the case that UE support TxD but only one PA transmit in t1r4 then the max power at main antenna will be reduced by 3dB. And this 3dB will be applied to both Pcmax,L and Pcmax,H. 
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