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Introduction
Considerations and proposals on 8RX UE RF requirements are provided in this contribution.
Discussion
The WID [1] has the following objectives listed for 8RX:
[bookmark: OLE_LINK20][bookmark: OLE_LINK24]Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]
· 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.

WF From RAN5#105:
Issue 1-1: Number of set of requirements for CPE/FWA/vehicle/industrial devices

<Agreement in Main session>
· Define one set of 8Rx requirements for CPE/FWA/vehicular/industrial devices.

Issue 1-2: Whether or not to include n79 as target band for 8Rx ?

<Agreement in Main session>
· RAN4 agrees as a recommendation to RAN to add n79 as the objective of FR1 8Rx in Rel-18 RF FR1 enhancements WI.
Issue 2-1: How to derive ΔRIB for 8Rx
· Proposals
· Option 1: Evaluate achievable REFSENS for 8Rx for CPE/FWA/vehicle/industrial devices, and delta RIB for 8Rx should be performance gain compared to existing 2Rx REFSENS (Sony [3])
· Option 2: Directly defining delta Rib for different bands while taking into account the implementation challenges and the diversity gain. (MediaTek [1], Ericsson [11])
· Option 3: There is no need to agree a specific method how to derive delta 8Rx RIB (Qualcomm [9])
· Option 4: Other
· The conformance test for the minimum REFSENS requirement should be feasible in the sense that all the control channels during the test should be received with the certain reliability. (Ericsson [11])

<Agreement in Main session>
· Agree on Option 2 and Option 3.
Issue 2-2: PDCCH aggregation level
· Proposals
· Option 1: PDCCH aggregation level =8 applies to 8Rx (Qualcomm [9])
· Option 2: Other
· Proposal 1: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8 (Qualcomm [9])
· Proposal 2: RAN4 core specification does not have restriction on PDCCH aggregation level meaning that lower than or equal to PDCCH aggregation level =8 is assumed, and PDCCH aggregation level used as the test condition for ΔRIB for 8Rx should be further discussed in RAN5. (DOCOMO [10])
· Proposal 3: We can consider both PDCCH AL = 4 and AL = 8 with the focus on AL = 4 first. If needed, we can specify two types of requirements, i.e. Type-1 and Type-2 for AL = 4 and AL = 8, respectively, with no new UE capability introduced (only declared for conformance tests). (Ericsson [11])

<Recommended WF>
Discuss with issue 2-2
Issue 2-3: Value of ΔRIB for 8Rx
· Proposals
	
	MediaTek [1]
	Sony [3]
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]

	
	PDCCH aggregation level=8
	If PDCCH aggregation is not changed
	
	
	
	PDCCH aggregation level=8
	
	
	If one value is preferred

	N41
	-4.0~4.4
	-4.0
	-4.7
	-4.0
	-4.5
	-4.5
	-4.5
	-4.7
	-4.5

	N77\n78
	-4.0~4.4
	-4.0
	-4.2
	-4.0
	-4.5
	-4.5
	-4.5
	-4.2
	-4.5




<Recommended WF>
Further discussion is needed.
Issue 3-1: Value of ΔTRxSRS for antennas other than main branch
· Proposals
	bands
	ΔTRxSRS
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]

	
	
	Moderator assume ΔPPowerClass = 3?
	Moderator assume ΔPPowerClass = 3?
	If ΔPPowerClass = 3
	If ΔPPowerClass = 0
	If ΔPPowerClass = 3
	

	n77/n78 and below
	2T8R
	
	3.5
	4.0
	7.0
	4.0
	3.0

	
	[bookmark: _Hlk118218379]1T8R/2T8R
	
	4.5
	4.0
	7.0
	4.0
	4.0

	n79
	1T8R
	8
	5.5
	6.0
	9.0
	
	

	
	2T8R
	58
	[4]
	6.0
	9.0
	
	

	
	1T8R/2T8R
	58
	6
	6.0
	9.0
	
	



· Other proposals
· Proposal 1: Large trace loss should also be considered for deriving the ΔTRxSRS for 8Rx, since it depends on the antenna position for different implementation. 5dB for n79 can be considered.  (Huawei [7])
· Proposal 2: If single value is adopted for different SRS switch capabilities, then largest value among them should be used, i.e. 4.5dB @3.5GHz and below bands, 6dB@4.9GHz. (OPPO [8])

Note: Update as red after online discussion in main session

<Agreement in Main session>
· The discussion for value of ΔTRxSRS focuses on PC3.

Proposed values for ΔTRxSRS for PC3
	bands
	ΔTRxSRS
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]
	Averaged value

	n77/n78 and below
	2T8R
	
	3.5
	4.0
	4.0
	3.0
	3.6

	
	1T8R/2T8R
	
	4.5
	4.0
	4.0
	4.0
	4.1

	n79
	1T8R
	8
	5.5
	6.0
	
	
	

	
	2T8R
	8
	[4]
	6.0
	
	
	

	
	1T8R/2T8R
	8
	6
	6.0
	
	
	



<Recommended WF>
Further discussion is needed.
Issue 3-2: Value of ΔTRxSRS for the main branch
· Proposals
· Option 1: 1.5dB for PCMAX_L,f,c. (Huawei [7])
· Option 2: Zero (Qualcomm [9], Ericsson [11])

<Recommended WF>
Further discussion is needed.

Issue 3-3: Indication of ΔTRxSRS to NW
· Proposals
· Option 1: Introduce for both 4Rx and 8Rx (Huawei [7], Qualcomm [9])
· Option 2: No need to introduce (OPPO [8], Ericsson [11])
· Option 3: Further study is needed
· Proposal 1: RAN4 should discuss a way to utilize the indication of actual ΔTRxSRS values to network and ask RAN1 if possible candidate approaches require RAN1 spec changes or not before the introduction of the indication. (Nokia [2])
· Proposal 2: If the resolutions have pros and cons, the net gain must be justified before the introduction. (Nokia [2])
· Proposal 3: If there is still interest on this, FFS following issues (OPPO [8])
· The benefit of reporting the 1.5dB/1dB SRS IL for 1T8R and 2dB/1dB SRS IL for 1T8R/2T8R considering the large variation of PL in the space.
· How NW to apply the reported SRS IL for each antenna in the channel estimation considering there is no one to one mapping between physical antennas and antenna ports, and also how to cope with the human body impacts.
· Proposal 4: Study the benefit of indication of ∆TRxSRS values per each branch for also 2RX and 4RX, and agree indication to be used for any number of RX for which benefits can be shown (Qualcomm [9])
<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

Issue 3-4: Whether or not to approve a draft LS for indication of ΔTRxSRS (Huawei [6])? 
· Proposals
· Option 1: Yes (Huawei, [6])
· Option 2: No

<Recommended WF>
Depends on discussion for issue 3-3.
Issue 4-1: Whether or not to remove ΔPPowerClass for SRS antenna switching to PCMAX_H,f,c 
· Proposals
· Option 1: Remove (Huawei [5][7])
· Option 2: Not remove (Ericsson [11])
· Option 3: Further study is needed
· Proposal 1: As a starting point for the discussion, a way to prevent UE from using antenna virtualization as well as a way to avoid ambiguity of achievable power per antenna port should be further discussed. (Nokia [2])
· Proposal 2: Proponent to prepare a draft CR of the exact changes to specification and continue the discussion based on that on the removal of applicability of ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT2R/xT4R/xT8R capabilities (Qualcomm [9])

<Recommended WF>
Further discussion is needed especially for UE antenna virtualization issue.


Issue 4-2: Whether or not to endorse draft CR (Huawei [5])?
· Proposals
· Option 1: Yes (Huawei [5])
· Option 2: No

<Recommended WF>
Depends on discussion for issue 4-1.
Issue 5-1: whether to remove or not the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage
· Proposals
· Option 1: Remove (Ericsson [11])
· Option 2: Do not remove (Qualcomm [9])

<Recommended WF>
Further discussion is needed.

Issue 5-2: Release independence
· Proposals
· Option 1: Specify 8RX release independent from Rel-16
· Option 2: TBA

<Recommended WF>
Collect companies’ view.

Issue 5-3: requirements for FDD band
· Proposals
· Option 1: ΔRIB,8R = -4.7dB for bands n7
· Option 2: TBA

<Recommended WF>
Further discuss requirements for FDD in next meeting.


Delta Rib for 8Rx 
PDCCH aggregation level
WF agreement [2]:
Issue 2-2: PDCCH aggregation level
· Proposals
· Option 1: PDCCH aggregation level =8 applies to 8Rx (Qualcomm [9])
· Option 2: Other
· Proposal 1: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8 (Qualcomm [9])
· Proposal 2: RAN4 core specification does not have restriction on PDCCH aggregation level meaning that lower than or equal to PDCCH aggregation level =8 is assumed, and PDCCH aggregation level used as the test condition for ΔRIB for 8Rx should be further discussed in RAN5. (DOCOMO [10])
· Proposal 3: We can consider both PDCCH AL = 4 and AL = 8 with the focus on AL = 4 first. If needed, we can specify two types of requirements, i.e. Type-1 and Type-2 for AL = 4 and AL = 8, respectively, with no new UE capability introduced (only declared for conformance tests). (Ericsson [11])

<Recommended WF>
Discuss with issue 2-2
PDCCH aggregation level specification status in RAN4 and RAN5:
The PDCCH AL for NR REFSENS is not specified in current RAN4 specifications, for any # of RX. RAN5 specification TS38.521-1 has section C2 where the PDCCH Aggregation level 4 is specified in Connection set-up. In the absence NR PDCCH Aggregation level being specified elsewhere separately for RF tests e.g. REFSENS, the specified value in Connection Set-up holds in REFSENS.
In LTE RAN5 specifications, the PDCCH aggregation level is specified a lot more in detail than in NR. Notably, the PDCCH aggregation level in LTE is 4 for 1.4/3MHz BW and 8 for 5/10/15/20MHz BW.
Considerations:
In previous meeting, it was brought up that RAN4 has never assumed any specific AL for REFSENS, which is true as with 2RX and 4RX there were no issues found. No issues were found for LTE 8Rx either because there AL=8 was used. Now with NR 8RX and AL=4, it was found out that the PDCCH detection is a bottleneck which must be resolved by assuming AL=8 for 8RX. 
As discussed earlier, the implementation losses on the modem side tend to increase the higher you go with the number of RX (2Rx to 4Rx and now 4Rx to 8Rx) as things become more and more difficult with lower signal levels. Companies were asked to provide justifications in form of simulations or so to demonstrate if AL=4 is/is not a bottleneck for 8RX REFSENS. In our view, the level of details companies are able to show in 3GPP would not bring anything concrete of top of that we have said AL=4 is a bottleneck.

If the NR PDCCH aggregation level for 8RX is assumed to 4 i.e. current NR assumption is not changed, then the NR delta 8Rx RIB would actually need to be worse than LTE delta 8Rx RIB because the PDCCH detection in NR would be worse and comparison between LTE and NR would not be 1-1.
We propose to agree that NR 8RX REFSENS is specified under assumption of PDCCH aggregation level 8, and that RAN5 is informed on this assumption. For clarity, in our view there is no need to mention the PDCCH AL in the RAN4 RF specifications, as long as there is agreement of the assumption of it.
Proposal 1: Option 1/PDCCH aggregation level =8 applies to 8Rx
Proposal 2: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8
Value of delta Rib for 8Rx
WF agreement [2]:
Issue 2-3: Value of ΔRIB for 8Rx
· Proposals
	
	MediaTek [1]
	Sony [3]
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]

	
	PDCCH aggregation level=8
	If PDCCH aggregation is not changed
	
	
	
	PDCCH aggregation level=8
	
	
	If one value is preferred

	N41
	-4.0~4.4
	-4.0
	-4.7
	-4.0
	-4.5
	-4.5
	-4.5
	-4.7
	-4.5

	N77\n78
	-4.0~4.4
	-4.0
	-4.2
	-4.0
	-4.5
	-4.5
	-4.5
	-4.2
	-4.5




<Recommended WF>
Further discussion is needed.

Discussion:
This, together with PDCCH AL has been debated quite a bit in previous meeting, with almost all companies agreeing on PDCCH AL=8 and 4.3dB ΔRIB,8R in RAN4#105, which then did not achieve full consensus at the end.
Our standpoint is unchanged, in our view the ΔRIB,8R should be specified using PDCCH AL=8. There are more implementation challenges from going 4RX to 8RX than from going 2RX to 4RX, so in our view those challenges should be mitigated by increasing PDCCH detection probability by using PDCCH AL=8 in REFSENS test, similar to LTE. 
Our proposal is that same as in previous meeting, however we are ok to discuss the exact ΔRIB,8R number a bit as long as PDCCH AL=8 is used as underlying assumption.
Proposal 3: Specify ΔRIB,8R=4.5dB together with assumption of PDCCH AL=8 for 8RX REFSENS

ΔTRxSRS for 8Rx
Value of ΔTRxSRS for 8Rx
WF agreement [2]:
Issue 3-1: Value of ΔTRxSRS for antennas other than main branch
· Proposals
	bands
	ΔTRxSRS
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]

	
	
	Moderator assume ΔPPowerClass = 3?
	Moderator assume ΔPPowerClass = 3?
	If ΔPPowerClass = 3
	If ΔPPowerClass = 0
	If ΔPPowerClass = 3
	

	n77/n78 and below
	2T8R
	
	3.5
	4.0
	7.0
	4.0
	3.0

	
	1T8R/2T8R
	
	4.5
	4.0
	7.0
	4.0
	4.0

	n79
	1T8R
	8
	5.5
	6.0
	9.0
	
	

	
	2T8R
	58
	[4]
	6.0
	9.0
	
	

	
	1T8R/2T8R
	58
	6
	6.0
	9.0
	
	



· Other proposals
· Proposal 1: Large trace loss should also be considered for deriving the ΔTRxSRS for 8Rx, since it depends on the antenna position for different implementation. 5dB for n79 can be considered.  (Huawei [7])
· Proposal 2: If single value is adopted for different SRS switch capabilities, then largest value among them should be used, i.e. 4.5dB @3.5GHz and below bands, 6dB@4.9GHz. (OPPO [8])

Note: Update as red after online discussion in main session

<Agreement in Main session>
· The discussion for value of ΔTRxSRS focuses on PC3.

Proposed values for ΔTRxSRS for PC3
	bands
	ΔTRxSRS
	Huawei [7]
	OPPO [8]
	Qualcomm [9]
	DOCOMO [10]
	Ericsson [11]
	Averaged value

	n77/n78 and below
	2T8R
	
	3.5
	4.0
	4.0
	3.0
	3.6

	
	1T8R/2T8R
	
	4.5
	4.0
	4.0
	4.0
	4.1

	n79
	1T8R
	8
	5.5
	6.0
	
	
	

	
	2T8R
	8
	[4]
	6.0
	
	
	

	
	1T8R/2T8R
	8
	6
	6.0
	
	
	



<Recommended WF>
Further discussion is needed.
Discussion:
The leading principle in our proposal is to keep the specification is clear as possible. In our view, it would not be meaningful to specify different numbers for e.g 1T8R, 2T8R, and 1T8R/2T8R cases as they would not eventually differ a lot. For instance, having 4.0dB, 3.0dB and 4.0dB specified for these three, respectively, instead of plain 4.0dB for all three cases would benefit on system level if UE only supports 2T8R.
In RAN#98e, n79 was included into WI [1], so we have proposals to address n79 as well.
Proposal 4: Specify ∆TRxSRS =4dB for 1T8R, 2T8R, and 1T8R+2T8R 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
Proposal 5: Specify ∆TRxSRS =6dB for 1T8R, 2T8R, and 1T8R+2T8R bands whose FUL_high is higher 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.  
Proposal 6: Specify ∆TRxSRS =7dB for 1T8R, 2T8R, and 1T8R+2T8R for for 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.
Proposal 7: Specify ∆TRxSRS =9dB for 1T8R, 2T8R, and 1T8R+2T8R for bands whose FUL_high is higher 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.

Indication of ΔTRxSRS values to network
WF agreement [2]:
Issue 3-3: Indication of ΔTRxSRS to NW
· Proposals
· Option 1: Introduce for both 4Rx and 8Rx (Huawei [7], Qualcomm [9])
· Option 2: No need to introduce (OPPO [8], Ericsson [11])
· Option 3: Further study is needed
· Proposal 1: RAN4 should discuss a way to utilize the indication of actual ΔTRxSRS values to network and ask RAN1 if possible candidate approaches require RAN1 spec changes or not before the introduction of the indication. (Nokia [2])
· Proposal 2: If the resolutions have pros and cons, the net gain must be justified before the introduction. (Nokia [2])
· Proposal 3: If there is still interest on this, FFS following issues (OPPO [8])
· The benefit of reporting the 1.5dB/1dB SRS IL for 1T8R and 2dB/1dB SRS IL for 1T8R/2T8R considering the large variation of PL in the space.
· How NW to apply the reported SRS IL for each antenna in the channel estimation considering there is no one to one mapping between physical antennas and antenna ports, and also how to cope with the human body impacts.
· Proposal 4: Study the benefit of indication of ∆TRxSRS values per each branch for also 2RX and 4RX, and agree indication to be used for any number of RX for which benefits can be shown (Qualcomm [9])
<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
Discussion:
We provided simulations in previous meeting [5]], which are included here for convenience. In these simulations, the following SRS IL deltas have been assumed. Please note that in real devices, there may be a lot more variation between the branches.
	Imbalance vs Ant#0

	[bookmark: _Hlk126758442]Ant#1
	Ant#2
	Ant#3
	Ant#4
	Ant#5
	Ant#6
	Ant#7

	3
	3
	3
	4
	4
	4
	4



Table 1 8RX RANK4/RANK2 CDL-C Throughput with and without reporting SRS IL
[image: ]

One can see that especially for 8RX RANK4, the throughput drops a lot if ΔTRxSRS value per each SRS branch is not reported to the network. Significant portion of the throughput drop can be avoided when UE indicates the ΔTRxSRS values per each branch and network does respective compensation.
Based on this it seems beneficial to indicate the ΔTRxSRS values to the network. This should not be limited only to 8RX in case the benefits can be shown also for 4RX and 2RX.
WF provides discussion points that we address here:
Necessity of mapping, and how to map if necessity is found:
There should be association between SRS IL (power offset) to a SRS resource of an SRS resource set. For instance, 1T8R configured with one SRS resource with 8 SRS ports could be as follows. Please note there may be other solutions as well to address this topic in RAN1.

	Antenna Port
	SRS Port
	Relative Power offset

	0
	P0 of the first SRS resource
	0 dB (not reported)

	1
	P1 of the first SRS resource
	X1

	2
	P2 of the first SRS resource
	X2

	3
	P3 of the first SRS resource
	X3

	4
	P4 of the first SRS resource
	X4

	5
	P5 of the first SRS resource
	X5

	6
	P6 of the first SRS resource
	X6

	7
	P7 of the first SRS resource
	X7

	8
	P8 of the first SRS resource
	X8




Power Headroom Type3:
In our view PHR3 as such could not be used to convey the SRS IL delta information to the network. It does not give information of per-port transmit power as the power calculation does not take into account the exact losses of Transmit power of SRS ports.
Human Body impacts:
Intuitively, FWA/CPE is quite very seldom subject to human body impact, at least human touching FWA/CPE when it is mounted to its place is likely quite rare. It is true that human may be blocking/partially blocking the LOS/NLOS of the signal to/from Base station, but that is not related to SRS IL losses. The same blocking would impact the estimation even if the deltas are not signaled, so indication would still give a tad more precise information to the network.
Variations of IL’s and PL variation:
We understand the point that the proponent of this discussion point brings up. The actual IL’s and hence IL deltas may vary more than in the example figures, depending on the real implementation and related constraints/trade-offs. Granular indication of the SRS IL deltas will improve the performance, compared to case with single value in normal case when the actual IL deltas vary quite a bit. 
Overall, this topic has probably RAN1 impacts which should be investigated in RAN1. In our view, RAN4 should just decide that signaling ∆TRxSRS values per each branch is beneficial, and task RAN1 to start working on that. Based on the discussion, we have the following proposals
[bookmark: _Hlk127457283]Proposal 8: Introduce signaling to indicate the ∆TRxSRS values per each branch for 8RX
Proposal 9: Study the benefit of indication of ∆TRxSRS values per each branch for also 2RX and 4RX, and agree indication to be used for any number of RX for which benefits can be shown
Proposal 10: Send an LS to RAN1 so that they can start the necessary work
Power relaxation for the main branch
WF agreement [2]:
Issue 3-2: Value of ΔTRxSRS for the main branch
· Proposals
· Option 1: 1.5dB for PCMAX_L,f,c. (Huawei [7])
· Option 2: Zero (Qualcomm [9], Ericsson [11])

<Recommended WF>
Further discussion is needed.
Discussion:
Depending on the implementation there may or may not be slightly larger IL in the main branch when comparing xT4R and xT8R implementations. However, as commented by companies in the previous meeting, TX power is crucial factor. 
It is quite tricky to use the example drawings to illustrate RFFE losses in rigorous and realistic manner. The drawings usually show quite general cases not necessary according to real implementation as different companies have different ones. For instance, it is a rare case when there is no switch at all after current PC3/PC2 PA’s for 2RX or 4RX bands. Hence it is not necessarily practical to conclude that when there is e.g. DP4T switch after PA in 8RX SRS figure burdening main branch that the switch is there only because of 8RX, and hence main branch TX power must be relaxed accordingly. SP8T switch is usually quite lossy compared to SP4T or DPDT which could be claimed to cause additional burden to main TX path compared to normal 4RX implementations, but then on the other hand accounting the fact that TX power is very crucial factor especially in 8RX (due to TX/RX coverage balance) 3GPP should not allow the relaxation based on this.
We are OK to keep current the transmission power lower limit also for 8RX, even in some cases the IL might be slightly larger.  
Proposal 11: Do not relax Main branch transmission power (0dB ΔTRxSRS for main branch)
Other topics
ΔPpowerclass for PCMAX_H,f,c
WF agreement [2]:
Issue 4-1: Whether or not to remove ΔPPowerClass for SRS antenna switching to PCMAX_H,f,c 
· Proposals
· Option 1: Remove (Huawei [5][7])
· Option 2: Not remove (Ericsson [11])
· Option 3: Further study is needed
· Proposal 1: As a starting point for the discussion, a way to prevent UE from using antenna virtualization as well as a way to avoid ambiguity of achievable power per antenna port should be further discussed. (Nokia [2])
· Proposal 2: Proponent to prepare a draft CR of the exact changes to specification and continue the discussion based on that on the removal of applicability of ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT2R/xT4R/xT8R capabilities (Qualcomm [9])

<Recommended WF>
Further discussion is needed especially for UE antenna virtualization issue.
Discussion:
The discussion below concentrates to case if the applicability of 3dB ΔPPowerclass were removed from PCMAX_H,f,c. In our view it should be possible to remove the applicability and still keep the specification clear.
Case when UE has e.g PC2 and PC3 capable PA’s and supports TxD may have an issue with antenna virtualization; in this case hypothetically UE could send SRS using PC2 PA, PC3 PA or TxD in which case there would be ambiguity on the power capability for a port and if antenna virtualization is used or not. Also, the measing of SRS is very ambiguous if two antenna connectors (two TX paths) are used for one SRS ports.
One solution to prevent antenna virtualization would be to specify that in SRS transmission occasions with SRS-ResourceSet set as ‘antennaSwitching’ the UE maximum Power is measured from one antenna connector instead of a sum of both antenna connectors. With that, there would still be the ambiguity on if the SRS is sent from PC3 PA or PC2 PA. One solution to address that ambiguity is to indicate the Powerclass for each SRS transmission.
Proposal 12: The applicability of ΔPPowerclass from PCMAX_H,f,c.can be removed as long as removal of it does not create ambiguity with respect to Powerclass uses in each SRS transmission and does not enable antenna virtualization
Remove or not the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage
WF agreement [2]:
· Proposals
· Option 1: Remove (Ericsson [11])
· Option 2: Do not remove (Qualcomm [9])

<Recommended WF>
Further discussion is needed.
Discussion:
We don’t want to remove the guard period, so our proposal is option 2.
Proposal 13: Option 2/Do not remove the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage

Release Independence

WF agreement:
Issue 5-2: Release independence
· Proposals
· Option 1: Specify 8RX release independent from Rel-16
· Option 2: TBA
Discussion:
A very important feature related to NR TDD, SRS antenna switching is defined during several past releases; SRS antenna switching feature in Rel-15 with some antenna switching patters up to 4RX, more 4RX antenna switching patterns in Rel-16, and finally 8RX antenna switching patterns in Rel-17 specifications. 
In our view 8RX could be release independent from Rel-15 or Rel-16. Looking at the NR release timelines, Rel-16 ASN.1 was completed June 2020 so likely 8RX would not need to be release independent from Rel-15 but Rel-16 instead.
RAN4 is the release independence specification where it can specify from which releases onwards each feature is release independent. A feature cannot be specified to be release independent from earlier release than when it is specified in RAN1/RAN2. 8RX is specified in RAN1/RAN2 from Rel-15 so from that perspective there are no obstacles.
Note that each of the SRS antenna switching patterns are available from the releases they are specified, i.e. certain 4RX antenna switching patters from Rel-16 and 8RX antenna switching patters from Rel-17. This does not have impacts to release independence, as 8RX can be supported with e.g. 1T4R SRS (Rel-16) or with e.g. 1T6R or 1T8R SRS (Rel-17).
Proposal 14: Specify 8RX release independent from Rel-16
Which RF requirements to specify for 8RX	
This topic has not been discussed previously. In LTE 8RX, after some investigation to older documents and careful reading of the specification, it was discovered that only REFSENS is specified for 8RX [4]. In the LTE specification this is handled by notes for each RF requirement other than REFSENS. In our view it sufficient to specify only REFSENS requirement for 8RX, and do not specify ACS, Blocking, etc. To avoid adding a note to each RX requirement saying “The REFSENS power level is specified in Table 7.3.2-1a, Table 7.3.2-1b and Table 7.3.2 for two and four antenna ports, respectively”, it would be most straightforward to add text into chapter 7.2 stating that for 8RX, only REFSENS is specified.
Proposal 15: Specify only REFSENS for 8RX, and do not specify other RF requirements for 8RX. 
Conclusion
Considerations of 8RX UE RF requirements were provided with the following observations and proposals.
Proposal 1: Option 1/PDCCH aggregation level =8 applies to 8Rx
Proposal 2: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8
Proposal 3: Specify ΔRIB,8R=4.5dB together with assumption of PDCCH AL=8 for 8RX REFSENS
Proposal 4: Specify ∆TRxSRS =4dB for 1T8R, 2T8R, and 1T8R+2T8R 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
Proposal 5: Specify ∆TRxSRS =6dB for 1T8R, 2T8R, and 1T8R+2T8R bands whose FUL_high is higher 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.  
Proposal 6: Specify ∆TRxSRS =7dB for 1T8R, 2T8R, and 1T8R+2T8R for for 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.
Proposal 7: Specify ∆TRxSRS =9dB for 1T8R, 2T8R, and 1T8R+2T8R for bands whose FUL_high is higher 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.
Proposal 8: Introduce signaling to indicate the ∆TRxSRS values per each branch for 8RX
Proposal 9: Study the benefit of indication of ∆TRxSRS values per each branch for also 2RX and 4RX, and agree indication to be used for any number of RX for which benefits can be shown
Proposal 10: Send an LS to RAN1 so that they can start the work that is needed in their WG’s
Proposal 11: Do not relax Main branch transmission power (0dB ΔTRxSRS for main branch)
Proposal 12: The applicability of ΔPPowerclass from PCMAX_H,f,c.can be removed as long as removal of it does not create ambiguity with respect to Powerclass uses in each SRS transmission and does not enable antenna virtualization
Proposal 13: Option 2/Do not remove the guard period between two SRS resources transmitted in different symbols of the same slot belonging to the same SRS resource set with ‘antennaSwitching’ usage
Proposal 14: Specify 8RX release independent from Rel-16
Proposal 15: Specify only REFSENS for 8RX, and do not specify other RF requirements for 8RX. 
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