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1 Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK13]Regarding 8Rx FWA, some agreements were achieved in the approved WF[1] in last meeting, and also in the WFs in the past meetings. Till now, the discussions mainly focus on the single carrier although there were some discussions on the CA/ENDC related. For the Tx antenna number, 2Tx antenna number was adopted since 4Tx requirements are discussed in parallel. Nevertheless, there were still some open issues existed.
For the CA/ENDC related issues, whether or not to support  8Rx was discussed in the beginning. At that time, majority companies agreed that RAN4 should focus on the single band first though there was no clear clarifications about single band or CA/ENDC in the objectives. Noted that operators are interesting in CA/ENDC operation associated with 8Rx.
[bookmark: OLE_LINK64][bookmark: OLE_LINK14]Up to now, the phase I work for 4Tx have already completed, and almost all of the 8Rx single band requirements have already defined. Therefore, both CA/DC work and 4Tx antenna numbers were included and approved in the revised WID [2] in RAN #100 meeting, which are:
[image: ]
[bookmark: OLE_LINK25][bookmark: OLE_LINK35][bookmark: OLE_LINK94]In this contributions, we give some further discussions on leftovers issues and new issues for the 8Rx. 
2	Discussion
[bookmark: OLE_LINK24][bookmark: OLE_LINK66][bookmark: OLE_LINK28][bookmark: OLE_LINK23][bookmark: OLE_LINK67][bookmark: OLE_LINK9]2.1 ∆TRxSRS
[bookmark: OLE_LINK1]Similar with t2r8, the ∆TRxSRS requirements (a.k.a SRS IL) are needed to be defined for t2r8. In terms of the descriptions of srs-AntennaSwitchingBeyond4RX-r17 in TS38.306, 11-bit bitmap approach is adopted to indicate the combination of supported xTyRs, which is shown as below:
[image: ]
[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK2]Therefore, for the supportedSRS-TxPortSwitch of t4r8, not only the pure t4r8 antenna switch is considered, but also the back compatibility antenna switch of t1r8, t2r8, and their combinations should be considered. So the SRS IL requirements to be defined should consider the following SRS antenna switch scenarios.
[bookmark: OLE_LINK7]1. t4r8
[bookmark: OLE_LINK6]2. t2r8-t4r8
3. t1r8-t4r8
[bookmark: OLE_LINK8]4. t1r8-t2r8-t4r8
[bookmark: OLE_LINK65]Observation: SRS IL requirements to be defined includes t4r8, t2r8-t4r8, t2r8-t4r8 and t1r8-t2r8-t4r8.
[bookmark: OLE_LINK18]2.1.1 SRS IL for t4r8
[bookmark: OLE_LINK19]Based on the previous contributions for t2r4 such as [3][4], an example architecture for t4r8 and t2r4 can be shown in Fig.1:
[image: ]                         [image: ]
[bookmark: OLE_LINK3][bookmark: OLE_LINK21][bookmark: OLE_LINK26]Fig 1. Example architecture for SRS t4r8(left) and t2r4(right)
[bookmark: OLE_LINK32][bookmark: OLE_LINK30][bookmark: OLE_LINK22][bookmark: OLE_LINK34][bookmark: OLE_LINK29][bookmark: OLE_LINK11][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK15]In Fig 1., the SRS IL for t4r8 is the related additional loss between diversity antenna and main antenna, which are antenna 1 and 2, antenna 3 and 4, antenna 5 and 6, and antenna 7 and 8, where antennas 1/3/5/7 are the main antennas. It can be seen that the related additional IL between each diversity antenna and main antenna for all the antennas are the same, which equals to the sum of IL values of SPDT and PCB trace. Comparing with t4r8 and t2r4, we think t4r8 can be viewed as t2r4+t2r4, which means the SRS IL for t4r8 have no difference with t2r4. Therefore, we think the current ∆TRxSRS requirements of t2r4 can be applied for t4r8, which are 3dB for n41/n77/n78 and 4.5dB for n79.
[bookmark: OLE_LINK68]Proposal 1. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t4r8 ∆TRxSRS requirements.
[bookmark: OLE_LINK39][bookmark: OLE_LINK20]2.1.2 SRS IL for t2r8-t4r8
[bookmark: OLE_LINK40]An example architecture for t2r8/t4r8 and t1r4-t2r4 can be shown in Fig.2
[image: ]                 [image: ]
[bookmark: OLE_LINK41][bookmark: OLE_LINK36][bookmark: OLE_LINK31]Fig 2. Example architecture for SRS t2r8-t4r8 (left) and t1r4-t2r4(right)
[bookmark: OLE_LINK42][bookmark: OLE_LINK33][bookmark: OLE_LINK43][bookmark: OLE_LINK37][bookmark: OLE_LINK38]In Fig 2., to support t2r8, longer PCB path should be considered, in this way the largest SRS IL is the related additional IL between antenna 1 and antenna 4, or antenna 5 and antenna 8, in which sum of the IL of SPDT+DPDT+SPDT+PCB trace loss are considered. Similar with the situation of pure t4r8 and t2r4 in the above, we also think t2r8-t4r8 can be viewed as t1r4-t2r4+t1r4-t2r4, which means the SRS IL for t2r8-t4r8 have no difference with t1r4-t2r4. Therefore, we think the current ∆TRxSRS requirements of t1r4-t2r4 can be applied for t2r8-t4r8, which are 3dB for n41/n77/n78 and 4.5dB for n79.
[bookmark: OLE_LINK48][bookmark: OLE_LINK47]Proposal 2. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t2r8-t4r8 ∆TRxSRS requirements.
[bookmark: OLE_LINK49]2.1.3 SRS IL for t1r8-t4r8
[bookmark: OLE_LINK50]An example architecture for t1r8/t4r8 can be shown in Fig.3.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK44]In Fig 3., to support t1r8, longer PCB path should be considered, in this way the largest SRS IL is the related additional IL between antenna 1 and antennas 4/6/8, in which sum of the IL of SP4T+DPDT+SPDT+PCB trace loss are considered. For the PCB trace loss, we think the PCB trace loss of pure t1r8 can be reused, which is about 1.8dB/2.4dB [3][4] for 3.5GHz and 4.9GHz, respectively.
[image: ]
[bookmark: OLE_LINK51]Fig 3. Example architecture for SRS t1r8-t4r8
[bookmark: OLE_LINK57][bookmark: OLE_LINK45]In terms of the [3][4], the typical SPDT IL is about 0.6dB@3.5GHz and 0.8dB@4.9GHz, and DP4T IL is about 1.3dB@3.5GHz and 1.8dB@4.9GHz (average value). By searching some product data-sheets, the typical IL for SP4T and DPDT are shown in table 1 and 2.
[bookmark: OLE_LINK46]Table 1. Typical IL for SP4T
	SP4T IL
	3.5G
	4.9G

	vendor #1
	1
	1.1

	vendor #2
	1.1
	1.2

	vendor #3
	1.2
	1.3

	vendor #4
	1
	1.1

	Avg.
	1.1 
	1.2 


Table 2. Typical IL for DPDT
	DPDT IL
	3.5G
	4.9G

	vendor A
	0.54
	0.72

	vendor B
	0.52
	0.56

	vendor C
	0.55
	0.62

	vendor D
	0.62
	0.72

	Avg.
	0.56 
	0.66 


[bookmark: OLE_LINK54][bookmark: OLE_LINK56]By simple link budget calculation, the ∆TRxSRS values of 4.1dB and 5.1dB for 3.5GHz and 4.8GHz, respectively. So it is proposed:
[bookmark: OLE_LINK55]Proposal 3. Apply 4.5dB for n41/n77/n78 and 5.5dB for n79 for t1r8-t4r8 ∆TRxSRS requirements.
2.1.4 SRS IL for t1r8-t2r8-t4r8
An example architecture for t1r8/t4r8 can be shown in Fig.4.
Similar as above, the largest SRS IL is the related additional IL between antenna 1 and antennas 6/8, in which sum of the IL of SPDT+DP4T+DPDT+SPDT+PCB trace loss are considered, which are 4.9dB and 6.5dB for 3.5GHz and 4.8GHz, respectively.
[image: ]
Fig 4. Example architecture for SRS t1r8-t2r8-t4r8
So it is proposed:
[bookmark: OLE_LINK69]Proposal 4. Apply 5dB for n41/n77/n78 and 6.5dB for n79 for t1r8-t2r8-t4r8 ∆TRxSRS requirements.

[bookmark: OLE_LINK70]2.2 CA/DC requirement
Actually, CA/DC requirements to support 8Rx were already discussed in the previous meeting, such as the agreements in the WF[5] in RAN4 #107 meeting, which is shown as below.
	Issue 3-4-1: CA requirements.
<Way forward/Agreement>: 
For 8Rx UE RF CA requirement, encourage interested companies to bring contributions in RAN4#107 with the following aspects:
· Expected clarification/revision on the objective in WID if needed considering whether to consider band combinations in this WI.
· For a band supporting 8Rx in single band operation, whether the band is mandated to support 8Rx in a band combination.
· For whether example CA/DC band combinations (including EN-DC) is needed or not, check if proposal 2 is agreeable in next meeting:
· Proposal 2: 8Rx requirements should apply to the band implemented with 8Rx in all existing band combinations including intra/inter band CA and DC (including EN-DC).
· For whether additional MSD is needed, check if proposal 3 is agreeable in next meeting:
· Proposal 3: Clarify the relationship between MSD and ΔRIB, 8R by adding the following sentence in section 7.3A.1.
· For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.


Due to the objectives were already updated to include the CA/DC, although the example band combinations are not specific, we think the 8Rx requirements should apply to all of the band combinations defined in the spec, including intra-/inter band NR CA/ENDC, the main reasons are that 8Rx supported for single band is optional feature, and it is not appropriate to specify band combination to support 8Rx via basket approach, also there are no need to specify band combinations to support 8Rx one by one to avoid heavy workload, instead the same general approach as 4Rx should be adopted, i.e. a general text is added under 7.3A.1 general clause to apply intra-/inter-band NR CA band combination, and same approach for ENDC.
[image: ]
Therefore, we think the above proposal 2 and 3 in WF [5] are reasonable and agreeable. In addition to proposal 3, the similar wordings for ENDC supporting 8Rx should be:
For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
[bookmark: OLE_LINK62][bookmark: OLE_LINK61][bookmark: OLE_LINK59]In this way, the sensitivity requirements for the same band in band combination operation supporting 8Rx should be REFSEN+ ΔRIB,C + MSD+ΔRIB,8R, here REFSEN is the value defined for single band without considering ΔRIB,4R or ΔRIB,8R. Also, it should be noted the MSD values are generally derived from REFSEN. In addition, we think there is no need to mandate to support 8Rx for the same band operating in band combination in the case of this band supports 8Rx single band operation due to the capability can be different for the band operating in single band mode and band combination mode.
[bookmark: OLE_LINK71]Proposal 5. 8Rx requirements should apply to the band implemented with 8Rx in all existing band combinations including intra/inter band CA and DC (including EN-DC).
Proposal 6: UE supporting 8RX in single band mode is not mandated to support the same band with 8RX in band combination mode.
Proposal 7. Adding the following sentence in the spec to clarify the MSD requirements for band combination supporting 8Rx:
In section 7.3A.1 in TS38.101-1:
For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
In section 7.3B.1 in TS38.101-3:
For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
[bookmark: OLE_LINK72]2.3 Release independent
The agreements for this issue are:
	FFS Release independent for 8Rx.
FFS whether distinguish AS-SRS cases for release independence discussion.


In our understanding, release independence depends on whether the related signalling is defined in RAN2. The related signallings for 8Rx with/withoug AS-SRS are shown in table 3[6].
Table 3.  Related signallings for 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


For example, srs-TxSwitch-v1610 is introduced in Rel-16, so the 8Rx with AS-SRS indicated by srs-TxSwitch-v1610 can not release independent from Rel-15. However, it doesn’t mean release independent shall be from Rel-16, the impact to the commercial equipment should also be taken into account. Therefore, it would better that 8Rx is release independent from Rel-17.
[bookmark: OLE_LINK73]Proposal 8: 8Rx can be release independent from Rel-17. 
[bookmark: OLE_LINK74]2.4 Others
In last meeting, the clarifications on REFSEN requirements and other Rx requirements for 8Rx was approved, where Option 2 in the following table was agreed.
	
	REFSENS
	Other Rx requirements

	Option 1
	2Rx, 4Rx, 8Rx
	4Rx

	Option 2
	2Rx, 4Rx, 8Rx
	8Rx

	Option 3
	2Rx, 8Rx
	8Rx


In our understanding, option 2 means when a UE is equipped with 4Rx and 8Rx, then for the fundamental REFSEN requirements, in addition to the 2Rx REFSENS requirements, this UE shall meet the additional 4Rx and 8Rx requirements. But for the other Rx requirements, UE shall only meet the requirements with the maximum antenna port, i.e. 8Rx, and can skip both 2Rx and 4Rx requirements. 
[bookmark: OLE_LINK63]Therefore, the highlighted texts are proposed in clause ‘7.2 Diversity characteristics’ and ‘ 7.3.1 General’ in TS38.101-1:
7.2 Diversity characteristics
For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports

[bookmark: OLE_LINK60]For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four Rx antenna ports, or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”
7.3.1 General
In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement: 
in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a, Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested; 
for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
for bands where the UE is required to be equipped with 8 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table [7.3.2-2a] with 8 Rx antenna ports tested.
[bookmark: OLE_LINK75]Proposal 9. The highlighted texts are proposed in clause ‘7.2 Diversity characteristics’ and ‘7.3.1 General’ in TS38.101-1:
7.2 Diversity characteristics:
For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports
For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four Rx antenna ports, or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”.

7.3.1 General
In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement: 
in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a, Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested; 
for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
for bands where the UE is required to be equipped with 8 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table [7.3.2-2a] with 8 Rx antenna ports tested.
3 Conclusion
In this contribution, we give some further discussions on the 8Rx FWA requirements based on the updated objectives, and some leftovers. The conclusions are:
∆TRxSRS:
Observation: SRS IL requirements to be defined includes t4r8, t2r8-t4r8, t2r8-t4r8 and t1r8-t2r8-t4r8.
Proposal 1. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t4r8 ∆TRxSRS requirements.
Proposal 2. Apply 3dB for n41/n77/n78 and 4.5dB for n79 for t2r8-t4r8 ∆TRxSRS requirements.
Proposal 3. Apply 4.5dB for n41/n77/n78 and 5.5dB for n79 for t1r8-t4r8 ∆TRxSRS requirements.
Proposal 4. Apply 5dB for n41/n77/n78 and 6.5dB for n79 for t1r8-t2r8-t4r8 ∆TRxSRS requirements.
CA/DC requirement
Proposal 5. 8Rx requirements should apply to the band implemented with 8Rx in all existing band combinations including intra/inter band CA and DC (including EN-DC).
Proposal 6: UE supporting 8RX in single band mode is not mandated to support the same band with 8RX in band combination mode.
Proposal 7. Adding the following sentence in the spec to clarify the MSD requirements for band combination supporting 8Rx:
In section 7.3A.1 in TS38.101-1:
For operations with 8 Rx antenna ports, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.2-x when MSD > 0.
In section 7.3B.1 in TS38.101-3:
For operations with 8 Rx antenna ports in an E-UTRA band or an NR band, the MSD in the applicable bands shall be increased by the absolute value of ΔRIB,8R in Table 7.3.1-1aa of TS 36.101[4] for the E-UTRA band or in Table 7.3.2-x of TS 38.101-1 for the NR band when MSD > 0.
Release independent
Proposal 8: 8Rx can be release independent from Rel-17. 
Others
Proposal 9. The highlighted texts are proposed in clause ‘7.2 Diversity characteristics’ and ‘7.3.1 General’ in TS38.101-1:
7.2 Diversity characteristics:
For the single carrier REFSENS requirements in Clause 7, the UE shall be verified with two Rx antenna ports in all supported frequency bands, additional requirements for four Rx ports shall be verified in operating bands where the UE is equipped with four Rx antenna ports, and additional requirements for eight Rx ports shall be verified in operating bands where the UE is equipped with eight Rx antenna ports

For Rx requirements other than single carrier REFSENS in Clause 7, the UE shall be verified with four or eight Rx antenna ports (selected based on the maximum Rx antenna port supported by the UE) and skip two Rx antenna ports requirements in operating bands where the UE is equipped with four Rx antenna ports, or skip both two and four Rx antenna ports requirements in operating bands where the UE is equipped with eight Rx antenna ports, otherwise, the UE shall be verified with two Rx antenna ports.”.

7.3.1 General
In later clauses of Clause 7 where the value of REFSENS is used as a reference to set the corresponding requirement: 
in all bands, the UE shall be verified against those requirements by applying the REFSENS value in Table 7.3.2-1a, Table 7.3.2-1b and Table 7.3.2-1c or Table 7.3.2-1d with 2 Rx antenna ports tested; 
for bands where the UE is required to be equipped with 4 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table 7.3.2-2 with 4 Rx antenna ports tested.
for bands where the UE is required to be equipped with 8 Rx antenna ports, the UE shall additionally be verified against those requirements by applying the resulting REFSENS value derived from the requirement in Table [7.3.2-2a] with 8 Rx antenna ports tested.
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Enable 8Rx for CPE/FWA/vehicle/industrial devices [RAN4]

+ Example bands:
- TDD bands: 041,077/ 78, 079
- FDD bands: n7
+ Note 1: the total number of example band should be limited to 4.177/u78 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 for both single carrier and CA/DC. Example band combos and
configurations need to be defined.
+ Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8

- Discussion on t4r8 shallstarts from RAN4#108 after at least one C-for 4 Tx is-completed
«  NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.
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srs-AntennaSwitchingBeyond4RX-r17
Indicates whether the UE supports SRS Antenna switching for more than 4 Rx. The
capability signalling comprises the following parameters:
- supportedSRS-TxPortSwitchBeyond4Rx-r17 indicates a combination of
supported xTyRs. [tindludes 11-bit bitmap, where starting from the leading /

leftmost bit (bit 0), each bit corresponds to {t1r1, t2r2, 1r2, t4r4, {2r4, t1r4,
{216, 1176, 1418, 1218, 1118}, 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-
listed band with UL in the band combination that switches together with this
UL

‘The UE indicating support of this shall indicate support of srs-TxSwitch.

NOTE:  Ifreported for the same values of xTyR in supportedSRS-
TxPortSwitchBeyond4Rx-r17 as reported with supportedSRS-
TxPortSwitchisupported SRS-TxPortSwitch-v1610, the reported values
for entryNumberAffectBeyond4Rx-r17 and
‘entryNumberSwitchBeyond4Rx-r17 are not valic
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7.3A1  General

‘The reference sensitivity power level REFSENS is the minimum mean power applied o each one of the UE antenna
ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference
‘measurement channel. For operations with 4 Rx antenna ports, the MSD in the applicable bands shall be increased by
the absolute value Of AR g gx in Table 7.3.2-2 when MSD >0,




