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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.

Delta Rib for 8Rx 
Set of delta Rib for 8Rx for CPE/FWA/vehicle/industrial devices
WF Agreement [2]:
· For both 4Tx and 8Rx
· Reuse existing component assumptions for handheld UE unless otherwise stated;
· No differentiation of CPE/FWA;
· FFS on
· Option 1:
· Vehicular UE should have high antenna isolation characteristics similar to CPE and FWA 
· One set of requirements for CPE/FWA/vehicle/industrial devices;
· Option 2:
· Vehicular UE has same antenna isolation as handheld UE (Previous agreement)
· Two set of requirements for CPE/FWA/vehicle/industrial devices;
Discussion:
The antenna isolation (The FFS part in WF) has no direct implication to RX side. One set of requirements should be specified for CPE/FWA/Vehicle/industrial devices.  
Proposal 1: Option1/One set of requirements for CPE/FWA/vehicle/industrial devices
How to derive delta Rib for 8Rx
WF agreement [2]:
· Define one delta 8Rx RIB for all CBW
· Further discuss how to derive delta Rib for 8Rx in next meeting:
· 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
· Option 2: Directly defining delta Rib for different bands while taking into account the implementation challenges and the diversity gain.
· Option 3: Other
Discussion:
In our view, the main target is to reach an agreement on the delta 8Rx RIB so agreeing the way how it should be done is a second priority. In our view either of the option1 and option2 could lead into same dB-number eventually. Due to that, our proposal is Option3/There is no need to agree a specific method how to derive delta 8Rx RIB
Proposal 2: Option3/There is no need to agree a specific method how to derive delta 8Rx RIB
PDCCH aggregation
WF agreement [2]:
Further discuss PDCCH aggregation level for deriving the value of delta Rib for FR1 8Rx:
· Option 1: PDCCH aggregation level = 8 applies to 8Rx
· Option 2: No need to define specific PDCCH aggregation level
· Option 3: Use same assumption for 4Rx discussion (Need to check if this is same with option 2 or not)
Further discuss if PDCCH is bottleneck or not for 8Rx REFSENS.
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.
There is some uncertainty on why PDCCH aggregation level is not specified in either LTE or NR RAN4 specifications but is specified in RAN5 specifications for both LTE and NR. It seems that RAN4 probably did not discuss the PDCCH aggregation level and then thus RAN5 made decisions instead. One reference LTE CR dates back to 2010 (!) [3], which understandably does not fully reflect current RAN5 specifications.
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:
Based on the status described above, there is no point to compare LTE delta 8Rx RIB with NR delta 8Rx RIB at least as long as they would be verified using different aggregation level. In LTE the PDCCH aggregation level is 8 for 5/10/15/20MHz BW’s. It would be practical to specify the same 8RX PDCCH aggregation level for NR as used for LTE.
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.
Proposal 3: Option 1/PDCCH aggregation level =8 applies to 8Rx
Proposal 4: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8
Value of delta Rib for 8Rx
WF agreement [2]:
FFS delta Rib for 8Rx in next meeting
Discussion:
Assuming fair baseline (Same PDCCH AL used in LTE and NR), the ΔRIB,8R should be 4dB, or a bit more as requested by multiple companies in previous meeting. In our view there is some room to improve the NR requirement from the respective LTE one. Aligned with our proposal on specifying PDCCH AL=8 for NR 8RX REFSENS, we have a proposal:
Proposal 5: 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]:
· Agree [4.0dB] forΔTRxSRS for 8Rx for 1T8R for n77/n78/[n41] as a starting point.
Further discuss the following options for ΔTRxSRS for 8Rx for  2T8R and 1T8R+2T8R for n77/n78/n41 in next meeting:
· For 2T8R
· Option 1: 4.0 dB (Huawei, Xiaomi, Qualcomm)
· Option 2: 3.0 dB (OPPO, Nokia, ZTE, Sony))
· Option 3: Evaluate the insertion loss not necessarily in the worst-case conditions (Ericsson)
· For 1T8R+2T8R
· Option 1: 5.0 dB (Huawei, OPPO)
· Option 2: 4.0 dB (Qualcomm)
· Option 3: Evaluate the insertion loss not necessarily in the worst-case conditions (Ericsson)
· Option 4: Other (Nokia)
For n79, interested companies are encouraged to bring their preference on whether 8Rx for n79 should be discussed in this WI in next meeting.
Discussion:
The discussion until now has entirely been around one requirement/requirements for 1T8R, 2T8R, and 1T8R+2T8R, but we need to recognize that in the current spec we have two different requirements for n77/n78, 3dB and 6dB as shown in the excerpt of 38.101 below. 
The discussion until now has been around the 3dB , which is now applicable for up to xT4R, including e.g 1T4R, 2T4R, 1T4R+2T4R. Now, as seen from the WF above the group has agreed [4.0dB] for 1T8R as a starting point. 
In our view the ΔTRxSRS specification should not be too complicated. Specifying potentially 3 slightly different values for 1T8R, 2T8R, and 1T8R+2T8R would be unnecessary. For instance, specifying e.g. 4/3/5dB for 1T8R/2T8R/1T8R+2T8R, respectively instead of single [4.0dB] value, the specification would be overly complicated.
In any case we also need to specify a value/values for the 6dB case. The difference in current specification between the two requirements for each frequency range is 3dB (3dB and 6dB, 4.5dB and 7.5). That seems to be the most straightforward way also for 8RX.
Excerpt of current specification begins

	The value of ∆TRxSRS is 4.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 3 dB 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.  
	The value of ∆TRxSRS is 7.5dB for bands whose FUL_high is higher than the FUL_low of n79 and 6 dB for bands 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.
For other SRS transmissions ∆TRxSRS is zero
Excerpt of current specification end

Proposal 6: 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 7: 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.
In our view, n79 could also be discussed and n79 would need to be added into WID. In previous meeting we provided analysis [3] on the n79 ∆TRxSRS where we proposed a single 6dB value to be used for 1T8R/2T8R/1T8R+2T8R. The following proposals are aligned with that.
Proposal 8: 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 9: 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]:
Further discuss whether indication of ΔTRxSRS values from UE to network is introduced or not: 
Option 1: Yes (introduce)
Option 2: No
Further discuss how NW to utilize this reporting.
Discussion:
We did network simulations to evaluate the impact of indicating the ΔTRxSRS values to the network, see Figure 1 and Figure2 below as well as some data points collected from the figures in Table 1.
[image: Chart, line chart
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Figure 1 8RX RANK4 CDL-C Throughput

[image: ]
Figure 2 8RX RANK2 CDL-C Throughput
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.
Proposal 10: Introduce signaling to indicate the ∆TRxSRS values per each branch for 8RX
Proposal 11: 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
Power relaxation for the main branch
WF agreement [2]:
Further discuss whether non-zero transmission power relaxation for the main branch shall be applied for the 8Rx UE that capable of SRS antenna switch:
· Option 1: Yes (non-zero)
· Option 2: No
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. 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 12: Option 2/No
Other topics
ΔPpowerclass for PCMAX_H,f,c
WF agreement [2]:
Further discuss whether to remove ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities:
· Option 1: Yes (Remove)
· Option 2: No
Further discuss handling of xT2R and xT4R.
Discussion:
There are a few cases in which it would be beneficial to remove the applicability of ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities; UE with 23+26dBm PA’s and UE with PC3>UE>PC2 PA(s) i.e. PA which is able to deliver a tad more than PC3.
Another different aspect is the antenna virtualization and the earlier discussions on that. It is true that if the applicability to upper limit is removed, UE would have power resources to do antenna virtualization. One way to avoid controversial discussions on this would be to specify TX power to be measured from one connector only during SRS.
We think that the removal of applicability of ΔPPowerClass applied for PCMAX_H,f,c  for PC2 capable UE with txDiversity-r16 and xT8R capabilities can be discussed and potentially agreed. If that is removed, it should be removed also from xT2R and xT4R. There would be some non-trivial specification changes needed, so discussion on the removal should happen in form of draft CR to make sure everyone is on same page with respect to what is to be agreed.  
Proposal 13: 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
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]:
Further discuss 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
· Option 1: Remove
· Option 2: Do not remove
Discussion:
We don’t want to remove the guard period, so our proposal is option 2.
Proposal 14: Option 2/Do not remove

Release Independence
WF agreement:
During the early phase of Ran4#104bis-e it was agreed that release independence is not discussed during that meeting but instead after seeing how the requirements of 8Rx looks like
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.
Proposal 15: Specify 8RX release independent from Rel-16

Conclusion
Considerations of 8RX UE RF requirements were provided with the following observations and proposals.
Proposal 1: Option1/One set of requirements for CPE/FWA/vehicle/industrial devices
Proposal 2: Option3/There is no need to agree a specific method how to derive delta 8Rx RIB
Proposal 3: Option 1/PDCCH aggregation level =8 applies to 8Rx
Proposal 4: Inform RAN5 that 8RX REFSENS requirements are specified under assumption of PDCCH aggregation level=8
Proposal 5: Specify ΔRIB,8R=4.5dB together with assumption of PDCCH AL=8 for 8RX REFSENS
Proposal 6: 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 7: 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 8: 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 9: 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 10: Introduce signaling to indicate the ∆TRxSRS values per each branch for 8RX
Proposal 11: 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 12: Option 2/No
Proposal 13: 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
Proposal 14: Option 2/Do not remove
Proposal 15: Specify 8RX release independent from Rel-16
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