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Introduction
Scope is UE RX and TX requirements for 60 GHz.
Topic #1: UE TX and RX
Main technical topic overview. Discuss EIRP proposals and observations from various companies. Seek some common ground 
Companies’ contributions summary TX
	T-doc number
	title
	Company
	Proposals / Observations

	R4-2200438
	UE antenna module with 60 GHz integration
	Apple
	Observation 1:	Overlap of the patch antenna active areas cannot be avoided, that hinders maintaining inter-band isolation.
Observation 2:	Tight integration with lower frequency antennas has significant impact to performance and prevents effective beamforming.
Observation 3:	The maximum routing channel would support less than 12 transmission lines in each direction.  An 8x2 array of dual-polarized elements is expected to mandate an additional 2 routing cores within the module
Observation 4:	A key aspect component of cost-effective mm-wave module implementation is designing to minimize the layer count within the module.
Observation 5:	Due to electrical thickness of device materials, strong frequency-dependent lensing and cavity effects can occur, which translated to pattern distortions and limitations in scanning range.
Observation 6:	While peak gain values may be within target ranges in simple models, the distortions in the
Proposal 1:	RAN4 should limit the number of antenna elements to 4 for handheld UE type and further discuss the number of antennas for other UE types.


	R4-2200067
	Views on UE antenna elements for FR2-2
	Murata Manufacturing Co Ltd.
	Observation 1:	There were two comments on communication range in RAN4 #101-e.
Condition 1: From system performance perspective > 20 dBm is required.
Condition 2: Use case is Indoor like 30 m ISD.
Observation 2:	It seems severe to set the minimum peak EIRP over 20 dBm based on RAN4 #101-e data. If there is a system performance issue requiring 20dBm it needs clarification and possibly further study.
Observation 3:	It is challenging for 4 antenna element UE to communicate with local area BS over a 10m range.
Observation 4:	In UMi condition, it is difficult to communicate over 70 m.
Observation 5:	It is severe making 2x8 antenna array with over 4.0 dBi element gain in commercial FR2-1 antenna module physical dimension.
Observation 6:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 1 panel can communicate less than 5m, but we will be able to improve communication range to 8m by using 2 panels.
Observation 7:	Under the 50%-tile CDF condition, 1x8 antenna element UE with 2 panels and 2x8 antenna element UE with 1 panel have almost the same communication range.
Proposal 1:	Use 8 antenna elements as base line in RAN4 discussions.
Proposal 2:	Use at least 2 panels for 1x8 antenna element UE in the RAN4 discussions.
Proposal 3:	We should change number of panels according to number of antenna elements in the RAN4 discussions.

	R4-2200238
	60GHz UE TX
	Qualcomm Incorporated
	Array losses:
Observation: FR2-2 losses will be higher than FR2-1, based on the loss trend in FR2-1.
Observation: Increasing the number of array elements helps to counteract the increased losses inherent in FR2-2.
Handheld array size:
Observation: FR2-2 8x2 element array fits in the same footprint as a commercial FR2-1 1x4 array
Proposal: 8x2 array used as an assumption to develop FR2-2 requirements.
Observation: 8 element FR2-2 arrays are approximately half the size of FR2-1 arrays, and 4 element arrays are approximately ¼ the size.
Handheld min peak EIRP:
Proposal: Handheld minimum peak EIRP is 15 dBm.
Handheld spherical coverage:
Observation: Handheld minimum TRP is -0.9 dBm.
Observation:  Peak to 50%ile gain drop is approximately 3.5 dB higher in FR2-2 than FR2-1 due to antenna pattern and other considerations, and n262 has a 13.1 dB drop. Therefore FR2-2 drop should be 16.6 dB.
Proposal: 50th %ile spherical coverage point is -1.6 dBm (based on 15 dBm min peak EIRP, 2 panels)
Reducing handheld antenna elements (from 16):
Observation: Reducing to 8 elements degrades the EIRP by 6 dB and reducing to 4 elements degrades the EIRP by 12 dB.
Observation: Reducing to 8 elements degrades the sensitivity by 6 dB and reducing to 4 elements degrades the sensitivity by 12 dB.
1 panel vs 2 panels (handheld UE):
Observation: 1 panel covers at best a hemisphere, and 2 panels back-to-back work together to cover the majority of the sphere.
Observation: Using 1 panel degrades the %ile coverage CDF by 3 to 4 dB in the 20 to 80% range.
Observation: A single panel results in 6 dB SINR degradation of both the UL and DL CDFs.
Proposal: Specifications should be derived assuming a minimum of 2 antenna panels
PC1 UE min peak EIPR and antenna size:
Observation: 64 elements provides good performance on the uplink.
Proposal: Use 64 elements to develop the PC1 UE specification
Proposal: PC1 UE minimum peak EIRP is 26 dBm EIRP
PC1 UE spherical coverage:
Proposal: Use the 1-panel curve and additional losses due to beamforming errors and radiated UE structure and material losses to develop minimum performance requirement.
Proposal: Specify the 85%ile at 13.5 dB down from the peak EIRP value. This equates to 12.5 dB EIRP.
UE max power limits TRP and max EIRP:
Proposal: Use TRP to ensure the FCC total peak transmitter output power conducted requirement.
Proposal: Use NS signalling to direct the UE to limit TRP for <= 100 MHz per the FCC directive.
Proposal: 23 dBm/MHz maximum PSD enacted through NS signalling.
UE ACLR:
Proposal: UE ALCR is 17 dBc.
SEM:
Proposal: Adopt the combined FR2-1 and FR2-2 table.
ON/ON transient periods
Proposal: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
PRACH ON power measurement period:
Proposal: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.
Beam direction only switching time baseline assumption
Observation: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.

	R4-2200312
	draft CR to 38.101-2 60 GHz UE TX
	Qualcomm Incorporated
	

	R4-2200453
	Remaining issues with transient requirements for FR2-2
	Apple
	Observation 1:	In terms of RF hardware control timelines, leveraging of FR2 based implementations implies reusing FR2 requirements on switching between DL and UL as well as Tx/Rx beam switching delays.
Observation 2:	Loss of throughput due to arbitrary SRS configurations ranges from 45% (at 480 kHz SCS) to 40% (at 960 kHz SCS).
Observation 3:	Alignment of SRS with the Tx/Rx boundary improves loss of throughput by nearly a factor of 2.
Observation 4:	Loss of throughput due to arbitrary SRS configurations with a 2 us ON/ON transition time improves comparied to the 5 us case and still exceeds the SRS at Tx/Rx boundary solution compared to the 5 us case.

Proposal 1:	Beam direction-only switching time assumption should be defined to be 200 nsec, and no UE capability is necessary for this parameter.
Proposal 2:	The motivation to reduce the ON/ON transition time for 480/960 kHz SCS does not seem well justified, given the potential for the network scheduler to mitigate the impact of scheduling SRS on overall network performance.


	R4-2200470
	UE Array, EIRP level and Spherical Coverage at 60 GHz
	Sony, Ericsson
	Observation 1: At least a similar array aperture is needed to maintain the network coverage at FR2-2 as in FR2-1. 
Observation 2: With a common PA per polarization architecture, it is feasible to implement DPD technics to further improve the efficiency of the RF front end. 
Observation 3: It is possible for a common PA architecture array to achieve a similar power level to an array with distributed PA architecture but with better efficiency. 
Observation 4: the integration losses due to the packaging and phone housing impact will inevitability increase at higher frequencies.
Observation 5: At least 16 element arrays in handheld devices would be needed to compensate for higher integration losses and lower output power from PA at FR2-2. 
Observation 6: UE types other than handheld UE, e.g., FWA, may surpass the EIRP level of 25 dBm. 
Observation 7: For FWA type of devices, the performance may be limited by the regulatory requirement rather than the antenna and RF component performances.
Observation 8: The degradation between 50% and 100% array gain at 60 GHz is no worse than 28 GHz due to different array topologies are being used. 
Observation 9: Higher number of antenna panels is required to meet the nature of propagation and body blockage in FR2-2 than FR2-1. 
Proposal 1: RAN4 shall consider different RF architectures and consider their pros and cons when defines various Tx requirements in FR2-2. 
Proposal 2: Adopt 16 elements as a baseline to derive the minimum peak EIRP requirement and define the minimum EIRP = 20.5 dBm for handheld UEs. 
Proposal 3: RAN4 shall use at least 2 panels as baseline for deriving the spherical coverage requirement.
Proposal 4: the upper limit of the power class for a UE form factor should not be determined by regulations of a particular region (like Europe) but be indicated by an NS value indicating the maximum output power applicable in the local regulation.

	R4-2200570
	View on TX requirements of FR2-2
	MediaTek Beijing Inc.
	Proposal: Antenna quantity assumption and Pout per RF chain assumption shall be agreed together as a package.


	R4-2200945
	Discussion on Rx beam switch time
	vivo
	Proposal: The baseline of Rx beam switch time should be 200 ns in FR2.

	R4-2200950
	Further discussion on handheld UE EIRP and spherical coverage requirements for 52.6~71 GHz
	vivo
	Proposal 1: For handheld UE, maximum 8 antenna elements in an antenna array is preferred for 52.6~71 GHz.
Observation 1: For handheld UE, the minimum peak EIRP is 11.3dBm with 1x8 antenna array.
Observation 2: For handheld UE supporting both FR2-1 and FR2-2 bands, multiband relaxation factors should be considered on the peak EIRP requirement.
Observation 3: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 11.48 dB with 4 antenna elements based on one panel configuration.
Observation 4: For the handheld UE spherical coverage, the peak to 50% percentile gain drop is 15.54 dB with 8 antenna elements based on one panel configuration.

	R4-2201073
	On UE Tx RF aspects for a NR band in the range 52.6GHz – 71GHz
	Nokia, Nokia Shanghai Bell
	Observation 1: Implementation losses need special attention to guarantee high EIRP output and therefore good UL link budget. 
Observation 2: UE maximum output power limits considered agrees well with regulatory requirements. 
Observation 3: It needed to discuss if there are any concerns with typical number of elements for the targeted device form factors of either 1x4 or 2x2 antenna elements.
Proposal 1: Minimum UE beamforming requirements shall be defined.
Proposal 2: Minimum Peak ERIP shall be larger than 20dBm.
Proposal 3: Assume a minimum of 2 antenna panels with the understanding that it can be chosen to operate only with the best panel selection (i.e., only one of the two panels).
Proposal 4: Confirm the re-use of FR2-1 SEM requirements, scaled to the appropriate bandwidths
Proposal 5: Use a UE beam direction switching time of 59 ns.


	R4-2201209
	Discussion on Tx RF requirements in FR2-2
	LG Electronics Finland
	For handheld UE
Proposal 1: For handheld UE, consider the following observations for 8 antenna elements
· Minimum peak EIRP 
· 14.7 dBm 
· EIRP at 50%-tile CDF is X dB lower than minimum peak EIRP
· X = 14 dB for 1 panel
· X = 9 dB for 2 panels
For vehicular UE
Proposal 2: For vehicular UE, consider the following observations for 16 antenna elements
· Minimum peak EIRP 
· 22.7 dBm 
· EIRP at 60%-tile CDF is X dB lower than minimum peak EIRP
· X = 15.1 dB for 1 panel 
· X = 7.5 dB for 2 panels


	R4-2201534
	On 60GHz UE Tx RF requirements
	Huawei, HiSilicon
	Proposal 1: For 60GHz handheld UE, take 16 antenna elements as basic assumption of EIRP requirement derivation. Both 2*8 and 4*4 could be considered basing on UE implementation.
Observation 1: Power consumption of 16 elements antenna array is comparable with FR2-1.
Proposal 2: For 60GHz handheld UE spherical coverage requirement, adopt 13.1dB for the power degradation between peak EIRP and 50%-tile CDF.
Observation 2: The number of antenna panels should be a matter of UE implementation and no need for a general assumption.

	R4-2201594
	Discussion on UE Rx beam switch delay 
	Nokia
	Proposal: Define a UE Rx beam switch delay of 60ns

	R4-2201598
	System parameters for a NR band in the range 52.6GHz – 71GHz
	Nokia, Nokia Shanghai Bell
	Proposal 3: Apply same spectrum utilization for 120 kHz SCS in FR2-2 as in FR2-1
Proposal 4: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as 120 kHz SCS in FR2-1 
Proposal 5: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW

	R4-2201925
	UE Tx requirements for 52.6 to 71 GHz
	Intel Corporation
	Handheld UE power class
Observation 1: Considering the handheld form-factor, an 8-element array presents a reasonable compromise, providing increased performance while minimizing the integration impact.

Proposal 1: Use an 8-element array assumption for PC3 in FR2-2 and define the minimum peak EIRP as 13.6 dBm.

Observation 2: Aligning on a baseline array size assumption is preferred to reduce the range in proposed values. It also helps provide information needed to derive measurement uncertainty (which uses a larger array size than the core baseline assumption). [3,4]

Proposal 2: If no consensus is reached for the array size assumption, RAN4 should discuss if having two power classes for handheld UEs in FR2-2 is feasible.

FWA UE power class
Observation 3: The 32-element array yields a reasonable ~26 dBm minimum peak EIRP. 

Proposal 3: Use a 32-element array assumption for PC1 in FR2-2 and define the minimum peak EIRP as 25.9 dBm.

ON/ON transient period
Observation 4: 
· Option 1: No gNB scheduling optimizations for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput reduction due to corruption of the PUSCH data symbols. Up to 50% and 12% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS is required to support at least full MCS for 16 QAM modulation. 
· Option 2: Optimized gNB scheduling for ON/ON transient period
· Using 5 µS ON/ON transient period leads to high throughput loss even with optimized gNB scheduling without corrupted symbols on UE side. Up to 25% and 6% throughput loss can be expected for bundling size 2 and 8, respectively.
· An improved ON/ON transient period faster than 5 µS allows better throughput performance with almost 20%, 10% and 5% improvement for scenarios with bundling size 2, 4 and 8, respectively. 

Proposal 4: Introduce {1, 2, 3} µS improved ON/ON transient period as the optional UE capabilities for 480 and 960 kHz SCS.




Companies’ contributions summary RX
	R4-2200239
	60 GHz UE RX
	Qualcomm Incorporated
	REFSENS
Proposal: REFSENS for PC1 based on 64 array elements
Proposal: n263 REFSENS is [-87.1 dBm] under the assumption of 95% spectral occupancy.
Proposal: REFSENS for PC3 based on 16 array elements
Proposal: n263 REFSENS is [-79.6 dBm] under the assumption of 95% spectral occupancy.
Spherical coverage
Proposal: For PC1 specify the 85%ile at 13.5 dB down from the peak sensitivity value, based on 64 elements and 400MHz CBW/95% spectral occupancy. This equates to -73.6 dBm.
Proposal: For PC3 specify the 50%ile at 16.6 dB down from the peak sensitivity value, based on 16 elements and 400MHz CBW/95% spectral occupancy. This equates to -63 dBm.

	R4-2200307
	draft CR to 38.101-2 60GHz UE RX
	Qualcomm Incorporated
	

	R4-2200360
	Handheld UE antenna assumption for FR2-2
	NTT DOCOMO, INC.
	Observation 1: One of the factors that divides the views of each company regarding antenna assumption is that the assumptions of the frequency range supported by one antenna may be different.
Proposal 1: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) should be defined separately for the following cases of the frequency range:
· Case 1: 66-71GHz
· Case 2: 57-71GHz
· Other cases are not precluded.

Observation 2: When deriving EIRP(EIS) requirements for FR2-2, whether multi-band implementation with FR2-1 bands is assumed or not should be clarified.
Proposal 2: Peak EIRP(EIS) and Spherical coverage EIRP(EIS) for single FR2-2 band should be defined firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.
Observation 3: As assumption for the antenna element number of handheld UE for FR2-2, 16 elements is more preferred to guarantee EIRP performance similar to FR2-1. However, it may be possible to assume the antenna element number to be 8 elements in order to solve the issues such as antenna size.
Proposal 3: As assumption for the antenna element number of handheld UE, 8 or 16 antenna elements should be used for both 66-71GHz and 57-71GHz cases.
Observation 4: It is difficult for us to imagine the motivation to support FR2-2 with one antenna panel considering a handheld UE is covered by human hands. In fact, it is popular that commercial UEs for FR2-1 have two or more antenna panels. In addition to that, FR2-2 may have narrower beam compared FR2-1.
Proposal 4: As assumption for spherical coverage for FR2-2, 1 antenna panel is excluded from consideration for both 66-71GHz and 57-71GHz cases. It should be 2 or more.
Proposal 5: We can reuse UE assumptions in R4-1801202 (e.g., materials used and device size) for both 66-71GHz and 57-71GHz cases except 1 antenna panel assumption ("Assumptions1" and "Assumptions2").

	R4-2200951
	Further discussion on handheld UE EIS requirements for 52.6~71 GHz
	vivo
	Observation 1: The single-band peak EIS requirement for 52.6~71 GHz is 74 dBm/100 MHz based on 1x8 antenna element number assumption. 

	R4-2201171
	Discussion on Rx RF requirements in FR2-2
	LG Electronics Finland
	For handheld UE
Proposal 1: For handheld UE, consider the following observations for 8 antenna elements.
· Reference sensitivity 
· -75.3 dBm for CBW of 400MHz 
· EIS spherical coverage at 50%-tile CCDF is X dB higher than Reference sensitivity
· X = 14 dB for 1 panel
· X = 9 dB for 2 panels
For vehicular UE
Proposal 2: For vehicular UE, consider the following observations for 16 antenna elements.
· Reference sensitivity 
· -80.3 dBm for CBW of 400MHz 
· EIS spherical coverage at 60%-tile CCDF is X dB higher than Reference sensitivity
· X = 15.1 dB for 1 panel
· X = 7.5 dB for 2 panels

	R4-2201535
	On 60GHz UE EIS requirements
	Huawei, HiSilicon
	Proposal 1: For 60GHz handheld UE, take 16 antenna elements as basic assumption of EIS requirement derivation. Both 2*8 and 4*4 could be considered basing on UE implementation.
Observation 1: The REFSENS requirement for 52.6~71 GHz is -78.5 dBm/100 MHz based on 16 elements antenna array assumption

	R4-2201926
	UE EIS requirements for FR2-2
	Intel Corporation
	Handheld UE
Observation 1: PC3 minimum peak EIS (100MHz) for a 4-element array is -73.5 dBm. For 8 and 16-element arrays, the values are -76.0 dBm, and -78.5 dBm, respectively. Given the need for improved performance and size constraints of this form factor, an 8-element antenna array is a reasonable compromise.

Proposal 1: Use an 8-element antenna array assumption for handheld UEs in FR2-2 and define the single-band minimum peak EIS as -76.0 dBm (100MHz).

FWA UE
Proposal 2: Use a 32-elment array assumption for PC1 in FR2-2 and define the minimum peak EIS single-band requirement as -82.2 dBm (100MHz).



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
[bookmark: _Ref92868478]Handheld UE number of antenna element assumption
Sub-topic description: 
Prior Agreements: Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension. Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna element. (R4-2120062)
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Maximum 4
· Proposal 2: 8 or ‘maximum 8’ (4)
· Proposal 3: 16 (3)
· Proposal 4: Antenna quantity assumption and Pout per RF chain assumption shall be agreed together as a package.
· Recommended WF
· Companies may use assumptions between 8 and 16 elements for handheld UE requirement development.
Agreement:

	Company
	Comments

	
Murata
	
We believe we need at least 8 antenna elements, because communication range will be too short if we use 4 antenna element UE.
We prefer 8 antenna element UE (proposal 2), but we can also support proposal 3.

	MediaTek
	Proposal 4.
As observation based on proposals until last meeting, it seems that companies’ views are quite diverse, for example, one company prefers larger antenna quantity, but much less Pout. However, we know the two factors are so key for EIRP requirement discussion. Maybe a compromise method is to treat the two factor assumptions as one package.
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Not prefer “Companies may use assumptions between 8 and 16 elements for handheld UE requirement development.”, because it doesn’t really solve the controversial part.


	Nokia
	We are fine to assume 8 antenna elements

	Sony
	16 elements is our preference. The larger number of elements is needed to compensate the lower PA output power and higher integration loss. A 2*8 array at 60 GHz has a similar footprint as 1*4 at 28 GHz, and 1*16 can even be possible if a narrower footprint is preferred. Moreover, we also think higher directivity beam can ensure a better co-existence performance especially in unlicensed spectrum, which is also something can be taken into account. 

	LGE
	Our preference is 8 antenna elements

	Ericsson
	Proposal 3 for deriving the power class requirements (reference architecture). Together with the peak EIRP requirement this also implies higher directivity, which is beneficial for coexistence (for higher-power devices in particular).

	Apple
	Proposal 1 (R4-2200438). We are open to discuss further option 4, since Pout is also a key parameter for the derivation of minimum peak EIRP

	Intel
	Our preference is 8-elements. If needed, we are ok to further discuss.

	vivo
	We prefer P2. P1 is also OK for us. With antenna quantity larger than 8, we believe it will result in more complexity for handheld UE intergradation. Even we agreed FR2-1 antenna size can be considered feasible for FR2-2, however, we also need to consider other RF components/devices to be added for cooperative work. It will bring more difficulty for handheld UE design. As a compromise, we can accept maximum 8 antenna element number.

	HW
	Propose to take 16 elements as working assumption to achieve reasonable EIRP level.

	OPPO
	Proposal 4 and 1 or 2. 
To derive the EIRP requirements, the antenna element number, antenna panel number, PA output power are all key parameters. We need to align them and get some middle ground. 

	DOCOMO
	Our preference is 16 elements, but we can also support at least 8 elements.
This discussion is for handheld UEs, so sufficient cell coverage is required. At least 16 elements is more preferred to guarantee EIRP performance similar to FR2-1. However, we can accept not to exclude 8 elements as compromise to solve the issues such as antenna size.

	Xiaomi
	Proposal 4 and 1.
The achieved EIRP should be considered to be a package to have enough cell range.

	QCOM
	 16 elements are achievable and needed
Responses to Apple 4038 comments on 8x2 array design
Observation 1:	Overlap of the patch antenna active areas cannot be avoided, that hinders maintaining inter-band isolation.
This is not new or unique to FR2-2.  Existing commercial products with dual-band capability have been able to manage this fine; see picture below for example.  Some existing products actually have 100% overlap of the active antenna areas for the two frequency bands.  If properly designed, mutual coupling can actually be used as a performance benefit instead of a hinder as speculated.
Observation 2:	Tight integration with lower frequency antennas has significant impact to performance and prevents effective beamforming.
As mentioned above, with proper antenna design, mutual coupling can be used to boost performance instead of negatively impacting performance as suggested.
Observation 3:	The maximum routing channel would support less than 12 transmission lines in each direction.  An 8x2 array of dual-polarized elements is expected to mandate an additional 2 routing cores within the module
Routing and number of board layers required highly depend on specific antenna and RF front-end design so this information cannot simply be generalized as mentioned in Observation3.
Observation 4:	A key aspect component of cost-effective mm-wave module implementation is designing to minimize the layer count within the module.
Once again, cost cannot be generalized without knowing the specifics of the antenna/RF design and implementation.  Minimizing layer count can be done with good antenna/RF design and creative layout.
Observation 5:	Due to electrical thickness of device materials, strong frequency-dependent lensing and cavity effects can occur, which translated to pattern distortions and limitations in scanning range.
Not necessarily true as suggested.  A proper antenna design would not have the issue mentioned in Observation 5.
Observation 6:	While peak gain values may be within target ranges in simple models, the distortions in the radiation patterns results in designs that are not sufficiently robust for product integration
Once again, proper antenna design would not have the pattern distortion issue mentioned in Observation 6.  A wrong antenna design selection can certainly have the pattern distortion issue as mentioned.
Proposal 1:	RAN4 should limit the number of antenna elements to 4 for handheld UE type and further discuss the number of antennas for other UE types.  
There are no real technical reasons to limit the number of UE antenna elements for FR2-2 to less than 16.  This proposal would limit the industry to low performance UEs for FR2-2 and increase the cost of gNB deployment to maintain the network link budget.  The proposed limit of only 4 UE antenna elements would actually degrade user experience for FR2-2 relative to FR2-1.




	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: discuss in GTW



for GTW
Preferred number of elements from company comments : 
16 (Huawei, DOCOMO, QCOM, Sony, Ericsson)
8 (Murata, Nokia, vivo, Intel, Mediatek, LGE, OPPO)
4(Apple, Xiaomi, Mediatek, OPPO, VIVO)
Acceptable: vivo 8  4, Murata 8 16, DOCOMO 16 8

Mediatek: 4 or 8.
Sony: 16.
LGE: 8.
Ericsson: 16
OPPO: 4 and 8.
Ericsson: we should also need to consider the performance aspects. To overcome the propagation, we need consider proper number. We should also consider co-existence. So we prefer to larger number.
Qualcomm: 16 elements are preferable considering propagation. 8~16 elements as assumption would be OK.
Huawei: Echo Ericsson and Qualcomm. According to data, maximum achievable power is 7dB less than EIPR of 28GHz by 8 elements, which will cause great degradation. We should consider more elements to reach the proper EIRP level.
Mediatek: Some companies propose 16 just because the power of single antenna is lower.
Apple: Understand the concern of performance. We share in our paper what does mean for larger antenna numbers. It would be difficult to have beam-forming. We show the limitation of implementation. We show the Mediatek proposal to consider output power and antenna element as package.
Sony: Echo with Ericsson, Qualcomm and Huawei. 16 elements are feasible for mobile devices.
Qualcomm: as comment by Apple, the feasibility of 16 elements, we provide our analysis. We made response to that concern.
OPPO: in this issue, we are talking about the elements. Next we will discuss the panel number.
Sony: we are fine with suggestion from moderators.
Apple: 4
OPPO: prefer 8 as maximum
Mediatek: prefer one value 8.
VIVo: 8
Huawei: 16. We are OK with the range.

Agreement: Use 8 antenna elements as the assumption for defining minimum requirements
· Check if there is any performance problem. If performance problem is identified and agreed, revisit the agreement.
· The simulation assumptions for co-existence study can be used as baseline in the second round or future meetings for the performance analysis.

Handheld UE min peak EIRP
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 15 dBm EIRP
· Proposal 2: 20.5 dBm EIRP
· Proposal 3: > 20 dBm EIRP
· Proposal 4: 14.7 dBm EIRP
· Proposal 5: 13.6 dBm EIRP
· Proposal 6: Possibly two handheld power classes
· Proposal 7: 11.3 dBm EIRP (OBS)
· Recommended WF
·  Define two handheld power classes. One with 15 dBm min peak EIRP. The other with 20 dBm min peak EIRP. 



	Company
	Comments

	
Murata
	
We need agreeing number of antenna element before discussing min peak EIRP.
Our proposal was 15.7 dBm with 8 antenna element UE and 20.1 dBm with 16 antenna element UE in R4-2117674. We can support proposal 1 or 2.

	MediaTek
	We share similar view as Murata, it’s better that we achieve certain consensus on antenna element firstly. As discussed in last meeting, consider UE implementation would be important. Currently, we don’t prefer to define two power classes for handheld UE.

	Nokia
	Our preference is to have only one UE power class with a min. peak EIRP of 20dBm

	Sony
	Proposal 2 and 3 are our preferences based on 16 elements. We are fine to agree first on the number of elements. However, we would like to highlight a few points: Based on some link-level simulations provided in this meeting, they confirm the UL coverage is extremely limited in FR2-2. Therefore, it is vital that the UE can provide sufficient Tx power to support the desired use cases. A peak EIRP of around 20 dBm provides a good compromise between UE implementation and network coverage aspects. It is also worth mentioning that we are only discussing the peak EIRP here, and it implies that the UE may have much lower value than the peak EIRP in the majority spatial angels.

	LGE
	Our preference is to focus at the moment on one power class. We think that ~15dBm is achievable with both 8 and 16 antennas but we think that 8 is better as baseline for handheld device. When discussing the minimum requirement we need to remember that the band is really wide and this means that frequency roll-off will be happening in many locations in the TX (and RX) chains. When minimum requirement is met at upper end of the band it is likely that higher output powers can be achieved at lower channels.

	Ericsson
	Proposal 2 and 3 for coverage in the 60 GHz range.

	Apple
	We share similar view as Murata, we should agree first on the number of antenna elements before discussing min peak EIRP.

	Intel
	Ideally and preferably, we want to agree on the number of antenna elements, but this will not be specified.
Regarding the minimum peak EIRP value, we can support Proposal 5 (our proposal), and Proposal 7. As a compromise, we are ok with Proposal 4 and Proposal 1.

	vivo
	These proposals are quite diverse and are not based on the same antenna element number assumption. If we consider 8 element as the baseline to derive the requirement, we can derive the average value 13.2dBm for EIRP from P4,P5,P7.
For the recommended WF, it is original to define two handheld power class.
In FR2, power class is related to UE type. If we define two handheld power classes, does this mean we need to consider two different types of handheld UE?
For one with 15dBm min peak EIRP, this value is from P1 and it is based on antenna element number 2*8. For the value 20dBm, I guess it is from P3, which is from the system performance perspective. It is not based on feasible link budget analysis. 
We suggest at lease adopt the value [13.2] dBm for one power class based on 8 antenna elements.

	HW
	Considering the R17 time frame, developing 2 power classes simultaneously might delay the completion of whole WI.

	OPPO
	Agree with other companies should agree antenna elements first.

	DOCOMO
	We need an agreement on antenna assumptions to discuss min peak EIRP. We recommend clarifying the following:
· Number of antenna elements
· Frequency range supported by one antenna
· Whether Single-band for FR2-2 or Multi-band between FR2-1 and FR2-2 (*)
(*) We prefer to assume single FR2-2 band firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

	Xiaomi
	For minPeak EIRP, we agree that to have consensus on the antenna element first. Furthermore, we would like to see the potential use scenario if the min Peak EIRP is too low.

	QCOM
	We agree with the WF .. two power classes 15 and 20



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Only one handheld power class..
Candidate options:
Recommendations for 2nd round: Continue discussion in GTW and discuss in WF on 60 GHz UE RF



for GTW
can we make an agreement pending the number of element discussion above?

	Company
	Min Peak EIRP

	
	4 elements
	8 elements
	16 elements

	vivo
	
	11.3
	

	QCOM
	
	
	15

	LGE
	
	14.7
	14.7

	Murata
	
	15.7
	20.1

	Nokia
	
	>20
	>20

	Sony, Ericsson
	
	
	20.5

	Intel
	
	13.6
	

	Huawei
	
	12
	18

	Apple
	6.1
	
	

	Average
	n/a
	TBD 15.4
	TBD 18.0



Intel: Can vivo clarify number?
VIVO: our original 11.3. 13.2 is average from the companies. 
Qualcomm: I took VIVO baseline requirements.
DOCOMO: we are OK to average approach. We should align the frequency range firstly. Our suggestion is that we agree frequency definition. Next meeting, companies can provide the results based on those assumptions.
Huawei: we would like to provide the values. We would like to check whether the average should be done in dB or linear range.
Qualcomm: n263 is assumed.
VIVO: on the table, the values of LGE and Nokia, how can they achieve the same values?
AT&T: Average should be updated. In general we use dB and we set some bounds for the values to be averaged.
Ericsson: we should also consider the performance when we make averaging. The performance is still the guideline.
Qualcomm: For Nokia number, 
Nokia: based on the different PA output possibility, we proposal is above 20.
LGE: 14.7 for 8.
DOCOMO: n263 is OK for us.
Qualcomm: n263 is the frequency of 77.1
Apple: we are OK to averaging. But we should first have antenna assumption.
Intel: the better thing is to stabilize the table before we start. We focus on averaging. We could agree on the range for simulation to justify the performance aspects.

Agreement: 
· Use n263 (57GHz – 71GHz) to derive the minimum peak EIRP.
· Do the averaging across the proposed values the table below to try to derive the minimum requirements, and if needed, do the performance analysis considering the averaged value.
· Put the averaged number derived in [ ] for further checking.
· Companies can provide the additional number and link level analysis
	Company
	Min Peak EIRP

	
	4 elements
	8 elements
	16 elements

	vivo
	
	11.3
	

	QCOM
	
	
	15

	LGE
	
	14.7
	14.7

	Murata
	
	15.7
	20.1

	Nokia
	
	20
	20

	Sony, Ericsson
	
	
	20.5

	Intel
	
	13.6
	

	Huawei
	
	12
	18

	Apple
	6.1
	
	




Handheld UE number of antenna panels for spatial coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Minimum 2 (4)
· Proposal 2: Minimum 1 (observation)
· Recommended WF
· Two panel assumption for handheld
	Company
	Comments

	
Murata
	
We prefer Proposal 1. It will not be feasible using 1 panel from the viewpoint of communication range. It is also severe communicating with 1 panel in case that handheld UE is covered by human hands.

	Nokia
	We support a minimum of 2 antenna panels. 

	Sony
	Proposal 1, two panels

	LGE
	We support proposal 1

	Ericsson
	Proposal 1.

	Apple
	Proposal 2, minimum 1. Keeping the assumption as in FR2-1

	Intel
	We can keep the assumption of minimum 1 panel. Ultimately, we will not specify this.

	vivo
	We tend to agree P2. Antenna panel number depends on UE implementation. No need to restrict it.

	HW
	Prefer Proposal 2. The number of antenna panels could be depending on UE implementation as long as the spherical coverage requirement is met.

	OPPO
	Proposal 2. One panel, align with FR2-1. 
More panels is challenging for UE to implement especially considering UE has to support also FR2-1 bands which probably are separate panels.
Besides, we cannot require UE to support more panels while asking more elements in each panel.

	DOCOMO
	Proposal 1.
It is difficult for us to imagine the motivation to support FR2-2 with one antenna panel considering a handheld UE is covered by human hands.

	Xiaomi
	Proposal 2. 
Larger number of panels can leave to UE implementation.

	QCOM
	Proposal 1. UE needs to have view around the sphere and this is not possible with 1 panel.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Minimum 2: (7) (Murata, Nokia, Sony, LGE, Ericsson, DOCOMO, QCOM)
Minimum 1: (4) (Apple, vivo, Huawei, OPP)
Tentative agreements:
Candidate options:
Recommendations for 2nd round: Continue discussion in round 2



for GTW
Companies are split on the number of panels
Minimum 2: (7) (Murata, Nokia, Sony, LGE, Ericsson, DOCOMO, QCOM)
Minimum 1: (4) (Apple, vivo, Huawei, OPPO)

Intel: suggest to agree on minimum 1. It can work.
OPPO: Panel number impacts the spherical coverage. For FR2-1, we agree on 1. 1 is enough for spherical coverage considering we agree on 8 elements.
Sony: we cannot know how 1 panel can work. We do not think 1 panel can work.
Ericsson: agree with Sony. 1 panel does not work.
Nokia: Echo Sony and Ericsson. Choosing 1 panel is to solve blocking issue. Assuming 2 panel makes more sense.
Huawei: the number of panel should depend on UE implementation. Even if we agree with 2 panel as assumption, the spherical coverage requirements still varies. We can first agree on the EIPR drop first.
Intel: Similar comment. It includes one assumption.
Qualcomm: we should look at the deployment scenario, e.g., n258/257 11dB drop. We could do the similar analysis as did for n257/258 for FR2-2.
Sony: the proposal from Qualcomm is reasonable.
Apple: we are not OK with 11dB.
Qualcomm: 11dB is an example. Our analysis shows 16.5dB in our contribution for n263 based on the simulating antenna array and do special analysis.
Huawei: for starting point, we suggest using 13.1dB.
Apple: The analysis has been done in the different assumption of 16 antenna elements and also provide analysis for spherical coverage.
Qualcomm: Apple made a good point. We should further analysis.
DOCOMO: we should not preclude 3.

Agreement: Provide the analysis based on 8 antenna elements with assumption of 1, 2 and 3 panels to derive the spherical coverage requirements in the future meeting.
· Try to reuse the previous agreed simulation assumptions for FR2-1 except for frequency range.
· Need further checking during this meeting.

Handheld UE uplink spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 50 %ile, -1.6 dBm EIRP
· Proposal 2: 50 %ile, 5.7 dBm w 2 panels
· Proposal 3: 50%ile, 0.7 dBm with 1 panel 
· Proposal 4: 50 %ile, 13.1 dB drop from peak (peak EIRP not stated)
· Proposal 5: 50 %ile, 11.48 dB drop, 1 panel, 4 elements
· Proposal 6: 50 %ile, 15.54 dB drop, 1 panel, 8 elements
· Recommended WFs
· 1 - Agree to use 50%ile for handheld
· 2 – Further discuss values in the range of -1.6 and 5.7 dBm for 2 panel
	Company
	Comments

	
Murata
	
We need agreeing number of antenna elements and number of antenna panels before discussing spherical coverage. Especially difference between peak and 50%-tile CDF EIRP is depend on number of panels.
We can support proposal 2 because we will be able to communicate about 14m with this value. Communication range will be short in other proposals.

	MediaTek
	Echo “We need agreeing number of antenna elements and number of antenna panels before discussing spherical coverage”

	Nokia
	We are fine to consider the 50%ile for handheld UEs. The value is dependent on the agreement for min. peak EIRP.

	Sony
	We suggest focusing on single panel configuration and the number of panels first and then discussing this issue. If we assume two panels minimum, we don’t think the drop between peak EIRP and 50% EIRP is necessarily to be worst than FR2-1. In our simulation, an 8.5 dB drop from peak gain is observed with two panels

	LGE
	We are OK with 50% CDF point for handheld with 14dB and 9dB delta to minimum requirement with 1 and 2 panels respectively.

	Ericsson
	The number of panels should be decided first. We propose that two panels be assumed for adequate performance in view of the challenging propagation conditions at 60 GHz.

	Apple
	Similar as our comment in 1.3.1, we need to agree first on the number of antenna elements before discussing minimum peak EIRP and spherical coverage.

	Intel
	We need to agree on the minimum peak EIRP value first. We are ok to reuse the 50%-ile point.

	vivo
	We only agree to use 50%ile for handheld. The values for spherical coverage can be decided after we agree on antenna element number and panel number.

	HW
	Propose to agree on the power drop first. Below updated proposals include the power drop information.
· Proposal 1: 50 %ile, -1.6 dBm EIRP, 16.6dB drop from peak EIPR
· Proposal 2: 50 %ile, 5.7 dBm w 2 panels, 9dB drop from peak EIRP
· Proposal 3: 50%ile, 0.7 dBm with 1 panel, 14dB drop from peak EIRP
· Proposal 4: 50 %ile, 13.1 dB drop from peak (peak EIRP not stated)
· Proposal 5: 50 %ile, 11.48 dB drop, 1 panel, 4 elements
· Proposal 6: 50 %ile, 15.54 dB drop, 1 panel, 8 elements
From above it could be seen the power drop ranges from 9dB~16.6dB.

Proposal 4 is preferred, which is the worst power drop case in FR2-1. For Handheld UE, the similar spherical coverage performance as FR2-1 could be adopted as starting point. Also it could be a good compromise within the range of 9~16.6dB proposed from companies.
How many panels are used to achieve this spherical requirement could be depending on UE’s implementation. 

	OPPO
	Should be discussed after the panel numbers and elements, PA output powers are clear. Without these information, difficult to align requirements.

	DOCOMO
	We need an agreement on antenna assumptions to discuss spherical coverage. We recommend clarifying the following:
· Number of antenna elements
· Number of antenna panels
· Frequency range supported by one antenna
· Whether Single-band for FR2-2 or Multi-band between FR2-1 and FR2-2 (*)
(*) We prefer to assume single FR2-2 band firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

	QCOM
	We support WF. 50 %ile is the only %ile proposed.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: 6 of 6 proposals use the 50%ile as the CDF point. Agree to use 50 %ile.
Candidate options:
Recommendations for 2nd round: Continue discussion in GTW and discuss in WF on 60 GHz UE RF



for GTW
can we make an agreement pending the number of element discussion above?

	Company
	50 %ile spherical coverage dBm EIRP

	
	4 elements
	8 elements
	16 elements

	2 panels
	
	
	-1.61, 5.72

	1 panel
	
	0.72
	

	1 – QCOM, 2 - LGE



Handheld UE REFSENS
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -79.6 dBm, CBW 400MHz, 95% SU assumption
· Proposal 2: separate requirement for 57-71 and 66-71 GHz
· Proposal 3: -75.3 dBm, CBW 400MHz
· Proposal 4: -72.5 dBm CBW 400 MHz (from -78.5 dBm, CBW 100 MHz)
· Proposal 5: -70.0 dBm CBW 400 MHz (from -76.0 dBm, CBW 100 MHz)
· Proposal 6: -68 dBm CBW 400 MHz (from -74 dBm,100 MHz)
· Recommended WF
· As a compromise, agree on the median -73.8 dBm
	Company
	Comments

	
Murata
	We prefer proposal 2. It is important confirming assumed frequency range, because frequency roll-off is depend on its frequency range. And we need agreeing number of antenna element before discussing REFSENSE.
Our proposal was -71.8 dBm with 8 antenna element UE and -73.2 dBm with 16 antenna element UE. We set CBW 400MHz in R4-2117675, but frequency range was 52.6-71.0GHz.

	MediaTek
	Echo “we need agreeing number of antenna element before discussing REFSENSE.”.

	Nokia
	The proposed compromise of -73.8 is too relaxed in our view considering the link budget requirements. We can accept Proposal 1 or 3. 

	Sony
	We suggest discussing this after we agreed on number of antenna elements and minimum peak EIRP.

	LGE
	Recommended WF (median) is a bit more relaxed than our analysis, but we can also agree with it as compromise. Different requirements (more stringent or looser) can be agreed for different bands and meeting improved performance on narrower band is easier than on wider one. Before going into details here RAN4 should discuss on more general level if sub-bands/ranges with different requirements (RX and TX) should be defined for unlicensed n263 band at 60GHz.

	Ericsson
	This is pending the decision on the number of antenna elements.

	Apple
	Similar as our comment in 1.3.1, we need to agree first on the number of antenna elements before discussing UE REFSENS.

	Intel
	May depend on outcome of previous topics.
Our preference is Proposal 5. We are also ok with Murata’s 8-elements proposal of -71.8 dBm (R4-2117576). If needed, we can compromise to Proposal 4.

	vivo
	These proposals are based on different antenna assumption. Maybe we can further decide these EIS values after we agree on antenna assumption.
For Proposal 2, we tend to consider the requirement for the whole band from 57~71GHz.

	HW
	This could be discussed after agreeing on number of antenna elements.

	OPPO
	Should be discussed after the panel numbers and elements are clear. Without these information, difficult to align requirements.

	DOCOMO
	We need an agreement on antenna assumptions to discuss REFSENS. We recommend clarifying the following:
· Number of antenna elements
· Frequency range supported by one antenna
· Whether Single-band for FR2-2 or Multi-band between FR2-1 and FR2-2 (*)
(*) We prefer to assume single FR2-2 band firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

	QCOM
	Our proposal .. proposal 1



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Develop the requirement for n263.  
Candidate options:
Recommendations for 2nd round: further discuss round 2



for GTW
can we make an agreement pending the number of element discussion above?

	Company
	400 MHz SENS

	
	4 elements
	8 elements
	16 elements

	QCOM
	
	
	-79.6

	vivo
	
	-68
	

	LGE
	
	-75.3
	

	Huawei
	
	
	-72.5

	Intel
	
	-70
	



Agreement: 
· Do the averaging across the proposed values in the table below to try to derive the minimum requirements.
· Put the averaged number derived in [ ] for further checking.
· Companies can provide the additional number and link level analysis
	Company
	400 MHz SENS

	
	4 elements
	8 elements
	16 elements

	QCOM
	
	
	-79.6

	vivo
	
	-68
	

	LGE
	
	-75.3
	

	Huawei
	
	
	-72.5

	Intel
	
	-70
	



Handheld UE EIS spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -63 dBm, 400 MHz, 50%ile
· Proposal 2: -64.3 dBm, 400 MHz, 50%ile
· Proposal 3: -59.3 dBm, 400 MHz, 50%ile
· Recommended WF
· As a compromise, agree on the median -61 dBm

Mediatek: for EIS, we should wait for spherical EIRP.
Nokia: we are not ready to agree with -61dBm. Let us focus on other values.
Qualcomm: we need to make sure that we use 8 element assumption. We need align the 8 element assumption.

Agreement: For EIS, provide the analysis based on 8 element assumption to derive the requirements.

	Company
	Comments

	
Murata
	We need agreeing number of antenna element and number of antenna panels before discussing EIS spherical coverage.

	MediaTek
	Echo “We need agreeing number of antenna element and number of antenna panels before discussing EIS spherical coverage.”

	Nokia
	The proposed compromise of -61dBM is too relaxed in our view considering the link budget requirements. We can accept Proposal 1 or 2.

	Sony
	Similar comments as previous issue, since EIS and EIRP are dual, it is better to consolidate the antenna assumption in EIRP discussion first and then discuss the receiver part.

	LGE
	We agree with Sony proposal above to agree first on EIRP and then apply similar approach and delta values for EIS spherical coverage.

	Apple
	Similar as our comment in 1.3.1, we need to agree first on the number of antenna elements before discussing EIS spherical coverage.

	Intel
	We need to agree on the minimum peak EIS value first

	vivo
	We need to align the antenna assumption first.

	HW
	Propose a new option: Deciding Rx Spherical coverage based on peak EIS value and required spherical performance drop while applying the same value for Tx spherical performance drop and Rx spherical performance drop.
For bands in Rel-15 and Rel16, the Tx spherical performance drop is the same as Rx spherical performance drop except for band n259. This approach could be adopted for 60GHz bands.
[image: C:\Users\g00334960\AppData\Roaming\eSpace_Desktop\UserData\g00334960\imagefiles\EAC45912-76F6-4BF1-9347-4AB54818A9E7.png]

	OPPO
	Should be discussed after the panel numbers and elements are clear. Without these information, difficult to align requirements.

	DOCOMO
	We need an agreement on antenna assumptions to discuss spherical coverage. We recommend clarifying the following:
· Number of antenna elements
· Number of antenna panels
· Frequency range supported by one antenna
· Whether Single-band for FR2-2 or Multi-band between FR2-1 and FR2-2 (*)
(*) We prefer to assume single FR2-2 band firstly. After that, multi-band relaxation should be discussed considering multi-band implementation with FR2-1 bands.

	QCOM
	We are ok with proposal 1, or with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: discuss in WF on 60 GHz UE RF



FWA UE number of antenna element assumption
Sub-topic description: 
Previous agreements: If a single power class is defined for FWA in Rel-17, the number of antenna element assumption is anywhere in the range between 32 and 64 elements. (R4-2120062)
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 64 elements
· Proposal 2: 32 elements
· Recommended WF
· Allow assumptions anywhere in the range of 32 to 64 elements
	Company
	Comments

	XXX
	YYYY

	MediaTek
	We don’t have strong view on 32 or 64 elements so far, however, it would be better to have consensus on either one compared to “	Allow assumptions anywhere in the range of 32 to 64 elements”

	Intel
	We agree with the recommended WF

	HW
	Proposal 1 is preferred. Open to further discussion on Proposal 2.

	QCOM
	Proposal 1



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: discuss in WF on 60 GHz UE RF



FWA UE minimum peak EIRP
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 26 dBm EIRP
· Proposal 2: 25.9 dBm EIRP
· Recommended WF
· Agree 26 dBm FWA min peak EIRP
	Company
	Comments

	XXX
	YYYY

	MediaTek
	Wait output of handheld UE and topic 1.3.7 (antenna element) would be easier to have progress on FWA min peak EIRP.

	Nokia
	We are fine with min. peak EIRP for FWA of 26dBm

	Ericsson
	This is also pending an agreement on the number of antenna elements for the reference architecture.

	Intel
	We support the recommended WF (26 dBm)

	QCOM
	Agree with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: discuss in WF on 60 GHz UE RF



FWA UE number of antenna panels for spatial coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 1 panel
· Recommended WF
· Proposal 1
	Company
	Comments

	XXX
	YYYY

	Nokia
	We are okay with the recommended WF for FWA

	Sony
	Okay with this proposal. 

	Ericsson
	One panel acceptable for this device type.

	HW
	OK with the recommended WF

	QCOM
	OK with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: One panel
Candidate options:
Recommendations for 2nd round: record agreement in in WF on 60 GHz UE RF



FWA UE uplink spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 85 %ile, 12.5 dBm EIRP
· Recommended WF
· Agree Proposal 1
	Company
	Comments

	XXX
	YYYY

	MediaTek
	FFS is better at current stage, as more typical discussion process.

	Intel
	More discussion is needed

	HW
	Input from more companies are needed to decide on FWA requirements.

	QCOM
	We agree with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



FWA UE REFSENS
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -87.2 dBm. 400 MHz, 95% spectral occupancy assumption
· Proposal 2: -76.2 dBm, 400 MHz (from -82.2 dBm, 100 MHz)
· Recommended WF
· Further discuss
	Company
	Comments

	XXX
	YYYY

	MediaTek
	Fine with “Further discuss”

	Nokia
	Comparing to proposals for handheld UE, proposal 2 is too relaxed and cannot be accepted.

	Intel
	Further discussion is needed. The specified value for 28GHz bands with 400MHz CBW is -88.5 dBm. For band n262 (400MHz CBW), the value is -83.5 dBm. We expect some degradation for band n263 compared to n262.

	HW
	Agree with recommended WF

	QCOM
	Proposal 1



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



FWA UE EIS spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -73.6 dBm, 400 MHz, 95% spectral occupancy assumption 
· Recommended WF
· Further discuss
	Company
	Comments

	XXX
	YYYY

	MediaTek
	Fine with “Further discuss”

	Intel
	Need to agree on the minimum peak EIS first. Further discussion is needed.

	HW
	Agree with recommended WF

	QCOM
	Proposal 1



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



Vehicular UE minimum peak EIRP
Sub-topic description: 
Prior Agreements: Vehicular UE antenna array size is >= handheld. (R4-2120062)
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 22.7 dBm EIRP
· Recommended WF
· Proposal 1
	Company
	Comments

	XXX
	YYYY

	MediaTek
	If we can achieve consensus on antenna element of handheld and Vehicular UE, and also handheld min peak EIRP firstly, it would be easier to converge Vehicular UE min peak EIRP discussion.

	LGE
	We agree proposal 1, for 22.7dBm it was assumed that 16 antennas is used.

	HW
	Input from more companies are needed to decide on vehicular requirements.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



Vehicular UE uplink spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 60 %ile, 7.6 dBm 1 panel assumption
· Proposal 2: 60 %ile, 15.2 dBm 2-panel assumption
· Recommended WF
· Further discuss
	Company
	Comments

	MediaTek
	Fine with “Further discuss”

	LGE
	We can further discuss this and focus first on agreeing the handheld requirements.

	HW
	Input from more companies are needed to decide on vehicular requirements.

	QCOM
	Companies should contribute on number of panels. We tend to support 2 or more panels.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



Vehicular UE REFSENS
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -80.3 dBm for CBW of 400MHz 
· Recommended WF
· Proposal 1
	Company
	Comments

	MediaTek
	“Further discuss” is suggested

	LGE
	We support proposal 1. It is assumed that 16 antennas is used.

	HW
	Input from more companies are needed to decide on vehicular requirements.

	QCOM
	We support proposal 1



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



Vehicular UE EIS spherical coverage
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: -72.8 dBm, 60%ile, 2 panels assumption, 400 MHz
· Proposal 2: -65.1 dBm, 60%ile, 1 panel assumption, 400 MHz
· Recommended WF
· Further discuss
	Company
	Comments

	MediaTek
	Fine with “Further discuss”

	LGE
	We can further discuss this and focus first on agreeing the handheld requirements.

	QCOM
	Companies should contribute on number of panels. We tend to support 2 or more panels.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



UE ACLR
Sub-topic description: 
Previous agreements: Specify 99% OBW requirements in CCBW and specify ACLR. Waive the ACLR in the test if the ACLR requirement is less stringent than OBW requirement (R4-2120062)
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 17 dB
· Recommended WF
· Discuss this topic in thread [129]
	Company
	Comments

	XXX
	YYYY



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Discuss in thread 129
Candidate options:
Recommendations for 2nd round: If 129 concludes record agreement in in WF on 60 GHz UE RF



UE SEM
Sub-topic description: 
Previous agreements: Agree the table from R4-2119122 as the starting point for SEM requirements (R4-2120062)
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Adopt the combined FR2-1 and FR2-2 table from R4-2200238
· Recommended WF
· Proposal 1
	Company
	Comments

	XXX
	YYYY

	Nokia
	We are okay with recommended WF since the SEM is based on FR2-1

	vivo
	This table misses 200M SEM for FR2-1.
For ΔfOOB for 50MHz and 100MHz, they are not aligned with original FR2 table.




	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: 
Candidate options:
Recommendations for 2nd round: check vivo comments and possible correct in WF on 60 GHz UE RF



Spectral utilization
Sub-topic description: 
Previous agreements: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Apply same spectrum utilization for 120 kHz SCS in FR2-2 as in FR2-1
· Proposal 2: Consider similar spectrum utilization for scenarios with 800MHz and 1600MHz as 120 kHz SCS in FR2-1 
· Proposal 3: Support reduced spectrum utilization for 960 kHz SCS & 2 GHz CBW
· Recommended WF
· 1 - Agree 120 kHz SU for 100 and 400 MHz the same as FR2-1. 
· 2 – Further discuss SU for other SCS and CCBW
	Company
	Comments

	Nokia
	We are fine with the recommended WF

	Ericsson
	This requires further discussion and should be considered jointly for the gNB and UE.

	vivo
	We agree with the recommended WF.

	QCOM
	We agree with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: further discuss in WF on 60 GHz UE RF



FCC PSD Limit
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Use NS signalling to direct the UE to limit TRP for <= 100 MHz per the FCC directive; 23 dBm/MHz max
· Recommended WF
· Proposal 1
	Company
	Comments

	Sony
	Support NS signalling based method to define the upper limit.

	Ericsson
	We support using NS values for indicating the upper power-class limits that are subject to local regulation.

	vivo
	The proposal is OK.

	HW
	Need clarification on whether the PSD requirement is averaged on the whole bandwidth or scanned per 1MHz

	QCOM
	We are ok with the WF



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: further discuss in WF on 60 GHz UE RF



ON/ON transient periods for 480 and 960 SCS
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Use the same 5usec for FR2-2. (2)
· Proposal 2: Introduce {1, 2, 3} µS improved ON/ON transient period as the optional UE capabilities for 480 and 960 kHz SCS.
· Recommended WF
· Further discuss

AT&T: it seems some flexibility to support optional capability with reduced value. From our side, we see no harm to have flexibility. We would like to at least to agree to introduce the optional capability and decide the numbers.
Ericsson: We also see the benefit to have optional capability. Possible with reduce values.
Nokia: we are fine to have optional capability. We should reduce the number of possibility.
Apple: there are better way to improve performance by not having burden for UE implementation. Could we propose #1 agreed and keep #2 for further discussion.
Mediatek: similar view as Apple. It should be the baseline. We can consider the better capability in the future release. We should make sure the value is right if there is only one value.
Huawei: Share similar view as Apple and Mediatek. The capability is not introduced for FR2-1 and suggest to agree on #1 first.
Qualcomm: Agree with Apple and Huawei.
AT&T: the difference from FR2-2 is that SCS is different from FR2-1. 480 and 960KHz SCS are for different deployment scenario. We should not push it to later release.
Ericsson: Agree with AT&T. This is Optional capability.
Intel: There is difference between FR2-1 and FR2-2. Reducing the transient period can improve the performance by 20%. We do not see the harm to have one reduce value. How to move on it.
Apple: to intel, we are interested in further discussion. We should have better assumption on what the BS assumption is for this capability, which would lead to some complexity for scheduling. How can BS design if UE does not support this capability?
Ericsson: We agree with AT&T proposal. FFS should be removed.

Tentative agreement: Use the same 5usec for FR2-2.
· FFS on introduction of a single value among {1, 2, 3} µS improved ON/ON transient period as the optional UE capabilities for 480 and 960 kHz SCS

	Company
	Comments

	Nokia
	In case improved transient period is introduced, the number of possible values needs to be reduced. We prefer to maximum one optional value, it being 1us or 2us.

	MediaTek
	We continue to support Proposal 1. We do not support Proposal 2. 

	Ericsson
	We support introduction of a capability for ON-ON transitions but can also accept 5 us.

	Apple
	Proposal 1.

	Intel
	According to our evaluations on ON/ON transient period impact on PUSCH performance, up to 20% throughput improvement can be achieved with transient periods smaller than 5us, even with optimized gNB scheduling to cope with transient period impact. Analysis from Apple on transient period between SRS and PUSCH also shows that the reduction of transient period from 5us to 2us allows to increase throughput up to 10%. Such significant benefits should be taken into account to not preclude FR2-2 products with smaller transient periods than 5us. Additionally, to allow gradual product development we suggest defining smaller transient periods values as optional UE capability.

	AT&T
	Proposal 2. However, we can consider the possibility of reducing the set of optional values.

	HW
	Proposal 1. 

	QCOM
	Proposal 1. We don’t support proposal 2.



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: further discuss in WF on 60 GHz UE RF



UE beam direction switching time
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: 200 nsec as in FR2-1
· Proposal 2: 59 or 60 nsec.
· Recommended WF
· Further discuss
	Company
	Comments

	QCOM from thread  119
	The gNB and UE face different operational criteria and require different procedures during a generalized beam change. It is not feasible to equate the two. Some significant differences are:
1. Power consumption allowance in case of gNB
2. Tx dynamic range requirement for UEs


	OPPO from thread 119
	Option 1

	vivo from thread 119
	We support option 1, in TR 38.817-02, the worst case for intra-panel can be 100ns, and for CBM we should further consider the additional time for inter-panel or other latency, so 200 ns is preferred. In addition, based on the conclusion in this TR, 200ns beam switch time will not cause significant system performance degradation.

	Ericsson from thread 119
	Option 2.

	Nokia
	We support 59ns and would like to ask for a reference to where 200ns is defined for FR2-1.  

	MediaTek
	We continue to support Option 1.

	Apple
	Proposal 1: 200nsec.

	vivo
	OK with P1.

	HW
	Proposal 1. 
The beam switching time is not related to frequency range. Same value as FR2-1 shall be adopted.

	QCOM
	Proposal 1. Faster is not feasible



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements:
Candidate options:
Recommendations for 2nd round: further discuss in WF on 60 GHz UE RF



PRACH ON power measurement period
Sub-topic description: 
Open issues and candidate options before e-meeting:
· Proposals
· Proposal 1: Proposal: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown in R4-2200238
· Recommended WF
· Proposal 1
	Company
	Comments

	HW
	The measurement period for 480 and 960 kHz SCS is just a few us, and probably not testable. It needs discussion first on whether to introduce the requirements considering the testability. 



	
	Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment

	
	Tentative agreements: Further discuss in future meeting
Candidate options:
Recommendations for 2nd round: No further discussion this meeting



Companies views’ collection for 1st round 
CRs/TPs comments collection
For close-to-finalize Wis and maintenance work, comments collections can be arranged for TPs and CRs. For ongoing Wis, suggest focusing on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2200312
	Nokia: We agree with the formatting used in the draftCR but many of the values are still under discussion.

	
	Company B

	
	

	R4-2200307
	Nokia: What is the motivation to create new tables for PC1? It would be still worth to check whether PC1 can re-use the existing tables similar to PC3.

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e., WF assignment.
	
	Status summary 

	Sub-topic #1
	Tentative agreements:
Candidate options:
Recommendations for 2nd round:



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on 60 GHz UE RF
	Qualcomm Incorporated
	



Existing tdocs
	T-doc number
	title
	Source
	Recommendation
	Comments

	R4-2200067
	Views on UE antenna elements for FR2-2
	Murata Manufacturing Co Ltd.
	 Noted
	

	R4-2200238
	60GHz UE TX
	Qualcomm Incorporated
	 Noted
	

	R4-2200239
	60 GHz UE RX
	Qualcomm Incorporated
	Noted
	

	R4-2200307
	draft CR to 38.101-2 60GHz UE RX
	Qualcomm Incorporated
	Noted
	

	R4-2200312
	draft CR to 38.101-2 60 GHz UE TX
	Qualcomm Incorporated
	Noted
	

	R4-2200360
	Handheld UE antenna assumption for FR2-2
	NTT DOCOMO, INC.
	Noted
	

	R4-2200438
	UE antenna module with 60 GHz integration
	Apple
	Noted
	

	R4-2200453
	Remaining issues with transient requirements for FR2-2
	Apple
	Noted
	

	R4-2200470
	UE Array, EIRP level and Spherical Coverage at 60 GHz
	Sony, Ericsson
	Noted
	

	R4-2200570
	View on TX requirements of FR2-2
	MediaTek Beijing Inc.
	Noted
	

	R4-2200945
	Discussion on Rx beam switch time
	vivo
	Noted
	

	R4-2200950
	Further discussion on handheld UE EIRP and spherical coverage requirements for 52.6~71 GHz
	vivo
	Noted
	

	R4-2200951
	Further discussion on handheld UE EIS requirements for 52.6~71 GHz
	vivo
	Noted
	

	R4-2201073
	On UE Tx RF aspects for a NR band in the range 52.6GHz – 71GHz
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2201171
	Discussion on Rx RF requirements in FR2-2
	LG Electronics Finland
	Noted
	

	R4-2201209
	Discussion on Tx RF requirements in FR2-2
	LG Electronics Finland
	Noted
	

	R4-2201534
	On 60GHz UE Tx RF requirements
	Huawei, HiSilicon
	Noted
	

	R4-2201535
	On 60GHz UE EIS requirements
	Huawei, HiSilicon
	Noted
	

	R4-2201594
	Discussion on UE Rx beam switch delay 
	Nokia
	Noted
	

	R4-2201598
	System parameters for a NR band in the range 52.6GHz – 71GHz
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2201925
	UE Tx requirements for 52.6 to 71 GHz
	Intel Corporation
	Noted
	

	R4-2201926
	UE EIS requirements for FR2-2
	Intel Corporation
	Noted
	




Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on to/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202247
	60 GHz UE TX
	Qualcomm Incorporated
	Noted
	

	R4-2202248
	60 GHz UE RX
	Qualcomm Incorporated
	Noted
	

	R4-2202269
	R17 60GHz Tx requirements
	OPPO
	Noted
	

	R4-2202366
	WF on 60GHz UE RF 
	Qualcomm Incorporated
	Approved
	

	R4-2202402
	On EIRP for FR2-2
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2202403
	On EIS for FR2-2
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2202406
	UE Array, EIRP level and Spherical Coverage at 60 GHz
	Sony, Ericsson
	Noted
	

	R4-2202414
	Peak EIRP and EIS for 60 GHz
	Apple
	Noted
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Qualcomm Inc
	Phil Coan
	pcoan@qti.qualcomm.com

	AT&T
	Ron Borsato
	ronald.borsato@att.com

	vivo
	Shuai Zhou
	Shuai.zhou@vivo.com

	DOCOMO
	Ryu Kitagawa
	ryuu.kitagawa.pn@nttdocomo.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e., Company A (XX, XX)
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