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Introduction
Issues identified in R4-2119729 are discussed here.
UE Antenna Size Assumption
Note: This is an assumption used to derive requirements, and not a requirement.
Handheld UE antenna array number of elements assumption
Previous agreement from R4-21149489
Agreement: Have further analysis on the UE EIPR requirements taking both antenna element number and PA performance
· Include multiple antenna element numbers
· Practical form factor should be considered in the analysis
Considering ’practical form factor’, what criteria should we use?
Option 1: maximum size similar to FR2-1 commerical implementation
Option 2: Something else
Proposed WF: Option 1

Tentative agreement: Maximum size (physcial size) similar to FR2-1 commerical implementation will be considered for ”practical form factor”.

	Company
	Option
	Comments

	QCOM
	Option 1
	Commercial UE designs have already integrated FR2-1 arrays.

	MediaTek
	Option 2
	We also think Option1 is an important factor, however, more factors shall also be considered. For example:
1) commericial form factor space and placement for mmWave antenna module
2) commericial FR2-1 antenna module dimension for refernece
3) module manufacture feasibility
4) impact on power consumption and module cost
5) consideration on furture potential FR2-1 + FR2-2 inter-band CA operation

	Nokia
	Option 1
	From system performance point of view same number of antenna elements as in FR2-1 cannot guarantee sufficient performance. We agree option1 with the clarification that size refers to physical size. 

	Murata
	Option 1
	We also support MediaTeck’s comment, more factors should be proposed if it is needed.

	OPPO
	Option 2
	Agree with MTK, more factors need to be considered especially UE that need to support not only FR2-2 but also FR2-1 and FR1 bands.
It is not practical or meaningful to reuse the largest number of commercial UE, maybe for UE which only support FR2-2 is ok but for multi-band UE it is not doable.

	Sony
	Option 1
	FR2-2 array aperture needs to have similar dimension as FR2-1 to ensure the link budget. Network link budget and cell coverage may need to be considered.  

	Vivo
	Option 1
	Option 1 is OK.

	LGE
	Option 1
	

	Intel
	Option 2
	We agree with MediaTek. To fully consider a pratical form factor, additional aspects beyond the max physical size are needed.

	DOCOMO
	Option 2
	Of course, it is preferable for us that it will be maximum size similar to FR2-1 commerical implementation. However, we are worried that sufficient performance is not be guaranteed based on antenna size limitation.

	Apple
	Option 2
	Agree with MTK, the integration constraint in the antenna module size needs to be taken into account, as well as the increase on the routing and line loss when supporting FR2-1 and FR2-2 bands. We also need to consider the spacer thickness and pattern distortions for FR2-2 co-located configurations with FR2-1 antenna as part of the analysis.



The question is related to form factor which means the physical size. 
1. Option 1 acceptable (6 companies)
2. Option 1 not acceptable because of
· manufacturing feasibility 
· cost
· power consumption
· routing and line loss when supporting FR2-1 and FR2-2
· spacer thickness and pattern distortions with FR2-1 close to FR2-2

Proposed WF: 
· Use option1 as a working assumption into the next meeting.
· Discuss in GTW how to address the concerns related to the identified factors into the next meeting
· Delegates are encouraged to review the coex study results presented this meeting for performance
GTW:

Array element size compared to FR2-1
	Company
	Comment

	QCOM
	16 element array:
· for FR2-2 it is the same size as commercial 4 element array for FR2-1.  
· Dual-band antenna array can fit in the footprint of FR2-1 commercial 4 element array. In this contect dual-band means an array for FR2-1 and another array for FR2-2 can both fit in the footprint together,
· Commercial FR2-1 array .. FR2-1 elements in blue – FR2-2 elements in yellow
[image: ]

	MediaTek
	As commented in GTW, we are not convinced that 2x8 FR2-2 antenna array size is the same as 1x4 FR2-1 atnenan array size. Let’s use short edge of antenna array as an example:
For FR2-1 1x4 atnenan array: 
· FR2-1 antenna element*1
For FR2-2 2x8 atnenan array: 
· FR2-2 antenna element*1 + FR2-2 antenan spacing*1 + FR2-2 antenna element*1
As shown above, additional antenna spacing is needed to form a 2x8 antenna array.

New coment in v6:
Thanks Qualcomm prepares the figure, it exactly reflct what I say, the rectangular outline is diffrenrt between 1x4 FR2-1 and 2x8 FR2-2 antenna array. Anyway, as commented before, we also think consider feasible antenna module physical size is important.

	Nokia
	2x8 as first preference, 1x8 acceptable if sufficient performance achievable e.g. by acknowledging the fact that simpler and smaller array results in lower implementation losses.

	Murata
	We should be careful with  antenna gain when we making 2x8 FR2-2 antenna array in the same size of FR2-1. For implementation it is needed limiting size, and we can accept size limitation to the same with FR2-1.
For clarification, it is helpful showing old WF number, if size limitation of FR2 panel was discussed.

	OPPO
	Our preference is same as FR1, i.e. 1x4. We didn’t see the point that antenna elements are increased for different bands in FR2. If 1x4 is doable for n262 (47.2-48.2GHz), at most 2x4 is doable for 52.6-71GHz if consider to boost the power ability.

	Sony
	8*2 is preferred. We should also notice that the phone integration loss will also go higher with increased frequency, which will further degrade the performance. 

	vivo
	Maximum 1x8 annetena element is preferred.
We are not sure for FR2-2 it is the same size as commercial 4 element array for FR2-1.  

	LGE
	We think that 1x8 would a good starting point. This means that there will be coverage impact vs. FR2-1, but is similar coverage really necessary when thinking of the use cases. We think that high number of feeds will generate additional implementation challenges that increase the losses and result in smaller than expected gain from increased number of elements. However, we can also consider 2x8.

	DOCOMO
	We prefer 2x8 to reach EIRP levels similar to FR2-1. Also, we can accept 1x8 as a compromise.

	Apple
	A large number of antenna element will need additional cores for transmission line fan-out, specially if we consider multi-band design (i.e., FR2-1 and FR2-2). The co-location of FR2-2 antennas with FR2-1 can result in pattern distortion. For FR2-2 compared FR2-1 an increase in the spacing will be necessary, thus, we think that for UE handheld 16 elements cannot be assumed.



The question is related to array element size compared to FR2-1
1. 16 elements is same size as FR2-1 – (1 company)
2. Not sure if 16 elements is bigger or smaller than FR2-1 (1 company)
3. 16 elements is bigger than FR2-1 (1 company)
Proposed WF: 
· Further discuss either as part of GTW or in next meeting 

GTW:
Considering the agreement ’include multiple antenna numbers’, what should we include. Choose more than one.
Previous agreement from R4-21149489
Agreement: Focus primarily on antenna element numbers as they are related to directivity. Consider the possibility of use directivity as a factor in developing the spec as an alternative if it appears to be a more efficient way to come to a requirements agreement.
Per agreement we can consider directivity compared for FR2-1.  Propogation in FR2-2 is more lossy than FR2-1. Proposals so far have been 4, 8, 16 elements

	Company
	Comments on 4, 8, 16 elements

	QCOM
	Need directivity > FR2-1. Prefer 16 elements but any number of elements between 8 and 16 elements is acceptable. Per previous agreement.

	MediaTek
	Before saying FR2-2 shall have higher directivity compared to FR2-1. Can we clarify is there request to keep FR2-2 use distance as FR2-1? 

	Nokia
	Agree with QC, given that sufficient performance is met with less than 16 elements.

	Murata
	From the viewpoint of implementation and output power, we prefer 8 elements. Also, we can support 16 elements.
If we use 4 elements, we need further discussion whether it can satisfy with use case.

	OPPO
	4 is preferred.

	Sony
	8*2 is preferred. 

	vivo
	Prefer maximum 8 elements.

	LGE
	Number of elements between 8 and 16 elements is acceptable. Taking into account the implementation challenges 8 is our preference.

	Intel
	Considering the expected performance and implementation challenges of this frequency range and form-factor, our preference is 8-elements.

	DOCOMO
	We have the same view as Qualcomm.

	Apple
	Due to the reasons provided in the Table above, we think that 4 antenna elements should be assumed for handheld UEs.



The previous agreement as to include multiple antenna numbers, this question “Considering the agreement ’include multiple antenna numbers’, what should we include. Choose more than one.”
1. between 8 and 16 inclusive (4 + 1 conditional on performance)
2. 16 elements and no 2nd value stated (1)
3. 8 elements and no 2nd value stated (2)
4. 4 elements and no 2nd value stated (2)
Proposed WF: 
· Further discuss either as part of GTW or in next meeting 

GTW:

Vehicular UE antenna array assumption
Can we agree the vehicular array size is > than the handheld?
Option 1: Yes
Option 2: No
Proposed WF: Option 1
	Company
	Option

	QCOM
	Option 1

	Nokia
	Option 1

	OPPO
	Option 1 in general, but it depends on how many element is referred in handheld.

	Sony
	Option 1.

	LGE
	We can agree that vehicular array size is EQUAL or LARGER THAN the handheld.
In other words Option 1 with “=>” is acceptable for us.

	Intel
	While the array size can probably be larger, we have not yet discussed this UE type, nor have we agreed on the handheld array size. 
If needed, we can agree to “equal or larger than handheld”, as suggested by LGE.



Proposed agreement based on the majority of companies
Option 1:  Vehicular array size is > than the handheld


possible GTW: TBD
FWA UE antenna array assumption
Tentative agreements: Value anywhere in the range between 32 and 64 elements.
Candidate options:
Recommendations for 2nd round: Confirm the tentative agreement and possibly further discuss this topic in WF
FWA array size agreement
Option 1: Tentative agreement is OK
Option 2: Other
Proposed WF: Option 1
	Company
	Option

	QCOM
	Option 1

	Nokia
	Option 1

	Sony 
	Option 1

	Intel
	If there will only be a single power class for FWA UEs in FR2-2, then 32 to 64 elements is ok. 

	
	

	
	



Proposed agreement: FWA UE is decided to be a single power class, the number of antenna element assumption is anywhere in the range between 32 and 64 elements.

UE transmit power
Minimum Peak EIRP Handheld
Handheld UE minimum peak EIRP from round 1
· Proposals
	Options
	min pk EIRP requirement
	Power amplifier assumption origin
	Ant Gain assumption
	Ant element assumption

	Option 1
	11.3
	unclear
	computed
	8

	Option 2
	13.6
	unclear
	computed
	8

	Option 3
	15
	measured 60 GHz CMOS
	3D EM simulation
	16

	Option 4
	15.7
	unclear
	computed
	8

	Option 5
	20.1
	unclear
	computed
	16

	Option 6
	20.5
	Ga Tech PA survey
	computed
	16


· 
· Recommended WF
· TBA
	Company
	Option

	QCOM
	We are ok to decide on the antenna size assumption and return to the EIRP topic the next meeting.

	MediaTek

	Can Option3 proponent (QCOM) double-check Option 3 link budget table? Is there typo?
Furthermore, based on prior FR2-1 discussion experience, achieve antenna element consensus firstly would be helpful to converge EIRP discussion.

	Nokia
	From system performance perspective > 20 dBm is required, and it should drive the requirement. We are fine to concentrate on antenna size assumption first and return to the EIRP later

	Murata
	Based on 1st round discussion, we should make agreement of antenna elements first.
For clarifying communication range, we understand that FR2-2 focuses on Indoor case like 35 m ISD from Qualcomm comment in 1st round and RAN4#100-e part3 discussion. If we need over 20dBm minimum peak EIRP, it seems needing some hundred meters from BTS EIS discussed part 3. I'm appreciated that a company comments if I misunderstood use case.

	OPPO
	Premature to decided before the agreement on antenna elements assumption. FFS in next meeting.

	Sony
	We assumed 5 dBm output power from PA which is a conservative estimation based on state of art PA technology at 60 GHz, but we are open to further discuss the PA output power, and to further check the practical performance. 
It also seems to me that though the values are different from different companies, but if we scale up everything to 16 elements, the results are actually all very similar, in the range between 15-20 dBm. 
However, if we would adopt any values below 15 dBm, we think this will lead a extremely limited cell coverage and should be avoided.

	vivo
	We also suggest to conclude the antenna element assumption first.

	LGE
	We support Qualcomm proposal: “We are ok to decide on the antenna size assumption and return to the EIRP topic the next meeting.”

	Intel
	We need to align on the antenna array size first

	DOCOMO
	The antenna size assumption should be decided first.

	Apple
	We are also ok to come back to this topic when the assumption on the number of antenna elements has been decided.



Proposed WF: Further discuss next meeting.

GTW
Minimum Peak EIRP Vehicular and FWA UEs
Options:
Option 1: More proposals and discussion next meeting
Option 2: Agree EIRP > handheld, plus more proposals next meeting
Option 3: Something else

	Company
	Vehicle
	FWA

	QCOM
	Option 1 or Option 2 
	Option 2

	LGE
	Option 1 or Option 2 
	Option 2

	Intel
	Option 1
	Option 1

	
	
	

	
	
	

	
	
	



Proposed WF: Further discuss next meeting.

GTW
Spherical coverage Handheld UE number of panels assumption
[bookmark: _Hlk86666167]Minimum number of antenna panels assumption
· Proposals
· Option 1: assume 1 panel minimum
· Option 2: assume 2 panels minimum
· Option 3: reuse assumptions listed in approved R4-1801202 (Intel)
· Option 4: Something else
	Company
	Option
	Comments

	QCOM
	Option 2 or Option 4 
	Two panels is reasonable to get something like coverage over the entire sphere, 1 panel.. half of the sphere is gone. FR2-1 studied 1-panel and our understanding is none of that work resulted in a value for the specification.  Option 3 includes simulation in FR2-2 and our understanding is the glasses and plastics used do not have published dieletric properties in the FR2-2 range. This is problematic.
Our proposed option : Re-use the antenna module set/location assumptions in R4-1801202. Difference in losses across the CDF may be estimated as a fixed dB delta. 

	Nokia
	Option 2
	For handheld UE minimum 2 panels are required to avoid blockages. For other types of devices we are open to discuss further.

	OPPO
	Option 1
	This is the assumption in FR2-1 should be reused in FR2.

	Sony
	Option 2
	

	vivo
	Option 1.
	We prefer the same assumption with FR2-1, i.e., 1 pannel minimum for FR2-2.

	LGE
	Option 2
	

	Intel
	Option 3
	The simulations need to consider UE packaging (materials used, relevant distances and size contraints). This is particularly important for FR2-2. The materials used are characterized for the desired frequency range, to better account for dielectric properties and losses. Otherwise, conservative numbers need to be used.
We can reuse the FR2 assumptions as they appear in R4-1801202, including the simulation environment.

	DOCOMO
	Option 2
	Handheld UE is covered by hands, so it is difficult that UEs with one antenna panel show required minimum performance. In fact, it is popular that commercial UEs supporting FR2-1 have two or more antenna panels. In addition, FR2-2 may have narrower beam compared FR2-1. Therefore, it is difficult for us to imagine the motivation to support FR2-2 with one antenna panel.

	Apple
	Option 1
	Our preference is Option 1 but we are also ok with Option 3, to use R4-18101202 as a baseline for the simulation assumptions.



Company views: Option 1 (3), Option 2(5), Option 3(0)
Proposed WF: Companies to analyze both 1 and 2 panels for study of handheld spherical coverage. Further discussion in future meeting how to consider the results in determining the spatial coverage requirements.

GTW
Spherical coverage parameter(s) to be specified
Number of points on CDF
· Proposals
· Option 1: 1 point at 50%ile (and why)
· Option 2: 1 point at FFS %ile (other than 50%ile) (and why)
· Option 3: 2 points at FFS %ile (and why)
· Option 4: Something else and describe

	Company
	Option
	Comments

	XXX
	Option 
	Rationale or description

	MediaTek
	Option 1 or 2

	FR2-1 power classes only define 1 point on CDF. 
Leverage FR2-1 PC3 (50%-tile) sounds resonable, however, deeper study is also fine.

	Nokia
	Option 1/2/3
	We can accept a single point at 50 % leveraging FR2-1, but we can also have a higher percentage value or multiple values as long as they all are higher than 50%.

	OPPO
	FFS
	

	Sony
	Option 1 and 2
	We think the percentile point needs to be studied for the new frequency range considering different propagation environment. For example, we might expect fewer multiple path components, due to the stronger directivity on both gNB and UE sides. we can perhaps conclude it after we see more analysis, at least the spherical coverage results. 

	vivo
	Option 1 or 2.
	Option 1 is preferred. However, we may need further check after antenna assuptions are decided.

	Intel
	Option 1 or Option 2
	We prefer to reuse the FR2-1 framework, which defines a single percentile point per power class. 
For the percentile point value, we are ok to have 50%ile as a starting point and evaluate whether it can be reused based on spherical coverage analysis.

	DOCOMO
	Option 2 or 3
	We should have further discussion based on agreement of antenna pannels assumption.

	Apple
	Option 4
	We suggest to first agree on the simulation assumptions for EIRP CDFs – that includes the number of antenna elements – and then we can agree on the %tile.



Company views (acceptable options): Option 1(5), Option 2(6), Option 3(2), Option 4(2)
Proposed WF: Interested companies to provide %ile tables in increments of 10% for comparison in next meeting. By this I mean 10,20,30,40,50,60,70 ,80, and 90 %ile. The intent is to use this data to compare, and then specify between 1 and 3 values for the specification.

GTW
Spectral utilization
Tentative agreement: Considering the minimum proposed value, agree SU >= 85%. Further agree is it FFS whether SU varies with modulation order
Proposals:
Proposal 1: SU >= 85%
Proposal 2: It is FFS whether SU varies with modulation order

	Company
	Proposals
	Comments

	QCOM
	both proposals are acceptable 
	

	Nokia
	For 120 kHz keep FR2-1 SU.
	Proposal 1 is same as agreeing nothing, as all proposals to this meeting are within the range.
We are open the discuss different SU at least for 960 kHz SCS, but we feel strongly that for 120 kHz we should keep SU from FR2-1. We do not see the need to vary SU between modulations, it is always possible to schedule less than full allocation.

	
	
	

	
	
	

	
	
	



Proposed WF: Method to analyze below takes precendence, no agreement on this one.

GTW: 
Method to analyze SU for 400 MHz
Tentative agreements: consider e.g., EVM, power capability, occupied bandwidth, and unwanted emissions requirements in various regions before deciding on the SU
Proposals:
Proposal 1: consider e.g., EVM, power capability, occupied bandwidth, and unwanted emissions requirements in various regions before deciding on the SU

	Company
	Proposal
	Comments

	QCOM
	Proposal 1 is ok 
	

	Nokia
	
	Any potential analysis should demonstrate gains from reduced SU. Any potential study should look at SCS higher than 120 kHz.

	
	
	

	
	
	

	
	
	



Proposed agreement : consider e.g., EVM, power capability, occupied bandwidth, and unwanted emissions requirements in various regions before deciding on the SU. Include 120, 240, and 960 kHz in the analysis.

GTW

PTRS and EVM
Tentative agreements: Assume PTRS is to be used in EVM processing. FFS whether 16-QAM and lower mods use it/
Proposals
Proposal 1: PTRS is to be used in EVM processing for greater than 16-QAM 
Proposal 2: FFS whether 16-QAM and lower EVM will use PTRS
	Company
	Proposals
	Comments

	QCOM
	Both proposals are OK
	

	Nokia
	Both proposals are OK
	

	Apple
	Proposal 1
	

	
	
	

	
	
	



Proposed agreement : PTRS is to be used in EVM processing for greater than 16-QAM . FFS whether 16-QAM and lower EVM will use PTRS.

GTW
Unwanted emissions
ACLR agreement from GTW
Agreement: 
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
FCC and ETSI
Tentative agreement: Create general requirement from the more relaxed, and NS enacted requirement from any tighter regional requirement. Typical RAN4 method. (the gist of the Ericsson and Nokia comments)
SEM
GTW agreement: Agree the table from R4-2119122 as the starting point for SEM requirements

64 QAM
ACLR agreement from GTW
Tentative Agreement: DL mandatory 64QAM, uplink optional 64QAM
Options
Option 1: Tentative agreement OK
Option 2: Not OK

	Company
	Option
	Comments

	QCOM
	Option 1
	

	Nokia
	Option 1
	

	DOCOMO
	Option 1
	

	
	
	

	
	
	



Proposed agreement : DL mandatory 64QAM, uplink optional 64QAM

GTW
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