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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train (HST) scenario in FR2 has been approved [RP-202118] (which has been further revised to [RP-210800] with editorial revisions and updates on time schedule).
Based on the agreement captured in WF [R4-2103240], companies are encouraged to further study the UE RF requirement for FR2 HST UE: 
	· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [3]. 
· Baseline power class and UE RF requirement for FR2 HST: 
· FFS FR2 HST UE (roof-mounted UE type) RF requirement,  
· Follow Rel-15/16 principle of “only one panel to TX/RX at a time”
· Take FR2 PC4 requirement as baseline for discussion: 
· FFS spherical coverage requirement and min peak EIRP requirement, based on implementation limitation
· Beam correspondence: 
· For FR2 HST UE (roof-mounted UE type), Beam Correspondence requirement is FFS, following aspect can be considered: 
· How to handle the RF requirements on beam correspondence bit 1 and bit 0 UE capability, based on deployment scenario study;
· FFS the side condition for Beam Correspondence requirement for FR2 HST UE.


 
In this email thread, the following agenda items will be discussed: 
· 8.7.1	General and work plan
· 8.7.3	UE RF core requirements
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
It is suggested to have the following target of 1st and 2nd round email discussion: 
· 1st round: Further discussion on the updated TR and UE RF requirements. 
· 2nd round: Based on results from 1st round, achieve agreements as much as possible for UE RF requirements, as the basis for future discussion. 

Topic #1: General TP to TR 38.854
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2106397
	Nokia, Nokia Shanghai Bell, Samsung
	TR for FR2 HST



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
N/A. Only 1 TP to TR in this section, companies’ views are collected in below Section 1.3 directly. 
Companies views’ collection for 1st round 
Open issues 
N/A. Only 1 TP to TR in this section, companies’ views are collected in below Section 1.3 directly. 

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 to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	R4-2106397
(General TP to TR 38.854)
	 We are okay with the content, but it is expected that the workload will be higher when more analysis and conclusion on FR2 HST are provided in future meetings. Considering that, it could be reasonable if some work-split is planned. 

	
	Ericsson:
The paper has no cover page so no info on Tdoc#, source, title etc. It is just the first page of the existing TR directly. 
No summary or background info on where the inputs come from is available, just change marks directly into the TR.
We can’t approve this paper with this format. In our opinion it violates 3GPP Tdoc drafting rules for draft TR’s 
Editorial/readability comment. In the general section 5-1 the scenarios are described as scenario 1 – 5 (1 and 4 prio) and further down (sections 5.2.1; 5.2.2) the scenarios are named A and B with a note making the mapping between scenario 2 and scenario A and corresponding scenario 4 and scenario B. It would be better to name the scenarios the same in the whole TR instead if copying in text from WF. Will be very hard to read and follow in the end.

	
	



Summary for 1st round 
Open issues 
N/A. Only 1 TP to TR in this section, companies’ views are collected in below Section 1.3 directly. 


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  

	R4-2106397
(General TP to TR 38.854)
	Based on 1st round comment, the TP needs revision. 



Discussion on 2nd round (if applicable)
N/A. 

Topic #2: UE RF Requirements for FR2 HST
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2104906
	Qualcomm, Inc.
	Observation 1: Large UE beam switch/measurement delay significantly degrades UE performance under FR2 HST scenario.
Proposal 1: Consider only bit-1 UE in FR2 HST.
Observation 2: For the agreed FR2 HST scenarios, azimuth angle range = [-60, 60] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
Proposal 2: UE is considered to consist of 2 back to back panels.
Proposal 3: The spherical coverage requirement shall be 30%.

	R4-2104585
	Ericsson France S.A.S
	Observation 1: Single beams for both RRH/gNB and UE seems feasible for both scenarios 
Observation 2: The need for spherical coverage on the UE is limited
Observation 3: Bi-directional deployment is not suitable from a beam coverage point of view.
Proposal 1: UE requirement for spherical coverage shall be limited.
Proposal 2: Increase maximum output power for train mounted HST FR2 UEs.
Observation 4: If the two proposals in this paper are agreed upon RAN4 should define a new PC class for HST FR2 UEs.

	R4-2104719
	Nokia, Nokia Shanghai Bell
	Observation 1: It is preferred to reuse the existing PC4 requirement as much as possible.
Observation 2: The spherical coverage requirement can be revisited considering the antenna pattern of the roof-top mounted antennas and HST network deployment.
Observation 3: The beam patterns and spherical coverage of roof-top mounted antenna system should be designed to support the communications with the railway side infrastructure installed along the railway track.
Observation 4: For HST roof-top mounted antenna, industry grade design should be considered in this work.

	R4-2105026
	Samsung
	Observation-1: For UE operating in uni-directional RRH deployment, UE can be equipped with two panels to support both directions (i.e., forward and backward) to guarantee UE’s flexible operation, either moving towards or away from serving beam.
Observation-2: For UE operating in bi-directional RRH deployment, UE’s beambook is required to support both directions (i.e., forward and backward) to Dynamic Point Selection (DPS) operation.
Proposal-1: RAN4 need to study how one UE type (i.e., power class 4) can have different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
Observation-3: To evaluate minimum peak EIRP, companies needs to provide input for alignment based on below template. 
Table 1. Template for minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD


Proposal-2: By taking FR2 PC4 requirement as baseline, 4x4 antenna elements per panel is assumed for RF requirement definition. 
Observation-4: Based on FR2 HST deployment study, the 80% percentile point for FR2 PC4 UE to guarantee 80% portion of spherical coverage is not necessary. 
Proposal-3: RAN4 reconsider FR2 HST UE’s spherical coverage requirement by assuming two panels with very limited number of beams for each panel.

	R4-2104586
	Ericsson France S.A.S
	Observation 1: In a HST deployment scenario there is a need for UEs to support BC without sweeping.
Proposal 1: Beam correspondence requirements for HST FR2 UE’s are needed and shall not be coupled to any spherical requirements.

	R4-2104720
	Nokia, Nokia Shanghai Bell
	Observation 1: The uplink beam sweeping is not suitable to HST operation due to the impacts to network performance.
Observation 2: The beam correspondence tolerance requirement was intended for early adopted handheld devices without high mobility and standalone operation.
Observation 3: The network deployment for HST and specific design for rooftop mounted antenna can provide stable signal strength level so that side conditions for beam correspondence is maintained to help the UE beam correspondence.
Proposal 1: bit-0 (BC tolerance requirement) shall not be allowed for HST devices.

	R4-2106333
	Samsung
	Proposal-1: For FR2 HST UE (roof-mounted UE type), RAN4 assume beamCorrespondenceWithoutUL-BeamSweeping shall be mandatorily supported,  i.e., UE shall meeting the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping. 
Observation-1: There is no benefits observed for FR2 HST UE’s support of Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16.
Proposal-2: In Rel-17 FR2 HST WI, RAN4 need to discuss the benefits from UE’s support the Rel-16 optional feature beamCorrespondenceSSB-based-r16.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1 Baseline power class and UE RF requirement 
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: UE RF requirement framework
· Proposals
· Proposal 1 (Samsung): RAN4 need to study how one UE type (i.e., power class 4) can have different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-1-2: Minimum Peak EIRP
· Proposals
· Proposal 1 (Samsung): To evaluate minimum peak EIRP, companies needs to provide input for alignment based on below template. 
Table 1. Template for minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD


· Proposal 2 (Samsung): 4x4 antenna elements per panel is assumed for RF requirement definition. 
· Proposal 3 (Ericsson): Increase maximum output power for train mounted HST FR2 UEs.
· Proposal 4 (Nokia): For HST roof-top mounted antenna, industry grade design should be considered in this work.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-1-3: Spherical coverage requirement
· Proposals
· Proposal 1 (Qualcomm): The spherical coverage requirement shall be 30%.
· For the agreed FR2 HST scenarios, azimuth angle range = [-60, 60] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective. 
· Proposal 2 (Qualcomm, Samsung): Assume 2 back to back panels for FR2 HST UE. 
· Proposal 3 (Ericsson, Samsung, Qualcomm): UE requirement for spherical coverage shall be limited (limited number of beams in beambook).
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-1-4: New Power Class?
· Proposals
· Proposal 1 (Ericsson): If the two proposals (limited spherical coverage and increased output power) in Ericsson’s paper are agreed upon RAN4 should define a new PC class for HST FR2 UEs.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Sub-topic 2-2 Beam Correspondence for FR2 HST UE
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2-1: BC Bit-1 UE is mandatory? 
· Proposals
· Option 1: BC bit-0 UE is not allowed, i.e., UE shall meeting the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping.
· Recommended WF
· Companies’ views are collected in 1st round discussion.

Issue 2-2-2: Other Beam Correspondence requirement? 
· Proposals
· Observation 1 (Samsung): There is no benefits observed for FR2 HST UE’s support of Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16.
· Proposal 1 (Samsung): RAN4 need to discuss the benefits from FR2 HST UE’s support the Rel-16 optional feature beamCorrespondenceSSB-based-r16. 
· Proposal 2 (Ericsson): Beam correspondence requirements for HST FR2 UE’s are needed and shall not be coupled to any spherical requirements.
· Recommended WF
· Companies’ views are collected in 1st round discussion, on whether or not FR2 HST needs to support Rel-16 BC features and other BC requirement.

Companies views’ collection for 1st round 
Open issues 
Sub topic 2-1 
	Company
	Comments

	QC
	Issue 2-1-2: Minimum Peak EIRP
For proposal 1 and 2:
Min peak EIRP should be decided by link budget analysis. Therefore, RAN4 should first agree RRH antenna configurations. Then based on the agreed Ds, Dmin and pathloss model, RAN4 can decide the UE min peak EIRP.
For proposal 3:
This proposal is based on the observation Ericsson’s analysis in R4-2104585. However, there are a few issues in the analysis:
(1) Based on the observed antenna radiation pattern, in scenario B, RRH and UE are using sidelobes in large portion of time. Therefore, with careful design of additional beams pointing to different directions, performance can be improved. 
(2) Switching position is too far from the RRH.
Issue 2-1-4: New Power Class
We should come back to this after the rest of issues are concluded.

	Samsung
	Issue 2-1-1: UE RF requirement framework
As proponent of P1, we see it is possible that one UE type (i.e., PC4) may need different set of RF requirement which is applicable under certain deployment scenario: 
- e.g., for uni-directional RRH deployment, UE may only need to active one panel (either pointing forward or backward), but for bi-directional RRH deployment, UE obviously need to active two panels. Even from UE implementation perspective, two panels are required to be implemented, the applicable requirement of special coverage could be different for uni- and bi-directional scenarios. 

Issue 2-1-2: Minimum Peak EIRP
P1/P2: As proponent for P1/P1, suggest P1 and P2 to be used for following RF discussion. 
P2: As proponent for P2, we see 4x4 antenna elements per panel can be used as baseline for RF analysis to derive minimum peak EIRP and other requirements. This should be confirmed by link budget analysis for FR2 HST deployment scenarios: whether EIRP provided by 4x4 is enough or not. 

Issue 2-1-3: Spherical coverage requirement
Depends on how many TX/RX beams needs for codebook in UE side. If only few (e.g. 1 beam per panel) is needed (which is concluded from deployment scenario study), then the requirement spherical coverage will be limited to small percentage. 

Issue 2-1-4: New Power Class?
Discuss the requirement firstly. We are open to new PC or revision on existing PC. 

	Ericsson
	Issue 2-1-1: We see no real benefit with bi-directional deployment but agree that if we decide to standardize both deployment scenarios bi- and uni-directional it might result in different set of requirements and in the end different UE types.
Issue 2-1-2: 
Proposal 3: Need for this depend on link budget analysis and can be seen as an option to consider, also relates to Proposal 4 in the sense that this is not a handheld device. 
Proposal 4: Agree on this statement.
Issue 2-1-3: 
Proposal 2: Depends partly on deployment scenario.
Proposal 3: 
Issue 2-1-4: 
Agree with QC and Samsun on setting requirements and then discuss potential new PC


	ZTE
	Issue 2-1-1: UE RF requirement framework
 In fact, it is not new that different UE implementation appears to have different performances expected, but from specs perspective, only minimum requirements are needed. 
In this WID, if indeed there is a need for defining deployment-scenario-wise requirements, it might be possible that a generic set of requirements is defined, and a certain delta values associated with a different deployment scenario can be applied on the generic requirements for the deployment scenario.

Issue 2-1-2: Minimum Peak EIRP
Detailed parameters setup needs to be agreed at first for calibrating numerical evaluation inputs. P1/2/3 more or less are elaborated parameters/configurations to be considered.

Issue 2-1-3: Spherical coverage requirement
P2 is also one of parameters for further evaluation as in Issue 2-1-2.

Issue 2-1-4: New Power Class?
We are open to that new type UE may need new power class.

	Nokia
	Issue 2-1-1: UE RF requirement framework
We support a single set of UE requirement which can support various HST deployment options.  
Issue 2-1-2: Minimum Peak EIRP
We support to go for higher peak EIRP than wider spherical coverage (80%) when we need to trade them off.
Issue 2-1-3: Spherical coverage requirement
We support to go for higher peak EIRP than wider spherical coverage.
But we are afraid that 30% proposed by Qualcomm may not have enough margin in network deployment (gNB beam patterns, beam switch error, and handover latency, etc). Further analysis may be needed.
What is the minimum peak EIRP and EIRP drop, if 30% is considered? Do we reuse the same min peak EIRP and EIRP drop to spherical as PC4?
Issue 2-1-4: New Power Class?
If new EIRP/EIS levels different from PC4 are needed, then a new power class is needed.

	Huawei, HiSilicon
	Issue 2-1-1: UE RF requirement framework
From RF requirement perspective we have some clarification questions:
· Does the ‘PC4’ RF sets have the same max TRP and max EIRP, and min peak EIRP?
· We define ‘PC4’ RF sets based only on different usage scenario, e.g. uni-directional or bi-directional? Or even for uni-directional scenario, we can still use the UE with back-to-back panels? 
Then do we define ‘PC4’ RF sets based on different RF architectures?
· Whether new power class is needed if even min peak EIRP is not the same as for current PC4?
We suggest to configure out above questions on RF requirement framework. 
Issue 2-1-2: Minimum Peak EIRP
We are OK to have some power link budget calculation, but this table may need some further modification:
· Max TRP limitation may need to show in the table 
· Panel number may be needed
For multiple panel case, do we assume only one panel is active in each time point?
4*4 could be one assumption, we suggest we do not exclude other assumption, e.g. 8 elements or other.
Issue 2-1-3: Spherical coverage requirement
For P1, does 30% spherical coverage here mean 70% CDF? If each panel only cover 15% spherical coverage, when UE moves to the bottom of one RRH, the UE maybe have trouble to connect with the RRH.
For P3, how we limit the analog codebook for UE implementation? It is considered as rough beam or fine beam? In our understanding, limited codebook and limited spherical coverage requirement seems not identical.
In our understanding, scenario B may need a larger spherical coverage requirement, e.g. 20% CDF.
Issue 2-1-4: New Power Class?
We’d better decide on the power class issue after we conclude on the framework and collecting on power budget.


	Intel
	Issue 2-1-1: UE RF requirement framework
Ok to further discuss in greater detail, but it is best to wait until we agree on requirements
Issue 2-1-2: Minimum Peak EIRP
For proposal 1, we agree to evaluate the min peak EIRP and use the derivation table (table 1) as guide.
The rest of the proposals need further discussion (evaluation stage)

Issue 2-1-3: Spherical coverage requirement
We agree it is better to use a higher percentile point, but this and the rest of the proposals need further discussion

Issue 2-1-4: New Power Class?
Postpone discussion until we agreed on requirements


 
Sub topic 2-2 
	Company
	Comments

	QC
	Issue 2-2-1: BC Bit-1 UE is mandatory? 
Support option 1. As we pointed out in our contribution, additional delay for beam sweeping or always schedule SRS together with CSIRS lead to too much overhead in HST scenario. Therefore, BC bit-0 UE is not suitable for HST.
Issue 2-2-2: Other Beam Correspondence requirement? 
For proposal 2, we have the following comments:
(1) In HST the out of spherical coverage area is not expected to receive signal (2) Beam corresponding should be consistent regardless of inside or outside of spherical coverage, UE can't change it BC behavior by first determining inside or outside of spherical coverage. Hence beam correspondence can be tested as legacy UEs.

	Samsung
	Issue 2-2-1: BC Bit-1 UE is mandatory? 
Option-1. For FR2 HST UE (roof-mounted UE type), RAN4 assume beamCorrespondenceWithoutUL-BeamSweeping shall be mandatorily supported. 

Issue 2-2-2: Other Beam Correspondence requirement? 
P1: as proponent of P1, we see the benefits of UE’s support of R16 optional feature beamCorrespondenceSSB-based-r16. 
P2: Need more clarification what is the “BC requirement” exactly expected from proponent of P2. Based on current proposal and explanation in the contribution, it is not clear to us. 

	Ericsson
	Issue 2-2-1: BC Bit-1 UE is mandatory? 
Support option 1.


	ZTE
	Issue 2-2-1: BC Bit-1 UE is mandatory?
Option 1. Beam correspondence capability without relying on beam sweeping should be mandatory in HST scenarios.

Issue 2-2-2: Other Beam Correspondence requirement?
For P2, spherical coverage is one of the three requirements which “beam correspondence” requirements consist of. Do you mean to take spherical coverage requirements out from beam correspondence for HST FR2? 
For P1, it is reasonable to focus on SSB based BC for HST FR2.


	Nokia
	Issue 2-2-1: BC Bit-1 UE is mandatory? 
Support Option 1.
Issue 2-2-2: Other Beam Correspondence requirement? 
We agree that SSB is in higher priority, though it is not certain if CSI-RS is never needed.
Proposal 2 (Ericsson) is unclear. Can you explain how BC is specified differently from the existing BC framework for PC3?

	Huawei, HiSlicon
	Issue 2-2-1: BC Bit-1 UE is mandatory? 
300km/h is considered for FR2 HST, the train move across 2 adjacent RRHs requires for about 1-2s, which is enough for UE to switch the beam from RRH1 to RRH2, even with the SRS sweep time. Even UE need to send 8 SRS resource in 2 slots, for 120kHz, 250us is enough. However, bit-0 UE could also work if gNB do not configure SRS. We don’t see the need to mandate bit-1 UE.

Issue 2-2-2: Other Beam Correspondence requirement? 
We do not see the benefit from only use SSB based BC here. From UE beam search perspective, there is no searching delay difference between SSB based and CSI-RS based, both need to refine the beam, one is by CSI-RS configuration, the other is by UE implementation. For scenario, SSB beam is rough beam transmitted by gNB, if only SSB based BC is allowed, the UE may not accurately decide on its fine beam.
For P2, we are not sure that why BC is not coupled to spherical coverage? In our understanding, UE need to ensure the corresponding UL beam on each spherical coverage directions. We are open to discuss more.



 
CRs/TPs comments collection
N.A because no CRs/TPs submitted under Topic-2 related AIs. 
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#2-1
Baseline PC and UE RF requirement
	Issue 2-1-1: UE RF requirement framework
[Moderator] The UE RF requirement framework is discussed for FR2 HST UE, based on the following proposal: 
- Proposal 1 (Samsung): RAN4 need to study how one UE type (i.e., power class 4) can have different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
In general, it is the first meeting to discuss this therefore companies propose the following questions/options to be answered/considered for the framework related issue: 
     - Option-1 (Ericsson): Whether bi-directional deployment is needed, if not, UE RF requirement will be simplified without the need to consider the difference in uni- and bi-directional RRH deployment. 
    - Option 2 (Samsung): One Power class (i.e., one-to-one mapping to UE type for FR2 HST) with different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
- Option-3 (ZTE, Nokia): Only minimum requirement (i.e., a single set of requirement) needed to cover different performance expected.  
- Optio-3a (ZTE): A generic set of requirement, with a certain delta values associated with a different deployment scenario can be applied on the generic requirements for the deployment scenario
Furthermore, questions are proposed by Huawei to be concentrated on in future discussion: 
From RF requirement perspective we have some clarification questions:
•	Q1: Does the ‘PC4’ RF sets have the same max TRP and max EIRP, and min peak EIRP?
•	Q2: We define ‘PC4’ RF sets based only on different usage scenario, e.g. uni-directional or bi-directional? Or even for uni-directional scenario, we can still use the UE with back-to-back panels? 
Then do we define ‘PC4’ RF sets based on different RF architectures?
•	Q3: Whether new power class is needed if even min peak EIRP is not the same as for current PC4?
Tentative agreements: N/A. 
Recommendations for 2nd round:
- [Moderator]: Obviously more discussion is needed on how to define the RF requirement framework for FR2 HST, to address the possible need for the different requirement under different scenarios. 
- Suggest to further discuss based on the above options and questions. If no options or questions can be excluded, need to draft WF to capture all aspects on the table. 

	
	Issue 2-1-2: Minimum Peak EIRP
[Moderator] The discussion was based on the proposals listed above. Most companies see the necessity of using the link-budget table and antenna element assumptions for future evaluation. One company mentioned that minimum peak EIRP should be decided by deployment scenario analysis and RRH parameters should be decided firstly. 
Tentative agreements:
From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP: 
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD

	TRP (to be compared with TRP limit)
	dBm
	TBD


        - For HST roof-top mounted antenna, industry grade design should be considered. 
        - Antenna elements per panel: 
                 - Option-1: 4x4 with two polarization;
                 - Option-2: 8 elements (2x4 or 4x2) with two polarization;
                 - Other options are not precluded;
                 - Antenna option should be decided by considering the analysis for deployment scenario. 
Recommendations for 2nd round:
- [Moderator]: suggest to further discuss based on above tentative agreement. From moderator’s perspective, seems the above tentative agreement capture all companies’ points, except Huawei’s mentioned panel number because as far as we know if two panels are point to opposite directions, minimum peak EIRP can be derived based one panel link-budget.  

	
	Issue 2-1-3: Spherical coverage requirement
[Moderator] Based on current discussion, companies could have different understanding on the required spherical coverage due to: 
       (1) different understanding on UE RF architecture, e.g., how many panels, etc.
       (2) how much spherical coverage is needed, for which more input from deployment scenario analysis is desired; 
Tentative agreements:
For spherical coverage requirement, FFS
       - The x%-tile point in EIRP CDF: 
               -  # of panels, # of beams in beambook and x%-tile point need to consider how much spherical coverage is needed, based on deployment scenario analysis. 
              - FFS different x%-tile point needed for different scenarios. 
       -  FFS detailed requirement for minimum EIRP value at x%-tile. 
Recommendations for 2nd round:
        - Suggest to further discuss based on above tentative agreement.

	
	Issue 2-1-4: New Power Class
[Moderator] It is proposed by some companies that RF requirement framework and detailed requirement needs to discuss firstly. 
Recommendations for 2nd round:
         - Suggest to follow most companies’ preference to discuss RF requirement framework and detailed requirement firstly. If so, no more discussion is needed during this meeting. 

	Sub-topic 2-2
BC for FR2 HST UE
	Issue 2-2-1: BC Bit-1 UE is mandatory?
[Moderator] Discussion status is provided: 
· Option 1 (Samsung/Qualcomm/Ericsson/ZTE/Nokia): BC bit-0 UE is not allowed, i.e., UE shall meeting the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping.
· Option 2 (Huawei): No need to mandate FR2 HST UE support BC bit-1. 
Tentative agreements: N/A
Recommendations for 2nd round:
· Discuss two options above and to see the possibility of accepting Option-1 as majority view. Further discussion on Huawei’s proposed argument is encouraged.  

	
	Issue 2-2-2: Other Beam Correspondence requirement?
[Moderator] Based on discussion status, both P1 and P2 needs more discussion, and P2 needs more clarification. 
Tentative agreements:
· For Rel-16 Beam correspondence: 
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceSSB-based-r16
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16
Recommendations for 2nd round:
- [Moderator]: Discuss based on the above tentative agreement and Ericsson’s P2 can be further clarified and how to be captured in WF to drive discussion in following meetings. 




CRs/TPs
N.A because no CRs/TPs submitted under Topic-2 related AIs. 

Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.
Sub-topic 2-1 Baseline power class and UE RF requirement 
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1-1: UE RF requirement framework
[Moderator] In general, it is the first meeting to discuss this UE RF requirement framework therefore companies propose the following questions/options to be answered/considered for the framework related issue: 
· Option-1 (Ericsson): Whether bi-directional deployment is needed, if not, UE RF requirement will be simplified without the need to consider the difference in uni- and bi-directional RRH deployment. 
· Option 2 (Samsung): One Power class (i.e., one-to-one mapping to UE type for FR2 HST) with different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
· Option-3 (ZTE, Nokia): Only minimum requirement (i.e., a single set of requirement) needed to cover different performance expected.  
· Optio-3a (ZTE): A generic set of requirement, with a certain delta values associated with a different deployment scenario can be applied on the generic requirements for the deployment scenario
Furthermore, questions are proposed by Huawei to be concentrated on in future discussion: 
From RF requirement perspective we have some clarification questions:
•	Q1: Does the ‘PC4’ RF sets have the same max TRP and max EIRP, and min peak EIRP?
•	Q2: We define ‘PC4’ RF sets based only on different usage scenario, e.g. uni-directional or bi-directional? Or even for uni-directional scenario, we can still use the UE with back-to-back panels? 
Then do we define ‘PC4’ RF sets based on different RF architectures?
•	Q3: Whether new power class is needed if even min peak EIRP is not the same as for current PC4?
Tentative agreements: N/A. 
Recommendations for 2nd round:
- [Moderator]: Obviously more discussion is needed on how to define the RF requirement framework for FR2 HST, to address the possible need for the different requirement under different scenarios. 
- Suggest to further discuss based on the above options and questions. If no options or questions can be excluded, need to draft WF to capture all aspects on the table.


Issue 2-1-2: Minimum Peak EIRP
[Moderator] The discussion was based on the proposals listed above. Most companies see the necessity of using the link-budget table and antenna element assumptions for future evaluation. One company mentioned that minimum peak EIRP should be decided by deployment scenario analysis and RRH parameters should be decided firstly. 
Tentative agreements:
· From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP: 
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD

	TRP (to be compared with TRP limit)
	dBm
	TBD


· For HST roof-top mounted antenna, industry grade design should be considered. 
· Antenna elements per panel: 
· Baseline: 4x4 with two polarization;
· Other options are not precluded if problem identified. 

[Moderator] Furthermore, from deployment scenario session, the following agreement achieved in Thursday GTW session: 
	Issue 1-1-1: RRH and UE antenna element parameters
Candidate options:
· For each panel in UE: 
· Option-1: N=4, M=4 with 2 polarization
· Option-2: N=8, M=4 with 2 polarization
· Option-3: N=2, M=4 (or N=4, M=2) with 2 polarization
· For antenna array configuration in RRH： 
· Option-1: [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· Option-3: [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
Agreement:
RRH side: 
Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
UE side:
Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion 
RF session can trigger relevant discussion on RF requirements taking above agreements into account. 



Recommendations for 2nd round:
[Moderator]: suggest to further discuss based on above tentative agreement. From moderator’s perspective, seems the above tentative agreement capture all companies’ points, except Huawei’s mentioned panel number because as far as we know if two panels are point to opposite directions, minimum peak EIRP can be derived based one panel link-budget.  


Issue 2-1-3: Spherical coverage requirement
[Moderator] Based on current discussion, companies could have different understanding on the required spherical coverage due to: 
       (1) different understanding on UE RF architecture, e.g., how many panels, etc.
       (2) how much spherical coverage is needed, for which more input from deployment scenario analysis is desired; 
Tentative agreements:
· For spherical coverage requirement, FFS
· The x%-tile point in EIRP CDF: 
· # of panels, # of beams in beambook and x%-tile point need to consider how much spherical coverage is needed, based on deployment scenario analysis. 
· FFS different x%-tile point needed for different scenarios. 
· FFS detailed requirement for minimum EIRP value at x%-tile. 
Recommendations for 2nd round:
[Moderator] Suggest to further discuss based on above tentative agreement.

Issue 2-1-4: New Power Class?
[Moderator] It is proposed by some companies that RF requirement framework and detailed requirement needs to discuss firstly. 
Recommendations for 2nd round:
[Moderator] Suggest to follow most companies’ preference to discuss RF requirement framework and detailed requirement firstly. If so, no more discussion is needed during this meeting.

Sub-topic 2-2 Beam Correspondence for FR2 HST UE
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 2-2-1: BC Bit-1 UE is mandatory? 
[Moderator] Discussion status is provided: 
· Option 1 (Samsung/Qualcomm/Ericsson/ZTE/Nokia): BC bit-0 UE is not allowed, i.e., UE shall meeting the minimum peak EIRP requirement and spherical coverage requirement with its autonomously chosen UL beams and without uplink beam sweeping.
· Option 2 (Huawei): No need to mandate FR2 HST UE support BC bit-1. 
Tentative agreements: N/A
Recommendations for 2nd round:
Discuss two options above and to see the possibility of accepting Option-1 as majority view. Further discussion on Huawei’s proposed argument is encouraged.  


Issue 2-2-2: Other Beam Correspondence requirement? 
[Moderator] Based on discussion status, both P1 and P2 needs more discussion, and P2 needs more clarification. 
Tentative agreements:
· For Rel-16 Beam correspondence: 
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceSSB-based-r16
· FFS the necessity of support Rel-16 optional feature beamCorrespondenceCSI-RS-based-r16
Recommendations for 2nd round:
[Moderator]: Discuss based on the above tentative agreement and Ericsson’s P2 can be further clarified and how to be captured in WF to drive discussion in following meetings.


Discussion on WF on FR2 HST UE RF requirement
[Moderator] In 2nd round discussion, companies provide direct comments on the draft WF on FR2 HST UE RF requirement, here the comments from email discussion are copied for information: 
	Company
	Comments

	Huawei
	Here is slight revision from Huawei:
(Draft)R4-2105398_WF on FR2 HST UE RF_v01_HW.pptx
For the antenna element number for each panel, we still need further consideration from RF requirement perspective.

	Qualcomm
	We uploaded a new version: (Draft)R4-2105398_WF on FR2 HST UE RF_v02_HW_QC.pptx
Changes are marked in green. These are the changes we made:
1. Add page 4 and 5 to replace page 3: as we commented in the second round, we believe the min peak EIRP discussion should leverage the discussion happened already in PC5. Hence we add it as an option, listed together with Samsung’s proposal 
1. We can’t agree with Huawei’s change in beam correspondence page 7. Although we agree with moderator’s original version, Huawei don’t agree with it. Therefore, we suggest to list the options in the summary on the WF. 


	Qualcomm
	We missed one change in the previous version. A new version is uploaded: (Draft)R4-2105398_WF on FR2 HST UE RF_v03_HW_QC.pptx
We remove this sentence from the WF, since we don’t understand the implication of this agreement to requirement.
“For HST roof-top mounted antenna, industry grade design should be considered.”
However, if the requirement implication is clarified, we are open to add this sentence back.


	Huawei
	I have clarification question:
From the email discussion, it seems we may have multiple sets of RF requirements, depending on scenario or other aspects, do we need to reflect this in the WF?
The other small issue is, for PC5 assumption, in my understanding, we never confirm 30.X dBm min peak EIRP is only derived from 4*4 per panel. It could also be 8 elements.
So I made some further change based on your version. Please let me know if there is misunderstanding.
(Draft)R4-2105398_WF on FR2 HST UE RF_v03_HW_QC_HW2.pptx


	Samsung
	@Qian: 
For “framework”, actually my original intention is for more discussion on 2nd round.
But the current wording “Further discuss on RF requirement framework for FR2 HST UE: - FFS multiple RF requirement sets based on different scenarios or different implementations” is also okay to us.
It is disappointed that we can’t align on “bit-1 BC” for HST UE. No progress on that in this meeting.
If that is strongly insisted by Huawei, we can try to discuss this more in next meeting, with more justified technical input.
@Sean: 
“For HST roof-top mounted antenna, industry grade design should be considered.” This is proposal from Nokia.
My understanding is when company provide input for the table, it should be based on CPE form-factor/design, rather than handheld UE’s.
From my perspective, removing it should be okay, considering company anyway need to consider this in provide the table.
“Two options for deriving EIRP” are in general okay for us.
But I don’t believe we need to say “4x4 and other options not precluded again”, because it is already listed in the same page (applied to both option 1 and 2).
Accordingly (also along with some minor editorial ones), pls. find the revision from my side:
 (Draft)R4-2105398_WF on FR2 HST UE RF_v04_HW2_Samsung.pptx


	Qualcomm
	Our proposed option is to reuse the EIRP derivation based on number of antenna elements in PC5 discussion to avoid duplicate discussion and to be consistent across different Wis. We revise that bullet below:
Minimum peak EIRP derivation
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements assumptions, including 8 elements with up to 28.3dBm min peak EIRP 
· Option 2: From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP 
New version: (Draft)R4-2105398_WF on FR2 HST UE RF_v05_Samsung_QC2.pptx
The relevant content from R4-2011870 is pated below for reference and also to address Huawei’s comment. PC5 discussion hasn’t concluded for number of elements, but the EIRP range for number of elements options are captured. Our proposal is to reuse this conclusion for HST FR2 discussion.
· Collect company's view for selecting the options in the 1st round. 
· For reference, In #95-e and #96-e meeting, the company's views for the assumption of antenna elements were as follows. 
· N=8: MediaTek, Samsung, Intel 
· N=16: Qualcomm, Huawei, Sony, Ericsson 
For reference, the average company estimates in each number of antenna elements from the evaluation results in #94e-bis and #95-e meeting were as follows.
· N=8: 27.3dBm (from 26/27.4/28.3 dBm) 
· N=16: 
· 30.7dBm for n258 (from 28.7/32dBm) 
· 30.4dBm for n257 (from 28/32dBm) 


	Qualcomm
	If you look at our wording, quoted below:
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements assumptions, including 8 elements with up to 28.3dBm min peak EIRP 
You can see that we didn’t use “agreement” in the proposed option. The thought behind this proposal is to avoid the same discussion appeared twice in different Wis. We all understand how time consuming to reach an agreement in FR2 RF discussion. Therefore, it is beneficial to leverage the discussion and results from other WIs and get as much progress as possible. We understand that you may have posted similar argument in PC5 discussion, and if any new agreement is reached in that discussion, feel free to update here. Since our proposed option is “following PC5 discussion”, any update will be taken into consideration.
After all, what we proposed is an “option” citing documented conclusion from PC5 “discussion” without casting it as an “agreement”. We already try to be as honest and precise as possible when citing materials from other WIs to enhance the progress in FR2 HST. If you still can’t accept the option we proposed, we suggest that you can bring simulation results following option 2 approach, or add your own option.
Since we are coming to the end of this meeting, it is important to get the WF agreed. If you still can’t accept the WF with all the explanations above, we can compromise to the following revision on our option:
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
Other antenna elements configurations FFSassumptions, including 8 elements with up to 28.3dBm min peak EIRP
@Jackson is it possible to get a new tdoc number for this change, if Qian can agree with it?


	Huawei
	I further revise the wording as below:
· Option 1 (QC): Deciding EIRP following PC5 discussion with 30.XdBm min peak EIRP: 
· 4x4 antenna elements per panel 
· Other antenna elements configurations: including 8 elements per panel 
This is because the agreement for PC5 min peak EIRP is 30.XdBm regardless of antenna elements number.
There is no agreement on the relation between 30.X dBm and antenna elements number, we even propose 32dBm with 16 antenna elements.


	Qualcomm
	We can’t agree to this revision, because our option is proposed based on the cited document R4-2011870, which is clearly documented that 30.x dBm min peak EIRP is within the range for 16 elements but out of the range for 8 elements. We agree that PC5 devices and the discussion are not restricted to 16 elements, hence we are ok with adding “Other antenna elements configurations FFS”. However, 30.x dBm with 8 elements doesn’t hold based on R4-2011870.
We want to clarify again that the proposed wording:
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
Other antenna elements configurations FFS
Doesn’t preclude EIRP options beyond 30.x dBm as well as other antenna element configurations besides 4x4. The idea is to leverage what is documented in the PC5 discussion, R4-2011870.
If you still can’t agree with the compromised version, we suggest that you can add your own option, and keep our option as the compromised version.


	Huawei
	For option 1, If you say “following PC5”, it implies the min peak EIRP 30.xdBm agreement is derived from only 4*4 assumption.
The truth is, there is no antenna elements number limitation on PC5, we just agree on min peak EIRP value as ~30dBm.
So could you accept:
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5proposal: 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Option 2 : adopt 30.x dBm min peak EIRP as agreed for PC5 
· 8 antenna elements per panel or 16 antenna elements per panel is assumed 


	Qualcomm
	Since you already added your own proposal, we would like to keep our proposal as it is. In fact, our original proposal already reflected the fact that no limitation for antenna elements in PC5 discussion. We respect your proposal and we are fine with capture it as it is. Therefore, we also want to keep our original proposal.
· Option 1 (QC): Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements assumptions,including 8 elements with up to 28.3dBm min peak EIRP 
The 2 facts cited in this proposal: (1) 30.x dBm is within 4x4 antenna elements EIRP range (2) 8 elements with up to 28.3dBm EIRP are both from R4-2011870. We understand Huawei’s opposition to these, and we cited them as “discussion” instead of “agreement”.


	Huawei
	The problem is, 8 antenna elements with up to 28.3 dBm is not correct discussion status for PC5.
You could say there is a proposal as 8 antenna elements up to 28.3dBm.


	Qualcomm
	In our opinion, this is the documented summary and we don’t see an issue to cite it. However, considering that we are passing the WF final version deadline and having limited time for reaching agreement on the content of the WF, we can compromise to our newly proposed option:
· Option 1 (QC): Deciding EIRP based on number of antenna elements following PC5 discussion (R4-2011870): 
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
Other antenna elements configurations are FFS
Now we removed the 8 elements and 28.3dBm. We respect Huawei’s opinion and are ok with your proposal as it is, and have tried our best to accommodate your comment towards our proposal, even after you already proposed the other option and not supporting our proposal in this meeting. We hope such compromise can help the progress and get this WF agreed.


	Huawei
	Option 1 (QC): Deciding EIRP based on number of antenna elements following PC5 discussion (R4-2011870): 
4x4 antenna elements per panel with 30.X dBm min peak EIRP 
Other antenna elements configurations are FFS 

Option 2 : adopt 30.x dBm min peak EIRP as agreed for PC5 
8 antenna elements per panel or 16 antenna elements per panel is assumed 


	Qualcomm
	Yes, in this case both QC and Huawei’s options are captured in WF. We can come back next meeting for further discussion.
@Jackson are you ok with the proposed revision and request a new tdoc? Since we have 3 options now, feel free to arrange the option order you prefer. Thank you.

	Samsung
	Based on some offline discussion, seems we need a revision of R4-2105398. 
The following version (v06) seems acceptable to the group: 

· Clean version: R4-210xxxx_WF on FR2 HST UE RF_v06_clean.pptx
· Version with remarks: R4-210xxxx_WF on FR2 HST UE RF_v06_revision.pptx

	· Antenna elements per panel
· Baseline for requirement derivation: 4x4 with two polarization, TRP max = 23dBm
· Other options are not precluded. 
· Minimum peak EIRP derivation
· Option 1: Deciding EIRP based on number of antenna element following PC5 discussion (R4-2011870):
· 4x4 antenna elements per panel with 30.X dBm min peak EIRP 
· Other antenna elements configurations are FFS assumptions, including 8 elements with up to 28.3dBm min peak EIRP
· Option 2: adopt 30.x dBm min peak EIRP as agreed for PC5 
· 8 antenna elements per panel or 16 antenna elements per panel is assumed 
· Option 32: From UE implementation perspective, companies are encouraged to provide technical input based on the below table to derive minimum peak EIRP
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