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Introduction
This email discussion is to discuss enhancement for 700800900MHz band combinations. The agreements in last RAN4 meeting was captured in R4-2214445.
The targets of the two rounds in this meeting are as following,
· 1st round:
· Discuss the issues raised in this meeting.
· Try to agree more study outputs.
· For the difficult issues such as MSD, Power, etc, try to agree the parameters assumptions for future meetings.
· 2nd round:
· Approve the WF.
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Huawei
	Peng (Henry), Zhang
	zhangpeng169@huawei.com

	Xiaomi
	Yuan Gao
	Gaoyuan23@xiaomi.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	ZTE
	Wubin Zhou
	Zhou.wubin@zte.com.cn

	Spark NZ
	Mansoor Shafi
	Mansoor.shafi@spark.co.nz

	Spark NZ
	Gajan Shivanandan
	Gajan.shivansndan@spark.co.nz



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)
Topic #1: General issues
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2215730
	CATT
	Skeleton of TR 38.872

	R4-2216137
	vivo
	Proposal 1: To endorse the following contents for 700/800/900 MHz NR inter-band CA in the TR:
· Operating bands for CA (Table 1)
· Channel bandwidths per operating band for CA(Table 2)
· UE co-existence requirement (Table 3~Table 8)
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power



Open issues summary and company views collection
Sub-topic 1-1
Issue 1-1: Skeleton of TR 38.872
· Proposals
· The TR skeleton R4-2215730
· Recommended WF
· Approve the TR skeleton

	Company
	Comments

	XXX
	



Sub-topic 1-2
Issue 1-2: TR UE RF requirements structure and some general proposals
· Proposal in R4-2216137:
To endorse the following contents for 700/800/900 MHz NR inter-band CA in the TR:
· Operating bands for CA (Table 1)
· Channel bandwidths per operating band for CA(Table 2)
· UE co-existence requirement (Table 3~Table 8)
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
· Maximum output power
· Recommended WF
· 
Moderator comments: The TR is report for the study item. So from rapporteur’s view, it’s preferred to include more information than the TR for basket CA WI. The detail analysis for the study can be captured in the TR from moderator’s understanding.
	Company
	Comments

	XXX
	

	Huawei
	We provided the TP 6070/6071/6072, which contain these contents.

	Xiaomi
	Generally OK with the contents for specifying new band combination but not sure of whether all these are needed for a study item phase.

	ZTE
	For the contents of a new NR CA combination, we think the template of TR38.718-02-01 can be used as baseline. On top of that, some information/content like RF architecture, concrete MSD analysis from each companies(rather than just a value), etc, are proposed to be added, due to it is SID.
Therefore, regarding the contents in R4-2216137, we are not OK. For example, Maximum aggregated bandwidth is not needed in BCS information table. In addition, we need to provide full picture of co-existence studies including harmonic/Rx harmonic, and IMD based on FULL range of each band. Frequency restriction is just the solution to avoid the IMD issues.

	OPPO
	For the 1st bullet, frequency restriction in the operating bands, we see there are some discussions about how to use this information like whether to use it as guidance for the multiplexer design, etc. Maybe more discussion is needed on how to handle the situation that once another request on part of the spectrum is raised later, for example to define another specific band combination or reuse this one.



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:




Discussion on 2nd round (if applicable)


Topic #2: CA_n5-n8
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2215445
	Murata Manufacturing Co Ltd.
	Observation 1: The Q of the antenna match is too high to accommodate a 2-antenna approach with band n5 and band n8 on the same antenna. The optimum VSWR 2:1 tuning BW required is over 136MHz. TIS (Total Isotropic Sensitivity) and TRP (Total Radiated Power) will be significantly impacted. Radiated performance is a primal factor for link performance.
Observation 2: With legacy filtering for band n5 and band n8, there is no relief from any antenna isolation, and due to the shared spectrum of n8 TX and n5 RX, there will be significant TX leakage and TX blocking.
Observation 3: A LB-LB n5 RX/n8 RX diplexer is required for 3 antenna approach. 
Proposal 1: Do not consider 2-antenna architecture for CA_n5-n8 when using legacy filtering with n5/n8 spectrum restriction.
Observation 4: No CIM5 is expected due to restricted spectrum
Observation 5: TX leakage or n5 RX band noise due to n8 TX gets no filter rejection with legacy n8 TX duplexer filter. The upper edge of n5 restricted RX has no guard band from the low end of n8 TX. Reduced resource allocation along with TX power reduction may be required for n8 TX UL channel bandwidths.
Observation 6: Expected n8 TX attenuation of n5 RX legacy filter is not expected to attenuate n8 TX blocker to RX OOB blocker range 1 level of -30dBm, so TX power would have to be reduced to prevent RX large signal compression and saturation.
Proposal 2: Agree on the n5 RX filter attenuation level at n8 TX frequency and n8 TX power reduction if using legacy n5 RX filter.
Proposal 3: Agree on the restricted resource blocks as well as lower TX power to compensate for no TX leakage attenuation at n5 RX frequency due to legacy n8 TX filter.
Proposal 4: Compute MSD requirements after agreed architecture and parameter assumptions for next RAN4#105.

	R4-2215662
	Apple
	Observation 1: One possibility to enable CA_n5-n8 operation with 2-antenna implementation is to allow only non-simultaneous Rx/Tx between n5 DL and n8 UL in conjunction with a triplexer in main path.
Observation 2: For CA_n5-n8 with 3-antenna implementation, there is no additional insertion loss in both n5 and n8 main signal paths as compared to single-band implementation since n5 and n8 signals do not need to be combined through a multiplexer.
Observation 3: Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antenna as compared to single-antenna implementation.
Observation 4: Using two antenna to aggregate n5 and n8 may not be the optimal antenna arrangement to divide the sub-1GHz band frequency range as the lower frequency antenna still needs to cover up to 282 MHz (from APT600 band to n5).
Proposal 1: The frequency range restriction of the combination shall not be used as the RF multiplexer implementation guideline as the filter design should accommodate the full-range operation when being operated as a single band for all the constituent bands.
Proposal 2: For CA_n5-n8 with 2-antenna implementation, the feasibility of a single triplexer for CA_n5-n8 with acceptable filter isolation and insertion loss needs to be studied.
Proposal 3: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 4: Semi-full-duplex operation with non-simultaneous Rx/Tx between n5 DL and n8 UL is required for CA_n5-n8 irrespective of 2- or 3-antenna implementation.

	R4-2215896
	ZTE Corporation
	Observation 1. RF architecture is shared by 1UL single band operation and 2UL CA to support the xUL/2DL CA.
Proposal: To discuss whether if it is feasible to restrict the UL configuration is only in n5 for 1UL/2DL NR CA_n5-n8.

	R4-2215897
	ZTE Corporation
	Observation 1. No IMD products falls into n8 DL considering the frequency ranges restriction of n5 and n8.
Proposal 1. No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
Observation 2. No harmonic issues for DL CA_n5-n8 with single band UL configuration no matter with full frequency range and frequency restriction
Observation 3. The values of delta Tib,c/Rib,c and cross band MSD relay on the filter performance.
Observation 4. If the UL is restricted in band n5 in 1UL/2DL CA_n5-n8, the single band n5 OOB blocking requirements could be applied.

	R4-2216039
	Xiaomi
	Observation 1: With the spectrum restriction, there is no IMD issue for CA_n5-n8 with two uplink transmission.
Observation 2: 3 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem based on the commercial smartphone design. Currently 3 antenna architecture is much more preferred in real implementation for CA_n5A-n8A.
Proposal 1: It is proposed to use the RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) as baseline for further study.
Proposal 2: For CA_n5A-n8A, RAN4 should clarify which set of RF requirement, e.g., worst case, will be used to define minimum requirements by considering all UE RF architecture.

	R4-2216072
	Huawei, HiSilicon
	TP for CA_n5-n8

	R4-2216136
	vivo
	Proposal 1: It is suggested to clarify the impact on RF architecture for frequency restriction for CA_n5-n8.
Observation 1: For CA_n5-n8, with 2UL bands transmission, there is no potential interference for DL n5 and n8.

	R4-2216340
	Qualcomm Finland RFFE Oy
	Observation: Antenna aspects, Conducted RF performance, and RF FE architecture together define the feasibility of an LB NR CA band combination
Observation: Discussing and agreeing an antenna bandwidth threshold value for LB-LB CA could help in feasibility discussions
Observation: Transmitting UL’s from different antennas would allow better optimization of each TRP

MSD analysis using coarse component assumptions was conducted for three different RF FE filter lineups.
Observation: CA_n5-n8 is not feasible using full band n5/n8 RF filters and concurrent reception within 869...880 DL and 904…915 UL
Observation: RF FE would not be the bottleneck for CA_n5-n8 using full band n5/n8 RF filters and non-concurrent reception within 869...880 DL and 904…915 UL but both the UL and DL throughput would be degraded making the benefit of DL/UL CA very questionable
Observation: If CA between the restricted frequency ranges of n5 and n8 using concurrent reception within 869…880 and transmission within 904…915 is supported, UE needs both full n5 and n8 RF filters and dedicated filters for the restricted frequency ranges
Observation: When the feasibility analysis for different CA_n5-n8 architectures is done, RAN4 must do a very important decision on how to handle the non-overlapping frequency ranges within overlapping bands. Proponent operator’s input as well as inputs from other companies would be very valuable for further discussions
Observation: For NR CA using dedicated RF filters for restricted frequencies with two antennas, the worst-case MSD using estimated RF filter characteristics is ~5dB for 5MHz CC within 869…880MHz
Observation: For NR CA using dedicated RF filters for restricted frequencies with three antennas, the worst-case MSD using estimated RF filter characteristics is ~5dB for 5MHz CC within 869…880MHz

	R4-2216679
	Skyworks Solutions Inc.
	Proposal: 
· Even if a 3rd antenna is added to accommodate CA_n5-n8, in single band operation or other CA/DC cases, the Architecture should enable the use of only the two best antennas and n5/n8 UL use of the main antenna.
· For the 3rd antenna it should be clarified whether or not this is a dedicated low band antenna or a borrowed antenna used for higher frequency bands.

Proposal on alternative approaches: 
· Architectures with a n8 UL filter with restricted bandwidth should be studied to prevent high MSD for band n5
· Alternatively, CA_n5-n8 only uses n5 as UL
· Alternatively, CA_n5-n8 only use a restricted set of UL allocations in n8

Proposal on dual UL: With the 3rd antenna allowing to transmit n5 and n8 on separate antennas and using the n5 and n8 restricted range, there is no issue with dual transmission nor 2UL IMDs. No MSD due to IMD is needed but there should still be a dual UL MSD test point with NA for MSD and a note clarifying the applicable frequency ranges.



Open issues summary and company views collection
Sub-topic 2-1: UE RF architecture for RF requirement analysis
Issue 2-1: Whether 2 antenna architecture is down selected for the requirements study
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· Option 1

	Company
	Comments

	XXX
	

	Huawei
	2 antenna architecture can be captured into the TR as a reference for UE vendor implementation. Based on the contributions, 2 antenna architecture may have different implementation for CA_n5-n8. For deriving the requirements of CA_n5-n8, we can consider 3 antenna architecture as a baseline.

	Xiaomi
	Prefer option 2. 2 antenna architecture can be studied as a candidate RF architecture but we prefer 3 antenna architecture as a baseline for sake of specifying RF requirement as well.

	ZTE
	We would like to know whether ‘down selected’ means the RF requirements will not be studied for 2 antenna architecture in this SID? It could be foreseen that the requirements between 2 antenna architectures and 3 antenna architectures would be different.

	OPPO
	Using one antenna to cover the whole range of n5+n8 is difficult in our view, and performance cannot be guaranteed though simple in implementation. Ok with Option 1 in WI phase for requirement, but now Option 2 probably is ok for study phase.



Discussion:
Spark: Band n5 and n8 are owned by different operators. The antenna of n5 and n8 are collocated in the same tower and we need some small gap. How will it be implemented in handset.
Vivo: we support option 2. It is hard to down-selected to 2 antenna. 3 antenna is feasible. We should not preclude 3 antenna architecture. The minimum requirement should be defined to allow the feasibility of implementation.
Xiaomi: this is SI. We are OK to provide the full picture for all the UE RF architectures. If down-selected, we prefer to use 3 antenna. We observed using one antenna to cover wide band cannot guarantee the performance. We prefer 3 antenna.
Apple: we can look at the different architecture, 2 and 3 antenna. We have concern on that 3 antenna cannot fit the smart phone. We would like to consider 2 antenna.
	Xiaomi: 3 antenna is feasible according to the smart phone design.
Qualcomm: If we down-select, what should we do for 3 antenna. If we agree with 2 antennas, what is the outcome?
Skyworks: our preference is all architectures are valid and for study. But the requirements should be based on the worst case, i.e., 2 antenna, or the requirements should enable two architectures.
ZTE: same question as Qualcomm. What should we do for the other architecture if we down-select one.
Murata: we prefer to use 3 antenna. But we are not against to look at the performance of 2 antenna. UE should be flexible. We should look at the radio performance.
Huawei: we can specify the requirements including all the kinds of implementations. UE vendors want to make implementation flexible.
China telecom: we share the similar view as Murata. We prefer to use 3 antenna which is more feasible. If we downselect to 2, it relies on the dedicated filter.
Moderator: The study can capture all the architectures. The requirement can be based on one and be decided in WI.

Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.

Issue 2-2: Which architecture is based for the UE RF requirement if two architectures are allowed?
· Proposals
· Option 1: the architecture with worst requirements
· Option 2: the architecture with best requirements
· Recommended WF
· 

	Company
	Comments

	XXX
	

	Huawei
	Question for clarification: will one kind of RF architecture lead to be worst (or best) for all the requirements. Not sure whether the requirements are only referred to REFSENS?

	Xiaomi 
	Option 1. The worst case can be used to specify RF requirements, e.g. REFSENS. It should be based on further study whether all requirements for one architecture are the worst case.

	ZTE
	Similar question with Huawei. Which architectures lead the worst/best requirements? In addition, if we only study the requirement using 3 antenna architecture at this stage, then what does worst/best requirement means?

	OPPO
	Option 1, if two architectures are considered feasible, then it should be the worst case to derived the minimum requirements.



Sub-topic 2-2: Feasibility study issues
[image: ]
Issue 2-3: RF parameters for requirements analysis
· Proposals
· The following parameters are needed for the feasibility study
· n5 Tx filter attenuation at n8 Rx frequency range
· n5 Rx filter attenuation level at n8 Tx frequency range
· n8 Tx filter attenuation at n5 Rx frequency range
· n8 Rx filter attenuation level at n5 Tx frequency range
· antenna ISO
· RF front end loss
· Recommended WF
· TBA
Moderator: The above proposals are from the contributions in this meeting and last meeting. Please companies comment if above parameters are sufficient for the future analysis.
	Company
	Comments

	XXX
	

	Huawei
	Companies are encouraged to provide the above parameters.

	Xiaomi
	OK with the proposal.

	ZTE
	Since we are discussing whether to down select the 2 antenna architecture above, so are the listed parameters for a specific architecture?

	OPPO
	Ok with the proposals. The interference between these two bands need to be analyzed.

	Spark
	Bands n 5 and n8 have DL/UL adjacent to each other and the isolation requirements are very large especially for handsets



Issue 2-4: Whether the filter can be dedicated, based on the restricted frequency range.
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· 

	Company
	Comments

	XXX
	

	Huawei
	For real implementation, the filter can be dedicated for CA_n5-n8 to achieve a good performance. For REFSENS requirements, we can consider a solution to include all kinds of implementation. Common duplexer implementation may lead a worse REFSENS performance.

	Nokia
	If a UE uses “additional” dedicated filters adjusted to spectrum holdings, the UE with such filters shall meet all the requirements for n5 and n8 single band operation without any frequency restriction.  

	ZTE
	We see company was already provide some studies based on dedicated filter in this meeting.

	OPPO
	To clarify the meaning of dedicated, to design a dedicated filter for the restricted spectrum is always feasible, but to ask UE implement a dedicated filter only for the restricted spectrum range should be careful because the demands of new frequency range could show and it is not desired for UE to implement multiple dedicated filter for different Operator demands. A global harmonized frequency range should be considered. So if possible, we prefer a harmonized filter if possible rather than a dedicated filter for specific demands.
Therefore, more prefer Option 2, if it means mandate UE to implement a dedicated filter for restricted frequency range.



Discussions:
Skyworks: in our analysis, we show band n5 is heavily impacted. In our view, either we do not allow simultaneous transmission of UL n8 with DL n5 or we need find solution. It is too early to decide whether we can avoid the dedicated filter. We can decide it based on the analysis.
Qualcomm: if agreed to use the restrict frequency range and dedicated filter, does it mean that we specify the new bands?
OPPO: We have clarification on the question: does it mean filter design is dedicated or UE implement the specific filter? From UE implementation perspective, we should be careful. The frequency range is the specific operator demand. In the future, maybe other operators will request the dedicated filter.
Apple: Option 2. In our view, using dedicated filter based on restricted frequency range is not common. In 3GPP we often use the common filter. In this case, we should avoid to use the dedicated filter. The previous agreement is to consider supporting the full range.
Murata: in previous agreement, we should look at the common filter. If we use the dedicated filter and has no impact on legacy operation, we will degrade the inserssion loss. We prefer option2 and look at the solution.
Spark: when n5 is transmission mode and n8 is the reception mode, there will be problem. We should look at the solution. Users should meet the bar in terms of isolation.
Huawei: for the real implementation, if we want to achieve the good performance, we may consider the dedicated filter to achieve it. We can study such implementation.
Skyworks: in our analysis, we show even without considering MSD, the transmission will block the receiver anyhow. Unless we have agreement that n8 is not allowed to receive we do not see how to work. We can use sub-band.
Murata: we have the same concern on Skyworks and Spark.
Moderator: use the single band filter as baseline. Dedicated filter can also be analysed. 

Issue 2-5: Possible solutions for CA_n5-n8
· Proposals
· Option 1: n8 Tx restricted RBs
· Option 2: n8 TX power reduction
· Option 3: non-simultaneous Rx/Tx between n5 DL and n8 UL
· Option 4: restrict the UL configuration is only in n5 for 1UL/2DL NR CA_n5-n8
· Recommended WF
· 
Moderator: Please companies comment if all of the solutions are needed or only some of them are needed. How to use them, combined or can be separated. If there’re other solutions, please also comment.
	Company
	Comments

	XXX
	

	Huawei
	Currently, it’s very hard to choose one solution. It’s up to UE implementation and network scheduling.

	Nokia
	At this stage, all the options other than Option 4 should stay. It is apparent that Option 4 is the option when all the other three Options are not selected and there is nothing to do as study. Hence, Option 4 is not needed to be included for the study.

	ZTE
	Seems all options would be possible. 
But if band n8 Tx is allowed, then the OOB blocking of single band n5 would not be applied to CA_n5-n8.

	OPPO
	All can be considered for further study in our view to solve the interference issues.

	Spark NZ
	We have bands 5 and 8 concurrently operating in NZ and to resolve BS to BS interference we had guatdbands plus filters that provided in excess of 50 dB isolation. How will this be realsied in handsets?



Issue 2-6: IMD for 2UL CA_n5-n8
· Proposals
· Option 1: No need to define the IMD MSD requirement for UL CA_n5-n8 considering the frequency ranges restriction of n5 and n8.
· Option 2:
· Recommended WF
· Option 1.

	Company
	Comments

	XXX
	

	Huawei
	OK with option 1.

	Xiaomi
	OK with option 1.

	ZTE
	OK with option 1.
Next step, we can discuss how to implement it in the specification, as proposed R4-2216679 below.

	OPPO
	Option 1 is ok.




Sub-topic 2-3: Other observations and proposals
Moderator: In this secition, other observations and proposals are captured. Companies can comment below every propopal/observation below.
Issue 2-7: Other observations and proposals 

· Observations in R4-2216340
· Observation: For NR CA using dedicated RF filters for restricted frequencies with two antennas, the worst-case MSD using estimated RF filter characteristics is ~5dB for 5MHz CC within 869…880MHz
· Observation: For NR CA using dedicated RF filters for restricted frequencies with three antennas, the worst-case MSD using estimated RF filter characteristics is ~5dB for 5MHz CC within 869…880MHz

	Company
	Comments

	XXX
	

	Huawei
	If we use the dedicated RF filters with 2 or 3 antennas, the worst-case MSD using estimated RF filter characteristics is ~5dB for 5MHz CC within 869…880MHz. If we use the dedicated RF filters, why do we need 3 antennas architecture?



· Proposals in R4-2216679
· Even if a 3rd antenna is added to accommodate CA_n5-n8, in single band operation or other CA/DC cases, the Architecture should enable the use of only the two best antennas and n5/n8 UL use of the main antenna.
· For the 3rd antenna it should be clarified whether or not this is a dedicated low band antenna or a borrowed antenna used for higher frequency bands.

	Company
	Comments

	OPPOXXX
	In our view these are possible in implementation whether the 3rd antenna is for dedicated low band antenna or borrowed antenna, and also possible to use the two best for single band operation.



· Proposals in R4-2216679
· Proposal on dual UL: With the 3rd antenna allowing to transmit n5 and n8 on separate antennas and using the n5 and n8 restricted range, there is no issue with dual transmission nor 2UL IMDs. No MSD due to IMD is needed but there should still be a dual UL MSD test point with NA for MSD and a note clarifying the applicable frequency ranges.

	Company
	Comments

	XXXZTE
	We are fine with this proposal. There was already some configurations to keep the MSD as N/A with note in the spec.

	OPPO
	In our view, there is no need to further check the IMD if it is deemed no issue for dual transmission. The MSD testing is only defined for the cases whether MSD is defined.



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2216072	TP and discussion on CA_n5-n8	Huawei, HiSilicon
	Company AZTE: Basically we are fine to use TR38.718-02-01 as baseline. But considering it is SID TR, so we think it should add more concrete studies like MSD studies (at least we see other company provide MSD analysis).

	
	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  

	XXX
	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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #3: CA_n5-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2215663
	Apple
	Observation 1: For CA_n5-n28 with 2-antenna implementation, the antenna design needs to cover the entire spectrum range of 191 MHz simultaneously which is equivalent to a 24% bandwidth ratio that would exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination likely would be compromised.
Observation 2: For CA_n5-n8 with 3-antenna implementation, there is no additional insertion loss in both n5 and n8 main signal paths as compared to single-band implementation since n5 and n8 signals do not need to be combined through a multiplexer.
Observation 3: Having two antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the two antenna as compared to single-antenna implementation.
Proposal 1: For CA_n5-n28 with 2-antenna implementation, the feasibility of a single quadplexer in main path and a single triplexer in both main path and diversity path needs to be studied.
Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 3: For CA_n5-n28, the REFSENS impact on n28 DL caused by frequency proximity between n5 UL and n28 DL and insufficient cross-band isolation needs to be addressed.

	R4-2215898
	ZTE Corporation
	Observation 1. No IMD MSD for 2UL/2DL CA_n5-n28, and the left requirements are delta Tib,c/Rib,c and cross band isolation requirements should be defined for 1UL/2DL CA_n5-n28.
Observation 2. delta Tib,c/Rib,c and cross band isolation requirements have already been defined for 1UL/2DL CA_n5-n28 in the TS38.101-1.
Observation 3. There may no further work for 2UL/2DL CA_n5-n28.

	R4-2216040
	Xiaomi
	Observation 1: 3 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem based on the commercial smartphone design. Currently 3 antenna architecture is much more preferred in real implementation for CA_n5A-n28A.
Proposal 1: It is proposed to use the above RF front end architecture in figure 1 (2 antenna) and figure 2 (3 antenna) as baseline for further study.
Proposal 2: For CA_n5A-n28A, RAN4 should clarify which set of RF requirement, e.g., worst case, will be used to define minimum requirements by considering all UE RF architectures.

	R4-2216070
	Huawei, HiSilicon
	TP for CA_n5-n28

	R4-2216345
	Qualcomm Finland RFFE Oy
	Observation: Antenna aspects, Conducted RF performance, and RF FE architecture together define the feasibility of an LB NR CA band combination.
Observation: Discussing and agreeing an antenna bandwidth threshold value for LB-LB CA could help in feasibility discussions
Observation: Transmitting UL’s from different antennas would allow better optimization of each TRP
MSD analysis using coarse component assumptions was conducted for two different RF FE filter lineups.
Observation: There are several different n28-n5 RX triplexer implementation options with different tradeoffs
Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 15.5dB for 5MHz n28 CC
Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 13.8dB for 5MHz n28 CC 
Observation: In case smartphone design allows >10dB antenna isolation between LB’s, MRC MSD is significantly improved

	R4-2216870
	Skyworks Solutions Inc.
	Proposal: only two antenna architectures are studied for CA_n5-n28.

Proposal on CA_n5-n28 dual UL test point: The worst-case MSD is evaluated for:
· 30MHz n28 UL at the top of the band with 25RB at the top of the channel
· 20MHz n5 UL at the bottom of the band with 20RB at the bottom of the channel.



Open issues summary and company views collection
There’re two directions for the analysis for this CA. One is that 1UL CA requirements can be reused for 2UL CA. There’re also some contributions providing the detail analysis for 2UL CA requirements. If 1UL CA requirements can be reused, this CA can be closed. If not, the similar discussion, such as architecutre, RF parameters, etc, with other CA should be continued.
Sub-topic 3-1: Reusing the requirements of 1UL CA
Issue 3-1: Whether the requirements for 1UL CA_n5-n28 can be reused for 2UL CA_n5-n28
· Proposals
· Option 1: Yes
· Option 2: No
· Recommended WF
· 
Moderator: If companies comment no, please comment which requirement should be redefined and why.
	Company
	Comments

	XXX
	

	Huawei
	Option 1. Yes, it’s basic fallback rules. The requirements for 1UL CA_n5-n28 have been specified in current spec.

	Xiaomi
	Option 1.

	ZTE
	As mentioned by huawei, 1UL is the basic fallback for 2UL, which means the requirements for 1UL should be applied in advanced when 2UL is supported. However, for delta T/R values, it depends on whether the RF architecture for 1UL and 2UL are the same, if not, then delta T/R value may be different for 1UL and 2UL, otherwise, delta T/R value are the same for 1UL and 2UL

	OPPO
	Option 2, there is IM3/5 fall into n28 DL for 2UL case. And not clear the meaning of “reuse” here, does it mean no 2UL CA requirements to be defined and just use the 1UL requirement?



Discussions:
OPPO: for the issue itself, does it mean when 2 UL fallbacks to 1 UL then 1 UL requirement will be applied, or 1 UL requirement will be applied to 2 UL. If it is latter one, it is no OK due to IMD issue.
Moderator: reuse 1 UL requirements for 2UL CA.
Apple: Can any companies provide the information what UE architecture is assumed to be derived the performance of 1UL in terms of filter, duplexer…
Skyworks: Disagree with using 1UL because 2UL is used and then n28 will be impacted by both n28 and n5 transmission. In this case, band n28 DL is not subjected to IMD but subjected to image… The MSD will be different than when only one UL.
Huawei: To Skyworks, you refer to MSD due to cross band isolation. For 2UL of this two combination, the only open requirements are MOP and coexistence requirements, which are not very difficult.
Xiaomi: we have concern on delta R and delta T. We should first agree on whether architecture for 1 UL and 2 UL should be the same.
ZTE: this one UL and two DL were studied in Rel-17. To Apple, we need time to check the original TP. For others, Delta T and Delta R depends on RF architectures. 
Skyworks: to 2 UL case, it is cross band. But it is cross bands which transmit simultaneously. If we does not specify MSD, when UE is tested, we have issue.
Murata: Understand Skyworks concern. It could be some missing interruption and needs more investigation.

Sub-topic 3-2: Feasibility study if needed
[image: ]
Moderator: if the decision of Issue 3-1 is no, then continue the feasibility study for this CA.
Issue 3-2: Whether both 2 antenna and 3 antenna should be allowed for the requirement analysis
· Proposals
· Option 1: Only 3 antenna
· Option 2: Only 2 antenna
· Option 3: Both, the requirements are based on the worst case
· Option 4: Both, the requirements are based on the best case
Moderator: This discussion should be limited to this specific CA.

	Company
	Comments

	XXX
	

	Huawei
	From implementation perspective, both RF architecture should be allowed. However, we can consider to specify requirements to include both implementation.

	Xiaomi
	Option 3. We are ok to consider both 2 antenna and 3 antenna architecture but prefer to use the worst case for RF requirements.

	ZTE
	We are not sure the further work here. Since n5-n28 1UL/2DL requirements have already been defined in R17 spec, and no IMD MSD issue for 2UL/2DL.

	OPPO
	Option 3 is preferred if consider both, and ok with Option 1.

	Spark NZ
	We support Xiaomi



Skyworks: 2 and 3 antennas will have significant performance. We are fine to study the performance. We should use 2 antennas as baseline for requirements if there are not too much difference.
Moderator: have the same agreement for issue 2-1
Xiaomi: OK with it.
ZTE: we are not sure. For 2UL there is no IMD issue. Should we re-open the discussions in Rel-17?
Skyworks: we do not see the point. We are discussing the additional requirements based on the same architecture. We do not agree that the work is finished.

Agreement:
· Both 2 and 3 antenna architectures will be analysed in the study item
· It will be decided in WI phase which one of two UE architectures will be used to specify the requirements.

Issue 3-3: RF parameters for requirements analysis
· Proposals
· 
· Recommended WF
· 
Moderator: Please comment in case further analysis is needed.
	Company
	Comments

	XXX
	



Sub-topic 3-3: Other observations and proposals
Moderator: In this secition, other observations and proposals are captured. Companies can comment below every propopal/observation below.
Issue 3-4: Other observations and proposals 

· Observations in R4-2216345
· Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in two antenna solution is 15.5dB for 5MHz n28 CC
· Observation: The worst-case CA_n5-n28 Cross-band MSD using estimated RF filter characteristics in three antenna solution is 13.8dB for 5MHz n28 CC 
· Observation: In case smartphone design allows >10dB antenna isolation between LB’s, MRC MSD is significantly improved

	Company
	Comments

	XXX
	

	Huawei
	The estimated results seem better than current requirement specified in the spec.

	ZTE
	Are we going to revisit the existing R17 requirements in R18 SID?

	OPPO
	RF filter characteristics needs to be aligned before calculating the worst case MSD. More study is needed on this.



· Proposals in R4-2216870
Proposal on CA_n5-n28 dual UL test point: The worst-case MSD is evaluated for:
· 30MHz n28 UL at the top of the band with 25RB at the top of the channel
· 20MHz n5 UL at the bottom of the band with 20RB at the bottom of the channel.

	Company
	Comments

	XXX
	

	Huawei
	The proposed test point doesn’t seem to be aligned with current specification.

	ZTE
	If the MSD test point are updated, we think it should be done in TEI work, like what we have done in the past, rather than in this SID.




CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2216070	TP and discussion on CA_n5-n28	Huawei, HiSilicon
	Company AZTE: 1UL content have already been included in R17(?) basket WID TR. Seems no need to repeat here again.

	
	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  

	XXX
	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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #4: CA_n8-n20-n28
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2215664
	Apple
	Observation 1: For CA_n8-n20-n28 with 2-antenna architectures, the antenna design needs to cover the entire spectrum range of 257 MHz simultaneously which is equivalent to a 31% bandwidth ratio that would far exceed the bandwidth ratio for a typical planar antenna design in a smartphone. As a result, the radiative performance for the combination is expected to be compromised.
Observation 2: For CA_n8-n20-n28 with 3-antenna implementation, the 6 UL/DL bands can be shuffled between the two main path antenna to allow wider sub-band frequency separations for easier triplexer or duplexer design.
Observation 3: For CA_n8-n20-n28 with 4-antenna implementation, there is no additional insertion loss in n8, n20, and n28 main signal paths as compared to single-band implementation since n8, n20, and n28 signals do not need to be combined through a multiplexer.
Observation 4: Having 3 antenna in the main signal path not only avoids the more complicated multiplexer implementation and the associated additional insertion losses, but also allows narrower frequency coverage for each of the 3 antenna as compared to single-antenna implementation.
Observation 5: The MSD mechanisms are highly dependent on the multiplexer filter isolation to the aggressor UL bands and the IMD products in the victim DL bands which may only be available after the multiplexer feasibility studies.
Proposal 1: For CA_n8-n20-n28 with 2-antenna architectures, the feasibility on a low-band pentaplexer or quadplexer needs to be studied.
Proposal 2: Implementation of more than 2 low-band antennas in a smartphone needs to be investigated, with narrower bandwidth and regressed radiating performance expected due to the limitation in form factor.
Proposal 3: For CA_n8-n20-n28, the REFSENS impact (MSD) due to self-band isolation, cross-band isolation, and 2UL IMD needs to be addressed.

	R4-2216041
	Xiaomi
	Observation 1: Either 3 antenna architecture or 4 antenna architecture is able to be accommodated in a smartphone so the space of smartphone is not a problem based on the commercial smartphone design. Currently either 3 antenna architecture or 4 antenna architecture is much more preferred in real implementation for CA_n5A-n28A.
Proposal 1: It is proposed to use the above RF front end architecture in figure 1 (2 antenna), figure 2 (3 antenna) and figure 3 (4 antenna) as baseline.
Proposal 2: For CA_n8-n20-n28, RAN4 should clarify which set of RF requirement, e.g., worst case, will be used to define minimum requirements by considering all agreed UE RF architecture.

	R4-2216071
	Huawei, HiSilicon
	TP for CA_n8-n20-n28

	R4-2216346
	Qualcomm Finland RFFE Oy
	Observation: Antenna aspects, Conducted RF performance, and RF FE architecture together define the feasibility of an LB NR CA band combination. 
Observation: Discussing and agreeing an antenna bandwidth threshold value for LB-LB CA could help in feasibility discussions
Observation: Transmitting UL’s from different antennas would allow better optimization of each TRP
MSD analysis using coarse component assumptions was conducted for three different RF FE filter lineups.
MSD due to IMD3 is 25dB for some other LB-LB cases already specified in 3GPP (e.g. for CA_n5A-n14, CA_8A-20A). These results are well aligned with those. Notably, increasing the number of antennas does not significantly reduce the IMD3 MSD. If smartphone design allows >10dB antenna isolation between LB’s, there is significant improvement in MRC MSD.
More rigorous MSD analysis can be performed once the candidate RF architecture options are more clear. 
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Observation: IMD3 MSD analysis results using coarse parameter assumptions are aligned with other existing LB-LB IMD3 MSD results
Observation: Increasing the number of antennas does not significantly reduce the IMD3 MSD
Observation: In case smartphone design allows >10dB antenna isolation between LB’s, MRC MSD is significantly improved

	R4-2216876
	Skyworks Solutions Inc.
	Proposal: only two and three antenna architectures are studied for CA_n8-n20-n28

Proposal on CA_n8-n20 and CA_n20-n28 test points: The worst-case MSDs are evaluated for:
· CA_n8-n20:
· 20MHz n20 UL at the top of the band with 20RB in the middle of the channel
· 15MHz n8 UL at the bottom of the band with 20RB in the top of the channel
· CA_n20-n28:
· 20MHz n20 UL at the bottom of the band with 20RB in the middle of the channel
· 20MHz n28 UL at the top of the band with 20RB in the top of the channel



Open issues summary and company views collection
Sub-topic 4-1: UE RF architecture downselection
Issue 4-1: UE RF architecture down selection
· Proposals
· Option 1: 2 antenna is down selected
· Option 2: 4 antenna is down selected
· Option 3: none is down selected.
· Recommended WF
· TBA

	Company
	Comments

	XXX
	

	Huawei
	From implementation perspective, we don’t need to exclude any RF architecture. But we can consider to specify the RF requirements for CA_n8-n20-n28 based on the 3 antenna RF architecture.

	Xiaomi
	No down selection is acceptable to us. If down selection has to be allowed our preference is to consider 3 antenna and 4 antenna architecture for feasibility study.

	ZTE
	We would like to know whether ‘down selected’ means the RF requirements will not be studied for 2/4 antenna architecture in this SID? It could be foreseen that the requirements between 2/4 antenna architectures and 3 antenna architectures would be different.

	OPPO
	Option 1 or 3.
Disagree with Option 2. Four antennas can be supported by smartphone with large size for example the folding UE which have the size similar as PAD.



Discussions:
Skyworks: in our view, 4 antenna case does not bring in any performance improvement. 
OPPO: 3 antenna is OK as baseline. But 4 antenna is also feasible. In the market, we have the big form factor like folded UE. For 2 antenna, we think the performance is bad.
Apple: we propose to exclude 4 antenna architecture. 3 antenna is connected to each individual band. Then there is no additional insertion loss. Probably 4 antenna is not common design.
Qualcomm: agree with Skyworks. 4 antenna may not bring in the significant gain. 3 antenna is too way forward.
Xiaomi: for 2 antenna, it is rather difficult for low band design multi-plexer design. We would like to give priority to 3 and 4 antennas.
Murata: In previous similar analysis, we use 3 antenna.
Samsung: down-select 4 antennas.
Apple: we still want to include 2 antenna architecture. It is possible option for UE to consider.

Agreement: 
· Use 3 antenna UE architecture as the baseline for evaluation.
· Do not preclude 2 and 4 antennas in the study item

Issue 4-2: How to define the requirements when more than one architectures are allowed for CA_n8-n20-n28
· Proposals
· Option 1: Best case
· Option 2: Worst case 
· Recommended WF
· 
Moderator: This discussion should be limited to this specific CA.
	Company
	Comments

	XXX
	

	Huawei
	We can consider to specify the RF requirements for CA_n8-n20-n28 based on the 3 antenna RF architecture.

	Xiaomi
	Option 2. RAN4 is to specify minimum RF requirements so the worst case is more applicable.

	ZTE
	Which architectures lead the worst/best requirements?

	OPPO
	Option 2 is ok.



Sub-topic 4-2: Feasiblity study
[image: ]
Issue 4-3: RF parameters for requirements analysis
· Proposals
· 
· Recommended WF
· 
[bookmark: _GoBack]Moderator: Please comment for further analysis in next meeting.
	Company
	Comments

	XXX
	



Sub-topic 4-3: Other observations and proposals
Moderator: In this secition, other observations and proposals are captured. Companies can comment below every propopal/observation below.
Issue 4-4: Other observations and proposals 
· Observations in R4-2216346
· Observation: IMD3 MSD analysis results using coarse parameter assumptions are aligned with other existing LB-LB IMD3 MSD results
· Observation: Increasing the number of antennas does not significantly reduce the IMD3 MSD

	Company
	Comments

	XXX
	



· Proposals in R4-2216876
Proposal on CA_n8-n20 and CA_n20-n28 test points: The worst-case MSDs are evaluated for:
· CA_n8-n20:
· 20MHz n20 UL at the top of the band with 20RB in the middle of the channel
· 15MHz n8 UL at the bottom of the band with 20RB in the top of the channel
· CA_n20-n28:
· 20MHz n20 UL at the bottom of the band with 20RB in the middle of the channel
· 20MHz n28 UL at the top of the band with 20RB in the top of the channel

	Company
	Comments

	XXX
	

	Huawei
	In 38.101-3, MSD due to IMD for DC_20_n8 and DC_20_n28 have been specified. We can consider to reuse these test point.

	ZTE
	If the MSD test point are updated, we think it should be done in TEI work, like what we have done in the past, rather than in this SID.



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2216071	TP and discussion on CA_n8-n20-n28	Huawei, HiSilicon
	Company AZTE: except the architecture information, the TP looks like a basket WID TP.  Although we agree to use TR38.718-02-01 as baseline template, maybe some more concrete studies can be added (pending on discussion).

	
	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  

	XXX
	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)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2215445
	
	CA_n5-n8 Feasibility and assumptions for UE-UE RF Requirements
	Murata Manufacturing Co Ltd.
	
	

	R4-2215662
	
	On CA_n5-n8 architectures
	Apple
	
	

	R4-2215663
	
	On CA_n5-n28 architectures
	Apple
	
	

	R4-2215664
	
	On CA_n8-n20-n28 architectures
	Apple
	
	

	R4-2215730
	
	Skeleton of TR 38.872
	CATT
	
	

	R4-2215896
	
	Feasible on CA band combination of n5-n8
	ZTE Corporation
	
	

	R4-2215897
	
	RF requirements on CA band combination of n5-n8
	ZTE Corporation
	
	

	R4-2215898
	
	RF requirements on CA band combination of n5-n28
	ZTE Corporation
	
	

	R4-2216039
	
	Discussion on feasibility study for CA_n5-n8
	Xiaomi
	
	

	R4-2216040
	
	Discussion on feasibility study for CA_n5-n28
	Xiaomi
	
	

	R4-2216041
	
	Discussion on feasibility study for CA_n8-n20-n28
	Xiaomi
	
	

	R4-2216070
	
	TP and discussion on CA_n5-n28
	Huawei, HiSilicon
	
	

	R4-2216071
	
	TP and discussion on CA_n8-n20-n28
	Huawei, HiSilicon
	
	

	R4-2216072
	
	TP and discussion on CA_n5-n8
	Huawei, HiSilicon
	
	

	R4-2216136
	
	Further discussion on feasibility aspects for 700800900MHz CA band combinations
	vivo
	
	

	R4-2216137
	
	Further discussion on RF requirement impacts for 700800900MHz CA band combinations
	vivo
	
	

	R4-2216340
	
	Considerations on CA_n5-n8
	Qualcomm Finland RFFE Oy
	
	

	R4-2216345
	
	Considerations on CA_n5-n28
	Qualcomm Finland RFFE Oy
	
	

	R4-2216346
	
	Considerations on CA_n8-n20-n28
	Qualcomm Finland RFFE Oy
	
	

	R4-2216679
	
	CA_n5-n8 with restricted frequency range
	Skyworks Solutions Inc.
	
	

	R4-2216870
	
	CA_n5-n28 MSD for 2UL case
	Skyworks Solutions Inc.
	
	

	R4-2216876
	
	CA_n5-n20-n28 MSD for 2UL case
	Skyworks Solutions Inc.
	
	



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
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	Title
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	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, 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
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