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Introduction
This email discussion is to discuss enhancement for 700800900MHz band combinations. RAN4#104e meeting is the 1st meeting to discuss this WI.
The targets of the two rounds are as following,
· 1st round:
· Discuss the issues listed in the summary and try to have some tentative agreements.
· 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

	OPPO
	Jinqiang Xing
	xingjinqiang@oppo.com

	Skyworks
	Dominique Brunel
	dominique.brunel@skyworksinc.com

	Murata
	Pushp Trikha
	ptrikha@psemi.com

	vivo
	Shuai Zhou
	Shuai.zhou@vivo.com

	Qualcomm
	Antti Immonen
	aimmonen@qti.qualcomm.com

	Xiaomi
	Yuan Gao
	Gaoyuan23@xiaomi.com

	Nokia
	Hiromasa Umeda
	hiromasa.umeda@nokia.com

	Apple
	James Wang
	fucheng_wang@apple.com

	China Unicom
	Basaier Jialade
	basejld@chinaunicom.cn

	Huawei
	Peng (Henry) Zhang
	zhangpeng169@huawei.com

	Samsung
	Yuanyuan(Tina) Zhang
	Tina55.zhang@samcung.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
Topic #1: TP skeleton and work plan
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211713
	CATT
	Proposal: Approve the following work plan for the SI FS_NR_700800900_combo_enh.
RAN4#104-e: 
1. Identify the critical issues for the band combinations.
1. Discuss the skeleton of the TR.
RAN4#104b-e:
1. Discuss the potential solutions for the identified issues for each band combination.
1. Approve the TR skeleton.
RAN4#105:
1. Further discuss the solutions.
1. Approve some TPs.
RAN4#106:
1. Approve the conclusions for each band combination of the SI.
1. Approve all of the TPs and the first version of TR.

	R4-2211714
	CATT
	A draft TR skeleton is provided in Annex to collect comments.



Open issues summary and company views collection
Sub-topic 1-1
Issue 1-1: Work plan
· Proposals
· Proposal in R4-2211713
RAN4#104-e: 
1. Identify the critical issues for the band combinations.
1. Discuss the skeleton of the TR.
RAN4#104b-e:
1. Discuss the potential solutions for the identified issues for each band combination.
1. Approve the TR skeleton.
RAN4#105:
1. Further discuss the solutions.
1. Approve some TPs.
RAN4#106:
1. Approve the conclusions for each band combination of the SI.
· Approve all of the TPs and the first version of TR.
· Recommended WF
· TBA

	Company
	Comments

	XXX
	



Sub-topic 1-2
Issue 1-2: TR skeleton
· Proposals
· The draft TR skeleton R4-2211714
· Recommended WF
· TBA

	Company
	Comments

	XXX
	



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
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2211927
	China Unicom
	Observation 1: Even though there is partial overlapping between n5 DL and n8 UL, operators may not own the overlapped frequency. 
 Proposal 1: Consider Table 1 as an example frequency combination for investigation and feasibility study of 800/900MHz enhancement (CA_n5-n8).
Table 1 Proposed frequency for 800/900MHz feasibility study
	
	UL
	DL

	Frequency 1 (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency 2 (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz




	R4-2212015
	Samsung
	Observation 1: For CA_n5-n8, analysis (MSD due to IMD and cross band isolation) could be firstly made with the assumption: 
1. Spectrum restriction on n5 and n8
1. Reuse the conventional L+L architecture with existing commercial n5/n8 duplexer/ DRx filter for evaluation

	R4-2212356
	Apple
	Observation 4: The main issue for CA_n5-n8 is the frequency overlap between n5 DL and n8 UL inasmuch there would be no feasible filter to isolate n5 DL and n8 UL.
Observation 5: Frequency range restriction for CA_n5-n8 to potentially enable filter design to isolate n5 DL and n8 UL would not be very practical as the range reduction could be substantial and the quadplexer cannot be used for single-band full-range operation.
Observation 6: For CA_n5-n8, n5 DL REFSEN impact due to n8 UL needs to be addressed.
Observation 7: One possibility to enable CA_n5-n8 operation in a smartphone form factor is to allow only non-simultaneous Rx/Tx between n5 DL and n8 UL in conjunction with a triplexer implementation.
Observation 8: The feasibility of a single triplexer for CA_n5-n8 needs to be studied.
Observation 9: The impact on n5 out-of-band blocking requirement due to extended filter bandwidth in triplexer implementation for CA_n5-n8 needs to be addressed.

	R4-2212609
	Xiaomi
	Observation 4: Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone.
Observation 5: The frequency range of n5 and n8 can be restricted to ensure adequate frequency separation. For example, the UL band of n8 can be restricted to 895MHz to 915MHz and the DL band of n5 can be restricted to 869MHz to 889MHz. As a result, both bands have a total of 20MHz frequency span and n8 transmission and n5 reception have 6MHz separation.

	R4-2212610
	Xiaomi
	Proposal 3: For CA_n5A-n8A with two UL transmission, it is observed that IMD3 fall into band n5 reception even with spectrum restriction. The MSD due to IMD and cross band isolation should be evaluated and some relaxation is expected for small phone.

	R4-2212698
	China Telecom
	Observation: 
	
	CA Configuration
	Uplink configuration
	Observation

	Case 1
	CA_n5-n8
	n5
	Focus on the filter ability to separate the DL n5 and n8 when these two bands are on simultaneous reception

	Case 2
	CA_n5-n8
	n8
	From our side, the restriction of (869-880MHz) for Band n5 DL and (904-915MHz) for Band n8 UL could be a starting point.

	Case 3
	CA_n5-n8
	CA_n5-n8
	This is the bottleneck case that needs to be considered jointly with fall back case.



Proposal 1: When discussing the filter applicability and frequency restriction, UL_CA_n5-n8 is the bottleneck case that needs to be considered jointly with fall back cases. 
Proposal 2: The restriction of (869-880MHz) for Band n5 DL and (904-915MHz) for Band n8 UL could be a starting point.

	R4-2212713
	ZTE Corporation
	Proposal 2. 2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17.
Proposal 3. To support 2DL/2UL n5-n8 NR CA, frequency restriction should be studied to avoid the overlapping.

	R4-2212798
	vivo
	Proposal 1: Clarify the frequency assumptions for CA_n5-n8 before decide the RF front-end for this band combination. 

	R4-2212799
	vivo
	Proposal 1: The following RF requirements framework can still apply for 700/800/900 MHz NR inter-band CA:
· 	Operating bands for CA
· 	Channel bandwidths per operating band for CA
· 	Co-existence studies
· 	∆TIB and ∆RIB values
· 	REFSENS requirements

	R4-2213160
	Huawei, HiSilicon
	Observation 1: it’s very important to consider the following metrics -6dB impedance bandwidth, antenna gain, radiation efficiency and ground clearance for smartphone antenna.
Proposal 1: it’s feasible to implement a smartphone antenna which can cover low band frequency range 703~960MHz.
Proposal 2: it’s feasible to implement multiple (more than two) low-band antennas for smartphone.

	R4-2213162
	Huawei, HiSilicon
	Observation 1: it’s feasible to implement the fallback mode DL_n5-n8_UL_n5 by reusing the existing UE RF components.
Proposal 1: the performance values of RF front end components can be assumed to further evaluate Tib, Rib and whether MSD should be specified for DL_n5-n8_UL_n5 as below.
	Attenuation and isolation parameter
	Value

	(Band n5 Tx to Ant) Attenuation at DL band n8 frequency range
	40dB

	(Band n8 filter Ant to Rx)Attenuation at UL band n5 frequency range
	40dB

	Antenna ISO
	10dB

	RF front end loss
	4dB



Observation 2: the spectrum allocation of band n5 and band n8 in a certain region or country isn’t overlapping between UL and DL frequency range.

	R4-2213195
	Qualcomm Finland RFFE Oy
	Observation 1: The assumption in all studied is 2RX for each of the bands
Observation 2: There are several LB-LB-(LB) CA RF FE architecture alternatives to be analyzed, whose feasibility then depends a lot on the LB antenna interface configuration 
Observation 3: The feasible number of LB antennas in smartphone must be investigated thoroughly, and special attention must be paid on feasible number of UL capable LB antennas 
Observation 4: Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD
Observation 6: CA_n5-n8 has an overlap between n8 UL and n5 DL which is a very specific case. Different alternatives on how to address the overlap should be discussed during the study, recognizing it impacts to all aspects in this combination

	R4-2213314
	OPPO
	Observation 1:    n8 Tx will interfere n5 Rx due to overlapping frequency, spectrum isolation is necessary.
Observation 2:    Current proponent operators doesn’t hold the whole spectrum of band n5 and n8.
Observation 3:    With restriction on spectrum in n5(825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL), the IMD interference can be avoided.
Proposal 1:         Take n5 (825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL) as starting point for the band combination of n5+n8 with referring to the operator’s spectrum status.
Observation 4:    It is quite challenging to use one antenna to cover the n5 and n8 whole spectrum, and separate antennas for n5 and n8 are needed.
Proposal 2:         Use separate antennas for n5 and n8 in n5+n8 CA as reference architecture.

	R4-2213754
	Skyworks Solutions Inc.
	Proposal for CA_n5-n8:
· Only the China restricted spectrum is studied: band n5 DL 825-835MHz and band 8 UL 890-915MHz
· Maximum UL and DL CBW per band must be defined
· Use of standard n5 and n8 duplexer is unlikely and even with additional antennas the tight coupling between LB antennas will not isolate the filters sufficiently: the study should include dedicated filter design with all its limitations for wide support

Proposal on PA/Antenna Architecture:
· Baseline architecture should be agreed for 2nd PA being on Main, diversity or third antenna for all cases and a generic approach is targeted for two LB on one side and three LB on the other side
· Coupling between the two or three antennas should be agreed for the 700MHz to 960MHz range in a smartphone context to assess the different cases



Open issues summary and company views collection
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: Spectrum restriction asssumption
Issue 2-1: Spectrum restriction assumption for the analysis
· Proposals
· Option 1: Consider Table 1 as an example frequency combination for investigation and feasibility study of 800/900MHz enhancement (CA_n5-n8) (China Unicom, R4-2211927).
Table 1 Proposed frequency for 800/900MHz feasibility study
	
	UL
	DL

	Frequency 1 (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency 2 (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz


· Option 2: The restriction of (869-880MHz) for Band n5 DL and (904-915MHz) for Band n8 UL could be a starting point. (China Telecom, R4-2212698)
· Option 3: The frequency range of n5 and n8 can be restricted to ensure adequate frequency separation. For example, the UL band of n8 can be restricted to 895MHz to 915MHz and the DL band of n5 can be restricted to 869MHz to 889MHz. As a result, both bands have a total of 20MHz frequency span and n8 transmission and n5 reception have 6MHz separation. (Xiaomi, R4-2212609)
· Option 4: Take n5 (825 - 835 UL and 870 - 880 DL) and n8 (905 - 915 UL and 950 - 960 DL)  (R4-2213314	OPPO)
· Option 5: Only the China restricted spectrum is studied: band n5 DL 825-835MHz and band 8 UL 890-915MHz. (R4-2213754	, Skyworks Solutions Inc.)
· Recommended WF
· Option 1

	Company
	Comments

	OPPO
	Option 1/2/4 are similar.
If use 869-880 for n5DL and 904-915 for n8UL, the total spectrum is 16MHz, is there intention to use 11MHz irregular CBW? Or maybe we can round to 10MHz which is a regular CBW defined in RAN4.

	Skyworks
	In our understanding there is other band 8 spectrum use in Chine by other operators, RAN4 is not supposed to define operator specific solutions. Can the entire spectrum used in China in band 8 be further clarified?  

	Murata
	Option 1: In the feasibility study, when the frequency range should restricted for 38.101-1 requirement. For this restriction, there is no IMD3 product landing in band 8. 

	China Telecom
	Prefer option1/2. Option 1 and 2 proposed by China Unicom and China Telecom are pointing to the same frequency range.
For option 4, we are ok to define the MSD based on maximum CBW as 10MHz as mentioned by option 4 but the requirements shall apply under 11MHz band frequency range.
For option 3/5, there is another 15MHz for Band n8 in China, but by now, we don’t see the possibility that the entire Band n8 will be assigned to single operator in China.  

	ZTE
	Option 1 and 2 are the same and we are fine.
Also, CA BCS should be defined where max. CBW is included.

	Vivo
	After we agreed the spectrum restriction, how do we consider the RF components for band n5 and n8 when considering the RFFE?
· Full Range n5/n8 components （Duplex， filter）for partial frequency usage
Partial Range n5/n8 components

	Qualcomm
	Spectrum restrictions for this China-specific are likely done. Frequency range restriction does not mean that specific filters were automatically needed. Even if restrictions are agreed we still need to discuss what does that mean in practice; Are restriction-specific RF filters needed (what if yes), or are time domain restrictions (band n8 TX/band n5 RX) feasible, etc. 
Two questions on the proposed frequency ranges. We understand the proposed frequencies are according to proponent operators spectrum holding in proposal 1 
-Are these ranges future-proof, i.e. no changes/extension of ranges is expected? 
-Do we assume 10MHz NR channel position in both bands is fixed to certain position, or are they assumed to be anywhere within 11MHz according to channel raster? 

	Xiaomi
	Option 1/2/4 are OK for us. The frequency restriction can be considered based on operator request but whether maximum 10MHz channel bandwidth is future-proof can be further clarified.

	Nokia
	Whichever option is selected, full range support for each of the single bands (full range) shall be mandatory. Otherwise, UE cannot indicate the respective bands support capability. Hence, new bands and new band combinations with the new bands are needed if so.

	Apple
	In our view, the 3GPP should avoid defining operator specific requirements which would force UE to incorporate an operator specific implementation in order to support the feature. As we commented in our contribution: “Frequency range restriction for CA_n5-n8 to potentially enable filter design to isolate n5 DL and n8 UL would not be very practical as the range reduction could be substantial and the quadplexer cannot be used for single-band full-range operation.” As n5 and n8 are used in many different regions/countries, the UE implementation needs to consider sharing of multiplexer for carrier aggregation with single-band operation to minimize RF front-end complexity and be cost effective.

	China Unicom
	We prefer option 1/2 which points to the same frequency range.

	Huawei
	I think we can start to work with operators’ input about specific frequency restriction. I understand Skyworks’ proposal. Once a new component need to be developed, it’s better to maximum its use to prosper industry and decrease the costs. If one component can cover demands from as many operators as possible, it beneficial the IMT industry. Besides, we welcome operators to show their demands as much as possible, so that RAN4 can conclude the most optimal decision for IMT industry.

	Skyworks
	With the understanding that there is other spectrum used in China for n8 it means that the current restricted spectrum is operator specific. Is this what RAN/RAN4 has agreed to do? At least for us it means that the band 8 filter must support this additional 15MHz.




Sub-topic 2-2: UE RF analysis assumption
Issue 2-2: UE RF architecture assumption
· Proposals
· Option 1: Reuse the conventional L+L architecture with existing commercial n5/n8 duplexer/ DRx filter for evaluation (Samsung, R4-2212015)
· Option 2: The feasibility of a single triplexer for CA_n5-n8 needs to be studied (Apple, R4-2212356)
· Option 3: Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone. (Xiaomi, R4-2212609)
· Option 4: Use separate antennas for n5 and n8 in n5+n8 CA as reference architecture. (R4-2213314, OPPO)
· Option 5: Use of standard n5 and n8 duplexer is unlikely and even with additional antennas the tight coupling between LB antennas will not isolate the filters sufficiently: the study should include dedicated filter design with all its limitations for wide support. (R4-2213754, Skyworks)
· Recommended WF
· TBA

	Company
	Comments

	OPPO
	There are 2 antennas, 3 antennas, and 4 antennas architecture proposed in this meeting as Option 3 and Option 4. Not quite clear how to chose one from them, usually the more separate antennas the better performance but also higher complexity. 
In our view, the 3 antennas and four antennas probably are ok, but for 2 antennas it means each antenna needs to cover the whole spectrum of n5 and n8 which is too challenging for UE. 
Therefore, prefer 3 antennas and 4 antennas architecture.

	Skyworks
	As discussed in our contribution we should focus on 2 antennas at least for the two band solutions, for 3 band we have strong reservations in being able to define a pentaplexer solution if Tx/Rx isolations of 50dB should be maintained for all bands. We think that even for 2 antenna case, it needs to be discussed if only one antenna is UL or if 2UL can be on separate antennas. For overlapping bands, unless significant MSD is accepted we do not see that the standard duplexer can provide good performance. Unless relatively good performance is delivered there is little hope that the benefit of using 2UL and 2/3DL will be realized in terms of throughput.

	Murata
	In a realistic readily available case, both bands could be on separate antennas and diversity would require a 5+8 diplexer on the 3rd antenna. Again, this is wasting space.
Utilizing 2 antennas with special triplexers would imply some sacrifice in performance on one of the RX ports that maybe acceptable compromise for not wasting space. This could be studied further

	China Telecom
	Prefer 2 antennas or 3 antennas UE architecture.
For 2 antennas case, the dedicated filter such as triplexer is intending to be tailored based on the whole frequency assignment in China rather than operators request, as commented by Skyworks in Issue 2-1. That will much more depend on the frequency restriction or request more stringent filter ability.
For 3 antennas case, based on the standard components and operators’ request, to study the applicable requirements. We think which is more flexible and feasible to the frequency restriction as we proposed.

	ZTE
	2 antennas (1 for ULs and 1 for DLs) and 3 antennas (2 for Uls and 1 for DLs) could be andidate. For 2 antenna case, dedicated filter may need to be studied.

	Vivo
	We prefer Option 3 as starting point.
For Option 1, we are not sure what the conventional L+L architecture refer to.
For 4 antenna proposal, our concern is that normal smartphone type UE may not have plenty room for these extra low band antennas. Does OPPO consider foldable screen type smartphone UE for 4 antennas?

	Qualcomm
	As this is feasibility study, multiple architectural options can be studied. This includes e.g multiplexers, 2 and 3 antenna solutions, normal band 5 and band 8 duplexers, duplexers dedicated for restricted frequency ranges. In our view, companies can provide analysis on architectures they want to be captured in TR. Based on comments, there are several architectures for which proponents can provide analysis.

	Xiaomi
	2 antenna (1 for Uls and 1 for DLs) or 3 antenna (2 for Uls and 1 for DLs) architecture would be acceptable tradeoff between implementation and performance. We also would like to show concern on 4 antenna for two low band combination due to the limited space of smartphone. Logically more antennas will be needed for three low band combination and it would be possible to use 4 antenna for three low band combination providing that smartphone is capable of accommodating.

	Nokia
	To Apple, triplexer that Apple assumes is full range support of n5 UL, n5 DL+n8 UL(with overlap) and n8 DL, correct? And as filter, the middle frequency range shall accompany the performance to tolerate transmission, right? We mean that required condition to be met as filter is different between Tx and Rx., e.g., Tx needs to have more tolerance against temperature etc. 

	Apple
	One possibility to enable CA_n5-n8 operation in a smartphone form factor (2 LB antenna solution) is to allow only non-simultaneous Rx/Tx between n5 DL and n8 UL in conjunction with a triplexer implementation. 3 or more LB antenna would be relatively challenging for smartphone form factor. The radiative performance for the 3rd LB antenna could be highly compromised.
Since this a study item, we also think it is reasonable to evaluate different options. Certain architecture down-selection may be needed to keep the workload manageable.

	Huawei
	As many Low band + low band combinations have been introduced into the specification, it’s beneficial to discuss the specific implementation in RAN4 and reach some common understanding since we haven’t widely discussed this point. As this is a SI, we can list all the possible implementation and trade off the pros and cons for each other. And in the end we can choose one implementation as baseline to develop the RF requirements in WI phase.

	Samsung
	We are fine to evaluate different options in SI. But we have strong concern on 4Low antennas for smart phone although we understand the intention is to avoid wide bandwidth antenna tuning.
The total antenna for 5G smart phone is already up to 10, 3L antennas is quite challenging, let alone 4L.



Issue 2-3: CBW assumption
· Proposals
· Maximum UL and DL CBW per band must be defined (R4-2213754, Skyworks Solutions Inc.)
· Recommended WF
· TBA

	Company
	Comments

	OPPO
	Ok with proposal, and in Issue 2-1 the max 11MHz is proposed there, and max UL/DL CBW could be 10MHz for n5 and n8.

	Skyworks
	As requested the operators need to provide the CBW per band for all the band combinations to understand the valid MSD to be studied.

	ZTE
	Proposal is fine. It relays on the operator’s request and the frequency restriction discussed in issue 2-1.
For n5-n8, with the consideration of the operator’s view in issue 2-1, n5: {5,10}MHz, n8{5, 10}MHz could be used as BCS0.

	Vivo
	We are OK with the proposal.

	Xiaomi
	We are OK with the proposal. With the frequency restriction the maximum bandwidth should be 10MHz.

	Huawei
	OK with the proposal. Interested companies’ inputs are welcome.



Issue 2-4: RF parameters assumption
· Proposals
· Option 1: the performance values of RF front end components can be assumed to further evaluate Tib, Rib and whether MSD should be specified for DL_n5-n8_UL_n5 as below. (R4-2213160,	Huawei)
	Attenuation and isolation parameter
	Value

	(Band n5 Tx to Ant) Attenuation at DL band n8 frequency range
	40dB

	(Band n8 filter Ant to Rx)Attenuation at UL band n5 frequency range
	40dB

	Antenna ISO
	10dB

	RF front end loss
	4dB


· Recommended WF
· TBA

	Company
	Comments

	OPPO
	0. For n5 attenuation @n8 Rx (950-960), the proposed 40dB might be too optimistic, one of the typical n5 duplexer figure can be seen below, and it shows the attenuation is around 30dB. Therefore, our preference is this value is no larger than 30dB.
[image: ]
0. N8 attenuation at n5Tx is ok with 40dB
0. Ok with antenna ISO = 10dB
0. Ok with RFFE IL = 4dB.

	Skyworks
	We are not ready to discuss filter performance yet until we have a clear picture of the spectrum arrangement and RFFE architecture. It will be different if standard or dedicated filters are used and depending on how they are multiplexed at the antenna.
Antenna isolation of 10dB is used for band above 1GHz, at LB it needs to be reassessed. The coupling/loading of the filters via the antennas in their overlapped frequency must be considered.

	ZTE
	Similar view with Skyworks. We should discuss the RF architecture based on the spectrum arrangement first.  

	Vivo
	We can discuss this later after we agreed on spectrum restriction and RFFE.

	Qualcomm
	More analysis and discussion is needed on this topic. The numbers proposed in option 1 are quite conventional, however we should not restrict the study by agreeing the RF parameter assumptions too early as they may unnecessary limit some RF architecture options. 

	Xiaomi
	We can come back to this issue after we have a clear picture of RF front end architecture. This is the first meeting and seems premature to make decision.

	Apple
	Feasibility study should start at the architecture level before we dive into the detailed analysis on certain RF requirement such as MSD. If the intention is to have an estimation on the potential REFSENS degradation to help decide whether the assumed architecture is feasible or not, then we are fine with that.  

	Huawei
	We are open to further discuss the filter performance later.




Sub-topic 2-3: Feasiblity study
Issue 2-5: Feasibility issues need to be analysed 
· Proposals
· Proposal 1: For CA_n5-n8, n5 DL REFSEN impact due to n8 UL needs to be addressed.(Apple, R4-2212356)
· Proposal 2: The impact on n5 out-of-band blocking requirement due to extended filter bandwidth in triplexer implementation for CA_n5-n8 needs to be addressed. (Apple, R4-2212356)
· Proposal 3: The MSD due to IMD and cross band isolation should be evaluated for CA_n5A-n8A with two UL transmission. (Xiaomi, R4-2212610)
· Recommended WF
· The MSD due to IMD and cross band isolation. 
· The impact on n5 out-of-band blocking requirement.

	Company
	Comments

	OPPO
	The IMD impact need to be decided based on the spectrum restriction in sub-topic 2-1, if go with n5 (825 – 835 UL and 870 – 880 DL) and n8 (905 – 915 UL and 950 – 960 DL) probably no IMD exists.
The n5 out of band blocking also depends on the architecture used in the conclusion, can be further discussed after that.

	Skyworks
	Beyond IMDs that will depend on exact spectrum restrictions, there cross band MSD between band 8 UL and band 5 DL must be evaluated based on how these are multiplexed, a quadplexer does not work with the overlapped region. If standard duplexer are used, a third antenna would be needed.

	ZTE
	By using the frequency arrangement (i.e. option 1/2) in issue 2-1, there were no IMD issue. For cross band isolation MSD, it should be studied, but it is not related to 2UL, only for 1UL.

	Vivo
	Shared the same view with OPPO.

	Qualcomm
	These are fine to be studied, in addition any other issue arising from RF architecture discussions can be studied as RF architecture and feasibility go hand in hand

	Xiaomi
	No IMD issue is observed if to use the frequency restriction but the cross band isolation should be evaluated based on UE architecture.

	Apple
	The companies’ comments above are all well taken. As commented above, down-selecting certain potential architectures can help us focus on the feasibility analysis.

	Huawei
	Theses RF requirements can be listed as potential spec impacts.

	Skyworks
	We maintain that for cross band we need to evaluate the cumulated effect of 2UL. On DL can be between the two UL at the worst position




Sub-topic 2-4: Other observations and proposals
Moderator: In this secition, other observations and proposals are captured. Companies can comment below every propopal/observation below.
Issue 2-6: Other observations and proposals 

· Proposal in R4-2212799	(vivo): The following RF requirements framework can still apply for 700/800/900 MHz NR inter-band CA: 
· Operating bands for CA
· Channel bandwidths per operating band for CA
· Co-existence studies
· ∆TIB and ∆RIB values
· REFSENS requirements

	Company
	Comments

	ZTE
	Anyway, they are the RF requirements framework for inter-band UL CA. BTW, CA MOP for 2UL CA is missing.
Also, it may not proper to use REFSEN requirements here, using MSD or REFSEN exceptions would be better.

	Vivo
	These requirements are from the framework for 2UL bands with 2/3 DL bands. We think they still can be applied for low band CA.

	Apple
	The RF requirements framework should be the same as with other FR1 CA combinations.



· Observation and proposals in R4-2213160	 (Huawei, HiSilicon)
· Observation 1: it’s very important to consider the following metrics -6dB impedance bandwidth, antenna gain, radiation efficiency and ground clearance for smartphone antenna.
· Proposal 1: it’s feasible to implement a smartphone antenna which can cover low band frequency range 703~960MHz.
· Proposal 2: it’s feasible to implement multiple (more than two) low-band antennas for smartphone.
Moderator: The observation is for the whole SI.

	Company
	Comments

	OPPO
	1. For proposal 1:
For clarification, when saying it is feasible to implement a smartphone antenna which can cover low band frequency range 703~960MHz, does it mean the antenna can works simultaneously in the whole frequency range or it is applying antenna tuner and only cover part of the antenna at a time?
2. For proposal 2: Agree.


	Skyworks
	We do not agree that wideband antennas feasibility can be judged based on research papers without considering the entire phone design (size, thickness, number of other antennas…todays smartphones LB antennas use tuners for impedance matching and radiation, this means that they are not wideband, especially when this LB antenna has to support 612-960MHz

	ZTE
	We think size is one of the key factors to limit the implementation of more than 1(or 2) LB antennas. In the other words, if the size is enough (i.e. the smartphone is design as a larger form factor like phablet), then it seems it might feasible anyway.

	Vivo
	Shared the same concern with Skyworks, we may not jump to the conclusion to say that it is feasible to implement one antenna cover 703~960M.

	Qualcomm
	It is very good to get insights from UE vendors using practical designs as examples. Going forward, more input from more vendors would be beneficial in order discuss the feasibility in detail

	Xiaomi
	For proposal 1, in our view it would be very challenging for a low band wideband antenna.
For proposal 2, we agree. It is feasible to implement 3 antenna in smartphone based on the existing product.

	Apple
	Thanks to Huawei for providing the valuable research references for LB antenna design and analysis. This can be a good start on the feasibility study from theoretical design perspective. Going forward we need to consider all practical limiting factors in a smartphone design, especially with the complexity of RF front-end to support various band combinations, it would be challenging to maintain good ground clearance for antenna design. As this is just the start of the feasibility study for these band combinations, it is too early to conclude the two proposals in this meeting. 

	Huawei
	Proposal 1: 
As many companies comment, we are open to further discuss it. More inputs from UE vendors about this wideband antenna topic are welcome.
These research papers were published from 2011 up to now in IEEE transaction and letter almost more than ten years. I don’t think we can simply conclude these papers can’t be referred by 3GPP. Some research results were published based on the cooperation between UE vendors and research institute. That means there is chance for UE vendors to leverage the results in the real commercial smartphone product considering the system optimization. Not only the real smartphone size, thickness, other antennas for Mid-high band, the dimension of antenna and mobile phone, but also -6dB impedance bandwidth, antenna gain, radiation efficiency, materials of substrate PCB and ground clearance were considered. I think these papers can prove the feasibility of wide band clearly.
Proposal 2: can be agreeable.

	Samsung
	Thanks Huawei for providing valuable theoretical search on the feasibility study of multiple antennas. While as many companies mentioned above, practical implementation should also be considered. At least we have strong concern on 4L antennas for smart phone.



· Proposal in R4-2213754 (Skyworks Solutions Inc.)
Proposal on PA/Antenna Architecture:
· Baseline architecture should be agreed for 2nd PA being on Main, diversity or third antenna for all cases and a generic approach is targeted for two LB on one side and three LB on the other side
· Coupling between the two or three antennas should be agreed for the 700MHz to 960MHz range in a smartphone context to assess the different cases
Moderator: The observation is for the whole SI.

	Company
	Comments

	OPPO
	Generally ok with the proposal, and the architecture need to be agreed first then decide the coupling.

	Skyworks
	We need to agree a complete RFFE architecture that supports a main and diversity path for all bands, but in some cases, it may mean a third antenna or having UL on both antennas…the architecture may be different for the different scenarios but in the end a phone supporting these will still have to support other low bands

	Murata
	Are we saying that 10dB coupling no longer applies between LB-LB for UE. We need clarification why 10dB isolation cannot be applied like in FWA.

	ZTE
	It seems it is not only n5-n8/n5-n28, but also for n8-n20-n28(below), we may need to discuss it separately. 
For the antenna isolation, does it means traditional 10dB is not longer applicable any more?  It seems 10dB is usually still used for some L-L combinations in Rel-16/17.

	Qualcomm
	A clarifying question to Skyworks: On PA architecture, does the proposal mean 2nd PA can be connected to either 2nd or 3rd antenna?
On antenna coupling, At some point of time we need to agree the coupling value(s), but before doing that more input from companies is needed. It might also be that a certain coupling value assumption makes certain architecture feasible while different coupling assumption makes an another architecture feasible.

	Apple
	The proposal looks reasonable.

	Huawei
	For the isolation between two low band antennas, we can’t simply to reverse the previous agreement without concrete judgment and results.
I tend to agree Skyworks that an analysis with a complete low band RFFE architecture is helpful for this SI and beneficial for all the IMT industry.




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 

	Issue 2-1: Spectrum restriction assumption for the analysis

	According to the comments in 1st round, it seems option 1 received wide support. So moderator suggests to double check if it can be agreed.
Tentative agreements:
The following spectrum restriction can be used as the assumption for further CA_n5-n8 UE RF analysis:
	
	UL
	DL

	Frequency 1 (800MHz)
	824MHz - 835MHz
	869MHz - 880MHz

	Frequency 2 (900MHz)
	904MHz - 915MHz
	949MHz - 960MHz



Candidate options:
Recommendations for 2nd round:
Double check if the tentative agreements can be agreed.

	Issue 2-2: UE RF architecture assumption

	Based on the comments in 1st round, 2, 3, and 4 antennas are mentioned and supported. 2 and 3 antenna architecture received wide support. So moderator suggest to concentrate 2 and 3 antenna architecture for future study.
Tentative agreements:
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n8.
2 antenna, 3 antenna
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.

	Issue 2-5: Feasibility issues need to be analysed 

	It seems the recommended WF is ok for the companies. There were comments that if spectrum restriction can be agreed, then IMD may not exist. But at this stage, moderator tend to list all of the possible issues for further check in future meetings.
Tentative agreements:
The following issues will be analyzed in the feasibility study.
· The MSD due to IMD and cross band isolation. 
· The impact on n5 out-of-band blocking requirement.
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.

	Issue 2-6: Other observations and proposals 

	For the RF requirement framework, companies have common understanding that the followings apply,
· Operating bands for CA
· Channel bandwidths per operating band for CA
· Co-existence studies
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
For 
For the following two topics,
observation and proposals in R4-2213160	 (Huawei, HiSilicon)
Proposal in R4-2213754 (Skyworks Solutions Inc.)
Companies discussed and commented. From moderator perspective, these issues are related to the UE RF architecture, so they can be the background inputs for the UE architecture discussion. It seems no need to conclude anything for these two topics.
Tentative agreements:
The following RF requirement framework applies to CA_n5-n8, CA_n5-n28 and CA_n8-n20-28.
· Operating bands for CA
· Channel bandwidths per operating band for CA
· Co-existence studies
· ∆TIB and ∆RIB values
· REFSENS requirements (MSD)
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.



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

	R4-2212015
	Samsung
	Observation 2: For CA_n5-n28, conventional L+L architecture with existing commercial duplexer/DRx filter could be considered as feasible architecture, further discuss whether to analysis and develop quadplexer.

	R4-2212356
	Apple
	Observation 10: For CA_n5-n28, the low-band 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 11: The feasibility of a single quadplexer for CA_n5-n28 needs to be studied.
Observation 12: 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.

	R4-2212609
	Xiaomi
	Observation 4: Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone.

	R4-2212610
	Xiaomi
	Proposal 4: For CA_n5A-n28A with two UL transmission, the Delta T and Delta R for CA_n5A-n28A with one UL configuration captured in TR 38.717-02-01 can be reused since no additional insertion loss is introduced. The MSD due to cross band isolation should be further evaluated and some relaxation is expected for smart phone.

	R4-2212713
	ZTE Corporation
	Proposal 2. 2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17.
Moderator: It’s discussed in sub-topic 2-4.

	R4-2212799
	vivo
	Observation 1: For CA_n5-n28, with 2UL bands transmission, there is no potential interference for DL n5 and n28.

	R4-2213195
	Qualcomm Finland RFFE Oy
	Observation 1: The assumption in all studied is 2RX for each of the bands
Observation 2: There are several LB-LB-(LB) CA RF FE architecture alternatives to be analyzed, whose feasibility then depends a lot on the LB antenna interface configuration 
Observation 3: The feasible number of LB antennas in smartphone must be investigated thoroughly, and special attention must be paid on feasible number of UL capable LB antennas 
Observation 4: Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD
Observation 7: CA_n5A-n28A has no IMD’s

	R4-2213314
	OPPO
	Observation 5:    Current 38.101-1 already include n5+n28 with partial spectrum in some requirements but seems not complete in other requirements. And the existing requirement like delta Tib and MSD for cross band isolation need to be updated for the whole n28 band spectrum case.
Proposal 3:         Use separate antennas for n5 and n28 in n5+n28 CA as reference architecture.

	R4-2213754
	Skyworks Solutions Inc.
	
Proposal for CA_n5-n28:
· n28F spectrum is supported but architectures based on both n28F duplexer and n28A+B dual duplexer approach are studied
· Maximum UL and DL CBW per band must be defined
· As a starting point a two-antenna tri-plexing with UL on both antennas is preferred



Open issues summary and company views collection
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 3-1: UE RF analysis assumption
Issue 3-1: UE RF architecture assumption
· Proposals
· Observation 2: For CA_n5-n28, conventional L+L architecture with existing commercial duplexer/DRx filter could be considered as feasible architecture, further discuss whether to analysis and develop quadplexer. (R4-2212015, Samsung)
· The feasibility of a single quadplexer for CA_n5-n28 needs to be studied. (R4-2212356	Apple)
· Either 3-antenna or 2-antenna architecture can be considered for CA_n5A-n8A and CA_n5A-n28A. It is expected to have some relaxation on RF requirements for smart phone. (R4-2212609	 Xiaomi)
· Use separate antennas for n5 and n28 in n5+n28 CA as reference architecture. (R4-2213314	 OPPO)
· n28F spectrum is supported but architectures based on both n28F duplexer and n28A+B dual duplexer approach are studied. (R4-2213754, Skyworks Solutions Inc.)
· As a starting point a two-antenna tri-plexing with UL on both antennas is preferred. (R4-2213754, Skyworks Solutions Inc.)
· Recommended WF
· TBA

	Company
	Comments

	OPPO
	Prefer to use separate antenna for n5 and n28 considering the large frequency ranges between them. And the concurrent antenna BW in low band in our view should not be larger than 100MHz considering the antenna efficiencies.

	Skyworks
	We do not understand the comment of reusing existing duplexers for 2DL/2UL scenario, does this assume 3 antennas? We think that 2 antenna solutions is preferable as a starting point and only use a third antenna when no other solutions, note in that case that this third antenna may not have the same performance (borrowed?). We are OK to look at quadplexer on main plus duplexer on diversity (2UL on main) or triplexer on both antennas (1UL/antenna)

	ZTE
	RAN4 had already completed some L-L band combination such as n5-n12/n14, not sure what is different here for n5-n28?

	Vivo
	We prefer the third bullet.

	Qualcomm
	As this is feasibility study, multiple architectural options can be studied. This includes e.g duplexers, multiplexers, 2 and 3 antenna solutions. In our view, companies can provide analysis on architectures they want to be captured in TR. Based on comments, there are several architectures for which proponents can provide analysis.

	Xiaomi
	Either 2 antenna or 3 antenna solution can be considered. Based on the current implementation, separate antenna would be preferred even in smartphone but more aggressive solution can be expected by considering a feasibility study.

	Nokia
	If single Quadplexer is considered, it means pass-bandwidth of n28 is 45 MHz. Then, handling of NS_17 as during single band operation needs to be taken into account. Currently no A-MPR for NS_17 assuming that n28 has dual duplexer which provides some isolation toward the additional spurious emission, if my memory is correct.

	Apple
	We prefer to start with 2 antenna solutions, either two PAs on the main antenna or one PA on main antenna and one PA on diversity antenna.

	Huawei
	We share the similar view with Qualcomm. We don’t need to exclude any architectures which companies are interested in. In this SI phase, we can list all the possible options and trade off the pros and cons.
To ZTE, due to the block approval procedure and dramatic amount of band combinations, RAN4 can’t discuss the RF architecture and details completely. That’s why this WI is beneficial. At least, we don’t know the assumed RF architecture and detailed implementation for CA_n5-n12.

	Samsung
	Share similar view with Skyworks and Apple, 2 antennas as starting point (2UL in one antenna or separate antennas) would be good.
Response to Skyworks’s question, reusing existing duplexers/DRx for 2DL/2UL scenario means dual on switch+ duplxer+DRx filter in each TRx antenna which essentially is a triplexer, or dual on switch + 2duplxer in TxPRx  antenna which essentially is qualplexer.

	Skyworks
	To ZTE, there is a huge difference between n5-n12 and n5-14 and n5-n28: n28 band is wide and still uses dual duplexers as being difficult in itself. n28DL is much closer to n5 UL than n12/n14 DL. Overall the antenna multiplexing is much more complex



Issue 3-2: CBW assumption
· Proposals
· Maximum UL and DL CBW per band must be defined (R4-2213754, Skyworks Solutions Inc.)
· Recommended WF
· TBA

	Company
	Comments

	skyworks
	Any relaxation in UL and DL BW can help reduce the MSD and filter constraints, it is important that the CA BCS in known

	ZTE
	Similar view with skyworks. In the SID, CA BCS are all missing for the targeted band combination. Without the supported channel bandwidth, the impact on MSD it unclear. 

	Huawei
	In current spec, BCS0 has been specified with maximum 20 MHz in UL band n5.




Sub-topic 3-2: Feasiblity study
Sub-topic description 
Open issues and candidate options before e-meeting:
Issue 3-3: Feasibility issues need to be analysed 
· Proposals
· Proposal 1: Observation 12: 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. (R4-2212356	Apple)
· Proposal 2: The MSD due to cross band isolation should be further evaluated and some relaxation is expected for smart phone (R4-2212610	Xiaomi)
· Recommended WF
· The MSD due to cross band isolation

	Company
	Comments

	OPPO
	Ok with Proposal 1 and 2.

	Skyworks
	Once UL and DL CBW are known we can look into cross-band MSD.

	ZTE
	Like some normal L-L combination, cross band isolation MSD needs to be checked, and also it is related to the supported max. BW. Again, there were several L-L combination have been completed, not sure what is the special for n5-n28?

	Qualcomm
	The WF recommendation fine to be studied, in addition any other issue arising from RF architecture discussions can be studied as RF architecture and feasibility go hand in hand

	Xiaomi
	OK with both proposals.

	Apple
	We support both proposals.

	Huawei
	Interested companies can provide MSD analysis for this band combination.

	Samsung
	Is it already specified?
	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	[17.5]
	ACLR2







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 

Observation 1: Tib and Rib for 1UL CA_n5A-n28A can be reused by 2UL CA_n5A-n28A (R4-2212610	Xiaomi)
	Company
	Comments

	OPPO
	Tib and Rib can be discussed further after the architecture is decided.

	Skyworks
	We agree with OPPO

	ZTE
	We do not understand the question here. For any 2ULCA  combination, 1UL specific requirements should be defined first, like Tib and Rib/ cross band isolation MSD. For 2UL CA, there is no need to check Tib and Rib requirements, only focus on IMD issue if any, which means no matter 2UL is supported or not, Tib/Rib should be checked first.

	Qualcomm
	More analysis is needed, as different architectures may show different values

	Xiaomi
	We can come back until the architecture is stable.

	Apple
	We need to wait for the architecture assumption before evaluating the relaxations.

	Huawei
	This can be further discussed in WI phase.

	Samsung
	Have same question as ZTE, Tib /Rib/harmonic/harmonic mixing/ cross band isolation are specified when the 2DL 1UL is introduced, according to current band combination workflow, no need to specify and revisit these values for 2DL 2UL. 
Why companies want to revisit these values specifically for this combo? Are you asking for new band combination workflow? 



Observation 2: No IMD for 2UL CA n5-n28	 (R4-2212799, vivo; R4-2213195, Qualcomm Finland RFFE Oy)
	Company
	Comments

	OPPO
	Agree.



Proposal: 2DL/2UL CA_n5-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17. (R4-2212713	ZTE)
	Company
	Comments

	Skyworks
	This is an option, but only after the SI is completed anyhow, ie the BCS is known so given we have this SI focusing on the issue, I do not see the benefit of moving to non-block approval yet.

	ZTE
	As mentioned above, there were several L-L combination (such as such as n5-n12/n14, also n18-n28) have been completed, not sure what is the special for n5-n28? 
Our intention here is this combination can be treated like some other LB-LB NR CA combinations in the past(non-block approval). But of course, BCS should be known first. 
This is SID, which means n5-n28 will not be introduced in the spec in the end, and aslo it cannot be discussed in R18 non-block approval agenda item.

	Qualcomm
	In our view, it would be better to handle all combinations which are part of the SI under this SI.

	Xiaomi
	As mentioned by ZTE, if operator has prompt request for implementation, it seems a reasonable way to move this to non-block approval. Otherwise, it is OK to handle in this SI.

	Huawei
	In dedicated SI/WI, more RF details can be widely discussed. No need to come back to basket WI for these low + low band combinations.

	Skyworks
	The work in “not for block approval” is related to basket WI and results in TPs CRs. This is an SI and no spec change is applicable in this case. Once the SI phase is finished, we can move on




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 

	Issue 3-1: UE RF architecture assumption
	Companies provide many good comments for this issue. 2 and 3 antenna architecture seem can be the assumption for future study.
Tentative agreements:
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n5-n28
2 antenna, 3 antenna
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.

	Issue 3-2: CBW assumption
	Companies support the idea that CBW assumption should be agreed before further study. However, there’s not many CBW proposals yet.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Continue to discuss and seek inputs from proponents of this CA.

	Issue 3-3: Feasibility issues need to be analysed 

	Most of the companies agree MSD due to cross band isolation should be analyzed.
Tentative agreements:
The following issues can be analyzed in the feasibility study.
· The MSD due to cross band isolation
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.

	Issue 3-4: Other observations and proposals 

	The following observation seems ok for all of the companies. Others need more time to further check.
Tentative agreements:
No IMD for 2UL CA n5-n28
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.



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

	R4-2212015
	Samsung
	Proposal 1: DL CA_n8A-n28A with UL CA_n8A-n28A could be defined in the Basket WI (not for block approval), reuse the architecture of DC_n8A-n28A, no IMD issue
Proposal 2: DL CA_n8A-n20A with UL CA_n8A-n20A could be defined in the Basket WI (not for block approval), architecture and MSD (due to IMD) values of DC_n8A-n20A could be reused
Observation 3: DC_8A-20A_n28A with UL DC_8A_n28A and DC_20A_n28A has been defined as targeted to FWA form factor in Rel-17.
Observation 4: For DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28 and CA_n20-n28, the possible architecture are switches+ duplexer+ triplexer+ DRX filters+3 antennas, or penta-plexer+2 antennas, architecture of DC_8-20_n28 could be reused, but the MSD due to UL CA_n8-n20 which falls into n28DL needs to be evaluated. 
Observation 5: Supporting DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28, CA_n20-n28 for smart phone is quite challenging, considering the significant MSD, the poor performance of wideband antennas and the space limitation.

	R4-2212356
	Apple
	Observation 1: For CA_n8-n20-n28, the low-band 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, the feasibility on low-band pentaplexer (single or dual) needs to be studied.
Observation 3: For CA_n8-n20-n28, the REFSENS impact due to self-band isolation, cross-band isolation, 2UL IMD as well as the impact on n20 and n28 out-of-band blocking requirement due to the extended DL filter bandwidth with pentaplexer implementation need to be addressed.

	R4-2212609
	Xiaomi
	Observation 1: Two Tx/Rx capable low-band main antennas are used for CA_8A-20A-28A and no limitation are introduced for UE type. 1-antenna architecture (without considering diversity antenna) have also been investigated but the high insertion loss of pentaplexer of hexplexer is unacceptable.
Observation 2: Two Tx/Rx capable low band main antennas plus one Rx capable diversity antenna are used for DC_8A-20A_n28A. 2-antenna architecture (1 Tx/Rx main antenna, 1 Rx diversity antenna) with a pentaplexer was discussed and companies identified numerous challenges such as high insertion loss, Tx-Rx isolation, low band wideband antenna, etc.
Observation 3: The problems of 2-antenna architecture identified in Rel-17 still remain and even worse for smart phone. The hardware implementation such as pentaplexer is impractical and premature at current stage. For smart phone form factor, 3-antenna architecture can be considered for L-L-L band combination and some relaxation on RF requirements, e.g. additional MSD due to cross band isolation, is expected.

	R4-2212610
	Xiaomi
	Proposal 1: If RAN4 agree on the RF architecture specified for FWA UE to be used for smart phone form factor, the RF requirements of Delta T and Delta R can be reused for CA_n8A-n20A-n28A and the MSD for n8 for DC_8-20_n28 due to IMD issue can be considered as a starting point. The MSD for n28 due to IMD issue should be further studied. Some relaxation on MSD for two UL transmission, i.e. additional MSD due to cross band isolation can be expected for smart phone.
Proposal 2: For CA_n8A-n20A-n28A, the frequency of band n28 should be restricted to 703-733MHz for the uplink and to 758-788MHz for the downlink.

	R4-2212713
	ZTE Corporation
	Proposal 1. For 3DL/2UL CA_n8-n20-n28, three LB antennas implementation or two LB antennas implementation might feasible for smartphone with large form factor in case of the antenna performance is acceptable. 
Proposal 2. 2DL/2UL CA_n5-n28, CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17.

	R4-2212798
	vivo
	Proposal 2: Two-antenna solution as the starting point for CA_n8-n20-n28.

	R4-2212799
	vivo
	Proposal 1: The following RF requirements framework can still apply for 700/800/900 MHz NR inter-band CA:
· 	Operating bands for CA
· 	Channel bandwidths per operating band for CA
· 	Co-existence studies
· 	∆TIB and ∆RIB values
· 	REFSENS requirements
Observation 2: For CA_n8-n20-n28 with UL CA_n8-n20 configuration, IMD3 of band n8 and n20 would fall into n8 DL and n20 DL.
Observation 3: For CA_n8-n20-n28 with UL CA_n8-n28 configuration, IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination.
Observation 4: For CA_n8-n20-n28 with UL CA_n20-n28 configuration, IMD3 of band n20 and n28 would fall into n8 DL.

	R4-2213161
	Huawei, HiSilicon
	Proposal 1: it’s feasible to implement the CA band combination CA_n8-n20-n28 and the corresponding fallback modes according to the proposed RF architecture.
Proposal 2: RF requirements for the CA band combination CA_n8-n20-n28 and the corresponding fallback modes can be further studied based on the summary in table 1.

	R4-2213195
	Qualcomm Finland RFFE Oy
	Observation 1: The assumption in all studied is 2RX for each of the bands
Observation 2: There are several LB-LB-(LB) CA RF FE architecture alternatives to be analyzed, whose feasibility then depends a lot on the LB antenna interface configuration 
Observation 3: The feasible number of LB antennas in smartphone must be investigated thoroughly, and special attention must be paid on feasible number of UL capable LB antennas 
Observation 4: Method of managing intermodulation products could be related to overall RF FE architecture and/or to more thoroughly considered RF parameters resulting in smaller MSD
Observation 5: CA_n8A-n20A has both IMD3 and IMD5 for both DL bands. CA_n8A-n28A has no IMD’s

	R4-2213314
	OPPO
	Observation 6:    It is unclear in the WID whether there is spectrum restriction in n8+n20+n28 especially for n20 and n28.
Observation 7:    According to current 38101-1, when n20+n28 is subset of higher order band combinations, then n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL.
Proposal 4:         Clarify that n28 is restricted to 703-733 MHz for UL and 758-788 MHz for DL in n8+n20+n28 band combination.
Observation 8:    There is chance to use one antenna to cover the n20 whole spectrum and n28DL spectrum, or n28 whole spectrum and n20DL spectrum via antenna tuning though difficult.
Proposal 5:         Four antenna architecture as shown in figure 4 for n8+n20+n28 can be used for further performance analysis which can cover any UL CA configurations within n8+n20+n28.

	R4-2213754
	Skyworks Solutions Inc.
	Proposal for CA_n8-n20-n28:
· Only n28A spectrum is supported based on n28A UL+(n28A+n20) DL + n20 UL tri-plexing as a starting point
· Maximum UL and DL CBW per band must be defined


Proposal on PA/Antenna Architecture:
· Baseline architecture should be agreed for 2nd PA being on Main, diversity or third antenna for all cases and a generic approach is targeted for two LB on one side and three LB on the other side
· Coupling between the two or three antennas should be agreed for the 700MHz to 960MHz range in a smartphone context to assess the different cases



Open issues summary and company views collection
Sub-topic 4-1: Spectrum restriction asssumption
Issue 4-1: Spectrum restriction assumption for the analysis
· Proposals
· Option 1: For CA_n8A-n20A-n28A, n28 should be restricted to 703-733MHz for the uplink and to 758-788MHz for the downlink. (R4-2212610	Xiaomi)
· Option 2: Only n28A spectrum is supported based on n28A UL+(n28A+n20) DL + n20 UL tri-plexing as a starting point (R4-2213754 Skyworks)
· Recommended WF
· Only n28A spectrum is supported

	Company
	Comments

	OPPO
	Ok with Option 1, i.e. n28 should be restricted to 703-733MHz for the uplink and to 758-788MHz for the downlink.
For clarification if understand correctly n28A is the low part of n28, i.e. 703-733MHz for the uplink, is this “n28A” defined in specification? If not probably clearly written the frequency range is clearer.

	Skyworks
	n28A is the same as 703-733MHz for the uplink and to 758-788MHz for the downlink. But we agree that using the frequency range is less ambiguous.

	ZTE
	We think it is pending on the BCS requested by operator. If operator want to use high frequency range of n28B, what should we do?
Here it is not clear to use n28A spectrum here although my understanding is that it means the low frequency range, i.e. (UL):703MHz~733MHz/(DL)758MHz~788MHz.
We may need to try to avoid to use oral term here. n28A in the specification means the single carrier in the n28 (i.e. class A), not related to the specfic frequency range.

	vivo
	Whether to restrict band n28 depends on the operator’s request on this band combination. Maybe more clarification is needed for the operator in charge of this band combination.

	Qualcomm
	Supporting n28A (703-733/758-788) only is ok as it was the case for CA_n20A-n28A earlier. 

	Xiaomi
	For clarification, what the proposal 1 implies is the low frequency range of n28 can be used. However, this can be further confirmed based on operator demand.

	Nokia
	Needs clarification. Only n28A is supported during CA while the entire n28(n28A and n28B) is supported during single band operation by the same UE. Is that the common understnaidng?

	Apple
	Proponent’s clarification is needed on n28 frequency range.

	Huawei
	Since band n20 and band n28 can be deployed together in some countries of region 1. The frequency range for band n28 is clear enough, i.e. (UL):703MHz~733MHz/(DL)758MHz~788MHz.



Sub-topic 4-2: UE RF analysis assumption
Issue 4-2: UE RF architecture assumption
· Proposals
· Option 1: The feasibility on low-band pentaplexer (single or dual) needs to be studied. (R4-2212356, Apple) 
· Option 2: 3-antenna architecture can be considered and some relaxation on RF requirements, e.g. additional MSD due to cross band isolation, is expected. (R4-2212609, Xiaomi)
· Option 3: Only n28A spectrum is supported based on n28A UL+(n28A+n20) DL + n20 UL tri-plexing as a starting point
· Option 4: For 3DL/2UL CA_n8-n20-n28, three LB antennas implementation or two LB antennas implementation might feasible for smartphone with large form factor in case of the antenna performance is acceptable. R4-2212713	ZTE Corporation
· Option 5: Two-antenna solution as the starting point for CA_n8-n20-n28. R4-2212798	vivo
· Option 6: RF architectures in R4-2213161 (Huawei)
· Option 7: Four antenna architecture as shown in figure 4 for n8+n20+n28 can be used for further performance analysis which can cover any UL CA configurations within n8+n20+n28. (R4-2213314, OPPO)
· Recommended WF
· TBA

	Company
	Comments

	OPPO
	For Option 1, ok to study, but using one antenna to cover the whole three band is too challenging for antenna design.
For Option 2, the 3 antenna architecture seems using one antenna to cover the n8+n20+n28 Rx is still too challenging due to the quite large concurrent bandwidth.
For Option 3, ok.
For Option 4, same comment as Option 2.
For Option 5, same comment as Option 2. And one clarification question, in the paper it shows the main antenna design with one cover n20+n28 and the other cover n8, how about the diversity antenna, is it using one to cover all or others?
For Option 6, probably the three antennas architecture is more suitable than two antennas architecture from antenna performance perspective.
For Option 7, four antenna architecture is preferred considering the antenna efficiency and also the implementation complexity.

	Skyworks
	Feasibility of pentaplexer is challenging and it should not be expected that good Tx-Rx isolations can be easily obtained with the small duplex gaps and the small inter band gap. Other options with UL on the second antenna should also be explored

	Murata
	Option 1 has no advantage. More insertion loss and poor VSWR for a good percentage of the frequency range on a primary antenna.
Option 2/4 3 antenna solution will have some degradation on 2 out of the 3 antennas, but some antenna performance can be gained at the expense of diversity gain. 
Option 7 will have space disadvantage and this can only be considered for FWA devices.

	ZTE
	Different challenges for different options. 
In terms of architectures proposed by the companies, it seems there were two grouped architectures:
1. 1Tx/Rx antenna+ 1Rx antenna: i.e. 1LB antenna with pentaplexer implemtation
2. nTX/Rx antennas + mRx antennas: (n>1, m≥1): i.e. multiple LB antennas.
It may need to know how many LB antennas can be supported for 3DL/2UL CA implementation in a smart phone? 3? 4? 5? 6?

	vivo
	For clarification of Option 5, two-antenna means two TRx antenna. With Diversity Rx, we are considering on DRx antenna for covering the whole band combination range. I think we share the same view with Option 2.

	Qualcomm
	As this is feasibility study, multiple architectural options can be studied. This includes e.g duplexers, multiplexers, 2 and 3 antenna solutions. Using pentaplexer and/or 4 antenna solution for LB’s is something new at least in the context of 3GPP so they should be further discussed. In our view, companies can provide analysis on architectures they want to be captured in TR. Based on comments, there are several architectures for which proponents can provide analysis.

	Xiaomi
	We prefer to consider 3 antenna as a starting point and also accept 4 antenna (Option 7) even if 3 antenna is used in FWA UE. Actually 4 antenna with more antenna isolation would alleviate the challenge of wideband antenna design but the space issue should be carefully evaluated especially for UE vendors.
Option 1 is too challenging for antenna design but we are happy to study the feasibility of pentaplexer.

	Nokia
	We need clarification on issue 4-1 first.

	Apple
	We prefer to start with 2 antenna solutions. It is understandable that pentaplexer design would be challenging. But this is also part of the feasibility study.

	Huawei
	We share the similar view with Qualcomm. We don’t need to exclude any architectures which companies are interested in at this stage. In this SI phase, we can list all the possible options and trade off the pros and cons.
To ZTE, based on the feedback from UE vendors, 3 and 4 low band antennas can be achieved.



Issue 4-3: CBW assumption
· Proposals
· Maximum UL and DL CBW per band must be defined (R4-2213754, Skyworks Solutions Inc.)
· Recommended WF
· TBA

	Company
	Comments

	Skyworks
	Without this we cannot study crossband MSD and we cannot also check if some relaxed filter parameter is feasible

	ZTE
	Same as above. 

	Huawei
	I think the general assumption can be started as below.
n8: 5, 10, 15, 20
n20: 5, 10, 15, 20
n28: 5, 10, 15, 20, 25, 30




Sub-topic 4-3: Feasiblity study
Issue 4-4: Feasibility issues need to be analysed 
· Proposals
· Proposal 1: the MSD due to UL CA_n8-n20 which falls into n28DL needs to be evaluated. (R4-2212015, Samsung)
· Proposal 2: For CA_n8-n20-n28, the REFSENS impact due to self-band isolation, cross-band isolation, 2UL IMD as well as the impact on n20 and n28 out-of-band blocking requirement due to the extended DL filter bandwidth with pentaplexer implementation need to be addressed. (R4-2212356, Apple)
· Observation 3: For CA_n8-n20-n28 with UL CA_n8-n28 configuration, IMD3 of band n8 and n28 would not interfere with the DL reception for this CA band combination. (R4-2212799	vivo)
· Observation 4: For CA_n8-n20-n28 with UL CA_n20-n28 configuration, IMD3 of band n20 and n28 would fall into n8 DL. (R4-2212799	vivo)
· Observation 5: CA_n8A-n20A has both IMD3 and IMD5 for both DL bands. CA_n8A-n28A has no IMD’s (R4-2213195	Qualcomm)
· Recommended WF
· UL CA_n8-n20 (IMD3 and IMD5), UL CA_n8-n28 (IMD3), UL CA_n20-n28 (IMD3), CA_n8A-n28A (TBD, different views from vivo and QC). 
· The impact on n20 and n28 out-of-band blocking requirement

	Company
	Comments

	OPPO
	Ok with WF.

	Skyworks
	IMDs are for the largest channel BW, for such a 3band case we assume that no operator can have max BW in all the bands, again it is critical we use a reasonable BCS.

	ZTE
	Similar view with Skyworks.
In addition, we think it should be discuss RF architecture first before we do the MSD evulation.
Also, for 3DL/2UL CA_n8-n20-n28, the fallbacks of 2DL/2UL of CA_n8-n20 and CA_n8-n28 have not completed yet.
Moreover, 2DL/2UL n20-n28 have already been defined in the 38.101-1, are we going to re-visit it?

	Qualcomm
	While we fully recognize that LB-LB-LB must be analysed, it was agreed in SI description that LB-LB fallbacks are to be studied first. Hence RAN4 should first concentrate on LB-LB cases if we follow the SI description. 

	Xiaomi
	OK with the recommended WF.

	Apple
	Ok with the recommended WF.

	Huawei
	I think most of the requirements related to MSD due to IMD have been studied in corresponding ENDC band combination. Anyway, we are open to further discuss this.

	Samsung
	CA_n20-n28 with 2UL have already been defined with n28 limited to 703-733MHz for UL and 758-788MHz for DL, configurations as below.
	CA_n20A-n28A
	CA_n20A-n28A
	n20
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20
	

	
	
	n20
	5, 10, 15, 20
	1

	
	
	n28
	5, 10, 15, 20, 30
	







Sub-topic 4-4: Other observations and proposals
Moderator: In this secition, other observations and proposals are captured. Companies can comment below every propopal/observation below.
Issue 4-5: Other observations and proposals 
Handling of 2UL/2DL CA_n8A-n28A and CA_n8A-n20A (R4-2212015, Samsung)
2DL/2UL CA_n8-n20, CA_n8-n28 could be treated as normal LB-LB NR CA combination, where non-block approval approach is used in Rel-17 (R4-2212713 ZTE and R4-2212015 Samsung)
	Company
	Comments

	Skyworks
	As already commented this can only be after the SI is complete and on the basis of a known BCS

	ZTE
	Same as above.

	Qualcomm
	In our view, it would be better to handle all combinations which are part of the SI under this SI.

	Huawei
	I share the similar view with Qualcomm. As we have established this SI, there is no need to discuss them in another basket WI.



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 

	Issue 4-1: Spectrum restriction assumption for the analysis
	Some companies support to restrict n28, some companies comment clarification from proponents are needed.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Further discuss to check if the following restriction for n28 can be assumed in this study.
UL: 703MHz~733MHz
DL: 758MHz~788MHz.

	Issue 4-2: UE RF architecture assumption
	[bookmark: _GoBack]According to the comments in the first round, company would like to keep all of possibilities in current stage. So moderator suggests keeping 2, 3 and 4 antenna architecture.
Tentative agreements:
The following UE RF architectures can be assumed in the future meetings’ analysis for CA_n8-n20-n28.
2 antenna, 3 antenna, 4 antenna.
Candidate options:
Recommendations for 2nd round:
Further check if the tentative agreements can be agreed.

	Issue 4-3: CBW assumption
	Companies support the question but not many inputs from companies. Huawei proposed the following as starting point,
n8: 5, 10, 15, 20
n20: 5, 10, 15, 20
n28: 5, 10, 15, 20, 25, 30
Moderator suggests companies can double check if the above proposal is ok.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Further check if the following CBW assumption can be used in future study.
n8: 5, 10, 15, 20
n20: 5, 10, 15, 20
n28: 5, 10, 15, 20, 25, 30

	Issue 4-4: Feasibility issues need to be analysed 
	Companies had common understanding on this issue. But moderator found that for CA_n8A-n28A, moderator didn’t read correctly for the companies’ proposals. Both vivo and QC proposed no IMD. So moderator encourages companies to double check the following recommended WF in 2nd round.
· UL CA_n8-n20 (IMD3 and IMD5), UL CA_n8-n28 (IMD3), UL CA_n20-n28 (IMD3), CA_n8A-n28A (TBD, different views from vivo and QC). 
· The impact on n20 and n28 out-of-band blocking requirement
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
Further check if the followings can be agreed.
The following issues will be analyzed in the feasibility study.
· UL CA_n8-n20 (IMD3 and IMD5), UL CA_n8-n28 (IMD3), UL CA_n20-n28 (IMD3). 
· The impact on n20 and n28 out-of-band blocking requirement

	Issue 4-5: Other observations and proposals 
	For handling of 2UL/2DL in normal basket WI, companies think they should first studied in this SI then decide where to discuss the requirement. Moderator thinks there’s no need to conclude this before the SI is closed.
Tentative agreements:
Candidate options:
Recommendations for 2nd round:
No discussion in 2nd round.



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 study on FS_NR_700800900
	CATT
	

	
	
	
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

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

	R4-2211713
	
	Discussion of the work plan for enhancement for 700/800/900MHz band combinations
	CATT
	Noted
	

	R4-2211714
	
	Discussion of the TR skeleton for TR 38.872
	CATT
	Noted
	

	R4-2211927
	
	Considerations on 800/900MHz band combination
	China Unicom
	Noted
	

	R4-2212015
	
	On 700800900
	Samsung
	Noted
	

	R4-2212356
	
	On 700/800/900MHz band combinations for NR
	Apple
	Noted
	

	R4-2212609
	
	Discussion on feasibility study for 700800900MHz
	Xiaomi
	Noted
	

	R4-2212610
	
	Discussion on requirement impact for 700800900MHz
	Xiaomi
	Noted
	

	R4-2212698
	
	Discussion on band combination for 800MHz and 900MHz
	China Telecom
	Noted
	

	R4-2212713
	
	Discussion on 700_800_900MHz
	ZTE Corporation
	Noted
	

	R4-2212798
	
	Considerations on feasibility aspects for 700/800/900MHz CA band combinations
	vivo
	Noted
	

	R4-2212799
	
	Impacts on RF requirements for 700800900MHz CA band combinations
	vivo
	Noted
	

	R4-2213160
	
	Discussion on feasibility of low band wideband antenna
	Huawei, HiSilicon
	Noted
	

	R4-2213161
	
	Discussion on RAN4 requirement's impacts for CA_n8-n20-n28
	Huawei, HiSilicon
	Noted
	

	R4-2213162
	
	Discussion on RAN4 requirement's impacts for CA_n5-n8
	Huawei, HiSilicon
	Noted
	

	R4-2213195
	
	Considerations on 700-800-900 NR CA
	Qualcomm Finland RFFE Oy
	Noted
	

	R4-2213314
	
	R18 Discussion on 700+800+900MHz UE architecture
	OPPO
	Noted
	

	R4-2213754
	
	Input on feasibility of LB-LB-LB band combinations
	Skyworks Solutions Inc.
	Noted
	



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

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	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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