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Agenda item:			6.3.5
Source:	Moderator (Qualcomm Incorporated)
Title:	Topic summary for [106-bis-e][116] LTE_terr_bcast_bands_UERF
Document for:	Information
Introduction
This document is a summary of the contributions submitted under agenda items 6.3.2 and 6.3.3 of the RAN4 #106-bis-e electronic meeting.
Topic #1: Band plan and UE filter architecture
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304461

	SWR, EBU
	1.	Provide a full band (low pass) filter, derived by existing components (as the one reported as reference in [3]) in an appropriate overlapping scheme with existing band pass SAW filter commercially available on the market for NR UEs supporting 600 MHz bands (e.g. NR band n105 or n71), as well as band pass SAW filters derived from the aforementioned commercially available filter. The above filter’s subsystem architecture is proposed to be standardized, according to the requirements defined in [5].
2.	Define a full broadcast band which is overlapping the existing NR 600 MHz bands, that would allow to reuse most of the NR UE hardware design, hence facilitating 5G Broadcast development.
3.	Determine the number of additional filters to help reduce the full band filter’s insertion loss in the upper part of sub-700 MHz band while providing the necessary rejection for the adjacent IMT uplink transmissions above 703 MHz.

	R4-2304878

	Nokia, Nokia Shanghai Bell
	Observation 1: Coexistence with band 28 is crucial for 5G broadcast band.
Observation 2: At least upper part of the full UHF band needs to be covered by a sub-band filter that can ensure the coexistence with band 28.
Proposal 1: For full UHF band, it is proposed to assume multiple UE Rx filters.

	R4-2305351

	ZTE Corporation
	Proposal 1: To define the band for LTE based broadcast as in Table 2.1 and NR-ARFCN as in Table 2.2.
Proposal 2: The reduced blocking is feasible and can be defined as -25 dBm.

	R4-2305823

	Qualcomm Incorporated
	Observation:  To support UE blocking at 450 MHz, 600 MHz, 700 MHz, and 800 MHz frequency ranges will likely require a multi-filter implementation in the UE.  Although it is possible for 3GPP to assume such a reference architecture in specifying requirements, its implementation may not be suitable to current handset design trends.
Observation:  Specifications for dual connectivity between 5G broadcast and a cellular RAT is out of scope of the present work item.
Proposal:  If a multi-filter UE architecture is to be assumed to specify requirements for a full UHF band, it should be specified as a separate band.  The work item can be closed as long as the requirements for at least one band are agreed.

	R4-2305824

	Qualcomm Incorporated
	Draft CR: Introduction of 5G broadcast UHF bands – Clauses 3, 4, and 5



Open issues summary
On the band plan, there was an agreement at RAN4 #106 [R4-2303489] as follows
Agreement from online session: 
· Define the band plan based on available data for BS and UE.  
· Full UHF band, i.e., 470 – 698MHz, 
· with reduced UE blocking
· Narrow band, i.e., 612 – 652 MHz, which is the same as the downlink operating band of n105.  
· If data for other frequency ranges becomes available before the conclusion of the work item, it can be considered either as a separate band or as a modification to initially defined bands.
Way Forward
· Further clarification and study is needed to elaborate on and quantify requirements with respect to reduced UE blocking for the full UHF band.
· All technical requirements for these bands are still to be defined.
There were no proposals received for any other band plan (frequency range) at this meeting.  
However, there were a number of papers on a multi-filter architecture to support the full band with improved blocking, but no concrete proposal on the exact number of filters, filter ranges, etc.  The moderator invites proponents to provide these details for evaluation.
On the proposal for NR-ARFCN from R4-2305351, the moderator understands this work item is for the introduction of E-UTRA (LTE) bands so EARFCN format is needed rather than NR-ARFCN.
A draft CR for system parameters is provided in R4-2305824.  The moderator requests companies to provide comments in section 1.3.2 for this draft CR.
Sub-topic 1-1
Issue 1-1: Band definition
· Proposals
· Option 1: Keep the bands according to WF in R4-2303489
· Option 2: Define a new full band (470 – 698 MHz) in addition to those in R4-2303489 with requirements derived based on a multiple filter reference architecture
· Option 3: Replace the full band from R4-2303489 with one that has requirements derived based on a multiple filter reference architecture
· Recommended WF
· TBA

Sub-topic 1-2
Issue 1-2: Multiple filter UE architecture
· The concept of a UE architecture consisting of multiple filters was proposed by many companies, but the details are scant.
· Moderator suggestion:  At least the following details are needed to derive requirements
· The insertion losses and rejection as a function of frequency offset over temperature and production
· The number of filters and their frequency ranges
· What is the OEM view on the maximum number of filters supportable on a handset design?
· Recommended WF
· The moderator invites companies to comment and provide details.  Can filter vendors and OEM’s provide details?

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 1-1: Band definition
Sub topic 1-2: Multiple filter UE architecture

	Nokia
	Sub topic 1-1: Band definition
We support option 3.
We assume full UHF band may be available to 5G broadcast service and may need to be supported by single UE. With 8 MHz overlap, frequency range 470-620 MHz can be specified with reduced blocking (and possibly relaxed REFSENS) with one filter (like in DVB-H). 612-652MHz and 644-698MHz can be based on a similar out-of-band blocking and insertion loss performance as n105 downlink.  So total 3 filters could be assumed. Some exemptions about the UE coexistence with band n28 can be considered for 652-698MHz.

	Huawei
	Sub topic 1-1: Band definition
Question for clarification: what’s difference between a new full band and the full band agreed in WF R4-2303489?  Have we agreed any filters assumption in WF R4-2303489?
Sub topic 1-2: Multiple filter UE architecture
From UE implementation view, not only it’s very challenge to implement a lot of filters for the low frequency, but also it’s very difficult to support 470MHz antenna.

	Ericsson
	Sub topic 1-1: Band definition
We support Option1, those bands could be specified based on existing filters.
We could accept option2 but only if it’s based on concrete proposals and filters datasheet or simulations. In the past RAN4 meetings, our bands proposals were not accepted because we were not able to provide such concrete figures, RAN4 shall be consistent. 

	Qualcomm
	Sub topic 1-1: Band definition
We agree with the comment from Ericsson.

	Sony
	Sub topic 1-1: Band definition
Option 1

	SWR
	Sub topic 1-1; Band definition
We support Option 2 as described in R4-2304461 (which also should address Ericsson’s comment). However, the proposal from Nokia just above, e.g. three bands 470-620, 612-652 and 644-698 could be considered as well. More information on this would be welcome.
Sub topic 1-2: Multiple filter UE architecture
Regarding the comment from Huawei, we think that antenna aspects in the lower part of the UHF band are not within the scope of the current discussion.

	R&S
	Subtopic 1-1:
We should at least have the bands we agreed on in the last meeting. If we can reach consensus on adding an additional band based on multi-filter architecture like in Option 2, this can be added.
Also we are not opposed to the proposal from Nokia to add additional bands, as this is already captured in the WF from last meeting.

	ZTE
	Sub topic 1-1: Band definition
Option 1



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

	R4-2305824 Draft CR on clauses 3, 4, and 5
	nokia: 
Use of 10 MHz channel bandwidth in 5.6H may indicate that SIB1 is broadcast as 52 PRBs. However, we understand 10 MHz is UE implementation issue and is not needed in the spec. SIB1 BW is 30, 35 or 45 PRBs. We think it is only necessary that the requirement allows the use of 10 MHz channel filter but it is not necessary to explicitly written in the spec.
It is unclear what it means by “(not drawn to scale)” in figure Figure 5.6H-1. Can you elaborate on the intention of this phrase?

	
	huawei: Share the similar view with Nokia. It’s very strange that we put 10MHz and 6/7/8MHz together into one table. The channel bandwidth is declared as 10MHz, but the channel spacing is 6/7/8MHz. It’s very hard to understand how this can be implemented.

	
	Qualcomm:  Adding 10 MHz channel bandwidth is beneficial because from the UE side, we are not defining new channel bandwidths. 

	
	MediaTek: If 10 MHz channel bandwidth is removed, UE needs explicitly to design 6/7/8 MHz hardware. 

	
	SWR: We support the draft CR which is in line with the WF of the Athens meeting, however, the sections depend on the definition of the band(s), meaning the sections would need to be aligned corresponding to the decision taken.

	
	R&S: Thank you Qualcomm for the draft CR. It seems to be aligned with previous discussions. Editorially I think it is necessary to add the newly added terms like Broadcast bandwidth or BWbroadcast to chapter 3.

	
	We agree with MediaTek, removing 10MHz channel bandwidth is not Ok as it will mean that the corresponding hardware for 6/7/8MHz have to be designed. Furthermore, Table 5.6H and sub-clause 5.6H.1 are a bit confusing. The UE channel is always 10MHz, and the 6,7,8MHz is just how many RBs are scheduled. In other words, we do not have to specify that only a sub-set of RBs is scheduled. 



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:
Sub-topic 1-1:  Band definition
The majority of companies (5 of them) preferred Option 1, while 1 company preferred option 3 and 1 company preferred option 2.  
Sub-topic 1-2:  Multiple filter UE architecture
Two alternatives were provided – one in R4-2304461 and another with 3 bands (470-620, 612-652 and 644-698).
Candidate options:
Recommendations for 2nd round:
Sub-topic 1-1:  Work to proceed according to the WF in R4-2303489 (i.e., full band with single filter and partial band 612 – 652 MHz).  The work can be discussed under Topic 2 on UE RF requirements.
Sub-topic 1-2:  At the same time, companies are not precluded from continued discussion on other multiple filter architectures, sharing details of filter performance, and specs.
Sub-topic 1-3:  Comments on the draft CR R4-2305824 can be further discussed.  In particular, there was discussion on whether 10 MHz channel bandwidth should be included in the CR and how to capture the 6, 7, and 8 MHz broadcast channels.




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”

	R4-2305824 Draft CR on clauses 3, 4, and 5
	Recommend a revision if there is agreement on sub-topic 1-3 in the second round.



Discussion on 2nd round (if applicable)
Any continued discussion or further details on the multiple filter full band alternatives can be captured here.
	Company
	Comments

	XXX
	Sub topic 1-2: Multiple filter UE architecture

	
	Sub-topic 1-3:  10 MHz channel bandwidth and 6, 7, and 8 MHz broadcast channels in the specification



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

	R4-2304511

	Mediatek India Technology Pvt.
	Proposal 1: Regarding REFSENS, to consider whether 10MHz CBW for noise integration would be applicable. 
Proposal 2: Regarding the desired 6 MHz channel, if the adjacent 5 MHz ACS interferer could not be outside the channel filter due to requested broadcast scenario, to consider defining ACS case 1 as -16 dB and 5 MHz adjacent channel interferer with frequency offset at 5.5125 MHz.  

	R4-2304879

	Nokia, Nokia Shanghai Bell
	Proposal 1: For all receiver requirement, all the channel bandwidths, 6, 7 and 8 MHz, are specified with downlink only PMCH.
Proposal 2: For REFSENS evaluation, noise integration bandwidth shall be the same as the channel bandwidth.
Proposal 3: If we specify lower ACS than 33 dB for 6 MHz, it is proposed to specify better ACS for 7 and 8 MHz.

	R4-2305382

	Huawei, HiSilicon
	Proposal 1: In order to make progress, it’s recommended to consider the following compromise:
For full UHF band, i.e., 470 – 698MHz, a newly defined 6, 7, and 8 MHz PMCH should be defined for REFSENS without 10 MHz PDSCH considering the demands from broadcast operators.
For Narrow band, i.e., 612 – 652 MHz, only the existing 10 MHz PDSCH should be defined for REFSENS considering the IMT UE industry eco-system and to reduce the test efforts.
Proposal 2: it’s recommended for companies to provide the some measurement datas to derive the maximum input level for UE. Otherwise, RAN4 can just further trade off the values from -15dBm to -22dBm based on the assumption on broadcast transmission power.
Observation 1: UE ACS is a major requirement to guarantee the system coexistence between two adjacent channels. RAN4 can’t specify this requirement only based on UE filter implementation.
Observation 2: based on the analysis above, UE ACS requirement will have a big impact on system DL ACIR coexistence performance. The system DL ACIR coexistence performance for 25dB UE ACS is much worse than 33dB UE ACS, not to mention 16dB UE ACS.
Proposal 3: Option 3 (-33 dB with frequency offset at 6, 7, and 8 MHz) can be specified for the coordinated network deployment.

	R4-2305822

	Qualcomm Incorporated
		Channelization
	Power in transmission bandwidth configuration
	PInterferer
	ACS (updated result)

	10 MHz (baseline)
	REFSENS + 14 dB
	REFSENS + 45.5
	33 dB

	6 MHz
	REFSENS + 14 dB
	REFSENS + 41.5
	29 dB

	7 MHz
	REFSENS + 14 dB
	REFSENS + 43.0
	30.5 dB

	8 MHz
	REFSENS + 14 dB
	REFSENS + 44.0
	31.5 dB






Open issues summary
Sub-topic 2-1
Issue 2-1: Reference sensitivity
· Proposals
· Option 1: Use 10 MHz noise integration for all 6, 7, and 8 MHz channels.  RMC would be 10 MHz PDSCH based.
· Option 2: Define 6, 7, and 8 MHz PMCH RMC’s for refsens using 6, 7, and 8 MHz bandwidth for noise integration
· Option 3:  Apply option 1 for 612 – 652 MHz band, and option 2 for 470 – 698 MHz band
· Recommended WF
· TBA

Sub-topic 2-2
Issue 2-2: ACS
· Proposals for 6 MHz channel 
· Option 1: 16 dB (MTK)
· Option 2: 33 dB (Huawei, Nokia)
· Option 3: 29 dB (Qualcomm)
· Recommended WF
· TBA
Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub topic 2-1: Refsens
Sub topic 2-2: ACS

	Nokia
	Sub topic 2-1: Refsens
We support Option 2. We do not understand if Option 3 can save test effort significantly if blocking is tested with 6/7/8 MHz.
Sub topic 2-2: ACS
We support Option 2 and 3. If lower ACS than 29 dB is specified, it is proposed to specify ACS for each channel bandwidth. It may be also useful to specify next adjacent ACS as 33 dB.

	Huawei
	Sub topic 2-1: Refsens
Option 3 can be considered as a compromise.
Sub topic 2-2: ACS
Option 2 and 3 are very close. Seems we can make some compromise to reach the consensus.

	Qualcomm
	Sub topic 2-1: Refsens
Option 2 makes the most technical sense.
Sub topic 2-2: ACS
Option 3.  The value of 16 dB from last meeting was not correctly computed since it only considers the edge RB.  The value of 33 dB may not be achievable, but we are open to technical evaluation of feasibility from other companies.

	MediaTek
	Sub topic 2-1: Refsens
Option 3 as a compromise.
Sub topic 2-2: ACS
We can understand that high ACS RF requirement may help. 
Additionally, the ACS interferer is still inside 10MHz-BW filter which means FFT hardware/cost need to cover both desired signal and ACS interferer. If 33dB ACS for 6MHz desired is assumed, it seems half of adjacent power(30dB higher than signal) is inside 10MHz-BW filter. At the beginning, FFT implementation does not need to handle ACS interferer since ACS interferer should be knocked down by digital filters.    
Even with 16dB ACS, the FFT complexity is higher than the LTE and DVB receiver design which preclude fully reusing original LTE implementation.  In other words, one possible way is that LTE UE should consider whether to add 6/7/8MHz Modes back for knocking down the adjacent interferer before add high-dynamic-range FFT or to use DVB receiver. 
We prefer option1 and take option 3 as a compromise.

	Sony
	Sub topic 2-1: REFSENS
Option 2

	SWR
	Sub topic 2-1: Refsens
We support Option 2.
Sub topic 2-2: ACS
We support Option 2. The target should be 33 dB ACS at channel offsets of 6, 7 and 8 MHz. If this cannot be met, network planning and deployment (based on existing HPHT broadcast network infrastructure) may be a challenge.
Moreover, it seems in QCs contributions R4-2302704 and R4-2305822, an interferer of 5 MHz bandwidth is used in order to derive the ACS values. However, in deployments the interferers will have 6, 7 or 8 MHz bandwidth. Therefore, we would appreciate some clarification. 

	R&S
	Sub topic 2-1: Refsens
Option 2 seems to be the most straight forward one.

	ZTE
	Sub topic 2-1: Refsens
Option 2 is preferred.

	Apple
	Issue 2-1: Reference sensitivity
Option 1: This is the existing baseline and is according to the WI objectives as it relies on the existing RMC channel and REFSENS testing procedures. Option 2 is a completely new RMC with the testing procedure, which might need further feedback from RAN5. At this point we are not ready to accept Option 2 without understanding all issues that we might face in RAN5 with regards to introduction of a new RMC and the testing procedure. Option 3 is quite strange. 
As a summary, we can take Option 1 as the most straightforward baseline.    
Issue 2-2: ACS
Firstly, why is it only for the 6MHz channel? The discussion which we had in Athens concluded that if we capture degraded ACS, then it should be done for 6, 7, 8MHz channels.
Option 2 is clearly out of question as it assumes that a dedicated filter will be used, which is even against WI objectives. 
Option 3 with 29dB looks like a theoretical estimation of potential degradation. With the 6MHz transmission bandwidth, there could be 2MHz blocker either at the left or the right edge of the 10MHz filter resulting in 10log(2/5)=-3.9dB degradation. The actual degradation is a more complex function that depends on the wanted and desired signal strength, as can be seen from the figure below showing SNR degradation as the function of the blocker strength. The graph shows that when the blocker signal is 32dB higher than the wanted signal, then the 6MHz SNR can drop from 40dB to -5dB. 
[image: ]


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:
Sub topic 2-1: Refsens
Most companies preferred option 2 (6 companies), while 2 companies for option 3 and 1 company for option 1.
Sub topic 2-2: ACS
Option 2 or option 3 received the most support.  One company preferred option 1 but could accept option 3.  One company questioned how option 3 was obtained but did not object to it and did not provide an alternate proposal.
Candidate options:
Recommendations for 2nd round:
Sub topic 2-1: Refsens
Possible agreement that at least 470 – 698 MHz band is specified with 6, 7, and 8 MHz PMCH (this is common between both Option 2 and Option 3), but 612 – 652 MHz band is further discussed whether 6, 7, 8 MHz PMCH or 10 MHz PDSCH should be used.
A possible LS to RAN5 can also be discussed if companies feel feedback is needed on aspects related to a new RMC.
Sub topic 2-2: ACS
Continued discussion on concrete proposals with technical justification is welcomed.



CRs/TPs
Moderator tries to summarize discussion status for 1st round and provided recommendation on CRs/TPs Status update suggestion 
	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”.
	Company
	Comments

	XXX
	Sub topic 2-1: Refsens
Sub topic 2-2: ACS




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

	
	WF on UE RF requirements for 5G broadcast
	Qualcomm 
	

	
	LS on the impact of PMCH RMC’s for 5G broadcast
	Apple
	To:  RAN5



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-2304461
	
	UHF band allocation for 5G Broadcast: some proposals based on existing UE filter’s technology
	SWR
	Noted
	

	R4-2304511
	
	Discussion on RF requirements for 5G Broadcast
	Mediatek India Technology Pvt.
	Noted
	

	R4-2304878
	
	Discussion on Band definition
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2304879
	
	LTE based 5G UE RF open issues
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2305351
	
	Discussion on band definition for LTE based broadcast
	ZTE Corporation
	Noted
	

	R4-2305382
	
	Discussion on UE RF requirements
	Huawei, HiSilicon
	Noted
	

	R4-2305822
	
	An update on in-channel ACS for 5G broadcast
	Qualcomm Incorporated
	Noted
	

	R4-2305823
	
	Considerations for multi-filter UE full-band UHF support
	Qualcomm Incorporated
	Noted
	

	R4-2305824
	
	Introduction of 5G broadcast UHF bands – Clauses 3, 4, and 5
	Qualcomm Incorporated
	Revised
	



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

	R4-23xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-23xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-23xxxxx
	
	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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