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Introduction
This thread will be used to guide and summarize the email discussion for the topic of Rel-17 extending current NR operation to 71GHz demodulation and CSI requirements (AI 10.15.10), with the email thread identifier [103-e][325] NR_exto71GHz_Demod_Part1”. 
The scope of this email discussion is definition of Rel-17 NR FR2-2 demodulation and CSI performance requirements, and in particular the agenda items:
10.15.10.1 General [NR_ext_to_71GHz-Perf]
10.15.10.3 BS Demodulation and CSI requirements [NR_ext_to_71GHz-Perf]
Priority topics for the discussion are marked directly in the open issues’ summaries.
Discussion guidelines
- 	Please follow the “RAN4#102-e E-meeting Arrangements and Guidelines”, available on the reflector, for fundamental guidelines and deadlines.
-	Delegates are strongly encouraged to provide comments/concerns asap.
- 	Silence within a reasonable timeframe means no objection.
- 	It is encouraged to give at least a short reasoning for each expressed view.
Topic #1: General
Topic #1 handles the issue identified related with general aspects for FR2-2 demod performance. The previously approved WF related to this topic is in R4-2207223. Note that the guidance from session chair is that we will postpone all the draftCR-s in this meeting. Given that we have extended the work item in the last RANP #95-e meeting by another 3 months, we need to update the endorsed work plan R4-2207205 for this work item. The moderator will communicate with session chair on how to capture the outcome of the updated work plan discussion.
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208018
	Ericsson
	General view on demodulation requirements for NR extended to 71GHz:
Proposal 1: Define FR2-2 demodulation requirement without LBT model for both DL and UL.
Observation 1: Phase noise impact is only obvious for high MCS.
Observation 2: CPE (+ICI) could secure achieving the peak throughput when phase noise is severe but won’t help for low SNR cases.
Observation 3: Two PN model sets have similar performance at high modulation cases after ICI compensation.
Proposal 2: Consider phase noise model (+ CPE (+ ICI)) for the FR2-2 demodulation simulation. Companies can choose preferred PN model sets and choose the best simulation values among no compensation, CPE compensation and CPE+ICI compensation for the requirement.  
Proposal 3: Invite TE vendors to give comment if FR2-2 phase noise impact by TE can be ignored or not.
Proposal 4: Pend the final decision on link budget relevant configurations, such as bandwidth and MCS, until link budget is figured out based on RF session agreements on OTA test setup, especially for UL.
Proposal 5: Take TDL-A for FR2-2 demodulation requirement regarding outdoor deployment. The configuration of delay spread and Doppler shift should be set under the worst case regarding to simulations.
Proposal 6: Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.    

	R4-2209387
	Nokia, Nokia Shanghai Bell
	Draft CR - definition of FR2-2 (Postponed)


	R4-2209388
	Nokia, Nokia Shanghai Bell
	Discussion on general aspects of demodulation requirements for the extension to 71 GHz:
Observation 1: 5 ns delay resolution is not enough for modelling channel delay spread of 5 ns and 10 ns.
Observation 2: FR2-2 demodulation requirements will imply in test setups using larger sampling frequency in comparison to FR2-1.
Proposal 1: RAN4 to specify TDL models for FR2-2 using smaller delay resolution.
Proposal 2: RAN4 to consider TDL models with 5 and 10 ns RMS delay spread using delay resolution of 0.5 ns.
Proposal 3: RAN4 to adopt the following channel delay profile for FR2-2 for TDLA5:
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	1.5
	0
	Rayleigh

	3
	2.5
	-5.1
	Rayleigh

	4
	3.5
	-5.1
	Rayleigh

	5
	4
	-9.6
	Rayleigh

	6
	8.5
	-8.2
	Rayleigh

	7
	11
	-13.1
	Rayleigh

	 8
	12.5
	-11.5
	Rayleigh

	9
	17.5
	-11.0
	Rayleigh

	10
	22.5
	-16.2
	Rayleigh

	11
	25
	-16.6
	Rayleigh

	12
	48.5
	-26.2
	Rayleigh



Proposal 4: RAN4 to adopt the following channel delay profile for FR2-2 for TDLA10:
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	3.5
	0
	Rayleigh

	3
	5
	-5.1
	Rayleigh

	4
	6.5
	-5.1
	Rayleigh

	5
	8.5
	-9.6
	Rayleigh

	6
	16.5
	-8.2
	Rayleigh

	7
	21.5
	-13.1
	Rayleigh

	 8
	25
	-11.5
	Rayleigh

	9
	35
	-11.0
	Rayleigh

	10
	45
	-16.2
	Rayleigh

	11
	50
	-16.6
	Rayleigh

	12
	96.5
	-26.2
	Rayleigh






Open issues summary
[bookmark: _Hlk101970622]Sub-topic 1-0 Updated work plan
The previous approved work plan for this work item is in R4-2207205 and the plan is copied as follows.
	RAN4#102-e:

	
	
1. Discussion and agreement on work plan.
1. Discussion on performance requirements scope
1. Initial discussion on work split
1. Initial discussion on simulation assumptions 


	RAN4#103-e:

	
	
1. Finish discussions on performance requirements scope per each physical channel
1. Finish discussions on simulation assumptions per each physical channel
1. Finish discussions on work split
1. Initial round of simulation results collection and alignment
1. Initial draft CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. Initial draft CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing 
1. Initial draft CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#104

	
	
1. Final round of simulation results collection and alignment
1. CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
1. CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements




Issue 1-0-1: Update the work plan to extend the performance part to include RAN4#104-bis-e and #105-e meeting.
· Option 1: Yes, the updated work plan is as follows.
	RAN4#102-e:

	
	
1. Discussion and agreement on work plan.
1. Discussion on performance requirements scope
1. Initial discussion on work split
1. Initial discussion on simulation assumptions 


	RAN4#103-e:

	
	
1. Finish discussions on performance requirements scope per each physical channel
1. Finish discussions on simulation assumptions per each physical channel
1. Finish discussions on work split
1. Initial round of simulation results collection and alignment
1. Initial draft CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. Initial draft CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing 
1. Initial draft CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#104

	
	
1. Final Another round of simulation results collection and alignment
1. Initial draft CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. Initial draft CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing 
1. Initial draft CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements
1. CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
1. CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#104-bis-e

	
	
1. Final Another round of simulation results collection and alignment
1. CRs for TS 38.104 Base Station (BS) radio transmission and reception
1. CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
1. CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#105-e

	
	
1. Final round of simulation results collection and alignment
2. Final CRs for TS 38.104 Base Station (BS) radio transmission and reception
3. Final CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
4. Final CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements




· Recommended WF
· Discuss if we could agree on option 1

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We agree with Option 1. 

	Nokia
	Considering the TU allocation after RP95 includes 1 TU for RRM/demod performance at the RAN4#105 we are fine with the proposed WF. 

	Samsung
	We are ok with option 1

	Qualcomm
	Ok with Option 1

	Apple
	We are fine with Option 1.

	
	

	
	



Sub-topic 1-1 LBT model
Issue 1-1-1: Whether to define FR2-2 demodulation requirement without LBT model for both DL and UL?
· Option 1: Yes, for both DL and UL
· Option 2: No
· Option 3: Depends on whether to define requirements for unlicensed band. LBT model will be defined if unlicensed band is considered.
· Recommended WF
· Discuss if we could agree on option 1

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We think LBT is not typical and beneficial for FR2-2 unlicensed band because of directional and narrow beam. In addition, we looked up regulation in the TR38.805, only US, Canada, Brazil and China mentioned there is “no LBT requirement” or “no MCOT requirement”. In that case, we think it’s unnecessary to consider LBT model for unlicensed band. Only one set of requirements could cover both licensed and unlicensed band. 

	Nokia
	We are fine with Option 1. 

	Samsung
	We support option 1, since in FR2-1, there is also no LBT modeling for requirement setup

	Qualcomm
	For DL, we are discussing this issue in thread 326. So, we prefer to focus on UL in this thread. We prefer Option 1.

	Apple
	We support option 1. For NR operation up to 71GHz RAN4 RF has not defined any licensed bands in our understanding and the bands are expected to be unlicensed. In unlicensed bands CCA by gNB or UE is required prior to transmission depending on regional regulatory requirements, but not necessarily in all unlicensed bands. Since we specify requirements based on relative TP, defining demod requirements with LBT model doesn’t necessarily impact any performance requirement, but only impacts the FRC, the testing time. Hence, we support Option 2 – to not define requirements with LBT. Also, we must follow the same for UE and BS requirements.

	
	

	
	



Sub-topic 1-2 PN model
Phase noise impact is only obvious for high MCS. And CPE (+ICI) could secure achieving the peak throughput when phase noise is severe but won’t help for low SNR cases. It is observed that two PN model sets have similar performance at high modulation cases after ICI compensation.
Issue 1-2-1: How to consider phase noise model for the FR2-2 demodulation simulation?
· Option 1: PN model + CPE+ICI compensation
· Option 2: Companies can choose preferred PN model sets and choose the best simulation values among no compensation, CPE compensation and CPE+ICI compensation for the requirement.  
· Recommended WF
· Invite interested companies to provide input on how to consider PN model

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	Based on the theoretical analysis and simulations, we have following observations. 
· Low MCS (for QPSK) is less susceptible to phase rotation error. 
· For small PRB number, CPE compensation should be enough since ICI compensation techniques will not enhance the performance.
· For large PRB number, CPE+ICI compensation is of great significance to reduce the needed SNR at 70% of peak throughput compared to CPE compensation only.
Consequently, we can limit our discussion to high MCS (64 QAM). 
For UL, the link budget for the large PRB allocation or high MCS is not clear for now. A conservative or safe approach is to only consider the minimum BW and relatively low MCS (QPSK) for UL at the first. In that case, PN impact could be ignored for now. 
For DL, the link budget seems sufficient for larger bandwidth (i.e., 1600M) and high MCS (i.e., MCS22). To secure the high peak throughput and the 70% normalized throughput, CPE and ICI would be necessary based on our observations above. 
Companies could choose preferred PN model because two models can get very similar results after proper compensation. For the sake of fairness in the performance comparison, we must set a fixed ICI filter length (complexity order) when we do the simulation on high MCS. Furthermore, 16QAM will need further investigation if ICI compensation will be applied.

	Nokia
	Option 2
ICI may not be needed in all the cases. Decision on the use of ICI can be made for each simulation case. 


	Samsung
	In our understanding, ICI is up to BS implementation, whether will use the ICI pending on condition, such as high MCS with phase rotation, at current stage, we prefer to option 2

	Qualcomm
	For DL, this issue is being discussed in thread 326. So, we prefer to focus on UL in this thread. For DL, we prefer to only consider CPE compensation since that should be baseline receiver.

	Apple
	For UE demod we prefer to enable PN model at UE side and compare performance with no PN vs PN+CPE comp. Requirements should be introduced without ICI comp in our understanding. 

	
	

	
	

	
	



Issue 1-2-2: Whether TE PN impact is ignored or not in the simulations?
· Option 1: Yes
· Option 2: Invite TE vendors to give comment if FR2-2 phase noise impact by TE can be ignored or not.
· Recommended WF
· Invite interested TE companies to provide input 

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We support recommended WF. If TE PN impact could be ignored, then only Rx PN would be considered into simulation.

	Nokia
	We are fine with the recommended WF. 

	Samsung
	We are fine with recommended WF

	Apple
	We support option2.

	
	

	
	

	
	




Sub-topic 1-3 Channel model
Issue 1-3-1: How to consider the delay profile for TDLA channel model for FR2-2?
· Option 1: The configuration of delay spread and Doppler shift should be set under the worst case regarding to simulations.
· Option 2: 
· RAN4 to adopt the following channel delay profile for FR2-2 for TDLA5:
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	1.5
	0
	Rayleigh

	3
	2.5
	-5.1
	Rayleigh

	4
	3.5
	-5.1
	Rayleigh

	5
	4
	-9.6
	Rayleigh

	6
	8.5
	-8.2
	Rayleigh

	7
	11
	-13.1
	Rayleigh

	 8
	12.5
	-11.5
	Rayleigh

	9
	17.5
	-11.0
	Rayleigh

	10
	22.5
	-16.2
	Rayleigh

	11
	25
	-16.6
	Rayleigh

	12
	48.5
	-26.2
	Rayleigh


· RAN4 to adopt the following channel delay profile for FR2-2 for TDLA10:
	Tap #
	Delay [ns]
	Power [dB]
	Fading distribution

	1
	0
	-15.5
	Rayleigh

	2
	3.5
	0
	Rayleigh

	3
	5
	-5.1
	Rayleigh

	4
	6.5
	-5.1
	Rayleigh

	5
	8.5
	-9.6
	Rayleigh

	6
	16.5
	-8.2
	Rayleigh

	7
	21.5
	-13.1
	Rayleigh

	 8
	25
	-11.5
	Rayleigh

	9
	35
	-11.0
	Rayleigh

	10
	45
	-16.2
	Rayleigh

	11
	50
	-16.6
	Rayleigh

	12
	96.5
	-26.2
	Rayleigh


· Recommended WF
· Confirm TDLA channel model for outdoor scenario and discuss upon option 2

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	For propagation model, we think TDLA for outdoor scenario is worse based on the channel estimation point of view. To check the receiver algorithm, TDLA would be enough. However, if companies are interested to high MCS performance and the link budget show enough margin at TDLD channel, then TDLD could be useful in that case. 
We suggest considering this issue in DL and UL separately regarding it is not clear on link budget for UL. 

	Nokia
	We prefer TDLA as define in Option 2. 
Considering our simulation results, it should be fine to use TDLA10.

The final decision on Option 2 should also consider the outcome of the issue 1-3-2, since it was derived considering 0.5 ns resolution. 

	Samsung
	From our side, we prefer to add TDL-D channel, with high frequency range, the channel condition is more likely as LOS condition, where TDL-D is LOS channel with a smaller number of multi-paths.  

	[bookmark: _Hlk96624476]Qualcomm
	For DL, this issue is being discussed in thread 326. So, we prefer to focus on UL in this thread. For DL, we prefer to define some requirements for TDL-A and some for TDL-D.

	Apple
	TDLA, TDLD with RMS DS 5,10 would be suitable for FR2-2. We would like to have further discussion on the simplified CM after we agree on the channel tap resolution based on TE vendors input.

	
	

	
	



Issue 1-3-2: How to consider the minimum tap resolution for TDL channel model?
For FR2-2, the channel bandwidth could be 1.6GHz or even 2GHz, 5ns resolution would lead to repeating 200MHz correlation bandwidth. If a larger correlation bandwidth is wanted, the smaller tap resolution is needed.
· Option 1: RAN4 to consider TDL models with 5 and 10 ns RMS delay spread using delay resolution of 0.5 ns.
· Option 2: Invite TE vendors to confirm the minimum tap resolution for TDL channel model they could deliver.
· Recommended WF
· Invite interested companies to provide input

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Rohde & Schwarz
	From our side we propose to use 2ns delay resolution.

	Ericsson
	We suggest not to combine the discussion of delay spread and tap resolution together. Even larger delay spread could also use smaller resolution regarding very large bandwidth.
For tap delay resolution, we agree that current 5ns is not good enough for larger BW. Based on RS comments, 2ns resolution support 500MHz correlation bandwidth which only cover all BW for 120kHz SCS and minimum BW for 480kHz and 960kHz SCS. 
For delay spread, there is not much performance difference between 10/20 ns based on our simulations. In our understanding, it is also possible for relative larger cell deployment for FR2-2 considering high power BS capability. Moreover, if we use 2ns resolution, larger delay spread (i.e., 20ns or 30ns) would be better for TDLA channel. For TDLD channel (if it is traduced), 10ns delay spread looks more suitable then.

	Nokia
	To Rohde Schwarz.
The proposal for the 0.5 ns resolution was considering what is good enough to model the TDLA-5 channel. If wew consider TDLA 10ns this resolution could be 1 ns. 
Our concern with 2 ns is that there is not enough resolution, and many taps will be merged into one. 
How do you think this would be for the implementation in the test equipment with 1 ns?



	Samsung
	Regarding the RMS delay spread, 5ns is the delay resolution, with high frequency under  large SCS and BW, it is expected more taps will be emerged into one,  So, small resolution is needed, we can follow with value input for TE vendor

	Qualcomm
	We need some time to further check this.

	Apple
	We support option 2 to request input from TE vendors and also further check. 

	
	




Companies views’ collection for 1st round 
Open issues 
Companies are encouraged to provide comments to each of the sub-topics in the above section. 
CRs/TPs comments collection

Summary for 1st round 
Open issues 

	
	Status summary 

	Sub-topic#1-0-1
	Background clarification: 
Tentative agreements:
· The updated work plan is as follows.
	RAN4#102-e:

	
	
· Discussion and agreement on work plan.
· Discussion on performance requirements scope
· Initial discussion on work split
· Initial discussion on simulation assumptions 


	RAN4#103-e:

	
	
· Finish discussions on performance requirements scope per each physical channel
· Finish discussions on simulation assumptions per each physical channel
· Finish discussions on work split
· Initial round of simulation results collection and alignment


	RAN4#104

	
	
· Another round of simulation results collection and alignment
· Initial draft CRs for TS 38.104 Base Station (BS) radio transmission and reception
· Initial draft CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing 
· Initial draft CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#104-bis-e

	
	
· Another round of simulation results collection and alignment
· CRs for TS 38.104 Base Station (BS) radio transmission and reception
· CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
· CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements


	RAN4#105-e

	
	
· Final round of simulation results collection and alignment
· Final CRs for TS 38.104 Base Station (BS) radio transmission and reception
· Final CRs for TS 38.141-2 Base Station (BS) conformance testing Part 2: Radiated conformance testing
· Final CRs for TS 38.101-4 User Equipment (UE) radio transmission and reception; Part 4: Performance requirements




Recommendations for 2nd round: Agree on the tentative agreements.

	Sub-topic#1-1-1
	Background clarification: 
In this thread we only consider UL requirements since DL requirements are considered in the thread of [326].
Tentative agreements:
Define FR2-2 demodulation requirement without LBT model for UL.
Recommendations for 2nd round: Agree on the tentative agreements.

	Sub-topic#1-2-1
	Background clarification:
In this thread we only consider UL requirements since DL requirements are considered in the thread of [326]. For UL, PRB allocation and MCS level tend to be relatively small.
Tentative agreements:
Assume PN model of CPE compensation for UL requirements as the baseline and FFS when and how to consider ICI.
Recommendations for 2nd round: Agree on the tentative agreement.

	Sub-topic#1-2-2
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further input is needed.

	Sub-topic#1-3-1
	Background clarification:
In this thread we only consider UL requirements since DL requirements are considered in the thread of [326]. 
Tentative agreements: 
Consider both TDLA and TDLD modelsFFS Channel model considered in the simulation for UL requirements. FFS the delay profile details.
Recommendations for 2nd round: Agree on the tentative agreements.

	Sub-topic#1-3-2
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further input is needed.



CRs/TPs

Discussion on 2nd round (if applicable)
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	
	

	
	



Topic #2: BS performance requirements
Topic #1 handles the issue identified related with BS demod performance requirements for FR2-2. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2208019
	Ericssion
	Discussion on PUSCH demodulation requirements for NR extended to 71GHz:
[bookmark: _Hlk102074272]Proposal 1: Not to define demodulation requirements for 960kHz SCS.
Proposal 2: Pend the final decision on PRB allocation and MCS until link budget and SNR limit for UL test is clear.
Proposal 3: Do not introduce FR2-2 PUSCH demodulation requirements with transform precoding enabled.
Proposal 4: Consider PUSCH repetition type A performance requirement for FR2-2.
Proposal 5: The applicability rule for PUSCH bandwidth should depend on the conclusion on link budget and test setup.    

	R4-2208020
	Ericssion
	Discussion on PUCCH demodulation requirements for NR extended to 71GHz:
Observation 1: Different maximum PRBs would be applied for different SCS regarding to power regulation on shared access spectrum. 
Observation 2: It will be very limited PRBs could be applied in some regions.
Proposal 1: Further discussion on how many PRBs applied for multiple PRB PUCCH format requirements is needed regarding cover both licensed and unlicensed deployment.
Proposal 2: Requirement for single PRB should also be introduced for PUCCH format 0/1/4 to avoid no requirement condition when multi-PRB feature can’t be applied.  
Proposal 3: Define PUCCH format 0 requirement with both 1 symbol and 2 symbols for single PRB feature to keep the same coverage as FR2-1, and only 1 symbol requirement for multi-PRB feature.
Proposal 4: Review PRB number for PUCCH format 2/3 and keep the same test coverage as FR2-1. 

	R4-2208021
	Ericssion
	Discussion on PRACH demodulation requirements for NR extended to 71GHz:
Observation 1: There is a little need to use Lra>139 sequence if all UE power regulations are considered. 
Observation 2: Long sequence can achieve large gain if UE power limitation would be relaxed on licensed deployment.
Observation 3: 960kHz SCS PRACH would take very large bandwidth even with the Lra=139. 
Proposal 1: Do not introduce FR2-2 PRACH demodulation requirement for 960kHz SCS. 
Proposal 2: Define FR2-2 PRACH requirement for following Lra and format combinations:
For Lra=139, define requirements for all short PRACH formats to cover basic feature and current unlicensed deployment.
For Lra = 571 and Lra =1151, define requirements for typical formats A2, B4, C2 to cover enhanced feature and future licensed deployment.
Proposal 3: Take TDL-A for the multi-path fading channel model. The delay spread and max Doppler shift configuration could follow PUSCH discussion agreement.   

	R4-2208022
	Ericssion
	Simulation results for FR2-2 PUSCH demodulation requirements:
Observation 1: For low modulation level cases (QPSK and 16QAM), phase noise impact could be ignored. 
Observation 2: For 64QAM or higher modulation, peak throughput might not be achieved if no compensation is implemented. 
Observation 3: CPE and ICI won’t help too much on the performance when SNR is low (<10dB) or number of PRB is small. 
Observation 4: Peak throughput can still be achieved after CPE compensation when MCS <=20.  ICI won’t help when in most of cases.

	R4-2208023
	Ericssion
	Simulation results for FR2-2 PUCCH demodulation requirements

	R4-2208084
	Samsung
	View on BS demodulation requirement for NR extended to 71GHz:
General
Proposal 1: RAN4 define BS demodulation with TDL-D channel model with RMS delay as 10ns.
Proposal 2: Max Doppler frequency with 10km/h UE speed can be considered as for additional test if needed.
Proposal 3: RAN4 apply 120KHz and 480 KHz SCS for UL requirements definition.
PUSCH
Proposal 4: RAN4 define performance requirements with transform precoding disable with 70% TP only.
PUCCH
Proposal 5: RAN4 define PUCCH format 0 performance requirements with number of PRBs as 16
Proposal 6: RAN4 define PUCCH format 1 performance requirements with number of PRBs as 16
Proposal 7: RAN4 define PUCCH format 2 performance requirements with number of PRBs as 16
Proposal 8: RAN4 define PUCCH format 3 performance requirements with number of OFDM as 14, number of PRB as 1, and without additional DMRS
Proposal 9: RAN4 define PUCCH format 4 performance requirements with number of PRBs as 16, without additional DMRS.
PRACH
Proposal 10: RAN4 define PRACH performance requirements with SCS as 120KHz and 480KHz SCS.
Proposal 11: RAN4 define PRACH performance requirements with PRACH sequence as 1151 for 120KHz SCS, 571 and 139 for 480KHz.

	R4-2209389
	Nokia, Nokia Shanghai Bell
	Discussion on PUSCH demodulation requirements for the extension to 71 GHz:
Latest RAN4 agreements on number of PRBs are not aligned between demod and RF. 
Demod agreements for 960kHz SCS and 400 MHz BW use 32 PRBs whilt in RF it was agreed to use 33 PRBs. 
Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]



The OTA RIB power level can be controlled by the AWGN offset, and can go down to -63 dB and -56 dB for 400 MHz and 2000 MHz channel bandwidths respectively. 
If the same antenna dimensions are considered for both 47 GHz and 71 GHz operation, the PA output power for 71 GHz operation can be up to 29.9 dBm. 
If the antenna gain for the  TE is considered as 20 dBi instead of 17 dBi, the required P_PA_outis reduced from 29.9 dBm to 26.9 dBm. 
The flexibility on choice for AWVN offset still allows for reduction o the required received power at the RIB. If reducingit from -49 dBm to -55 dBm the required P_PA_out is reduced to 23.9 dBm. 
When CATR chambers are analysed, the required power are reduced in comparison to IAC chambers. As a result, the output powers for CATR that are below 26 dBm and that are feasible in practice. 
RAN4 to define demodulation requirements for FR2-2 including opportunity for AWGN_offset reduction as specified for FR2-1. 
RAN4 to define demodulation requirements for 400 MHz CBW, 1600 MHz for 480 kHz SCS,  and 2000 MHz for 960 kHz SCS.

	R4-2209390
	Nokia, Nokia Shanghai Bell
	PUSCH simulation results for the extension to 71 GHz

	R4-2209391
	Nokia, Nokia Shanghai Bell
	Discussion on PUCCH demodulation requirements for the extension to 71 GHz:
Observation 1: test case is enough for covering PUCCH format 0 performance requirements. 
Proposal 1: RAN4 to define enhanced PUCCH format 0 with 10 PRBs and 2 OFDM symbols for 120, 480, and 960 kHz SCS. 
Proposal 2: RAN4 to adopt the following parameters for enhanced PUCCH format 0 simulations:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	1

	SCS
	120 kHz
480 kHz
960 kHz

	Number of PRBs 
	10 


	Number of OFDM symbols
	2

	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol
	13 for 1 symbol

	
	12 for 2 symbols

	Propagation condition
	TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	Test metric: ACK missed detection rate < 1%

	Phase noise model
	TR 38.808 set 2


Proposal 3: RAN4 to define enhanced PUCCH format 1 requirements with 10 PRBs, and 2 UCI information bits. 
Proposal 4: RAN4 to adopt the following table of parameters for PUCCH format 1:
	Parameter
	Value

	TR/RX
	1T2R

	Number of UCI information bits
	2

	Number of PRBs and Number of OFDM symbols: 

	Number of PRBs:
1 and 16


	First PRB prior to frequency hopping
	0

	Intra-slot frequency hopping
	Enabled 

	First PRB after frequency hopping
	The largest PRB index – (Number of PRBs - 1)

	Group and sequence hopping
	Neither

	Hopping ID
	0

	Initial cyclic shift
	0

	First symbol 
	0

	Propagation condition
	TDL channel model:
TDL-A with delay spread 5ns ;10 ns 

	SCS and BW
	SCS = 120kHz; CBW = 100 MHz
SCS = 480 kHz; CBW = 400 MHz 
SCS = 960 kHz; CBW = 400 MHz

	Testing metric
	ACK missed detection rate < 1%
NACK to ACK (0.1 %)




	R4-2209392
	Nokia, Nokia Shanghai Bell
	PUCCH simulation results for the extension to 71 GHz

	R4-2209393
	Nokia, Nokia Shanghai Bell
	Discussion on PRACH demodulation requirements for the extension to 71 GHz:
[bookmark: _Toc61552603]Observation 1: The  parameters used for FR2 requirements (Ncs=69) are the ones that provide the maximum coverage area for LRA=139. 
Observation 2: The LRA=139 and Ncs=69 provide a similar coverage area to LRA=571 and Ncs=285 and LRA=1151 and Ncs=575. 
[bookmark: _Toc61552604]Proposal 1: RAN4 to define PRACH demodulation performance requirements using the following Ncs parameters:
      -SCS=120, LRA=139, NCS=69
      -SCS=120, LRA=571, NCS=285
      -SCS=120, LRA=1151, NCS=575
      -SCS=480, LRA=139, NCS=69
      -SCS=480, LRA=571, NCS=285
      -SCS=960, LRA=139, NCS=69
Observation 3: The achievable maximum detectable timing offset for 480 kHz and 960 kHz SCS is 1.0 us and 0.5 us respectively. 
Observation 4: The Rel 15 requirements for PRACH include timing offset scheme with offset up to 0.8 us, which exceeds the maximum detectable offset for 960 kHz SCS. 
Proposal 2: RAN4 to specify PRACH performance with timing offset up to 0.4 us for 480 kHz and 960 kHz SCS. 

	R4-2209394
	Nokia, Nokia Shanghai Bell
	PRACH simulation results for the extension to 71 GHz (Not available)

	R4-2209395
	Nokia, Nokia Shanghai Bell
	Draft CR 38.104: PRACH requirements for FR2-2 (Postponed)

	R4-2209396
	Nokia, Nokia Shanghai Bell
	Draft CR 38.141-2: PRACH requirements for FR2-2 (Postponed)

	R4-2209846
	Huawei, HiSilicon
	Discussion on PUSCH requirements for FR2-2:
Proposal 1: Only define UL requirements for 120 kHz and 480kHz SCS.
Proposal 2: Not define requirements for 1600MHz bandwidth. Only consider 100MHz and 400MHz.
Proposal 3: For 100MHz and 400MHz, more information about parameter on the test instrument are needed for 71GHz band if more accurate maximum achievable SNR calculation is performed.
Observation 1: For MCS20, the performance loss of phase noise is larger than 1dB.
[bookmark: _Hlk102075861]Proposal 4: Not define the requirements with transform precoding enabled and not define requirements for PUSCH repetition type A.

	R4-2209847
	Huawei, HiSilicon
	Discussion on PUCCH requirements for FR2-2:
Proposal 1: Use following configurations for ePF0 performance requirements:
· 10PRBs 
· OFDM symbols with hopping and 1 OFDM symbol without hopping
Proposal 2: Use following configurations for ePF1 performance requirements:
· 10PRBs 
· 14 OFDM symbols
Proposal 3: Use following configurations for PF2/3 requirements:
· PF2:
· 480 kHz, NRB=9, 2 OFDM symbol， UCI bits:22bit
· PF3:
· 480 kHz, NRB=3, 4 OFDM symbol， UCI bits:16bit
Proposal 4: Use following configurations for PF4 requirements:
· 480 kHz, NRB=10, 14 OFDM symbol, UCI bits: 22 bits with polar coding/ Other UCI bits less than 11 with RM coding, OCC length=2

	R4-2209848
	Huawei, HiSilicon
	Discussion on PRACH requirements for FR2-2:
Proposal 1: Only define PRACH performance requirements with 960kHz SCS.
[bookmark: _Hlk102077730]Proposal 2: Use TDLA5-200 as propagation conditions and use parameters in Table 2-1 as time error tolerance.
Table 2-1: Time error tolerance for AWGN and TDLA30-300
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLA30-300

	A2, B4, C2
	120
	0.07 us
	0.10 us

	
	480
	0.02 us
	0.05 us






Open issues summary
Sub-topic 2-1 General BS aspects
Issue 2-1-1: Whether to define demodulation requirements for 960kHz SCS?
· Option 1: Yes
· Option 2: No
· Option 3: It is different among PUSCH, PUCCH or PRACH
· Recommended WF
· Discuss between option 1 and option 2

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Nokia
	We prefer Option 1, i.e. we would like requirements for 960 kHz SCS to be defined. 

We think that it is not RAN4 role to discuss the merit of important features after they were already agreed in the RAN plenary and are defined by RAN1. 

The motivation for 960 kHz was already discussed as part of the study phase, and is reported in the TR 38.808, where it was very clear that for wider bandwidths 960 kHz could achieve better performance than 480 kHz, and that even ICI compensation was not necessary in many cases when using 960 kHz SCS. For example, results for 1600 MHz MCS=22 were showing 480 kHz has a 5dB improvement with ICI compensation in comparison to CPE compensation, and that the same result can be achieved without ICI compensation with 960 kHz SCS. 


	Ericsson
	We agree with Option 2. It is similar as 60kHz SCS in FR1, we don’t have requirement for 60kHz SCS since it is not mandatory for UE and also not typical.  

	Samsung
	We support option 2
Regarding SCS, 120KHz, 480KHz and 960KHz are supported from RAN1 design, with optional UE feature. In Rel-15, 240KHz SCS is supported, while there is no related requirement in RAN4. 
From initial access perspective, as indicated in WID, 960KHz SCS for the SSB is not supported by UE, and 480 kHz is an optional SSB numerology for initial access for the UE. 
we would like to prioritize the requirement for UE with supported SCS for both data and initial access

	Huawei
	Option 2. Similar views with Samsung and Ericsson

	
	

	
	



Issue 2-1-2: How to consider channel model and doppler shift model for BS demod requirements in FR2-2?
· Option 1: 
· RAN4 define BS demodulation with TDL-D channel model with RMS delay as 10ns. 
· Max Doppler frequency with 10km/h UE speed can be considered as for additional test if needed.
· Option 2: follow agreements in general part in topic #1.
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	For propagation model, same comments as Issue 1-3-1.
For Doppler shift, we think 10km/h or even 30km/h UE could be possible for outdoor scenario, but corresponding MCS could low (QPSK). Based on our simulation, target SNR for MCS4 under TDLA20_2000 (30km/h UE) is around -3dB which might be fine for link budget. We suggest considering medium Doppler shift (650Hz or even 2000Hz) as the worst case.

	Nokia
	We think that TDL-D might be too optimistic, so we prefer TDL-A 10 ns

We think we can follow conclusions from topic #1 as proposed in Option 2. 

	Samsung
	We prefer to apply TDL-D for requirement 
With high frequency range, the channel condition is more likely as LOS condition, where TDL-D is LOS channel with a smaller number of multi-paths.
Regarding the RMS delay spread, 5ns is the delay resolution. With high frequency range, the expected delay spread is small. Another side, with large value of SCS, the duration time of OFDM is smaller. In order to guarantee the channel delay within the CP length, 10ns RMS delay spread can be considered.


	Huawei
	We prefer use TDL-A  10ns as baseline since TDL-D seems too optimistic
For Doppler, we prefer to only consider static environment 3km/h (200Hz)

	
	

	
	

	
	



Issue 2-1-3: Combination of umber of PRBs for each SCS and CBW
· Proposal 1: Update the number of PRBs for each SCS and CBW combination as:
	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]



Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	It seems the PRB occupation for each BW on BS side is still under discussion in RF session. We suggest pending this topic until RF have agreement on it.  

	Nokia
	We agree with Proposal 1. 
The only value pending decision form RF is the 2000 MHz CBW, so and we need to start generating simulations for alignment, 
Therefore, if we conclude that 2000 MHz is feasible, we can revise the [156] value which is the only one pending agreement from RF. 

	Samsung
	We suggest to update pending on the RF discussion if any

	
	

	
	

	
	



Issue 2-1-4: Use of AWGN_offset in FR2-2 demodulation requirements
· Proposal 1: define demodulation requirements for FR2-2 including opportunity for AWGN_offset reduction as specified for FR2-1.
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We have proposed to RF session (thread 311) to include demod link budget issue there. We think it would be better to let RF experts to deliver a feasible setup for UL OTA test. As for demod part, we should keep a close discussion with them and figure out the solution together. 

	Nokia
	We agree with proposal 1. 
We can reuse the same approach as used for FR2-1. 

	Huawei
	Agree with Ericsson

	
	

	
	

	
	



Sub-topic 2-2 PUSCH requirements
Issue 2-2-1: How much bandwidth is considered for each SCS when specifying the requirements?
· Option 1: 
	· 120kHz
	· 480kHz
	· 960kHz

	· TBC
	· 400MHz and 1600MHz
	· 2000MHz


· Option 2: 
	· 120kHz
	· 480kHz
	· 960kHz

	· 100MHz and 400MHz
	· 100MHz and 400MHz
	· No requirement


· Option 3: 
	· 120kHz
	· 480kHz
	· 960kHz

	· 100MHz
	· 400MHz
	· No requirement



· Option 3: Pend the decision until further agreement on link budget and test setup
· Option 4: 
	· 120kHz
	· 480kHz
	· 960kHz

	· 100MHz and 400MHz
	· 400MHz and 1600 MHz NOTE 1
	· 400 MHz and 2000 MHz NOTE 1


· Note 1: The CBW of 1600 MHz and 2000 MHz should be replaced by the maximum testable bandwidth once there is a conclusion on the link budget and test setup
· 
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We think it would be better to wait for the agreement on link budget discussion in RF. But for progress, we can keep the minimum BW for each SCS for further discussion and simulation. Support Option 3 at current stage.
Another relevant issue is there are regulations on max power on unlicensed band in some regions (i.e., US, EU and South Korea), the transmission bandwidth could be further limited. If we want to define a set of requirements for both licensed and unlicensed, the possible PRB allocation for unlicensed band should be considered either. We suggest companies double check it.  

	Nokia
	We think 960 kHz should be tested
Additionally, we also think we should test the minimum bandwidth + maximum testable bandwidth, therefore we propose Option 4.

	Huawei
	We support option3. Considering that there is no agreements for link budget of OTA budget, minimum CBW is the safest way to guarantee the testability 

	
	

	
	

	
	



Issue 2-2-2: How to consider transform decoding?
· Option 1: Introduce FR2-2 PUSCH demodulation requirements with transform precoding enabled.
· Option 2: RAN4 define performance requirements with transform precoding disable with 70% TP only.
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	It seems original Option 1 and 2 are the same meaning. We update the Option 1 to “Introduce FR2-2 PUSCH demodulation requirements with transform precoding enabled” to avoid misunderstanding.
We suggest defining requirement for transform precoding enabled case even the performance difference from CP-OFDM might be small. Based on previous agreement, FR2-1 requirements can’t be applied for FR2-2. In that case, it is necessary to to keep the same test coverage as FR2-1. Otherwise, there is no test on transform precoding enabled performance for a BS supporting FR2-2 only.  

	Nokia
	We are fine with option 2, no strong opinion considering E// comments. 

	Samsung
	We support option 2

	Huawei
	Option2

	
	

	
	

	
	



Issue 2-2-3: How about PUSCH repetition type A?
· Option 1: Consider PUSCH repetition type A performance requirement for FR2-2.
· Option 2: Do not define requirements for PUSCH repetition type A.
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	Support Option 1. We think it could be helpful for outdoor scenario. 

	Nokia
	We prefer Option 1. 

	Samsung
	We prefer option 2. The typical scenario for deploying FR2-2 should be indoor or hop spot area, while the main use case for DFT-s-OFDM and PUSCH repetition type A should be cell edge to improve the cell edge user performance, we are not sure whether PUSCH repetition type A for FR2-2 is needed

	Huawei
	 Option 2. We share the same views with Samsung

	
	

	
	

	
	




Sub-topic 2-3 PUCCH requirements
Issue 2-3-1: How many PRBs are considered for each of the PUCCH format?
	· 
	· Format 0
	· Format 1
	· Format 2
	· Format 3
	· Format 4

	· Option 1
	· 1
	· 1
	· Reuse FR2-1
	· Reuse FR2-1
	· 1

	· Option 2
	· 16
	· 16
	· 16
	· 1 with 14 symbols but without ADMRS
	· 16 without ADMRS

	· Option 3
	· 10
	· 10
	· TBC
	· TBC
	· TBC

	· Option 4
	· 10
	· 10
	· 9 with 2 symbols
· 3 with 4 symbols
	· 9 with 2 symbols
· 3 with 4 symbols
	· 10 with 14 symbols


· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We suggest considering normal PUCCH requirement for all formats and multi-PRB PUCCH requirement for format 0/1/4. The reason is multi-PRB feature is not mandatory for FR2-2, there is risk to have no requirement on format 0/1/4 for BS don’t support multi-PRB feature. 
As for the PRB number for multi-PRB format 0/1/4 and normal format 2/3, the power regulation on unlicensed band could be considered either if we want to define one set of requirements for both licensed and unlicensed band. We suggest companies to check if it is an issue.  

	Nokia
	We think the option for PUCCH should be considered as a package for each PUCCH format. 
Our Option 3 in this issue and the next were considering that. 

As for Option 1, it is ok to test 1 PRB, but in that case we would need to add one additional test for the enhanced formats as well with more than 1 PRB. 

Considering Ericsson’s comments, we would propose that for PUCCH formats 0,1,4 we test 1 PRB and a configuration using enhanced format. 
So we would propose the following considering a mix of the options:
PUCCH format 0:
· Configuration 1: 1 PRB+2 symbols (from Option 1)
· Configuration 2: 10 PRBs + 1 symbol (from Options 3,4)
PUCCH format 1:
· Configuration 1: 1 PRB+1 symbols  (from Option 1) 
· Configuration 2: 10 PRBs + 14 symbols (from Option 3,4)
PUCCH format 2:
· Configuration 1: ACK missed detection 4 PRBs + 1 symbols (from Option 1)
· Configuration 2: UCI BLER 9 PRBs + 2 symbols (from Option 1 and 4)
PUCCH format 3:
· Configuration 1: 1 PRBs + 14 symbols (from Option 1 and 2)
· Configuration 2: 3 PRBs + 4 symbols (from Option 1 and 4)
PUCCH format 4:
· Configuration 1: 1 PRB+14 symbols  (from Option 1+FR2-1 requirements)
· Configuration 2: 16 PRBs + 14 symbols (from Option 2)


	Samsung
	We would like to support the following combination 
For format 0: 
· 16 PRB +1 symbol
For format 1
· 16 PRB+14 symbols
For format 2
· 2 symbols+ 9 PRB , UCI BLER<1%
For format 3
· 14 symbols+1 PRB, without addition DMRS, UCI BLER<1%
For format 4
· 14 symbols+16 PRB, without addition DMRS, UCI BLER<1%

	Huawei
	We should focus on the new feature. Multi-PRB and new SCS. We don’t support define new additional requirements for PF0/1/4 with 1 PRB. For detailed assumptions we propose to discuss it in the second round.


	
	

	
	

	
	



Issue 2-3-2: How many symbols are considered for each PUCCH format?
	· 
	· Format 0
	· Format 1
	· Format 2
	· Format 3
	· Format 4

	· Option 1
	· 1 and 2 for single RB
· 1 for multiple RB
	· 1 and 2 for single RB
· 1 for multiple RB
	· TBC
	· TBC
	· TBC

	· Option 2
	· TBC
	· 14
	· 2
	· 14 with single RB
	· 14

	· Option 3
	· 1 and 2
	· 14
	· TBC
	· TBC
	· TBC

	· Option 4
	· 1 without hopping
· 2 with hopping
	· 14
	· 2 with 9RB
· 4 with 3RB
	· 2 with 9RB
· 4 with 3RB
	· 14


· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	For format 0, agree with Option 1. 
For format 1/4, agree with 14 symbols for both single PRB and multi-PRB feature.
For format 2/3, pend the discussion until PRB number is agreed.

	Nokia
	As commented in the previous issue, we think this has to be agreed as a package for each PUCCH format, since the number of PRBs and OFDM symbols can be chosen jointly. 


	Huawei
	Same views with issue 2-3-1

	
	

	
	

	
	

	
	



Sub-topic 2-4 PRACH requirements
Issue 2-4-1: How to consider the combinations among SCS, LRA and format in specifying the PRACH requirements?
· Option 1: Define FR2-2 PRACH requirement for following Lra and format combinations:
· For Lra=139, define requirements for all short PRACH formats to cover basic feature and current unlicensed deployment.
· For Lra = 571 and Lra =1151, define requirements for typical formats A2, B4, C2 to cover enhanced feature and future licensed deployment.
· Option 2: RAN4 define PRACH performance requirements with PRACH sequence as 1151 for 120KHz SCS, 571 and 139 for 480KHz.
· Option 3: RAN4 to define PRACH demodulation performance requirements using the following Ncs parameters:
· SCS=120, LRA=139, NCS=69
· SCS=120, LRA=571, NCS=285
· SCS=120, LRA=1151, NCS=575
· SCS=480, LRA=139, NCS=69
· SCS=480, LRA=571, NCS=285
· SCS=960, LRA=139, NCS=69
· Option 4: Define only for 960kHz SCS
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	This topic includes 4 questions. 
1. Which SCS will be introduced for FR2-2 PRACH?
2. Which Lra should be tested?
3. Which preamble format should be tested?
4. What Ncs will be applied for each sequence. 
Our answers for three questions are: 
1. We think only 120kHz and 480kHz SCS would be better. 
2. We think short sequence (Lra=139) would be more useful for FR2-2 if we consider all regulation limitations. For no power regulation band/region, long sequence (Lra=571/1151) would be beneficial for coverage.
3. Basically, we think it could be good to keep similar coverage as FR2-1 for Lra=139 which means all short formats (A1, A2, A3, B4, C0, C2) could be considered. But we are also OK if only typical formats are considered if companies want to reduce the effort. For Lra=571/1151, only typical formats are enough.
For typical preamble format, it seems hard to say which one would be better. To get progress, we suggest take A2/B4/C2 as baseline for initial simulation and companies could further check if they are feasible.
4. We are fine with the Ncs proposed in Option 3 which keeps the same scale as FR2-1.
To summary, we suggest following configuration as baseline.
· Take preamble formats A2, B4, C2 as baseline with following configurations.
· SCS=120, LRA=139, NCS=69
· SCS=120, LRA=571, NCS=285
· SCS=120, LRA=1151, NCS=575
· SCS=480, LRA=139, NCS=69
· SCS=480, LRA=571, NCS=285


	Nokia
	We agree with Option 3
For this issue we think we should define requirements for every SCS, and that Lra=139, 571, and 1151 should be tested. 
Additionally, we also included LRA and NCS combinations for this issue. 

Finally, regarding the requirements for 960 kHz SCS we would like to reiterate that we think that it is not RAN4 role to discuss the merit of important features after they were already agreed in the RAN plenary and are defined by RAN1. 


	Samsung
	For format: we prefer C2
For SCS: we prefer only 120KhZ and 480KHz SC
For sequence length: as 1151 for 120KHz SCS, 571 and 139 for 480KHz.

	Huawei
	For format, we prefer A2,B4,C2
For SCS, we prefer only 120 kHz and 480kH SCS
For sequence length: as 1151 for 120KHz SCS, 571 and 139 for 480KHz.

	
	

	
	



Issue 2-4-2: How to consider timing offsets?
· Option 1: RAN4 to specify PRACH performance with timing offset up to 0.4 us for 480 kHz and 960 kHz SCS.
· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We are OK with the analysis in Nokia’s contribution and Option 1. 

	Nokia
	We agree with option 1. 

As explained in our discussion paper, the maximum detectable timing offset has to be reviewed for 480 kHz and 960 kHz SCS. Considering the new SCS the existing PRACH requirements have timing offsets up to 0.8 us, which is not achievable for 960 kHz and if on the limit of the achievable value for 480 kHz SCS. 

	Samsung
	We suggest to discuss later after conclusion of SCS, format, Ncs and channel 

	Huawei
	We agree with option 1

	
	

	
	



Issue 2-4-3: How to consider propagation conditions for PRACH requirements?
· Option 1: Take TDL-A for the multi-path fading channel model. The delay spread and max Doppler shift configuration could follow PUSCH discussion agreement.
· Option 2: Use TDLA5-200 as propagation conditions and use parameters in the below table as time error tolerance.
· Table: Time error tolerance for AWGN and TDLA30-300
	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLA30-300

	A2, B4, C2
	120
	0.07 us
	0.10 us

	
	480
	0.02 us
	0.05 us


· Recommended WF
· Discussion is needed

Companies are encouraged to provide comments per sub-topic directly below the summary.
	Company
	Comments 

	Ericsson
	We agree with Option 1 at current stage. The delay spread in channel model should be agreed at the first.

	Nokia
	Fine with Option 1
For Option 2, we would like the proponent company to clarify if the intention was to propose TDLA30 or TDLA5, since the table and text in the body of the option show different values. Are the values in the table correct?
Additionally, we think we should first conclude on the delay spread before defining test tolerance. 

	Samsung
	We suggest to discuss later after conclusion of SCS, format, and channel 

	Huawei
	We can go with option 1. Firstly the new channel model with small resolution should be defined.

	
	

	
	




Companies views’ collection for 1st round 
Open issues 
Companies are encouraged to provide comments to each of the sub-topics in the above section.
CRs/TPs comments collection

Summary for 1st round 
Open issues 

	
	Status summary 

	Sub-topic#2-1-1
	Background clarification: 
Tentative agreements: None.
Recommendations for 2nd round: Discuss this issue further. Identify the necessity to exclude 960khz SCS requirements. If this is not possible, RAN4 shall specify the requirements for 960khz. GTW session is recommended.

	Sub-topic#2-1-2
	Background clarification: 
Tentative agreements: None.
Recommendations for 2nd round: Wait for the other discussion in this thread.

	Sub-topic#2-1-3
	Background clarification: 
Tentative agreements: None.
Recommendations for 2nd round: Wait for RF session conclusion.

	Sub-topic#2-1-4
	Background clarification: 
Tentative agreements: None.
Recommendations for 2nd round: Wait for link budget conclusion in RF session.

	Sub-topic#2-2-1
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Wait for further input.

	Sub-topic#2-2-2
	Background clarification:
To keep the same test coverage as that of FR2-1, the moderator proposes to introduce requirements with transform precoding enabled. No clear reason is shown in the 1st round discussion to exclude transform precoding.
Tentative agreements: Specify requirements for FR2-2 PUSCH demodulation with transform precoding enabled.
Recommendations for 2nd round: Agree on the tentative agreements.

	Sub-topic#2-2-3
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Discuss this issue further. Identify the necessity to exclude PUSCH repetition type A requirements. If this is not possible, RAN4 shall specify the requirements. GTW session is recommended.

	Sub-topic#2-3-1
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further discuss this issue and come up with a compromised solution. GTW session is recommended.

	Sub-topic#2-3-2
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further discuss this issue together with 2-3-1. GTW session is recommended.

	Sub-topic#2-4-1
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further discussion continues.

	Sub-topic#2-4-2
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further discussion continues.

	Sub-topic#2-4-3
	Background clarification:
Tentative agreements: None.
Recommendations for 2nd round: Further discussion continues.



CRs/TPs

Discussion on 2nd round (if applicable)
Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	
	

	
	



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

	R4-22xxxxx
	WF on general and BS aspects for FR2-2 demodulation requirements
	Intel Corporation
	

	
	
	
	



Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-2209387
	
	Draft CR - definition of FR2-2
	Nokia, Nokia Shanghai Bell
	Postponed
	

	R4-2209395
	
	Draft CR 38.104: PRACH requirements for FR2-2
	Nokia, Nokia Shanghai Bell
	Postponed
	

	R4-2209396
	
	Draft CR 38.141-2: PRACH requirements for FR2-2
	Nokia, Nokia Shanghai Bell
	Postponed
	


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
Annex 
Contact information
	Company
	Name
	Email address

	Moderator (Intel Corporation)
	Meng Zhang
	Meng.zhang@intel.com

	Nokia
	Rafael Paiva
	Rafael.paiva@nokia.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)


