3GPP TSG-RAN WG1 Meeting #110	R1-2207866
Toulouse, France, August 22nd – 26th, 2022

Agenda Item:	9.6.2

Title:	FL summary #1 on evaluation of coverage impact

Source:	Moderator (MediaTek)

Document for:	Discussion, Decision
[bookmark: foreword][bookmark: scope]1	Introduction
This feature lead (FL) summary (FLS) concerns the Rel-18 study item (SI) on further NR RedCap UE complexity reduction [1, 2, 3]. This Rel-18 study item was preceded by a Rel-17 study item [4, 5] and a Rel-17 work item [6, 7, 8].
This document summarizes contributions [9] – [28] submitted to agenda item 9.6.2 to capture the discussion on evaluation of coverage impact. 
The naming and numbering of the high-level sub-clauses in Clause 8 in this document follows the draft TR skeleton in [3]. The issues in this document are tagged and color coded with High Priority or Medium Priority. The issues that are in the focus of this round of the discussion are furthermore tagged FL1.

The following proposals are candidates for online treatment on Monday 22nd August:
	FL1 High Priority Proposal 6.2-1b: For TR, for each evaluated deployment scenario, capture at least following three tables when the link budgets of evaluated channels of R18 eRedCap UE are compared to a bottleneck channel in the reference R15 NR UE: 
· The first table presents the bottleneck channel and its MIL value for the reference R15 NR UE
· The second table and the third table present the coverage margins of evaluated channels for Rel-18 eRedCap UE without and with a 3dB antenna efficiency loss for Rel-18 eRedCap UE, respectively.
· Note: The coverage margins of evaluated channels for Rel-18 eRedCap UE are relative to the bottleneck channel in the reference R15 NR UE. 

FL1 High Priority Proposal 6.2-1c: For a table on coverage margins of evaluated channels in a deployment scenario, 
· the evaluated channels (listed in the columns) are the cases written all in black color in the coverage evaluation excel template agreed in R1-2205696 for the deployment scenario

FL1 High Priority Proposal 6.2-1d: For a table on coverage margins of evaluated channels in a deployment scenario, 
· the rows are composed of sourcing companies’ names, representative value 1, number of samples 1, representative value 2, and number of samples 2. For an evaluated channel (i.e an evaluated case listed in the column), 
· the representative value 1 is derived from the coverage margins from sourcing companies who had provided both uplink and downlink coverage evaluation results 
· the number of samples 1 is the total number of sourcing companies that had provided both uplink and downlink coverage evaluation results 
· the representative value 2 is derived from the coverage margins from sourcing companies who had provided both uplink and downlink coverage evaluation results and from sourcing companies who had provided only downlink coverage evaluations results but not uplink 
· the number of samples 2 is the total number of sourcing companies that had submitted both uplink and downlink coverage evaluation results and sourcing companies who had provided only downlink coverage evaluations results but not uplink
· FFS: For representative value 2, how to obtain the bottleneck channel of R15 NR UE and its MIL value for companies who did not provide evaluation results on uplink channels. 
· See also FL High Priority Question 6.2-1a. 

FL1 High Priority Proposal 6.2-1e: For a table on coverage margins of evaluated channels in a deployment scenario, 
· A representative value is not provided for coverage margin for an evaluated channel in a scenario if the number of applicable samples is not greater than 3.
· Note: Per agreements at RAN1 #109e and R17 RedCap SI, a representative value for the coverage margin of an evaluated channel in a scenario is derived by taking the mean value (in dB domain) from the coverage margin values from all applicable sourcing companies, including both negative and non-negative values based on the following adjustments.
· Excluding the highest & the lowest values when the number of samples is more than 3.
· Note: “Applicable” sourcing companies for representative value 1 include only sourcing companies that had provided evaluation results on both uplink and downlink. For representative value 2, “applicable” sourcing companies include all sourcing companies that had provided evaluation results. 




Follow the naming convention in this example:
· eRedCapCoverageFLS1-v000.docx
· eRedCapCoverageFLS1-v001-CompanyA.docx
· eRedCapCoverageFLS1-v002-CompanyA-CompanyB.docx
· eRedCapCoverageFLS1-v003-CompanyB-CompanyC.docx
If needed, you may “lock” a discussion document for 30 minutes by creating a checkout file, as in this example:
· Assume CompanyC wants to update eRedCapCoverageFLS1-v002-CompanyA-CompanyB.docx.
· CompanyC uploads an empty file named eRedCapCoverageFLS1-v003-CompanyB-CompanyC.checkout
· CompanyC checks that no one else has created a checkout file simultaneously, and if there is a collision, CompanyC tries to coordinate with the company who made the other checkout (see, e.g., contact list below).
· CompanyC then has 30 minutes to upload eRedCapCoverageFLS1-v003-CompanyB-CompanyC.docx
· If no update is uploaded in 30 minutes, other companies can ignore the checkout file.
· Note that the file timestamps on the server are in UTC time.
In file names, please use the hyphen character (not the underline character) and include ‘v’ in front of the version number, as in the examples above and in line with the general recommendation (see slide 12 in R1-2205703), otherwise the sorting of the files will be messed up (which can only be fixed by the RAN1 secretary).
To avoid excessive email load on the RAN1 email reflector, please note that there is NO need to send an info email to the reflector just to inform that you have uploaded a new version of this document. Companies are invited to enter the contact info in the table below.
FL1 Question 1-1a: Please consider entering contact info below for the points of contact for this email discussion.
	Company
	Point of contact
	Email address

	Nokia, NSB
	Rapeepat Ratasuk
	rapeepat.ratasuk@nokia-bell-labs.com

	CMCC
	Jiazhen Zhang
	zhangjiazhen@chinamobile.com

	
	
	

	
	
	




2 Work plan and tentative schedule for AI 9.6.2
	Task index
	Target deadline
	Priority
	Main Task
	Sub-tasks, FL proposals, notes

	1
	Tuesday online (noon-13:00 on 8/23)
	Highest
	Agree on tables and their table structures related to coverage margins compared to the bottleneck channel of R15 NR UE
	· Proposals 6.2-1b to 6.2-1e and Proposal 6.2-1a on tables related to coverage margins: tables for each scenario, table structure (i.e. columns and rows) for each table
· Note: Once agreements are made on table strucutures, FL to update tables based on companies’ excel files for Task 3

	2
	Tuesday online (noon-13:00 on 8/23)
	Highest
	Agree on tables and their table structures related to broadcast channel coverage degradation of R18 eRedCap UE compared to the Rel-17 RedCap UE
	· Proposal 6.2-2b: PBCH, PDCCH CSS, and SIB1 are considered for broadcast channel coverage degradation. 
· Proposal 6.2-4b on the table(s) related PBCH coverage degradation  
· Proposal 6.2-5b on table(s) related to PDCCH CSS coverage degradation
· Proposal 6.2-6b on SIB1 coverage degradation related tables

	3
	Wednesday online or email endorsement
	High (background)
	Review tables related to coverage margins for all deployment scenarios evaluated by companies
· Baseline scenarios: Urban at 2.6 GHz with 11 PRB; Rural scenario
· Optinally evaluated scenarios: Urban at 2.7GHz with 12 PRBs; 4GHz with 33dBm/MHz and 24dBM/MHs
	Review and agree on the following tables: 
· Tables 8.2.1-[1] to 8.2.1-[3] for Urban 2.6GHz with 11 PRBs
· Tables 8.2.2-[1] to 8.2.2-[3] for Rural at 0.7 GHz
· Tables 8.2.1-[x] to 8.2.1-[x+2] for Urban 2.6GHz with 12 PRBs 
· Tables 8.2.2-[1] to 8.2.1-[3] for Urban 4GHz with 11 PRBs with 33dBm/MHz
· Tables 8.2.2-[1] to 8.2.1-[3] for Urban 4GHz with 11 PRBs with 24dBm/MHz
Note: Target deadline depends on agreements in Task 1
Note: High priority but can be done in background in parallel to other discussions

	4
	Thursday online or email endorsement
	High (background)
	For each agreed table and the agreed table structure for a broadcast channel, sourcing companies to 
1. Fill in evaluated values to the table related to broadcast channel coverage impact. 
2. In another table, companies to provide Suggested Key Observations (up to 2) for the broadcast channel based on the agreed table structure
	Note: High priority but can be done in background by sourcing companies in parallel to other discussions

	5. 
	Wednesday online
	High
	Observations and conclusions on coverage margins for at least baseline scenarios 
· Urban at 2.6GHz with 11 PRBs
· Rural at 0.7GHz
· [(Lower priority) Other scenarios]
	

	6
	Thursday online
	High and more time 
	Observations and conclusions on broadcast channel coverage degradation on PBCH/PDCCH CSS/SIB1 in Urban at 2.6GH
	Note: Discussions on Urban at 2.6GHz are prioritized 
Note: Expected more complicated and diverse than others

	7
	Thursday online
	Medium
	Observations and conclusions on link performance degradation on PBCH/PDCCH CSS/SIB1 in Rural at 0.7GHz
	

	8
	Friday online
	Medium
	1. Observations and conclusions on coverage margins in scenarios other than baseline if not yet concluded 
2. Extend observations and conclusions based on BW1 to other cost reduction schemes 
3. Observations and conclusions on link performance degradation in channels other than PBCH/PDCCH CSS/SIB1
4. Others?
	

	9
	Email review and endorsement (?)
	Medium
	1. Review and endorse available TPs for TR38.865
	



FL1-1 Medium-priority question 2-1a: Can you agree with the target deadline for the first two main tasks with highest priority? Any other comments/questions/missing aspects about the workload and schedule table? Please keep in mind that the schedule is tight. So please be constructive and be flexible. 
	Company
	Support? (Y/N)
	Comments

	CMCC
	Y
	

	
	
	

	
	
	



6.2 Coverage evaluation methodology
At RAN1 #109e, it was agreed coverage evaluation methodology and assumption in Clause 6.3 in [4] were to be reused for reference NR UE, Rel-17 RedCap UE, and Rel-18 RedCap UE except for, UE bandwidth, cell edge data rate, and small form factor degradation for R18 eRedCap UE. Based on the Rel-17 RedCap SI in [4], coverage evaluation is based on comparing the MIL value of a channel in the RedCap UE to a bottleneck channel for the reference NR UE in a deployment scenario. This method is referred as “Option 3” in [4]. 
	Agreement:
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
· Note: It is up to each company whether to reuse the LLS results

Agreement:
 … 
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 
· FFS which evaluation assumption should be updated for the above channels



Some companies only submitted evaluation results for downlink but not uplink. For the baseline deployment scenarios for evaluation, i.e. Rural scenario at 0.7GHz and Urban scenario at 2.6GHz with 11PRBs, there are total 18 companies that submitted link budget evaluation results while 6 of them did not provide results for uplink. We should discuss whether/how to capture their results based on the above coverage evaluation methodology.  In FL’s opinion, we should allow results from those companies to be captured to TR based on the following agreements where it says Rel-17 LLS results could be used and only SIB1, PBCH, PDCCH CSS are prioritized for Rel-18 study. 
	Agreement
•	Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
o	Note: It is up to each company whether to reuse the LLS results 

Agreement:
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PBCH
· PDCCH CSS
· [Msg4]
· Following channels can be optionally evaluated
·  … 





[bookmark: _Hlk111998871]FL1 High Priority Question 6.2-1a: For companies who did not submit results for uplink channels, whether/how to capture their results to TR for coverage evaluation? For example, representative bottleneck channel and MIL value from Rel-17 can be used for those results to derive coverage margin. 
	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	
	The representative bottleneck channel and MIL value from Rel-17 cannot automatically be used because some of the assumptions may have changed in the new link budget analysis.

	Huawei, Hisilicon
	Y
	OK

	ZTE, Sanechips
	
	The coverage results for uplink channel an be updated based on companies input before a deadline, e.g., Thursday.
Additionally, bottleneck channel and MIL value from Rel-17 can not be used if any assumption, e.g., TBS, is changed.

	CMCC
	Y
	




Following the work plan described in Section 2, more high-level proposals (proposals 6.2-1b to 6.2-1e) than Question 6.2-1a are later provided to make concrete agreements about how to summarize companies submitted coverage evaluation results in excel files to tables for TR. Specifically, FL would like companies to read High Priority Proposals 6.2-1b to 6.2-1e carefully though they are relatively long and detailed proposals. With these proposals, it will be clear how the tables related to coverage margins will look like in TR. The Notes and examples within Proposals 6.2-1b to 6.2-1e are written/listed for a better understanding and for your information. Please do not spend time arguing the wording and/or examples in a Note. 

FL1 High Priority Proposal 6.2-1b: For TR, for each evaluated deployment scenario, capture at least following three tables when the link budgets of evaluated channels of R18 eRedCap UE are compared to a bottleneck channel in the reference R15 NR UE: 
· The first table presents the bottleneck channel and its MIL value for the reference R15 NR UE
· Note: See Table 8.2.1-[1] in Cov-8.2.1-2p6GHz-11PRB-tab001-botMIL-v001.docx for an example 
· The second table and the third table present the coverage margins of evaluated channels for Rel-18 eRedCap UE without and with a 3dB antenna efficiency loss for Rel-18 eRedCap UE, respectively.
· Note: The coverage margins of evaluated channels for Rel-18 eRedCap UE are relative to the bottleneck channel in the reference R15 NR UE. 
· Note: See the following example tables for the columns (i.e. evaluated channels) and rows of a table on coverage margins 
· Table 8.2.1-[2] (Part 1) and Table 8.2.1-[2] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab002-marginNoLoss-v001.docx 
· Table 8.2.1-[3] (Part 1) and Table 8.2.1-[3] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab003-marginWithLoss-v001.docx 
	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	Y
	

	Huawei, Hisilicon
	Y
	OK in general.

	ZTE, Sanechips
	Y
	

	CMCC
	Y
	

	Samsung
	Y
	



FL1 High Priority Proposal 6.2-1c: For a table on coverage margins of evaluated channels in a deployment scenario, 
· the evaluated channels (listed in the columns) are the cases written all in black color in the coverage evaluation excel template agreed in R1-2205696 for the deployment scenario
· Note: For example, for Urban at 2.6GHz with 11 PRBs, the evaluated channels for PDCCH CSS include 
· 5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16),
· 5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8), and 
· 5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2). 
· Note: See the following example tables for the columns (i.e. evaluated channels) and rows of a table on coverage margins 
· Table 8.2.1-[2] (Part 1) and Table 8.2.1-[2] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab002-marginNoLoss-v001.docx 
· Table 8.2.1-[3] (Part 1) and Table 8.2.1-[3] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab003-marginWithLoss-v001.docx

	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	Y
	

	Huawei, Hisilicon
	Y
	OK.

	ZTE, Sanechips
	Y
	

	CMCC
	Y
	

	Samsung
	Y
	



FL1 High Priority Proposal 6.2-1d: For a table on coverage margins of evaluated channels in a deployment scenario, 
· the rows are composed of sourcing companies’ names, representative value 1, number of samples 1, representative value 2, and number of samples 2. For an evaluated channel (i.e an evaluated case listed in the column), 
· the representative value 1 is derived from the coverage margins from sourcing companies who had provided both uplink and downlink coverage evaluation results 
· the number of samples 1 is the total number of sourcing companies that had provided both uplink and downlink coverage evaluation results 
· the representative value 2 is derived from the coverage margins from sourcing companies who had provided both uplink and downlink coverage evaluation results and from sourcing companies who had provided only downlink coverage evaluations results but not uplink 
· the number of samples 2 is the total number of sourcing companies that had submitted both uplink and downlink coverage evaluation results and sourcing companies who had provided only downlink coverage evaluations results but not uplink
· FFS: For representative value 2, how to obtain the bottleneck channel of R15 NR UE and its MIL value for companies who did not provide evaluation results on uplink channels. See also FL High Priority Question 6.2-1a. 
· Note: See the following example tables for the columns (i.e. evaluated channels) and rows of a table on coverage margins 
· Table 8.2.1-[2] (Part 1) and Table 8.2.1-[2] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab002-marginNoLoss-v001.docx 
· Table 8.2.1-[3] (Part 1) and Table 8.2.1-[3] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab003-marginWithLoss-v001.docx

	Company
	Support? (Y/N)
	Comments

	Huawei, Hisilicon
	Y
	OK.

	ZTE, Sanechips
	Y
	We suggest to clarify the method of deriving for representative value, e.g., average or others.

	CMCC
	Y
	

	Samsung
	Y
	



FL1 High Priority Proposal 6.2-1e: For a table on coverage margins of evaluated channels in a deployment scenario, 
· A representative value is not provided for coverage margin for an evaluated channel in a scenario if the number of applicable samples is not greater than 3.
· Note: Per agreements at RAN1 #109e and R17 RedCap SI, a representative value for the coverage margin of an evaluated channel in a scenario is derived by taking the mean value (in dB domain) from the coverage margin values from all applicable sourcing companies, including both negative and non-negative values based on the following adjustments.
· Excluding the highest & the lowest values when the number of samples is more than 3.
· Note: “Applicable” sourcing companies for representative value 1 include only sourcing companies that had provided evaluation results on both uplink and downlink. For representative value 2, “applicable” sourcing companies include all sourcing companies that had provided evaluation results. 
· Note: The representative values with samples less than 4 are highlighted in yellow in the following example tables on coverage margins 
· Table 8.2.1-[2] (Part 1) and Table 8.2.1-[2] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab002-marginNoLoss-v001.docx 
· Table 8.2.1-[3] (Part 1) and Table 8.2.1-[3] (Part 2) in Cov-8.2.1-2p6GHz-11PRB-tab003-marginWithLoss-v001.docx

	Company
	Support? (Y/N)
	Comments

	Huawei, Hisilicon
	Y
	OK.

	ZTE, Sanechips
	Y
	

	CMCC
	Y
	

	Samsung
	Y
	




Broadcast channel coverage impact: link performance degradation due to reduced UE bandwidth
In the last RAN1 meeting, only PBCH, PDCCH CSS, and SIB1 were agreed to be prioritized for coverage evaluation. These are broadcast channels with higher link budgets than others. The coverage evaluation methodology escribed in FL1 High Priority Proposal 2.1-1a. (i.e. “Option 3” in Clause 6.3 in [4]) may not be able to reflect the coverage loss of these broadcast channels properly. In addition, the UE bandwidth reduction to 5MHz introduces RE truncation impact on the reception of these broadcast channels. Coverage loss of these broadcast channels due to reduced UE bandwidth should be captured properly. 
Several contributions [11, 12, 13, 14, 16, 18, 19, 23, 26, 27, 28] evaluated the coverage impact of these prioritized broadcast channels by comparing the link performance (e.g. required SNR or MIL) of the channel between the R18 RedCap UE and the reference R17 RedCap UE (or a reference R15 NR UE). Therefore, FL thinks it is reasonable to discuss whether/how to capture the results of these prioritized channels to TR besides the above methodology described in FL1 High Priority Proposal 2.1-1a. It is also proposed in [12] that RAN1 needs to decide which reference R15 or R17 should be the reference UE for evaluating coverage performance impact for Rel-18 RedCap UE.

FL1 High Priority Question 6.2-2a: For the agreed broadcast channels prioritized for coverage evaluation, i.e. PBCH, PDCCH CSS, SIB1, do you support to capture their coverage differences between the 5MHz RedCap UE and the reference Rel-17 RedCap UE to TR? 
	Company
	Support (Y/N)?
	Comments

	Nokia, NSB
	Y
	The coverage differences between the 5MHz RedCap UE and the Rel-17 RedCap UE can be captured in addition to the coverage margins. Our view is that the coverage margin for the 5MHz RedCap UE (relative to Rel-15 reference UE) is the relevant result for determination of whether or not coverage recovery is necessary for these channels. However, since the coverage differences may be a useful learning, we are open to including them in the TR.

	Huawei, Hisilicon
	N
	In proposals 6.2-1b to 6.2-1e, the coverage margin of Rel-18 eRedCap UE are calculated by comparing to the bottleneck channels of reference Rel-15 UE. We don’t see a need to have additional reference UE.

	ZTE, Sanenechips
	N
	For both Rel-17 RedCap and Rel-15 bottleneck channel, PUSCH has the similar performance. Therefore, actually, we are comparing with Rel-15 and Rel-17 bottleneck channel and there is no need to introduce additional coverage difference.

	CMCC
	Y
	Taking Rel-17 RedCap UE as reference UE for coverage impact analysis can also be considered.

	Samsung
	
	Open to capture those coverage differences between Rel-18 and Rel-17. However, whether coverage recovery is necessary or not is based on coverage margin relative to Rel-15 bottleneck channel.



FL’s note: proposal 6.2-2b is like question 6.2-2a. I should have waited for receiving companies’ response to Question 6.2-2a. But after listing the work plan and schedule in Section 2, I think we should try to conclude the high-level questions/proposals in Clause 6.2 as quickly as possible to give us more time on discussing observations in Clauses from 8.2.1 to 8.2.4. 
FL1 High priority proposal 6.2-2b: For PBCH, PDCCH CSS, SIB1, compare and capture their coverage degradation of the Rel-18 eRedCap UE compared to the reference Rel-17 RedCap UE. 
	Company
	Support (Y/N)?
	Comments

	Nokia, NSB
	Y
	Similar comment as above

	Huawei, Hisilicon
	N
	Same as Question 6.2-2a.

	ZTE, Sanechips
	N
	

	CMCC
	Y
	

	Samsung
	
	Similar comment as above



FL1 Medium Priority Question 6.2-3a: If the coverage differences between Rel-18 eRedCap and Rel-17 RedCap are captured for the broadcast channels, do you think potential recovery techniques can be captured?
	Company
	Support (Y/N)? Option(s)?
	Comments

	Nokia, NSB
	
	As noted in our response to FL1 High Priority Question 6.2-2a, coverage recovery is related to coverage margin and not coverage differences between Rel-18 eRedCap and Rel-17 RedCap UEs.

	Samsung
	
	Same view with Nokia.

	
	
	



FL1 High Priority Question 6.2-4a: In Urban scenario at 2.6GHz, how to compare PBCH coverage difference between Rel-18 eRedCap and Rel-17 RedCap? Following aspects can be considered: soft combining without RF retuning or soft combining with RF retuning at UE receiver. Can you support the example table shown below? Are there other any aspects that need to be considered?
Example Table: PBCH coverage difference between Rel-18 eRedCap and Rel-17 RedCap
	Coverage difference (dB)
	PBCH with 1% BLER
	PBCH with 10% BLER

	
	eRedCap with soft combining without RF retuning
	eRedCap with soft combining with RF retuning
	eRedCap with Soft combining without RF retuning
	eRedCap with soft combining with RF retuning

	Source 1 [T-doc number]
	
	
	
	

	Source 2 [T-doc number]
	
	
	
	

	Source 3 [T-doc number]
	
	
	
	




	Company
	Support (Y/N)? Option(s)?
	Comments

	Huawei, Hisilicon
	Partially Y
	Partially agreed. The target performance of PBCH is 1%, as specified in RAN4. Thus, in our view, there is no need to capture PBCH with 10% BLER.

	ZTE, Sanechips
	Y
	Both 1% BLER and 10% BLER results should be captured.

	CMCC
	Y
	





FL1 High Priority Question 6.2-5a: In Rural scenario at 0.7 GHz and Urban scenario at 2.6GHz, how to compare PDCCH CSS coverage difference between Rel-18 eRedCap and Rel-17 RedCap with CORESET of 48 PRBs and AL16. Can you support the example table shown below? Are there other any aspects that need to be considered?
Example Table: PDCCH CSS coverage difference between Rel-18 eRedCap of 11-PRB UE BW and Rel-17 RedCap with CORESET of 48PRBs and AL16 
	PDCCH CSS Coverage difference (dB)
	5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 2 symbols, 48 PRBs; AL16)
	5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 2 symbols, 24 PRBs; AL8)
	5 MHz RedCap UE (BW1, 11 PRBs; CORESET: 3 symbols, 6 PRBs; AL2)

	
	One-shot decoding
	Soft combining with RF retuning
	One-shot decoding 
	Soft combining with RF retuning
	

	Source 1 [T-doc number] 
	
	
	
	
	

	Source 2 [T-doc number]
	
	
	
	
	

	Source 3 [T-doc number]
	
	
	
	
	



	Company
	Support (Y/N)? Option(s)?
	Comments

	Huawei, Hisilicon
	Y
	

	ZTE,  Sanechips
	
	Simulation for soft combing with RF retuning is not assumed based on the agreement. We may can focus on the one-shot decoding currently.

	CMCC
	Y
	



FL1 High Priority Question 6.2-6a: In Rural scenario at 0.7 GHz and Urban scenario at 2.6GHz, compare SIB1 link performance difference between Rel-18 eRedCap of 11-PRB UE BW and Rel-17 RedCap with S1B1 BW > 5MHz.  At least the following aspect can be considered: whether SIB1 BW is confined with 5MHz. Can you support the example table shown below? Are there other any aspects that need to be considered?
Example Table: SIB1 coverage difference between Rel-18 eRedCap of 11-PRB UE BW and Rel-17 RedCap with SIB1 > 5MHz
	SIB1 Coverage difference (dB)
	5 MHz RedCap UE (BW1, 11 PRBs; SIB1 BW > 5 MHz; TBS 1256 bits)
	5 MHz RedCap UE (BW1, 11 PRBs; SIB1 BW < 5 MHz; TBS 1256 bits)

	Source 1 [T-doc number]
	
	

	Source 2 [T-doc number]
	
	

	Source 3 [T-doc number]
	
	




	Company
	Support (Y/N)? Option(s)?
	Comments

	Huawei, Hisilicon
	N
	Because SIB1 is periodic signaling, soft combining without RF retuning or soft combining with RF retuning at UE receiver should also be considered for SIB1 reception for 5MHz RedCap UE.

	ZTE, Sanechips
	Y partially
	We can focus on the current table based on the agreement and does not preclude the soft combining.
Additionally, the exact PRB number for SIB1 from each company should be captured.

	CMCC
	Y
	




1. Coverage impact
0.1 Introduction to coverage impact
0.2 Coverage impact evaluation
Urban scenario at 2.6 GHz
For Urban scenario at 2.6GHz, following observations have been made by companies
· [9, Ericsson] Observation 3: For Urban scenarios at 2.6 GHz and 4 GHz with 33 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PDCCH (with AL 2) and SIB1. With the assumption of the antenna efficiency loss, coverage recovery is needed also for Msg4.
· [10, Huawei] Observation 1: For 2.6 GHz scenario, the coverage of 5MHz RedCap UE (BW1) is better than the bottleneck channels of R15 Ref UE and R17 RedCap UE.
· [17, Nokia] 
· Observation 3: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario. 
· Observation 4: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs is better than that of the limiting channel of the Rel-15 reference UE in the Urban 2.6 GHz (TDD) scenario.
· Observation 5: The hardware link budget for a Rel-18 RedCap UE with maximum supported bandwidth of 12 PRBs in 5 MHz is not worse than for a Rel-18 RedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz.
· [21, Samsung] Observations for Urban 2.6GHz 
· PUSCH is bottleneck channel for both Rel-15 NR UE and Rel-17 RedCap UE.
· Under no assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery for all channels with both BW1 and BW3.
· Under the assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery for all channels with both BW1 and BW3.
· [bookmark: _Hlk111637919][22, CMCC] Observation 1: For R18 RedCap, under 2.6GHz urban scenario, PDCCH CSS with low AL CORESET needs coverage enhancement, such as CORESET with 3 symbols and 6 PRBs under BW1 11 RBs and 12 RBs cases.
· [23, MTK] Observation 12: When compared to the first bottleneck channel PUSCH in the reference NR UE, all the downlink channels evaluated for the 5MHz RedCap UE have a positive coverage margin even after a 3dB antenna efficiency loss is considered.
· [24 ZTE] Observation 10: For urban scenario at 2.6 GHz, the following physical channels have worse coverage performance than that of the bottleneck channel of the reference NR UE. 
· For BW1 and BW2, 
· PDCCH CSS 
· SIB1 with channel bandwidth >5MHz
· For BW3,
· SIB1 with channel bandwidth >5MHz

Following the same presentation of coverage evaluations results, e.g. Table 9.1.1-1 and Table 9.1.1-2, in Rel-17 RedCap SI [4], coverage evaluation results have been summarized to ../10_Data/. Companies please review them and provide any comments you might have. Note: For sourcing companies that have provided results for this scenario, please confirm your results are correctly captured. For sourcing companies who did not provide uplink results, the representative bottleneck channel and its representative MIL value in a same scenario from Rel-17 Coverage Enhancement SI TR38.830 are currently assumed for deriving the results. 

FL1 High Priority Proposal 8.2.1-1a: Capture the following coverage evaluation results to Clause 8.2.1 for Urban scenario at 2.6GHz with 11-PRB UE BW:
· Table 8.2.1-[1] in Cov-8.2.1-2p6GHz-11PRB-tab001-botMIL-v001.docx.
· Table 8.2.1-[2] (part 1)] and Table 8.2.1-[2] (part 2) in Cov-8.2.1-2p6GHz-11PRB-tab002-marginNoLoss-v001.docx.
· Table 8.2.1-[3] in Cov-8.2.1-2p6GHz-11PRB-tab003-marginWithLoss-v001.docx.
· Note: For sourcing companies who did not provide uplink results, the representative bottleneck channel and its representative MIL value in a same scenario from Rel-17 Coverage Enhancement SI TR38.830 are currently assumed for deriving coverage margins. 

	Company
	Support? (Y/N)
	Correct results? (Y/N)
	Comments

	Nokia, NSB
	Y
	Y
	

	Huawei, Hisilicon
	Y
	Y
	

	ZTE, Sanechips
	Y
	Y
	

	CMCC
	Y
	Y
	

	Samsung
	Y
	Y
	




FL1 High Priority Proposal 8.2.1-2a: Capture the following coverage evaluation results to Clause 8.2.1 for Urban scenario at 2.6GHz with 12-PRB UE BW:
· Table 8.2.1-[4] in Cov-8.2.1-2p6GHz-12PRB-tab001-botMIL-v001.docx.
· Table 8.2.1-[5] (part 1)] and Table 8.2.1-[5] (part 2)] in Cov-8.2.1-2p6GHz-12PRB-tab002-marginNoLoss-v001.docx.
· Table 8.2.1-[6] in Cov-8.2.1-2p6GHz-12PRB-tab003-marginWithLoss-v001.docx.
· Note: For sourcing companies who did not provide uplink results, the representative bottleneck channel and its representative MIL value in a same scenario from Rel-17 Coverage Enhancement SI TR38.830 are currently assumed for deriving coverage margins.

	Company
	Support? (Y/N)
	Correct results? (Y/N)
	Comments

	Nokia, NSB
	Y
	Y
	

	Huawei, Hisilicon
	Y
	Y
	

	ZTE, Sanechips
	Y
	Y
	

	CMCC
	Y
	Y
	




From the results in Table 8.2.1-[1] in ../10_Data/Cov-8.2.1-2p6GHz-11PRB-tab001-botMIL-v001.docx, we can make the following observation 8.2.1-1a. 
FL1 Medium Priority Proposal 8.2.1-3a: Support and capture the following Observation 8.2.1-1a to TR38.865
· Observation 8.2.1-1a: For Urban scenario at 2.6GHz, PUSCH is the bottleneck channel for the reference R15 NR UE.  
	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	Y
	

	CMCC
	Y
	

	Samsung
	Y
	





FL1 Medium Priority Question 8.2.1-4a: What other issues or observations do you think need to be discussed or captured to TR? 
	Company
	Comments

	Nokia, NSB
	The following observation should be captured in the TR.
· Based on the representative values the coverage margins of Rel-18 eRedCap UE with 11-PRB BW and 12-PRB BW with or without 3dB antenna efficiency loss for all of the channels are positive.
We note that the only channel for which the coverage margin is a small negative value is PDCCH CSS when the CORESET is configured 3 symbols and 6 PRBs and can support only AL2. However, it is clear from the results that with configuration of a larger CORESET supporting at least AL4, this coverage issue can be overcome.

	
	

	
	




Rural scenario at 0.7 GHz
For Rural scenario at 0.7GHz, the following observations are presented in contributions.  
· [9 Ericsson] shows 
· when 3-dB antenna efficiency loss is not assumed for the Rel-18 eRedCap UE, coverage recovery for PUSCH (data) is required by 2.8dB; 
· when 3-dB antenna efficiency loss is assumed for the Rel-18 eRedCap UE, overage recovery is needed for PUSCH (data) and Msg3 by 5.8dB and 1dB, respectively. 
· [10 Huawei] shows that no coverage recovery is required for any channels. PUCSH of R18 eRedCap performs better than that in the reference UE (R15 and R17) 
· [12] For 700MHz with 15KHz SCS scenario, coverage performance is the same for Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by SSB.
· [17, Nokia] Observation 2: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE is better than that of the limiting channel of the Rel-15 reference UE in the Rural 700 MHz (FDD) scenario.
· [19 Xiaomi] Observation 1: UE bandwidth reduction has impact on the coverage of SIB1 in rural scenario.
· [21 Samsung] Observations for Rural 700MHz 
· PUSCH is bottleneck channel for both Rel-15 NR UE and Rel-17 RedCap UE.
· Under no assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery for all channels with both BW1 and BW3.
· Under the assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery with both BW1 and BW3.
· [22, CMCC] Observation 2: For R18 RedCap, under 700MHz urban scenario, no channel needs coverage enhancement.
· [23, MTK] has the following observations: 
· Observation 4: When compared with the first bottleneck channel, PUCSH, all the evaluated downlink channels have positive margins for coverage even when a 3dB antenna efficiency is assumed. 
· Observation 5: When compared with the second bottleneck channel, PRACH, the margin of SIB1 is less than 1dB when antenna efficiency loss is not assumed. 
· Observation 6: When compared with the second bottleneck channel, PRACH and a 3dB antenna efficiency loss is assumed, SIB1 for the 5MHz RedCap has worse coverage than PRACH for the reference NR UE by about 2dB in the Rural scenario at 0.7GHz with 15kHz. 
· Observation 7: TB scaling can be applied to improve the coverage performance of Msg2.
· [24, ZTE] Observation 9: For rural scenario at 0.7 GHz, all the physical channels of eRedCap UE have better coverage than that of the bottleneck channel of the reference NR UE.
· [26, QC] 
· For SIB1, all options for 2.6 GHz Urban scenario and Rural scenario do not show coverage issues when compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not. 
· For PDCCH CSS in rural scenario (15KHz SCS), about 4dB coverage loss is observed for AL16 with clipping option and AL8 option compared to AL16
· For PBCH, 
· No coverage loss is observed for Rural scenario
· All options do not show coverage issues compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not.
· [27, DCM] Observation 1: Msg3 for reference UE and Rel-17 RedCap UE with 157.5 dB MIL would be the bottleneck channel in rural scenario at 700 MHz

Following a similar exercise as in Proposal 8.2.1-1a and 8.2.1-2a, the following coverage evaluation are generated for Rural 0.7GHz. Ccompanies please review the following tables for coverage evaluation results. Note: For sourcing companies that have provided results for this scenario, please confirm your results are correctly captured. 
FL1 High Priority Proposal 8.2.2-1a: Capture the following coverage evaluation results to Clause 8.2.2 for Rural scenario at 0.7GHz:
· Table 8.2.2-[1] in Cov-8.2.2-0p7GHz-tab001-botMIL-v001.docx
· Table 8.2.2-[2] (part 1)] and Table 8.2.2-[2] (part 2) in Cov-8.2.2-0p7GHz-tab002-marginNoLoss-v001.docx.
· Table 8.2.2-[3] in Cov-8.2.2-0p7GHz-tab003-marginWithLoss-v001.docx.
· Note: For sourcing companies who did not provide uplink results, the representative bottleneck channel and its representative MIL value in a same scenario from Rel-17 Coverage Enhancement SI TR38.830 are currently assumed for deriving coverage margins.

	Company
	Support? (Y/N)
	Correct results? (Y/N)
	Comments

	Nokia, NSB
	Y
	Y
	

	Huawei, Hisilicon
	Y
	Y
	

	ZTE, Sanechips
	Y
	Y
	

	CMCC
	Y
	Y
	

	Samsung
	Y
	Y
	




FL1 Medium Priority Proposal 8.2.2-2a: Support and capture Observation 8.2.2-1a to TR 38.865. 
Observation 8.2.2-1a: For Rural scenario at 0.7GHz, PUSCH is the bottleneck channel for reference R15 NR UE.  
	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	Y
	

	CMCC
	Y
	

	Samsung
	Y
	




FL1 High Priority Question 8.2.2-3a: Do you support Observation 8.2.2-2a for Rural scenario at 0.7GHz to be captured to TR 38.865? 
· Observation 8.2.2-2a: For Rural scenario at 0.7GHz, when no antenna efficiency loss is assumed for R18 eRedCap UE, the representative values of coverage margins are all positive for all evaluated channels for Rel-18 eRedCap.
· 16 out of 18 sourcing companies reported positive coverage gains for evaluated channels 
· One sourcing company identified coverage recovery of 2.8dB is required for PUSCH (data).
· Results from one sourcing company showed coverage revery ranging from 1.25 to 2.17 dB is required for SIB1 and Msg2.
· Results from two sourcing companies showed TB scaling can be applied to improve Msg2 coverage performance.
	Company
	Support? (Y/N)
	Comments

	Nokia, NSB
	Y
	Edit: Results from one sourcing company showed coverage recovery ranging from 1.25 to 2.17 dB is required for SIB1 and Msg2.

	Huawei, Hisilicon
	Y
	Generally OK.

	ZTE, Sanechips
	Y
	

	CMCC
	
	"One sourcing company identified coverage recovery of 2.8dB is required for PUSCH (data)." seems not be found in Table 8.2.2-[2] (part 1)] and Table 8.2.2-[2] (part 2) in Cov-8.2.2-0p7GHz-tab002-marginNoLoss-v001.docx.

	Samsung
	
	It is unclear the second sub-bullet “One sourcing company identified coverage recovery of 2.8dB is required for PUSCH (data)” comes from which result.



FL1 High Priority Question 8.2.2-4a: Do you support the following observations for Rural scenario at 0.7GHz to be captured to Tr 38.865? What other observations do you think that should be captured to TR?
· Observation 8.2.2-3a: For Rural scenario at 0.7GHz, when 3-dB antenna efficiency loss is assumed for R18 eRedCap UE, the representative coverage margin of Msg3 is negative [-0.38]dB while the coverage margin PUSCH (data) is close to zero [0.02]dB. 
	Company
	Support? (Y/N)
	Comments

	Nokia
	Y
	

	Huawei, Hisilicon
	N
	According to the data captured in Cov-8.2.2-0p7GHz-tab003-marginWithLoss-v001, the representative coverage margin of PUSCH is positive [0.34]dB instead of close to zero [0.02]dB.

	ZTE, Sanechips
	
	Agree to change coverage margin of PUSCH s [0.34]

	CMCC
	
	Similar view as Huawei.

	Samsung
	
	Edit: “while the coverage margin PUSCH (data) is close to zero [0.020.34]dB”




The following observations have been made in contributions for the primarily evaluated channels, i.e. PBCH, PDCCH CSS, and SIB1, when evaluating their performance degradation in the Rel-18 eRedCap UE compared to their performance in a reference UE: 
For Rural scenario at 0.7GHz, when coverage impact on a channel is compared between the same channel in Rel-18 eRedCap and Rel-17 RedCap, 
· [11] observes the following 
· Observation 1: For rural scenario at 700MHz, no significant loss is observed for PBCH.
· Observation 2: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for PDCCH, and the performance of PDCCH is highly depended on the aggregation level configuration.
· Observation 3: For rural scenario at 700MHz, BW1 will lead to at least 3dB loss for SIB1, and limiting SIB1 to 5MHz can provide better performance than SIB1 puncturing.
· Observation 4: For rural scenario at 700MHz, BW1 will lead to non-negligible negative impacts (~1-3dB loss) on other DL channel/signals, e.g., Msg4, PDCCH USS, PDSCH.
· Observation 5: For rural scenario at 700MHz, no significant loss is observed for uplink channels/signals.
· [12] For 700MHz with 15KHz SCS scenario, coverage performance is the same for Rel-17 RedCap UE and Rel-18 eRedCap UE with RF+BB BW reduction to 5MHz since 5MHz BW can cover the entire BW occupied by SSB.
· [14] makes the following observations for Rural scenario at 0.7GHz
· Observation1: For Rural scenario, if Rel-17 RedCap UE as the reference UE, the coverage performance loss is small for PBCH, Msg2, Msg4 channel when BW reduction to 5MHz, while the coverage loss is large for SIB1, PDCCH channels.
· Observation2: For Rural scenario, if Rel-15 Ref UE as the reference UE, the coverage performance loss is large for SIB1, PDCCH-CSS, PBCH, Msg2, Msg4 channels. The SIB1 and PDCCH-CSS are channels with highest loss.
· Proposal 2: For Rural scenario, if Rel-17 RedCap UE as the reference UE, coverage recovery should be considered for SIB1 and PDCCH channels.
· [16] has the following observations 
· Observation 1: For PDCCH CSS in Rural scenario (15 kHz SCS),
· The MIL of eRedCap UE is 3-4 dB worse than that of RedCap.
· The MIL of eRedCap non-contiguous reception across 20 MHz is 1-2 dB better than that of eRedCap reception within 5 MHz.
· The MIL difference between eRedCap Opt1 contiguous and eRedCap Opt2 is 0.4 dB.
· Observation 3: For PDSCH CSS in Rural scenario (15 kHz SCS),
· The MIL of eRedCap UE is 3-4 dB worse than that of RedCap.
· The MIL difference between eRedCap Opt1 contiguous and eRedCap Opt1 non-contiguous is 0.3 dB.
· The MIL difference between eRedCap Opt1 contiguous and eRedCap Opt2 is 0.2 dB.
· [23 MediaTek] Observation 3: Due to RE truncation, a 3-to-4 dB loss is observed for PDCCH CSS and SIB1 in the 5MHz RedCap UE compared to the reference R17 RedCap UE in the rural scenario at 0.7GHz with 15kHz.
· [27 DCM] Observation 2: PDCCH CSS coverage for Rel-18 eRedCap results in approximately 3 dB MIL degradation compared with Rel-17 RedCap in rural scenario at 700 MHz.
· Note: the MIL is still larger than that for bottleneck channel.

[bookmark: _Hlk111368201]Urban scenario at 4 GHz
For Urban scenario at 4GHz with DL PSD 33dBm/MHz, the following observations have been made by companies:
· [9, Ericsson] Urban scenario at 4 GHz with 33 dBm/MHz DL PSD follows similar trend as the Urban scenario at 2.6 GHz with 33 dBm/MHz DL PSD. 
· [10, Huawei] Observation 2: For 4GHz scenario with PSD 33dBm/MHz, the coverage of 5MHz RedCap UE (BW1) is better than the bottleneck channels of R15 Ref UE and R17 RedCap UE.
· [17, Nokia] The trends of the hardware link budget of all three UEs for all the channels are very similar to those observed in the Urban 2.6 GHz scenario. Thus, we have the following observations.
· Observation 6: PUSCH is the limiting channel for the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.
· Observation 7: The hardware link budget of all the considered channels for the Rel-18 eRedCap UE with maximum supported bandwidth of 11 PRBs in 5 MHz is better than that of the limiting channel of the Rel-15 reference UE in the Urban 4 GHz (TDD) scenario with gNB PSD of 33 dBm/MHz.
· [21 Samsung] Observations for Urban 4.0GHz and DL PSD 33dBm/MHz
· PUSCH is bottleneck channel for both Rel-15 NR UE and Rel-17 RedCap UE.
· Under no assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery for all channels with both BW1 and BW3.
· Under the assumption of additional 3dB antenna efficiency loss for Rel-18 eRedCap, there is no need of coverage recovery for all channels with both BW1 and BW3.
· [26 QC] For SIB1, 44RB with clipping option and 10RB option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered.
· [26, QC] For PDCCH CSS, AL2 option of 4GHz Urban scenario shows coverage loss by <1 dB compared with bottleneck channels when 3dB antenna efficiency loss is considered
· [26, QC] For PBCH, -	All options do not show coverage issues compared with bottleneck channels regardless of whether 3dB antenna efficiency loss is considered or not.
For Urban scenario at 4GHz with PSD 24dBm/MHz, following observations have been made by companies: 
· [9, Ericsson] Observation 4: For Urban scenario at 4 GHz with 24 dBm/MHz DL PSD, without the assumption of 3-dB UE antenna efficiency loss, coverage recovery is needed for PBCH, PDCCH, SIB1, Msg3, and Msg4. With the assumption of the antenna efficiency loss, coverage recovery is needed also for PDSCH.
· [10, Huawei] Observation 3: For 4GHz scenario with PSD 24dBm/MHz, nearly all the channels’ coverage of 5MHz RedCap UE (BW1) are better than the bottleneck channels of R15 Ref UE and R17 RedCap UE, except for AL-2 PDCCH in CSS and USS and Msg4.

Following a same methodology as in previous scenarios, the following tables about bottleneck channel identification and coverage margins are generated. Companies, please review the following tables for coverage evaluation results. Note: @ Sourcing companies with results for any of the two scenarios, please confirm your results are correctly captured.

Summary of coverage impact evaluation
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Appendix A: 3GPP Agreements
RAN1 made the following agreements related to study of further UE complexity reduction:
	R1-2205281         FL summary #1 on potential solutions to further reduce RedCap UE complexity	Moderator (Ericsson)
R1-2205433         FL summary #2 on potential solutions to further reduce RedCap UE complexity	Moderator (Ericsson)
R1-2205434         FL summary #3 on potential solutions to further reduce RedCap UE complexity	Moderator (Ericsson)
R1-2205435         FL summary #4 on potential solutions to further reduce RedCap UE complexity	Moderator (Ericsson)


Evaluation methodology for UE complexity reduction

Agreement:
For cost reduction estimation, the detailed cost breakdown for the Rel-15 reference NR devices (as provided in Table 6.1-1 in TR 38.875) is reused.

Agreement:
For comparison with a Rel-17 baseline when evaluating the potential Rel-18 UE complexity reduction features,
· The Rel-17 RedCap UE supports 20 MHz, 1 Rx, 1 layer, DL 64QAM, UL 64QAM, FDD or TDD.
· In addition, optional results for the following comparisons can also be reported:
· Results for HD-FDD UEs
· Results for UEs with 2 Rx
· In all comparisons, the UEs being compared have the same number of antenna branches, the same number of layers, the same maximum supported modulation order, and the same duplex mode (among HD-FDD, FD-FDD, and TDD).

Agreement:
· The impact on memory size/cost/complexity (external to the RF and BB parts) from the studied UE complexity reduction features can be considered in the study.
· This potential impact will not be included in the quantitative UE complexity reduction estimates.
· L2 buffer size assumptions can be based on TS 38.306 clause 4.1.4 (“Total layer 2 buffer size for DL/UL”).
· FFS whether/how to capture in the TR

Agreement:
For each potential Rel-18 further UE complexity reduction feature, at least the following aspects will be studied:
· UE complexity reduction
· Performance impacts [details FFS]
· Network deployment and coexistence impacts [details FFS]
· Specification impacts


Further UE bandwidth reduction

Agreement:
· The following options for further UE bandwidth reduction can be studied:
· Option BW1: Both RF and BB bandwidths are 5 MHz for UL and DL.
· Option BW3: 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH with 20 MHz RF bandwidth for UL and DL. The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· In addition, optional results for the following option can also be reported:
· Option BW2: 5 MHz BB bandwidth for all signals and channels with 20 MHz RF bandwidth for UL and DL. 
· At least the following cases are studied:
· The resource allocation spans a bandwidth of maximum 5 MHz (Maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement:
· For Options BW1,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW2,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· For Options BW3,
· For 15 kHz SCS, 25 contiguous RBs are assumed to fit within the 5 MHz.
· For 30 kHz SCS, 11 contiguous RBs are assumed to fit within the 5 MHz.
· Larger number of RBs that fit within 5 MHz can optionally be studied.
· Relevant assumptions (e.g., regarding potential scheduling restrictions) should be reported.


Further UE peak rate reduction

Agreement:
· The following options for further UE peak rate reduction can be studied:
· Option PR1: Relaxation of the constraint   for peak data rate reduction.
· Option PR2: Restriction of maximum TBS for PDSCH and PUSCH.
· Option PR3: Restriction of maximum number of PRBs for PDSCH and PUSCH.
· At least the following cases are studied:
· The studied peak rate reduction applies to both UE-specific (unicast) and common (broadcast) channels.
· The resource allocation spans a bandwidth of maximum 20 MHz (maximum UE channel bandwidth).
· The same option is used for UL and DL.
· The same option is used for idle/inactive and connected mode.
· It is FFS whether to study other cases.
· Note: As part of study of above options, it is not precluded to indicate that an observation is relevant for UL only or DL only.

Agreement:
· The restricted number of PRBs in Option PR3 is a hardcoded limit.

Agreement:
· For Option PR1,
· The relaxed constraint is 1 (instead of 4).
· Other values for the relaxed constraint that meet the 10-Mbps peak rate target can optionally be studied.
· The parameters ([image: C:\..\..\..\..\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image001(05-19-20-35-18)(1).png], [image: C:\..\..\..\..\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image002(05-19-20-35-18)(1).png], [image: C:\..\..\..\..\..\Users\cmcc\AppData\Roaming\Foxmail7\Temp-9192-20220519203036\Attach\image003(05-19-20-35-18)(1).png]) [38.306] can be as in Rel-17 RedCap.
· For Option PR2,
· For 15 kHz SCS, the maximum TBS is 10000 bits per TB and per slot.
· For 30 kHz SCS, the maximum TBS is 5000 bits per TB and per slot.
· For Option PR3,
· For 15 kHz SCS, the maximum number of RBs is 25.
· For 30 kHz SCS, the maximum number of RBs is 11.
· Other number of RBs that meet the 10-Mbps peak rate target can optionally be studied.
· Note: It is not precluded to report results also for other values.
· Relevant assumptions (e.g., regarding potential limitations of the TBS sum in case of more than one simultaneous TB) should be reported.


Relaxed UE processing timeline

Agreement:
· The following options for relaxed UE processing timeline will be studied:
· Option PT1: Relaxation of UE processing time for PDSCH/PUSCH in terms of N1 and N2
· Option PT2: Relaxation of UE processing time for CSI in terms of Z and Z’
· UE complexity reduction estimates for relaxed UE processing timeline are only reported for combinations with UE bandwidth reduction or UE peak rate reduction.

Agreement:
· In Option PT1, the relaxation factor for N1 and N2 is 2.
· In Option PT2, the relaxation factor for Z and Z’ is 2.
· The combination of Options PT1 and PT2 is also studied.


Combinations of UE complexity reduction techniques

Agreement:
· UE complexity reduction is studied for the following combinations:
1. Reference case (Rel-17 RedCap UE)
2. BW1 + PT1 + PT2
3. BW3 + PT1 + PT2
4. PR1 + PT1 + PT2
5. PR3 + PT1 + PT2
· In addition, optional results for the following combinations can also be reported:
1. BW1 + PT1
2. BW3 + PT1
3. PR1 + PT1
4. PR3 + PT1
5. BW2 + PT1 + PT2
6. PR2 + PT1 + PT2




RAN1 made the following agreements related to simulation needs and assumptions:
	R1-2205257         FL summary #1 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO)
R1-2205416         FL summary #2 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO, INC.)
R1-2205521         FL summary #3 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO, INC.)
R1-2205544         FL summary #4 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO, INC.)
R1-2205604         FL summary #5 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO, INC.)
R1-2205643         FL summary #6 on simulation needs and assumptions for further reduce UE complexity	Moderator (NTT DOCOMO, INC.)


Evaluation of other aspects than coverage impact

Conclusion:
· SLS evaluation for network capacity and spectral efficiency is not conducted in Rel-18 RedCap SI.

Agreement:
· Following evaluations are not conducted in Rel-18 RedCap SI
· Latency
· Throughput
· Power saving gain

Conclusion:
· Evaluation of PDCCH blocking probability is not conducted in Rel-18 RedCap SI


Evaluation of coverage impact

Agreement:
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of reference UE and Rel-17 RedCap UE.
· Note: It is up to each company whether to reuse the LLS results

Agreement:
· For coverage evaluation of Rel-18 RedCap UE, 1 Tx branch is assumed.
 
Agreement:
· For coverage evaluation of Rel-17 and Rel-18 RedCap UEs, only 1 Rx branch is assumed.
· Note: it does not mean that 2Rx is precluded for Rel-18 RedCap UE
 
Agreement:
· 3dB antenna efficiency loss can be optionally assumed for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”

Agreement:
· At least the option of RF+BB BW reduction to 5MHz is considered for coverage evaluation
· FFS whether/which other options are also considered
· FFS which DL/UL Channels of all the DL/UL channels are evaluated

Agreement:
· The LLS results of the option of “RF+BB BW reduction to 5MHz for all DL/UL channels” can be reused for the coverage evaluation of other BW reduction options, if applicable.

Agreement:
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following parameters are used.
	Parameters
	FR1 values

	UE bandwidth
	Rural: 5 MHz (25 PRBs, 15 kHz SCS)
Urban: 5 MHz (11 PRBs or 12 PRBs (optional), 30 kHz SCS)


· Note: Rural scenario at 0.7 GHz, Urban scenario at 2.6 GHz, and Urban scenario at 4 GHz (optional) are considered.
 
Agreement:
· For coverage evaluation in Urban scenario at 4 GHz, DL PSD 33 dBm/MHz is baseline and DL PSD 24 dBm/MHz is optional.

Agreement:
· For coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, target data rates are
· FR1 Rural: 250 kbps on DL and 25 kbps in UL
· FR1 Urban: 500 kbps on DL and 250 kbps in UL
· Note: The target data rates are the scaled value in the Rel-17 RedCap SI by a factor of 0.25
 
Agreement:
· Coverage for the following channels is evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
· SIB1
· PBCH
· PDCCH CSS
· [Msg4]
· Following channels can be optionally evaluated
· PUSCH
· PUCCH 2bits
· PUCCH 11bits
· PUCCH 22bits
· PRACH
· PDSCH
· PDCCH USS
· Msg2
· Msg3
· Evaluation methodology and assumption in Clause 6.3 in TR 38.875 is reused for coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels” by default, except for, UE bandwidth, cell edge data rate, and small form factor degradation 
· FFS which evaluation assumption should be updated for the above channels

Agreement:
· For SIB1 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, followings are assumed
· Opt1: SIB1 BW is larger than 5MHz, e.g., 48PRB 
· The UE can receive a part of SIB1 PDSCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· Opt2: SIB1 BW is within 5MHz
· A TBS of 1256 bits (other size is not precluded)
Note: whether interleaving mapping is assumed depends on companies’ report

 Agreement:
· For PDCCH CSS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
·  Opt1: CORESET BW is larger than 5MHz
· The UE can receive a part of PDCCH at a time. Detail assumption of reception scheme (e.g., puncturing the bits transmitted outside UE BW) is reported by each company.
· For 15/30kHz SCS, CORESET size is 2 symbols and 48 PRBs, AL is 16.
· For 30kHz SCS, CORESET size is 2 symbols and 24 PRBs, AL is 8.  Other configurations are also not precluded
·  Opt2: CORESET BW is within 5MHz
· For 15kHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30kHz SCS,
·  Opt2-1: CORESET size is 3 symbols and 6 PRBs, AL is 2.  Other configurations are also not precluded
·  Opt2-2: CORESET size is 3 symbols and 12 PRBs, AL is 4

Agreement:
· For at least PDCCH USS coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, following revision are assumed
· For 15KHz SCS, CORESET size is 3 symbols and 24 PRBs, AL is 8.
· For 30KHz SCS,
· Opt1: CORESET size is 3 symbols and 6 PRBs, AL is 2 (baseline)
· Opt2: CORESET size is 3 symbols and 12 PRBs, AL is 4 (optional)
Other configurations are also not precluded

Agreement:
· Coverage of Msg4 can be optionally evaluated for “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”
 
Agreement:
· For Msg4 coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, a TBS of 1040 bits is assumed
· a TBS smaller than 1040 bits can be optionally evaluated and reported by each company.

Agreement:
· For Msg2 coverage evaluation of reference UE, Rel-17 RedCap UE, and Rel-18 RedCap UE, A TBS of 72 bits is assumed.

Agreement:
· For PRACH coverage evaluation of “Rel-18 RedCap UE with RF+BB BW reduction to 5MHz for all DL/UL channels”, Format 0 is used for Rural scenario and Format B4 is used for Urban scenario
· Format C2 can be used optionally.
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