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Introduction
RAN4#110bis is the fourth meeting to discuss the demodulation performance requirements for Rel-18 NR_FR1_lessthan_5MHz_BW WI.
The WI description can be found in RP-230186.
This summary provides the overview and captures the open issues based on the TDoc submitted to RAN4#110 meeting into the following AIs:
· 6.8.7 Demodulation performance requirements
· 6.8.7.1 UE demodulation performance and CSI requirements
· 6.8.7.2 BS demodulation performance requirements

A very few issues left open after RAN4#110 meeting. Moreover, the CR work split was agreed in between the companies. Therefore, the focus of RAN4#110bis meeting will be on the discussion of draft CRs.

The previous agreements and open issues are captured in the following WFs:
· R4-2402863, WF on [110][318] NR_FR1_lessthan_5MHz_BW_demod, Nokia, Nokia Shanghai Bell, RAN4#110, Athens, Greece, February 26 – March 1, 2024.
· R4-2321064, WF on [109][322] NR_FR1_lessthan_5MHz_BW_demod, Nokia, Nokia Shanghai Bell, RAN4#109, Chicago, USA, November 13 – November 17, 2023.
· R4-2316924, WF on NR_FR1_lessthan_5MHz_BW_demod, Nokia. Nokia Shanghai Bell, RAN4#108bis, Xiamen, China, October 09 – October 13, 2023.

Topic #1: UE Demod
Companies’ contributions summary
Discussion papers and simulation results
	T-doc number
	Company
	Proposals / Observations

	R4-2404147
	MediaTek inc.
	Discussion on UE demodulation requirements for less than 5MHz
Observation 1: There is no difference for UE processing on PDCCH for 1Tx and 2Tx transmission.
Proposal 1: To save the testing effort and cost, we suggest defining requirements with 2Tx.
Proposal 2: Not to introduce PDCCH requirements in HST conditions.

	R4-2404148
	MediaTek inc.
	Simulation results on UE demodulation requirements for less than 5MHz
In this contribution, we provide simulation results on punctured PBCH and PDCCH for less than 5MHz WI.

	R4-2404333
	Apple
	UE demodulation performance and CSI requirements for NR support for dedicated spectrum less than 5MHz for FR1
Proposal 1: Do not introduce HST scenario for PDCCH requirements.

	R4-2404334
	Apple
	Summary of Simulation Results for NR support for dedicated spectrum less than 5MHz for FR1
[Moderator]: The simulations results will be updated during the meeting and captured in the simulations summary.

	R4-2404528
	Nokia
	On Lessthan5MHz UE demod perf and CSI requirements
Requirements for punctured PDCCH (non-HST conditions)
Observation 1: We see it feasible to define requirements for all 4 proposed test cases. For minimum requirements both 2Rx and 4Rx shall be considered.
Proposal 1: As minimum define requirements for 1Tx2Rx and 1Tx4Rx configurations. Further discuss the need for requirements with 2Tx.

[Moderator]: The agreement to define the requirements was already achieved at RAN4#109. No need to rediscuss it again.
PBCH
Observation 2: Based on companies provided PBCH simulation results from RAN4#110 where a span of <2.5dB was observed, we see it feasible to define requirements for PBCH normal condition.
Proposal 2: RAN4 to define PBCH requirements for <5MHz with 3MHz CBW in normal condition based on the parameters agreed in RAN4#110.

	R4-2404529
	Nokia
	On Lessthan5MHz UE demod perf and CSI requirements – Simulations
This contribution contains Nokia’s simulation results for Lessthan5MHz topic.

	R4-2404537
	Samsung
	Discussion on UE demodulation requirements for dedicated spectrum less than 5MHz
Proposal 1: Introduce 1TX/2TX for PDCCH requirements
Proposal 2: Considering following simulation results for PDCCH requirements:
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	3 
	15
	3
	4
	TDLA30-10
	1x2 Low
	1
	5

	3 
	15
	3
	4
	TDLA30-10
	1x4 Low
	1
	-1.4

	3 
	15
	3
	4
	TDLC300-100
	2x2 Low
	1
	0.9

	3 
	15
	3
	4
	TDLC300-100
	2x4 Low
	1
	-3.3



Proposal 3: Not to introduce HST scenario for PDCCH requirements

	R4-2405095
	Ericsson
	UE demodulation requirements for NR less than 5MHz
Proposal 1: Configure 2Tx for the punctured PDCCH demodulation requirements. 
Proposal 2: Not to introduce HST scenario for PDCCH demodulation requirements.

	R4-2405166
	Huawei,HiSilicon
	Discussions on remaining issues for UE demod for less than 5MHz
Proposal 1: Not introduce PDCCH requirements at 3MHz CBW in HST conditions. 
Proposal 2: Cover both 1Tx and 2Tx for punctured PDCCH requirements.

	R4-2405168
	Huawei,HiSilicon
	Simulation results for UE demod for less than 5MHz
This contribution provides the simulation results for punctured PDCCH requirements and punctured PBCH requirements.

	R4-2405207
	ZTE Corporation
	Discussion on NR support for dedicated spectrum less than 5MHz for FR1 demodulation performance requirements
Proposal 1: It is propose not to introduce HST scenario for PDCCH requirements.

	R4-2405208
	ZTE Corporation
	Simulation results for UE demodulation performance and CSI requirements for less than 5MHz
In this contribution, we give some simulation results for less than 5MHz UE demodulation requirements.

	R4-2405717
	Qualcomm Incorporated
	Simulation Results for PBCH and PDCCH Requirements for Less than 5MHz BW
Proposal 1: RAN4 to consider the PBCH impairment results provided in the document for the definition of the requirements.
Proposal 2: RAN4 to consider the PDCCH impairment results provided in this document for the definition of the requirements.



Draft CRs
	T-doc number
	Company
	Title

	R4-2404151
	MediaTek inc.
	Draft CR to 38.101-4: PBCH requirement for less than 5MHz

	R4-2404266
	QUALCOMM Inc.
	[NR_FR1_lessthan_5MHz_BW] draftCR for introduction of PDCCH UE Demod Requirements - Rel.18 Cat.B

	R4-2404335
	Apple
	draftCR on Applicability Rules for NR support for dedicated spectrum less than 5MHz for FR1

	R4-2405167
	Huawei,HiSilicon
	draft CR Introduction of RMC for PDCCH requirements for less than 5MHz




Open issues summary
Sub-topic 1-1: General
Sub-topic description:
In this sub-topic all the issues left open in relation to UE Demodulation requirements in less then 5 MHz CBW and corresponding proposals will be treated.

Issue 1-1-1: Number of Tx in PDCCH requirements
· Background
· Agreement and WF from RAN4#110:
	Issue 1-3-2: Requirements for punctured PDCCH (non-HST conditions)
Agreement:
· Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW with the following parameters:
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs), 2Rx/4Rx;
· Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0

Way forward:
· Consider the following requirements’ parameters:
· Reuse Table 5.3-1: Common test Parameters and Table 5.3.2.1-1: Test Parameters for FDD for 2RX and Table 5.3.3.1-1: Test Parameters for 4RX for the FR1 less than 5MHz PDCCH requirements.

	Number of Tx
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix
	Reference value

	
	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1
	3 
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLA30-10
	1x2 Low
	1
	[TBA]

	2
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLC300-100
	2x2 Low
	1
	[TBA]

	1
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLA30-10
	1x4 Low
	1
	[TBA]

	1
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLC300-100
	2x4 Low
	1
	[TBA]



· Further discuss whether to define requirements with 1TX and/or 2TX.


· Candidate options / tentative agreements:
· Option 1 [Nokia, Samsung, Huawei]: Define PDCCH requirements both with 1Tx and with 2Tx
· Option 2 [MediaTek, Ericsson]: Define PDCCH requirements with 2Tx only
· Recommended WF
· More companies seems to support Option1. Check during the meeting it Option 1 can be agreed.

Issue 1-1-2: PDCCH requirements in HST conditions
· Background
· WF from RAN4#110:
	Issue 1-3-3: PDCCH requirements in HST conditions
Way forward:
Further discussion is needed:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2: Not to introduce HST scenario for PDCCH requirements.


· Candidate options / tentative agreements:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2 [MediaTek, Apple, Samsung, Ericsson, Huawei, ZTE]: Not to introduce HST scenario for PDCCH requirements.
· Recommended WF
· Confirm that Option 2 is agreeable.



Topic #2: BS Demod
Companies’ contributions summary
Discussion papers and simulation results

	T-doc number
	Company
	Proposals / Observations

	R4-2404121
	Nokia
	Discussion on BS Demodulation on Less than 5 MHz
Proposal 1: RAN4 shall introduce PUCCH requirements into the existing Table 8.3.4.2.2-1.
[Moderator]: Proposal above can be discussed on the CR directly. No separate issue will be created.
Proposal 2: RAN4 shall introduce the applicability rule “Unless otherwise stated, PUCCH requirements where the channel bandwidth is 3MHz tests shall apply only if the BS supports 3MHz (see D.14 in table 4.6-1), in these cases the BS can skip the respective 5MHz test.” into TS 38.141-1/2.

	R4-2404122
	Nokia
	Supporting Simulations for BS Demodulation on Less than 5 MHz
Within this contribution we discuss the demodulation requirements for BS Demodulation on Less than 5 MHz.

	R4-2405209
	ZTE Corporation
	Simulation results for BS demodulation performance for less than 5MHz
In this contribution, we give some simulation results on demodulation performance requirements for less than 5MHz BS demodulation requirements.

	R4-2405544
	Ericsson
	Discussion on NR less than 5MHz BS demodulation requirement
Observation 1: PUCCH format 2 UCI BLER demodulation requirements.
Proposal 1: Introduce 2/4/8 Rx demodulation requirements for 3MHz PUCCH format 2 UCI BLER.
Proposal 2: Consider following applicability rule for 3MHz PUCCH format 2 UCI BLER demodulation requirements.
“Unless otherwise stated, for less than 5MHz channel bandwidth declare to be supported by BS and performance requirements are specified for supported less than 5MHz channel bandwidth, the tests shall be done on the less than 5MHz channel bandwidth. The tests on the widest supported bandwidth could be considered skipped.”

	R4-2405545
	Ericsson
	Simulation results on NR less than 5MHz BS demodulation requirement
In this contribution, simulation results with impairment value are provided for 3MHz PUCCH format 2 UCI BLER requirements.

	R4-2405865
	Samsung
	Discussion and simulation results for BS demodulation requirements for less than 5MHz
Proposal 1: Introduce the following applicability rule to test PUCCH requirement with 3MHz 
-	Unless otherwise stated, PUCCH requirements with 3MHz shall apply only for a BS declaring support of 3MHz (see D.XX) in table xxx. If both 12PRB and 15 PRB are declared to be supported for 3MHz, the test should be done 3MHz with 15 PRB.
The contribution also contains simulation results.



Draft CRs
	T-doc number
	Company
	Title

	R4-2404124
	Nokia
	[NR_FR1_lessthan_5MHz_BW-Perf] draftCR for 38.104, update to PUCCH requirements

	R4-2405213
	ZTE Corporation
	Draft CR on Introduction of Applicability of PUCCH and PRACH performance requirements for TS38.141-1

	R4-2405214
	ZTE Corporation
	Draft CR on Introduction of Applicability of PUCCH and PRACH performance requirements for TS38.141-2

	R4-2405546
	Ericsson
	(NR_FR1_lessthan_5MHz_BW-Perf) Draft CR for 38.141-1 on PUCCH format 2 with 3MHz requirement

	R4-2405864
	Samsung
	Draft CR on performance requirements for PUCCH format 2 in TS 38.141-2



Open issues summary
Sub-topic 2-1: General
Sub-topic description:
In this sub-topic all the issues left open in relation to BS Demodulation requirements in less then 5 MHz CBW and corresponding proposals will be treated.

Issue 2-1-1: Antenna configuration for PUCCH requirements
· Background
· WF from RAN4#109:
	Issue 2-2-1: Performance evaluation/simulations
Agreement:
· Evaluate PUCCH demodulation performance for 3MHz with 15kHz SCS ahead of defining requirements:
· Enable Frequency Hopping for PUCCH
· Number of PRBs:
· 15, 12 for 3MHz CBW
· 25 as a baseline for 5MHz CBW
· Channel: TDLC300-100
· Antenna configuration: 1T2R as a starting point
· Use the following PUCCH Formats and paramters as a astarting point :
· [bookmark: _Hlk147982140]Format 0: UCI bits = 1; RB = 1; OFDM Symbols = 1,2
· Format 1: UCI bits = 2; RB = 1; OFDM Symbols = 1
· Format 2: UCI bits = 4 (when OFDM==1), 22 (when OFDM==2); RB = 4 (when OFDM==1), 9 (when OFDM==2); OFDM Symbols = 1,2
· Format 3: UCI bits = 16; RB = 1 (when OFDM==14), 3 (when OFDM==4); OFDM Symbols = 4,14
· Format 4: UCI bits = 22; RB = 1; OFDM Symbols = 14
· Note: Other paramters are not precluded


· Candidate options:
· Option 1 [Ericsson]: Introduce 2/4/8 Rx for conducted demodulation requirements for 3MHz PUCCH format 2 UCI BLER.
· Option 2 [Nokia]: Introduce only 2 Rx demodulation requirements for 3MHz PUCCH format 2 UCI BLER.
· Recommended WF
· Check whether Option 1 is for Conducted tests only.
· Discuss candidate options during the meeting and reflect in the CRs.

Issue 2-1-2: Applicability rules for PUCCH requirement
· Background
· WF from RAN4#110:
	Issue 2-3-2: Applicability rules
Agreement:
· An Applicability rule shall be introduced into TS 38.141-1/2 to enable a base station declaring to support less than 5MHz to conduct a new UCI BLER performance test with only Format 2 for PUCCH, and skip the corresponding legacy 5MHz PUCCH Format 2 test.


· Proposals and Observations:
· Proposal 1 (Nokia): RAN4 shall introduce the applicability rule “Unless otherwise stated, PUCCH requirements where the channel bandwidth is 3MHz tests shall apply only if the BS supports 3MHz (see D.14 in table 4.6-1), in these cases the BS can skip the respective 5MHz test.” into TS 38.141-1/2.
· Proposal 2 (Ericsson): Consider following applicability rule for 3MHz PUCCH format 2 UCI BLER demodulation requirements.
“Unless otherwise stated, for less than 5MHz channel bandwidth declare to be supported by BS and performance requirements are specified for supported less than 5MHz channel bandwidth, the tests shall be done on the less than 5MHz channel bandwidth. The tests on the widest supported bandwidth could be considered skipped.”
· Proposal 3 (Samsung): Introduce the following applicability rule to test PUCCH requirement with 3MHz 
Unless otherwise stated, PUCCH requirements with 3MHz shall apply only for a BS declaring support of 3MHz (see D.XX) in table xxx. If both 12PRB and 15 PRB are declared to be supported for 3MHz, the test should be done 3MHz with 15 PRB.
· Proposal 4 (ZTE, from CR): Unless otherwise stated, for BS declaring to support less than 5MHz (see D.14 in table 4.6-1) to conduct a new UCI BLER performance test with only Format 2 for PUCCH, and skip the corresponding legacy 5MHz PUCCH Format 2 test.
· Recommended WF
· Discuss how to treat the support of 12PRB/15PRBs or both.
· Based on the agreement above, decide whether and how to adjust Proposal 4.

