3GPP TSG-RAN WG4 Meeting # 108bis													R4-2317951
Xiamen, China, October 09 – October 13, 2023
Agenda item:			5.14.7
Source:	Moderator (Nokia, Nokia Shanghai Bell)
Title:	Topic summary for [108bis][320] NR_FR1_lessthan_5MHz_BW_demod
Document for:	Information

Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
RAN4#108bis is the first meeting to discuss the demodulation performance requirements for Rel-18 NR_FR1_lessthan_5MHz_BW WI.
This summary provides the overview and captures the open issues based on the TDoc submitted to RAN4#108bis meeting into the following AIs:
· 5.14.6 Demodulation performance requirements
· 5.14.6.1 UE demodulation performance and CSI requirements
· 5.14.6.2 BS demodulation performance requirements

The WI description can be found in RP-230186.

Topic #1: UE Demod
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2315353
	Samsung
	Discussion on UE demodulation requirements for dedicated spectrum less than 5MHz
Proposal 1: Consider test cases as for UE demodulation as follows:
· Specify punctured 12 PRB PBCH for 3MHz channel bandwidth
· Specify 12/15/20PRB PDCCH for 3MHz/5MHz channel bandwidth
· Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth
Proposal 2: PBCH requirement for 3MHz bandwidth with 15kHz SCS can be specified
Proposal 3: PBCH requirement with FDD can be specified
Proposal 4: TDL model can be considered for channel model of PBCH requirement, and FFS on HST single-tap model if introduced
Proposal 5: Consider 1x2, and 1x4 for PBCH requirement
Proposal 6: For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced for PBCH requirements
Proposal 7: Reuse test metric and reference channel for PBCH requirement
Proposal 8: PDCCH requirements for 3MHz and 5MHz bandwidth with 15kHz SCS can be specified
[bookmark: _Hlk146814302]Proposal 9: PDCCH requirements with FDD can be specified

	R4-2315708
	ZTE Corporation
	Discussion on NR support for dedicated spectrum less than 5MHz for FR1 demodulation performance requirements
Proposal 1. Define PBCH demodulation requirements for less than 5MHz.
Proposal 2. Considering 2Rx for PBCH demodulation requirements.
Proposal 3. Define 3M/15kHz PDSCH demodulation requirements for less than 5MHz .
Proposal 4. Considering QPSK, 16QAM for PDSCH requirements .
Proposal 5. Considering 2Rx for PDSCH requirements .
Observation1. Three new CORESET#0 is defined in RAN1 perspective. 
Observation 2. When COROSET=12 or 15RB, only aggregation level = 2 or 4 could be supported. For CORESET = 20RBs, aggregation level = 2,4,or 8 could be supported.
Proposal 6. From RAN4 demodulation perspective, only considering aggregation level 2 and 4 for PDCCH requirements when PDCHH symbol = 1 and 2.
Proposal 7. Considering 2Rx for PDCCH demodulation requirements.

	R4-2315911
	Nokia, Nokia Shanghai Bell
	On Lessthan5MHz UE demod perf and CSI requirements
Observation 1: The frequency band n100 only support 3 and 5MHz CBW (see R4-2304575). It is expected that there will be UEs in deployment, which support only band n100, hence requirements with 5MHz and/or 3MHz CBW, SCS 15kHz is needed.
Observation 2: With 3MHz CBW, the UE performance will be very susceptible to the edge effect of the implementation in particular the channel smoothening and filter implementation, hence UEs supporting <5Mhz is expected to have a different implementation compared to existing UEs.
Observation 3: UE speeds up to 500km/h should be targeted for Band n100. Such conditions and only PDSCH requirements were considered for HST FR1 deployments in Rel-16.
Proposal 1: RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.
Observation 4: Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Proposal 2: Define FDD PDSCH demodulation requirements for SCS=15kHz and 3MHz CBW.
Observation 5: New sync raster is introduced for 3 MHz CBW, hence UE can find the number of PRBs used for PBCH based on the sync raster.
Observation 6: For both 12 and 15 PRB, the first and last 4 PRBs of a 20PRB PBCH will be punctured, hence it is enough to define requirements for only 12 PRB as we expect similar performance for 15PRB.
Proposal 3: Define requirements for 12 PRB PBCH with 3 MHz CBW. 
Proposal 4: Use TDLC300-100 channel model for PBCH requirements as a starting point.
Proposal 5: RAN4 to further evaluate the feasibility of defining PBCH demodulation requirements in HST conditions.
Observation 7: PDCCH with AL4 can be transmitted without puncturing when coreset is configured with 12PRBs.
Observation 8: PDCCH with AL8 will always be punctured when coreset is configured with 15PRBs.
Observation 9: For <5MHz CBW, 3 symbol coreset will be seen more often in network deployment to reduce the number of punctured CCEs.
Observation 10: With AL8, the use of CCE to REG mapping with interleaving will introduce higher number of punctured RBs.
Observation 11: Our simulation results show significant differences in SNR levels when CCE puncturing occurs, hence we see it feasible to define requirements with both 2 and 3 symbols as well as with and without interleaving.
Proposal 6: Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
Proposal 7: Use TDLA30-10 for 1Tx and TDLC300-100 for 2Tx antenna configurations as a starting point for PDCCH requirements.
Proposal 8: RAN4 to further evaluate the feasibility of defining PDCCH demodulation requirements in HST conditions.
Observation 12: Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
Proposal 9: Define CSI requirements for CBW=3MHz and SCS=15kHz PMI, CQI and RI.

	R4-2315912
	Nokia, Nokia Shanghai Bell
	On Lessthan5MHz UE demod perf and CSI requirements – Simulations
Observation 1: With 10MHz CBW and reduced PRB there is minor changes in the 70% SNR level. We expect more significant changes in SNR when the CBW is 3MHz due to edge-effect of the PRBs will have more impact on throughput.
Observation 2: For AL4, 2 symbols, non-interleaved, there is no puncturing as all CCEs can be fully included in the available 12/15 PRB. The results correspond to existing requirements in 38.101-4 when taking impairments and margin into account. Since there is no puncturing, no change will be seen with interleaving.
Observation 3: For AL8, 2 symbols, non-interleaved, 3 CCEs are punctured which results in 0.8 to 1dB lower SNR compared to AL4.
Observation 4: For AL8, 3 symbols, non-interleaved, only 0.5CCE is punctured which results in 1.5 dB lower SNR compared to AL8 with only 2 symbols.
Observation 5: For AL8, 2 symbols, interleaved provides the same result as non-interleaved as there is no change in the number of punctured CCEs.
Observation 6: For AL8, 3 symbols, interleaved there is an increase in SNR of 0.5dB due to the puncturing of 2 additional CCEs compared to the non-interleaved case.
Observation 7: For PBCH, significant impact is seen when reducing to 12PRB.

	R4-2315990
	Huawei,HiSilicon
	Discussions on UE demodulation and CSI requirements for less than 5MHz bandwidth
Table 2-1: Test parameters for PBCH  
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Known and Not known 
	TDLC300-100 
	1 x 2 Low 
	1 
	TBD 


Proposal 1: Define PBCH performance requirements with 3MHz bandwidth with RB level puncturing with test parameters listed in Table 2-1
Observation 1: RAN4 always choose one typical bandwidth from all supported bandwidth to define UE performance requirements, which means new bandwidth can’t be a motivation to define the requirements.
Proposal 2: Don’t define PDSCH, PDCCH and CSI requirements for channel bandwidth less than 5MHz

	R4-2316084
	Ericsson
	Discussion on UE demodulation and CSI reporting requirements for NR less than 5MHz
Observation 1: RAN1/RAN4 added new maximum transmission channel bandwidths with 15 PRBs for 3MHz with FDD SCS=15kHz in FR1 below 1GHz.
Observation 2: As of Rel-18, RAN4 RF does not assume CA/DC with the new 3/5MHz bands.
Observation 3: RAN1 introduced PBCH puncturing to adapt to the new transmission bandwidth of 12/15 PRBs.
Observation 4: RAN1 introduced new CORESET#0 formats and puncturing to adapt to the new transmission bandwidth of 12/15/20 PRBs.
Observation 5: No physical layer channel/signals updates other than PBCH and CORESET#0.
Observation 6: The existing NR UE demodulation and CSI reporting requirements for FDD SCS=15kHz are defined based on the 10MHz CBW, that is, 52PRBs.
Proposal 1: Define new UE demodulation and CSI reporting requirements with 15 PRBs with FR1 FDD SCS=15kHz for UE supporting NR_FR1_lessthan_5MHz_BW. 
Proposal 2: Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW. 
Proposal 3: Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17. 
· QPSK, 1/3, TDLB100-400, Rank 1, 2Rx/4Rx. 
· 16QAM, 0.48, TDLC300-100, Rank 1, 2Rx/4Rx.
· 64QAM, 0.5, TDLA30-10, Rank 2, 2Rx/4Rx.
· 256QAM, 0.82, TDLA30-10, Rank 1, 2Rx/4Rx.
Proposal 4: Define PDSCH demodulation requirements for UE speed 500km/h with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6.
· 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
Proposal 5: Not define PDSCH CA demodulation requirements with CBW 15PRBs.
Proposal 6: Not to define PDCCH demodulation requirements with punctured PDCCH for CORESET#0. 
Proposal 7: Define (non-punctured) PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 2Rx/4Rx.
Proposal 8: Define punctured PBCH demodulation requirements with 12 PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 12PRBs, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is known.
· 12PRBS, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is unknown.
Proposal 9: Reuse the Rel-15 PBCH demodulation test metric for punctured PBCH demodulation requirements:
· Probability of miss-detection of the PBCH (Pm-bch): 1%
· Pm-bch := 1 – A/B , where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. The Pm-bch is derived with the assumption UE combines the PBCH symbols of the same SS/PBCH block index within the MIB TTI (80ms).
Proposal 10: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW. 
Proposal 11: Define CQI definition test under static channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, 2Tx Rank 2, 2Rx/4Rx, 2 SNR test points.  
· Reuse the same metric as Rel-15 CQI definition test in static condition. 
Proposal 12: Define CQI reporting test under fading channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.  
· 15PRBs, CQI Table 2, 2Tx Rank 1, TDLA30-5, 2Rx/4Rx, 2 SNR test points. 
· Reuse the same metric as Rel-15 CQI reporting test in fading condition. 
Proposal 13: Define PMI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRB, Single PMI, Type I, MCS13 (16QAM, 0.48), Rank 1, 4 CSI-RS ports, 4Tx XPOL, TDLA30-5, 2Rx/4Rx. 
· Reuse the same metric as Rel-15 4TX PMI reporting requirements.  
Proposal 14: Define RI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, SNR=0dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=2 vs. follow RI 
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=1 vs. follow RI 
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, high antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=1 vs. follow RI 
· Reuse the same metric as Rel-15 RI reporting requirements.  
Proposal 15: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.  
	Supported RX 
antenna port 
	Test type 
	Test list 

	2R only 
	FR1 FDD 
	PDSCH 
	TBD 

	 
	 
	PDCCH 
	TBD 

	 
	 
	PBCH 
	TBD 

	 
	 
	SDR 
	TBD 

	4Rx only or  
	FR1 FDD 
	PDSCH 
	TBD 

	both 2Rx and 4Rx 
	 
	PDCCH 
	TBD 

	 
	 
	PBCH 
	TBD 

	 
	 
	SDR 
	TBD 


 
Proposal 16: Create the CSI reporting requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW. 
	Supported RX 
antenna port 
	Test type 
	Test list 

	2R only 
	FR1 FDD 
	CQI 
	TBD 

	 
	 
	PMI 
	TBD 

	 
	 
	RI 
	TBD 

	4Rx only or  
	FR1 FDD 
	CQI 
	TBD 

	both 2Rx and 4Rx 
	 
	PMI 
	TBD 

	 
	 
	RI 
	TBD 




	R4-2316471
	MediaTek inc.
	Discussion on UE demodulation requirements for less than 5MHz BW
Observation 1: According to agreements in RAN1, the upper 4PRBs and lower 4PRBs of 20PRBs NR PBCH are punctured in 3MHz channel BW.
Observation 2: There is no conformance test for PBCH defined in RAN5. UE cannot be tested even if RAN4 define requirements for PBCH.
Observation 3: Two different PBCH requirements for the case of SS/PBCH block index is not known or known are introduced in TS38.101-4.
[bookmark: _Hlk146836217]Proposal 1: We prefer not to introduce PBCH requirements for less than 5MHz BW. If RAN4 agreed to define requirements, it should be limited to one case of known or unknown SSB index.
Observation 4: There is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
Proposal 2: RAN4 need to address the testability issue as there is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
Observation 5: For the case of 12PRBs in 3MHz channel bandwidth, there is no new UE behaviour as there is no punctured RBs.
Observation 6: For the case of 20PRBs in 5MHz channel bandwidth, it is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW.
Proposal 3: We suggest not to introduce PDCCH requirements for the case of 12 PRBs and 20 PRBs.
Observation 7: For AL = 8, there are lots of RBs are punctured and may results in very poor performance of PDCCH.
Observation 8: For AL = 4, there are few RBs are punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 3”, CCE3 is partially punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 2”, CCE3 is fully punctured.
Observation 9: UE assumes the same precoding being used per REG bundle and channel estimation for partial REG bundle depends on UE implementation.
Proposal 4: If RAN4 can resolve the testability issue for PDCCH in CORESET#0, RAN4 should consider only define PDCCH requirements for the following cases:
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 3, AL =4” 
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 2, AL =4”, where channel estimation for partial REG bundle depends on UE implementation
Observation 10: There is no RAN1 specification change for PDSCH in less than 5MHz BW. 
Proposal 4: We prefer not to define requirements for PDSCH in less than 5MHz BW. 
Observation 11: There is no RAN1 specification change for CSI-RS in less than 5MHz BW. 
Proposal 5: We prefer not to define requirements for CSI in less than 5MHz BW.

	R4-2316647
	Apple
	UE demodulation performance and CSI requirements for NR support for dedicated spectrum less than 5MHz for FR1
Observation 1: Since the minimum CBW in 38.101-4 is given by 10MHz, it is important to extend the requirements for PDSCH, PDCCH, PBCH and CSI for them to occupy the new CBW of less than 5MHz of spectrum. In most of the cases where no puncturing occurs, the new requirements can be computed in a very straightforward manner.
Proposal 1: RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
Proposal 2: For new requirements for dedicated spectrum of less than 5MHz, only consider 3MHz channelization.
Proposal 3: Exclude verifying the PDSCH mapping Type A performance requirements for ER Type 1 under 2 and 4 receive antenna conditions, and any other advance feature which is out of scope of the RAN1 WI.
Proposal 4: Introduce applicability rules such that these new requirements are only applicable to the specific bands for this WI, instead of being band-agnostic.



Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.

Sub-topic 1-1: PDSCH requirements
Sub-topic description:
In this sub-topic the proposals related to the PDSCH requirements for less than 5Mhz CBW are summarized.

Issue 1-1-1: Introduction of new requirements
· Proposals and Observations:
· Proposal 1 (Samsung): Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth.
· Proposal 2 (ZTE): Define 3M/15kHz PDSCH demodulation requirements for less than 5MHz .
· Observation 1 (Nokia): Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
· Proposal 3 (Nokia): Define FDD PDSCH demodulation requirements for SCS=15kHz and 3MHz CBW.
· Observation 2 (Nokia): With 10MHz CBW and reduced PRB there is minor changes in the 70% SNR level. We expect more significant changes in SNR when the CBW is 3MHz due to edge-effect of the PRBs will have more impact on throughput.
· Proposal 4 (Ericsson): Define new UE demodulation and CSI reporting requirements with 15 PRBs with FR1 FDD SCS=15kHz for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 5 (Ericsson): Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 6 (Huawei): Don’t define PDSCH, PDCCH and CSI requirements for channel bandwidth less than 5MHz
· Observation 10 (MediaTek): There is no RAN1 specification change for PDSCH in less than 5MHz BW. 
· Proposal 7 (MediaTek): We prefer not to define requirements for PDSCH in less than 5MHz BW. 
· Observation 1 (Apple): Since the minimum CBW in 38.101-4 is given by 10MHz, it is important to extend the requirements for PDSCH, PDCCH, PBCH and CSI for them to occupy the new CBW of less than 5MHz of spectrum. In most of the cases where no puncturing occurs, the new requirements can be computed in a very straightforward manner.
· Proposal 8 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Candidate option
· Option 1 [Samsung, ZTE, Nokia, Ericsson, Apple]: Define new demodulation requirements for PDSCH in less than 5MHz CBW.
· Option 2 [Huawei, MediaTek]: Do not define PDSCH requirements for channel bandwidth less than 5MHz.
· Recommended WF
· Discuss the Options during the meeting.

Issue 1-1-2: Scope of testing
· Background
· In TS 38.101-4 the multiple PDSCH requirements/tests are defined:
· 5.2.2.1.1 Minimum requirements for PDSCH Mapping Type A
· Verify the PDSCH mapping Type A normal performance under 2 receive antenna conditions and with different channel models, MCSs and number of MIMO layers
· Tests: 1-1, 1-2, 1-3, 1-5, 1-6, 1-7, 1-8, 2-1, 2-2
· Verify the PDSCH mapping Type A HARQ soft combining performance under 2 receive antenna conditions.
· Test 1-4
· Verify the PDSCH mapping Type A performance requirements for Enhanced Receiver Type 1 under 2 receive antenna conditions.
· Test 3-1
· 5.2.2.1.2 Minimum requirements for PDSCH Mapping Type A and CSI-RS overlapped with PDSCH
· 5.2.2.1.3 Minimum requirements for PDSCH Mapping Type B
· 5.2.2.1.6 Minimum requirements for PDSCH repetitions over multiple slots
· 5.2.2.1.17 Minimum requirements for RedCap
· Etc.
· Proposals and Observations:
· Proposal 1 (Ericsson): Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17.
· Proposal 1 (Apple): Exclude verifying the PDSCH mapping Type A performance requirements for ER Type 1 under 2 and 4 receive antenna conditions, and any other advance feature which is out of scope of the RAN1 WI.
· Candidate options:
· Option 1: Use Minimum requirements for PDSCH Mapping Type A as a baseline (5.2.2.1.1)
· Option 2: Use Minimum requirements for RedCap as a baseline (5.2.2.1.17)
· Other Options are note precluded.
· Recommended WF
· Companies need to discuss which of the PDSCH tests should be considered for the less than 5MHz.

Issue 1-1-3: HST Scenario
· Background
· PDSCH requirements for HST conditions are defined:
· 5.2.2.1.1 Minimum requirements for PDSCH Mapping Type A, Test 1-5 and 1-6
· 5.2.2.1.9 Minimum requirements for PDSCH HST-SFN
· 5.2.2.1.10 Minimum requirements for HST-DPS
· 5.2.2.1.20 Minimum requirements for HST-SFN Scheme A
· 5.2.2.1.21 Minimum requirements for HST-SFN Scheme B
· Proposals and Observations:
· Observation 1 (Nokia): UE speeds up to 500km/h should be targeted for Band n100. Such conditions and only PDSCH requirements were considered for HST FR1 deployments in Rel-16.
· Proposal 1 (Nokia): RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.
· Proposal 2 (Ericsson): Define PDSCH demodulation requirements for UE speed 500km/h with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6.
· 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
· Candidate option
· Option 1: Define PDSCH demodulation requirements for UE speed 500km/h
· Option 1a [Nokia]: Reuse HST DPS propagation conditions (B3.3) and test 5.2.2.1.10 as a baseline
· Option 1b [Ericsson]: Define PDSCH demodulation requirements for UE speed 500km/h with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6 [single-tap propagation conditions B.3.1].
· 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
· Other options are not precluded.
· Recommended WF
· Confirm that PDSCH requirements for UE speed of 500km/h is needed and discuss what requirement/propagation conditions to use a baseline.

Issue 1-1-4: SDR requirements
· Proposals and Observations:
· Proposal 1 (Ericsson): Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW. 
· Candidate option
· Option 1 [Ericsson]: Apply SDR tests for 3MHz CBW
· Option 2: Other options are not precluded.
· Recommended WF
· Discuss whether SDR tests for 3MHz CBW is needed.

Issue 1-1-5: CA demodulation requirements
· Proposals and Observations:
· Proposal 1 (Ericsson): Not define PDSCH CA demodulation requirements with CBW 15PRBs.
· Recommended WF
· Confirm that the proposal is agreeable.

Issue 1-1-6: Baseline parameters
· Background
· The discussion of the parameters can be split in several groups. Below are discussed:
· Duplex, CBW, SCS, and number of RBs
· Proposals and Observations:
· Proposal 1 (Samsung): Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth.
· Proposal 2 (ZTE): Define 3M/15kHz PDSCH demodulation requirements for less than 5MHz .
· Proposal 3 (Nokia): Define FDD PDSCH demodulation requirements for SCS=15kHz and 3MHz CBW.
· Proposal 4 (Ericsson): Define new UE demodulation and CSI reporting requirements with 15 PRBs with FR1 FDD SCS=15kHz for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 5 (Apple): For new requirements for dedicated spectrum of less than 5MHz, only consider 3MHz channelization.
· 
· Candidate option
· Use the following parameters for PDSCH demodulation requirements for less than 5MHz:
· FDD, CBW: 3MHz, SCS: 15kHz, 15 PRBs
· Recommended WF
· Confirm the candidate option during the meeting.

Issue 1-1-7: Number of RX antenna
· Proposals and Observations:
· Proposal 1 (ZTE): Considering 2Rx for PDSCH requirements.
· Proposal 2 (Ericsson): Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 3 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Candidate option
· Option1 [ZTE]: 2Rx
· Option 2 [Ericsson]: 2Rx and 4Rx
· Option 3 [Apple]: Consider the maximum number of Rx of the specific RF band.
· Recommended WF
· Discuss the candidate options during the meeting.

Issue 1-1-8: Modulation and Rank
· Proposals and Observations:
· Proposal 1 (ZTE): Considering QPSK, 16QAM for PDSCH requirements.
· Proposal 2 (Ericsson): Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17. 
· QPSK, 1/3, TDLB100-400, Rank 1, 2Rx/4Rx. 
· 16QAM, 0.48, TDLC300-100, Rank 1, 2Rx/4Rx.
· 64QAM, 0.5, TDLA30-10, Rank 2, 2Rx/4Rx.
· 256QAM, 0.82, TDLA30-10, Rank 1, 2Rx/4Rx.
· Candidate options:
· Option 1: QPSK, 16QAM
· Option 2:
· QPSK, 1/3, Rank 1
· 16QAM, 0.48, Rank 1
· 64QAM, 0.5, Rank 2
· 256QAM, 0.82, Rank 1
· Other options are not precluded.
· Recommended WF
· Further discuss the candidate options

Issue 1-1-9: Channel model for non-HST scenario
· Proposals and Observations:
· Proposal 1 (Ericsson): Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17. 
· QPSK, 1/3, TDLB100-400, Rank 1, 2Rx/4Rx. 
· 16QAM, 0.48, TDLC300-100, Rank 1, 2Rx/4Rx.
· 64QAM, 0.5, TDLA30-10, Rank 2, 2Rx/4Rx.
· 256QAM, 0.82, TDLA30-10, Rank 1, 2Rx/4Rx.
· Candidate options:
· Options 1:
· TDLB100-400 for QPSK,
· TDLC300-100 for 16 QAM
· TDLA30-10 for 64 and 256 QAM
· Other options are not precluded.
· Recommended WF
· Discuss further during the meeting.

Sub-topic 1-2: PDCCH requirements
Sub-topic description:
In this sub-topic the proposals related to the PDCCH requirements for less than 5Mhz CBW are summarised.

Issue 1-2-1: Introduction of new requirement
· Proposals and Observations:
· Proposal 1 (Samsung): Specify 12/15/20PRB PDCCH for 3MHz/5MHz channel bandwidth
· Proposal 2 (Samsung): PDCCH requirements for 3MHz and 5MHz bandwidth with 15kHz SCS can be specified
· Proposal 6 (Nokia): Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
· Proposal 2 (Huawei): Don’t define PDSCH, PDCCH and CSI requirements for channel bandwidth less than 5MHz
· Proposal 6 (Ericsson): Not to define PDCCH demodulation requirements with punctured PDCCH for CORESET#0. 
· Proposal 7 (Ericsson): Define (non-punctured) PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· Observation 4(MediaTek): There is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Proposal 2(MediaTek): RAN4 need to address the testability issue as there is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Observation 5(MediaTek): For the case of 12PRBs in 3MHz channel bandwidth, there is no new UE behaviour as there is no punctured RBs.
· Observation 6 (MediaTek): For the case of 20PRBs in 5MHz channel bandwidth, it is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW.
· Proposal 3 (MediaTek): We suggest not to introduce PDCCH requirements for the case of 12 PRBs and 20 PRBs.
· Observation 1 (Apple): Since the minimum CBW in 38.101-4 is given by 10MHz, it is important to extend the requirements for PDSCH, PDCCH, PBCH and CSI for them to occupy the new CBW of less than 5MHz of spectrum. In most of the cases where no puncturing occurs, the new requirements can be computed in a very straightforward manner.
· Proposal 1 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Proposal 2 (Apple): For new requirements for dedicated spectrum of less than 5MHz, only consider 3MHz channelization.
· Candidate option
· Option1 [Huawei]: Don’t define PDCCH requirements for channel bandwidth less than 5MHz
· Option 1a [MediaTek]: Address the testability issue as there is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Option 2: Defining PDCCH requirements for CORESET#0 for channel bandwidth less than 5MHz
· Option 2a [Ericsson]: Not to define PDCCH demodulation requirements with punctured PDCCH for CORESET#0. 
· Option 3 [Ericsson]: Define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW for UE supporting NR_FR1_lessthan_5MHz_BW.
· Option 4 [Samsung]: Specify 12/15/20PRB PDCCH for 3MHz/5MHz channel bandwidth
· Option 5 [Nokia]: Specify 15PRB PDCCH for 3MHz channel bandwidth
· Other options are not precluded.
· Recommended WF
· Discuss the candidate options during the meeting

Issue 1-2-2: SCS, and Duplex
· Proposals and Observations:
· Proposal 1 (Samsung): PDCCH requirements for 3MHz and 5MHz bandwidth with 15kHz SCS can be specified
· Proposal 2(Samsung): PDCCH requirements with FDD can be specified.
· Proposal 6 (Nokia): Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
· Proposal 1 (Ericsson): Define new UE demodulation and CSI reporting requirements with 15 PRBs with FR1 FDD SCS=15kHz for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Candidate option
· Consider only SCS=15KHz and FDD for PDCCH requirements in channel bandwidth less than 5MHz.
· Recommended WF
· Check that the candidate option is agreeable.

Issue 1-2-3: Aggregation level, number of symbols, interleaving
· Proposals and Observations:
· Observation1 (ZTE) Three new CORESET#0 is defined in RAN1 perspective. 
· Observation 2 (ZTE) When COROSET=12 or 15RB, only aggregation level = 2 or 4 could be supported. For CORESET = 20RBs, aggregation level = 2,4,or 8 could be supported.
· Proposal 1 (ZTE) From RAN4 demodulation perspective, only considering aggregation level 2 and 4 for PDCCH requirements when PDCHH symbol = 1 and 2.
· Observation 3 (Nokia): PDCCH with AL4 can be transmitted without puncturing when coreset is configured with 12PRBs.
· Observation 8 (Nokia): PDCCH with AL8 will always be punctured when coreset is configured with 15PRBs.
· Observation 4 (Nokia): For <5MHz CBW, 3 symbol coreset will be seen more often in network deployment to reduce the number of punctured CCEs.
· Observation 5 (Nokia): With AL8, the use of CCE to REG mapping with interleaving will introduce higher number of punctured RBs.
· Observation 6 (Nokia): Our simulation results show significant differences in SNR levels when CCE puncturing occurs, hence we see it feasible to define requirements with both 2 and 3 symbols as well as with and without interleaving.
· Proposal 2 (Nokia): Introduce requirements for PDCCH with 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
· Observation 7 (Nokia): For AL4, 2 symbols, non-interleaved, there is no puncturing as all CCEs can be fully included in the available 12/15 PRB. The results correspond to existing requirements in 38.101-4 when taking impairments and margin into account. Since there is no puncturing, no change will be seen with interleaving.
· Observation 8 (Nokia):  For AL8, 2 symbols, non-interleaved, 3 CCEs are punctured which results in 0.8 to 1dB lower SNR compared to AL4.
· Observation 9 (Nokia): For AL8, 3 symbols, non-interleaved, only 0.5CCE is punctured which results in 1.5 dB lower SNR compared to AL8 with only 2 symbols.
· Observation 10 (Nokia): For AL8, 2 symbols, interleaved provides the same result as non-interleaved as there is no change in the number of punctured CCEs.
· Observation 11 (Nokia): For AL8, 3 symbols, interleaved there is an increase in SNR of 0.5dB due to the puncturing of 2 additional CCEs compared to the non-interleaved case.
· Proposal 7 (Ericsson): Define (non-punctured) PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 2Rx/4Rx.
· Observation 7 (MediaTek): For AL = 8, there are lots of RBs are punctured and may results in very poor performance of PDCCH.
· Observation 8 (MediaTek): For AL = 4, there are few RBs are punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 3”, CCE3 is partially punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 2”, CCE3 is fully punctured.
· Observation 9 (MediaTek): UE assumes the same precoding being used per REG bundle and channel estimation for partial REG bundle depends on UE implementation.
· Proposal 4 (MediaTek): If RAN4 can resolve the testability issue for PDCCH in CORESET#0, RAN4 should consider only define PDCCH requirements for the following cases:
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 3, AL =4” 
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 2, AL =4”, where channel estimation for partial REG bundle depends on UE implementation
· Candidate option
· Option 1 [ZTE]: Consider aggregation level 2 and 4 for PDCCH requirements when PDCHH symbol = 1 and 2.
· Option 2 [Nokia]: 15 PRB for 3MHz CBW with AL4 and AL8. Consider both 2 and 3 symbols as well as either with or without interleaving.
· Option 3 [Ericsson]: 15PRBs, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 2Rx/4Rx.
· Option 4 [MediaTek]: If the testability issue for PDCCH in CORESET#0 can be resolved, RAN4 can consider
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 3, AL =4” 
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 2, AL =4”, where channel estimation for partial REG bundle depends on UE implementation
· Other options are not precluded.
· Recommended WF
· Discuss the candidate options during the meeting.

Issue 1-2-4: Number of RX antenna
· Proposals and Observations:
· Proposal 1 (ZTE): Considering 2Rx for PDCCH demodulation requirements.
· Proposal 2(Ericsson): Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW.
· Proposal 1 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Candidate option
· Option 1 [ZTE]: 2Rx
· Option 2 [Ericsson]: 2Rx and 4Rx
· Option 3 [Apple]: Maximum number of Rx of the specific RF bands where this feature will be introduced.
· Other options are not precluded.
· Recommended WF
· Discuss the candidate options during the meeting

Issue 1-2-5: Channel models
· Proposals and Observations:
· Proposal 1 (Nokia): Use TDLA30-10 for 1Tx and TDLC300-100 for 2Tx antenna configurations as a starting point for PDCCH requirements.
· Proposal 1 (Nokia): RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.
· Proposal 8 (Nokia): RAN4 to further evaluate the feasibility of defining PDCCH demodulation requirements in HST conditions.
· Proposal 7 (Ericsson): Define (non-punctured) PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 2Rx/4Rx.
· Candidate option
· Option 1 [Ericsson]: TDLA30-10
· Option 2 [Nokia]:
· TDLA30-10 for 1Tx and TDLC300-100 for 2Tx antenna
· HST DPS propagation conditions for 500km/h speed
· Recommended WF
· Discuss the options during the meeting.

Sub-topic 1-3: PBCH requirements
Sub-topic description:
In this sub-topic the proposals related to the PBCH requirements for less than 5Mhz CBW are summarised
Table 1 from R4-2316084 summarizes the PBCH/CORESET#0 transmissions for all the transmission bandwidth configurations assumed for NR_FR1_lessthan_5MHz_BW. 
Table 1	Summary of PBCH/CORESET#0 transmission for UE supporting NR_FR1_lessthan_5MHz_BW. 
	Channel Bandwidth (maximum transmission PRBs with SCS=15kHz) 
	Maximum available transmission PRBs 
	PBCH transmission 
	CORESET#0 transmission 
	GSCN 
	Notes 

	3MHz (15 PRBs) 
	12 PRBs 
	12 PRBs (Puncturing) 
	No puncturing 
(Only 12 PRBs can be configured) 
	41367 (New) 
	Applicable only for n100, to address FRMCS migration plans 

	3MHz (15 PRBs) 
	15 PRBs 
	12 PRBs (Puncturing) 
	Punctured to 15 
(When 24 PRBs are configured) 
[No puncturing  
(When 12 PRBs are configured)] 
	26640 – 31634 (New) 
	 

	5MHz (25 PRBs) 
	20 PRBs 
	20 PRBs  
(Rel-15 Legacy) 
	Punctured to 20 PRBs 
(Only 24 PRBs can be configured) 
	41368 (New) 
	Applicable only for n100, to address FRMCS migration plans 

	5MHz (25 PRBs) 
	25 PRBs 
	20 PRBs  
(Rel-15 Legacy) 
	No puncturing (Rel-15 Legacy) 
	Rel-15 Legacy GSCN 
	 



Issue 1-3-1: Need for new requirement
· Proposals and Observations:
· Proposal 1 (Samsung): Specify punctured 12 PRB PBCH for 3MHz channel bandwidth
· Proposal 1 (Samsung): PBCH requirement for 3MHz bandwidth with 15kHz SCS can be specified
· Proposal 2 (Samsung): PBCH requirement with FDD can be specified
· Proposal 2 (ZTE): Define PBCH demodulation requirements for less than 5MHz.
· Observation 1 (Nokia): New sync raster is introduced for 3 MHz CBW, hence UE can find the number of PRBs used for PBCH based on the sync raster.
· Observation 2 (Nokia): For both 12 and 15 PRB, the first and last 4 PRBs of a 20PRB PBCH will be punctured, hence it is enough to define requirements for only 12 PRB as we expect similar performance for 15PRB.
· Observation 1 (Nokia): For PBCH, significant impact is seen when reducing to 12PRB.
· Proposal 3 (Nokia): Define requirements for 12 PRB PBCH with 3 MHz CBW.
· Proposal 4 (Huawei): Define PBCH performance requirements with 3MHz bandwidth with RB level puncturing with test parameters listed in Table 2-1
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Known and Not known 
	TDLC300-100 
	1 x 2 Low 
	1 
	TBD 



· Proposal 8 (Ericsson): Define punctured PBCH demodulation requirements with 12 PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 12PRBs, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is known.
· 12PRBS, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is unknown.
· Proposal 1 (MediaTek): We prefer not to introduce PBCH requirements for less than 5MHz BW. If RAN4 agreed to define requirements, it should be limited to one case of known or unknown SSB index.
· Observation 1 (Apple): Since the minimum CBW in 38.101-4 is given by 10MHz, it is important to extend the requirements for PDSCH, PDCCH, PBCH and CSI for them to occupy the new CBW of less than 5MHz of spectrum. In most of the cases where no puncturing occurs, the new requirements can be computed in a very straightforward manner.
· Proposal 1 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Proposal 2 (Apple): For new requirements for dedicated spectrum of less than 5MHz, only consider 3MHz channelization.
· Candidate option
· Option 1 [MediaTek]: Not to introduce PBCH requirements for less than 5MHz BW
· Option 2 [Nokia, Samsung, Huawei, Ericsson]: Define requirements for 12 PRB PBCH with 3 MHz CBW, 15kHz SCS, FDD
· Option 2a [MediaTek]: Only one case of known or unknown SSB index
· Option 2b [Huawei, Ericsson]: Consider both known and unknown SSB/PBCH index.
· Recommended WF
· Further discuss the details of Option 2.

Issue 1-3-2: Number of Rx antenna
· Proposals and Observations:
· Proposal 1 (Samsung): Consider 1x2, and 1x4 for PBCH requirement
· Proposal 2 (ZTE): Considering 2Rx for PBCH demodulation requirements.
· Proposal 3 (Huawei): Define PBCH performance requirements with 3MHz bandwidth with RB level puncturing with test parameters listed in Table 2-1
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Known and Not known 
	TDLC300-100 
	1 x 2 Low 
	1 
	TBD 


· Proposal 2 (Ericsson): Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW.
· Proposal 1 (Apple): RAN4 to discuss a minimum proposal of test cases that can minimally test the required PDSCH, PDCCH, PBCH and CSI functionality under the now narrower channelization under less than 5MHz spectrum, and only considering the maximum number of Rx of the specific RF bands where this feature will be introduced.
· Candidate option
· Option 1 [Samsung, Ericsson]: 1x2, and 1x4
· Option 2 [ZTE]: 1x2
· Option 3 [Huawei]: 1 x 2 Low
· Other options are not precluded.
· Recommended WF
· Discuss the proposals during the meeting

Issue 1-3-3: Channel models
· Proposals and Observations:
· Proposal 1 (Samsung): TDL model can be considered for channel model of PBCH requirement, and FFS on HST single-tap model if introduced
· Proposal 2 (Samsung): For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced for PBCH requirements
· Proposal 1 (Nokia): RAN4 to consider HST DPS propagation conditions for the evaluation of demodulation performance with less than 5 MHz CBW.
· Proposal 3 (Nokia): Use TDLC300-100 channel model for PBCH requirements as a starting point.
· Proposal 4 (Nokia): RAN4 to further evaluate the feasibility of defining PBCH demodulation requirements in HST conditions.
· Proposal 5 (Huawei): Define PBCH performance requirements with 3MHz bandwidth with RB level puncturing with test parameters listed in Table 2-1
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Known and Not known 
	TDLC300-100 
	1 x 2 Low 
	1 
	TBD 


· Proposal 8 (Ericsson): Define punctured PBCH demodulation requirements with 12 PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 12PRBs, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is known.
· 12PRBS, TDLC300-100, 2Rx/4Rx, SS/BPCH block index is unknown.
· Candidate options
· Use TDLC300-100 channel model for non-HST Conditions
· HST conditions for 500km/h speed:
· Option 1: 428Hz on HST channel model
· Option 2: HST DPS propagation conditions
· Other options are not precluded.
· Recommended WF
· Agree on TDLC300-100 for non-HST case and further discuss HST conditions.

Issue 1-3-4: Test metric
· Proposals and Observations:
· Proposal 1 (Samsung): Reuse test metric and reference channel for PBCH requirement
· Proposal 2 (Huawei): Define PBCH performance requirements with 3MHz bandwidth with RB level puncturing with test parameters listed in Table 2-1
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Known and Not known 
	TDLC300-100 
	1 x 2 Low 
	1 
	TBD 


· Proposal 3 (Ericsson): Reuse the Rel-15 PBCH demodulation test metric for punctured PBCH demodulation requirements:
· Probability of miss-detection of the PBCH (Pm-bch): 1%
· Pm-bch := 1 – A/B , where A is the number of correctly decoded MIB PDUs and B is the number of transmitted MIB PDUs. The Pm-bch is derived with the assumption UE combines the PBCH symbols of the same SS/PBCH block index within the MIB TTI (80ms).
· Candidate option
· Reuse the Rel-15 PBCH demodulation test metric for punctured PBCH demodulation requirements.
· Recommended WF
· Confirm the candidate option.


Sub-topic 1-4: CSI reporting requirements
Sub-topic description:
In this sub-topic the proposals related to the CSI reporting requirements for less than 5Mhz CBW are summarised

Issue 1-4-1: Introduction of new requirements
· Proposals and Observations:
· Proposal 1 (Samsung): Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth.
· Observation 1 (Nokia): Performance of UE implementation which can support the increased edge effects related to the 3MHz CBW and low number of PRBs will not show up in existing requirements for 10MHz CBW.
· Proposal 2 (Nokia): Define CSI requirements for CBW=3MHz and SCS=15kHz PMI, CQI and RI
· Proposal 2 (Huawei): Don’t define PDSCH, PDCCH and CSI requirements for channel bandwidth less than 5MHz
· Proposal 1 (Ericsson): Define new UE demodulation and CSI reporting requirements with 15 PRBs with FR1 FDD SCS=15kHz for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 2 (Ericsson): Define new UE demodulation and CSI reporting requirements with 2Rx and 4Rx for UE supporting NR_FR1_lessthan_5MHz_BW. 
· Proposal 3 (Ericsson): Define CQI definition test under static channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· Proposal 4 (Ericsson): Define PMI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· Proposal 5 (Ericsson): Define RI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· Observation 11 (MediaTek): There is no RAN1 specification change for CSI-RS in less than 5MHz BW. 
· Proposal 5 (MediaTek): We prefer not to define requirements for CSI in less than 5MHz BW.
· Observation 1 (Apple): Since the minimum CBW in 38.101-4 is given by 10MHz, it is important to extend the requirements for PDSCH, PDCCH, PBCH and CSI for them to occupy the new CBW of less than 5MHz of spectrum. In most of the cases where no puncturing occurs, the new requirements can be computed in a very straightforward manner.
· Candidate option
· Option1 [Samsung, Nokia, Ericsson, Apple]: Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI.
· Option 2 [Huawei, MediaTek]: Do not CSI requirements for channel bandwidth less than 5MH.
· Recommended WF
· Discuss the options during the meeting.

Issue 1-4-2: CQI definition
· Proposals and Observations:
· Proposal 11 (Ericsson): Define CQI definition test under static channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, 2Tx Rank 2, 2Rx/4Rx, 2 SNR test points.  
· Reuse the same metric as Rel-15 CQI definition test in static condition. 
· Proposal 12 (Ericsson): Define CQI reporting test under fading channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.  
· 15PRBs, CQI Table 2, 2Tx Rank 1, TDLA30-5, 2Rx/4Rx, 2 SNR test points. 
· Reuse the same metric as Rel-15 CQI reporting test in fading condition.
· Recommended WF
· Discuss the proposal during the meeting.

Issue 1-4-3: PMI reporting 
· Proposals and Observations:
· Proposal 13 (Ericsson): Define PMI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRB, Single PMI, Type I, MCS13 (16QAM, 0.48), Rank 1, 4 CSI-RS ports, 4Tx XPOL, TDLA30-5, 2Rx/4Rx. 
· Reuse the same metric as Rel-15 4TX PMI reporting requirements.  
· Recommended WF
· Discuss the proposal during the meeting.

Issue 1-4-4: RI reporting
· Proposals and Observations:
· Proposal 14 (Ericsson): Define RI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, SNR=0dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=2 vs. follow RI 
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=1 vs. follow RI 
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, high antenna correlation, TDLA30-5, 2Rx/4Rx, fixed RI=1 vs. follow RI 
· Reuse the same metric as Rel-15 RI reporting requirements.  
· Recommended WF
· Discuss the proposal during the meeting.

Sub-topic 1-5: Other
Sub-topic description:
In this sub-topic other issues related to the UE demodulation performance and CSI feedback in less then 5MHz CBW are collected.

Issue 1-5-1: Applicability rule
· Background
· TBA
· Proposals and Observations:
· Proposal 1 (Ericsson): Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.  
	Supported RX 
antenna port 
	Test type 
	Test list 

	2R only 
	FR1 FDD 
	PDSCH 
	TBD 

	 
	 
	PDCCH 
	TBD 

	 
	 
	PBCH 
	TBD 

	 
	 
	SDR 
	TBD 

	4Rx only or  
	FR1 FDD 
	PDSCH 
	TBD 

	both 2Rx and 4Rx 
	 
	PDCCH 
	TBD 

	 
	 
	PBCH 
	TBD 

	 
	 
	SDR 
	TBD 



· Proposal 2 (Ericsson): Create the CSI reporting requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW. 
	Supported RX 
antenna port 
	Test type 
	Test list 

	2R only 
	FR1 FDD 
	CQI 
	TBD 

	 
	 
	PMI 
	TBD 

	 
	 
	RI 
	TBD 

	4Rx only or  
	FR1 FDD 
	CQI 
	TBD 

	both 2Rx and 4Rx 
	 
	PMI 
	TBD 

	 
	 
	RI 
	TBD 



· Proposal 3 (Apple): Introduce applicability rules such that these new requirements are only applicable to the specific bands for this WI, instead of being band-agnostic.
· Recommended WF
· Discuss further how to define the requirement applicability rules for UE supporting NR_FR1_lessthan_5MHz_BW.



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

	R4-2315032
	Nokia, Nokia Shanghai Bell
	Discussion on BS Demodulation on Less than 5 MHz
Observation 1: PRACH requirements for Less than 5MHz are not affected by the reduced BW allocation.
Proposal 1: RAN4 shall define requirements for PUSCH for the less than 5 MHz
Proposal 2: RAN4 shall define requirements for PUCCH for the less than 5 MHz
Observation 2: The WI supports several different types of UE with varying deployment and operational speed scenarios.
Observation 3: The proposed channel models for PUSCH have been calculated based on the 4GHz carrier assumptions for FR1, however we note that a deployment carrier for Less than 5MHz could be at 900 MHz, and at this carrier frequency TDLC 300-600 would more accurately represent a speed of ~750 kph.
Proposal 3: RAN4 should agree a carrier frequency for simulations prior to finalizing propagation conditions, as there could be significant differences in the velocity and doppler shift relationship between a 4GHz and 900 MHz carrier. 
Proposal 4: RAN4 shall use TDLA 30-10 Low, TDLB 100-400 Low to define requirements for PUSCH with Less than 5MHz.
Proposal 5: RAN4 shall discuss the use of TDLC 300-600 to define requirements for PUSCH with Less than 5MHz, specifically to represent high speed use cases.
Observation 4: Existing requirements for all other carrier bandwidths include Rank 1.
Proposal 6: RAN4 shall define requirements for Less than 5MHz using Rank 1.
Observation 5: Existing requirements for all other carrier bandwidths include 2, 4 and 8 Rx Antenna configurations.
Proposal 7: RAN4 shall define requirements with 2, 4 and 8 Rx Antenna configurations.
Observation 6: To support this work item requirements must be introduced for 3MHz Channel Bandwidth.
Proposal 8: RAN4 shall use 3 MHz for defining performance requirements.
Observation 7: RAN1 have only specified 15 kHz SCS for Less than 5 MHz.
Proposal 9: RAN4 shall use 15 kHz for definition of requirements.
Proposal 10: RAN4 shall use both 12 and 15 PRBs for definition of requirements for Less than 5 MHz.
Observation 8: RAN4 RF have defined requirements for the 15 PRB case only.
Proposal 11: RAN4 shall use both DMRS mapping type A and B for the definition of requirements.
Proposal 12: RAN4 shall use CP-OFDM for definition of requirements.
Observation 9: RAN4 RF use MCS 4 and MCS 16 to define requirements for Less than 5 MHz.
Proposal 14: RAN4 shall use MCS 4 and MCS 16 to define requirements for Less than 5MHz.
Proposal 13: RAN4 shall use PUCCH formats 1 and 3 to initially agree the impact from moving to a bandwidth less than 5 MHz.
Proposal 15: RAN4 shall enable Frequency Hopping for PUCCH requirements definition.
Proposal 16: RAN4 shall use TDLC 300-100 Low channels to define requirements for PUCCH with Less than 5MHz.
Observation 10: PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
Proposal 17: RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.

	R4-2315033
	Nokia, Nokia Shanghai Bell
	Supporting Simulations for BS Demodulation on Less than 5 MHz


	R4-2315590
	Ericsson
	Discussion on NR FR1 less than 5MHz BS demodulation
Observation 1: No physical channel modification for UL for 3MHz CBW.
Proposal 1: Introduce new PUSCH demodulation requirements for 3MHz with 15kHz SCS. 
Proposal 2: Introduce new PUCCH demodulation requirements for 3MHz with 15kHz SCS.
Proposal 2-1: No new PRACH reception requirements for 3MHz with 15kHz SCS.
Proposal 3: Consider define new PUSCH FR1 3MHz demodulation requirements for following test cases:
· PUSCH with precoding disabled.
· PUSCH with precoding enabled.
· UCI multiplexed on PUSCH.
· UL timing adjustment
· PUSCH for high-speed train: both 350km/h and 500km/h
Proposal 4: Consider define new normal PUCCH FR1 3MHz demodulation requirements for format 0/1/2/3/4.  
Proposal 5: RAN4 to discuss the PRB number of 3MHz for requirements based on following options: 
1. Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
2. Use 15 PRB for all requirements to align with 38.141-1 definition.
3. Use 12 PRB for all requirements.

	R4-2315709
	ZTE Corporation
	Discussion on BS demodulation performance requirements for less than 5MHz
Proposal 1: From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUSCH in 15kHz .
Proposal 2: Considering 1Tx and 2Tx two layer for PUSCH requirements.
Observation 1: The flexibility of PUCCH configurations in frequency domain for 3MHz can be supported with no significant impact.
Proposal 3: From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUCCH in 15kHz .
Proposal 4: Considering 2Rx , 4Rx and 8Rx for PUCCH requirements.
Observation 2. Legacy formats with [image: ]and [image: ]can be supported under dedicated spectrum with approximately 3 MHz system bandwidth.
Proposal 5. From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PRACH.
Proposal 6. For PRACH demodulation requirements, reuse the existing requirements for 3Mhz .

	R4-2315991
	Huawei,HiSilicon
	Discussions on BS demodulation requirements for less than 5MHz bandwidth
Observation 1: Existing PUSCH/PUCCH requirements have covered 5MHz channel bandwidth and it’s impossible for BS to only support 3MHz channel bandwidth.
Proposal 1: Don’t define BS requirements with 3MHz channel bandwidth

	R4-2316151
	Samsung
	View on BS demodulation requirements for less than 3MHz
Proposal 1: Limited test cases of PUSCH requirements with 3MHz for 15KHz SCS could be introduced.
Proposal 2: Limited test cases of PUCCH requirements with 3MHz for 15KHz SCS could be introduced.
Observation 1: Existing PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS can support 3MHz channel width.
Proposal 3: Add a note to indicate that the existing short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth.
Proposal 4: No new PRACH requirement need to be introduced for 3MHz channel bandwidth 
Proposal 5: TDL channel model could be considered for specifying BS demodulation requirement. FFS on whether HST single tap is needed and FFS on the details of HST single tap model if introduced.
Observation 2: The maximum Doppler is 815Hz if assuming 500km/h UE speed if HST single tap is introduced.
Proposal 6: Existing doppler value as 100Hz can be taken as a starting point, FFS on other doppler values.
Proposal 7: Specify BS demodulation requirement with 1T2Rx only, FFS on 2Tx2Rx 
Proposal 8: Specify PUSCH requirement with DMRS mapping type A
Proposal 9: Specify PUSCH requirement with 2 DMRS symbols, FFS on 3 DMRS symbols if HST single tap with high Doppler value is introduced.
Proposal 10: Specify PUSCH requirement with CP-OFDM waveform 
Proposal 11: The following MCS could be considered for specifying PUSCH requirement
· MCS 2, MCS 16 and MCS 20
Proposal 12: Reusing existing PUSCH test parameters for specifying PUSCH requirement with 3MHz 
Table 1:  Test parameters for PUSCH requirement 
	Parameter 
	Value 

	Transform precoding 
	Disabled 

	HARQ 
	Maximum number of HARQ transmissions 
	4 

	 
	RV sequence 
	0, 2, 3, 1 

	DM-RS 
	DM-RS configuration type 
	1 

	 
	DM-RS duration 
	single-symbol DM-RS 

	 
	Additional DM-RS position 
	[Pos1] 

	 
	Number of DM-RS CDM group(s) without data 
	2 

	 
	Ratio of PUSCH EPRE to DM-RS EPRE 
	-3 dB 

	 
	DM-RS port 
	[0] 

	 
	DM-RS sequence generation 
	NID0=0, nSCID =0 

	Time domain 
	PUSCH mapping type 
	A 

	resource 
	Start symbol 
	0  

	assignment 
	Allocation length 
	14  

	Frequency domain resource 
	RB assignment 
	Full applicable test bandwidth 

	assignment 
	Frequency hopping 
	Disabled 

	Code block group based PUSCH transmission 
	Disabled 

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern. 



Proposal 13: Reusing the existing PUCCH test parameters for specifying PUCCH requirement with 3MHz 

Table 2:  Test parameters of PUCCH format 0 
	Parameter 
	Test 

	Number of UCI information bits 
	1 

	Number of PRBs 
	1 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	N/A for 1 symbol Enabled for 2 symbols 

	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 

	Test metric 
	DTX to ACK probability 
ACK missed detection probability  


 
Table 3:  Test parameters of PUCCH format 1 
	Parameter 
	Test 

	Number of information bits 
	2 

	Number of PRBs 
	1 

	Number of symbols 
	14 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	enabled 

	First PRB after frequency hopping 
	The largest PRB index – (nrofPRBs – 1) 

	Group and sequence hopping 
	neither 

	Hopping ID 
	0 

	Initial cyclic shift 
	0 

	First symbol 
	0 

	Index of orthogonal cover code (timeDomainOCC) 
	0 

	Test metric  
	NACK to ACK probability  
ACK missed detection probability 


 
Table 4:  Test parameters of PUCCH format 2 
	Parameter 
	Value 

	Modulation order 
	QSPK 

	Starting RB location  
	0 

	Intra-slot frequency hopping 
	N/A  

	Number of PRBs 
	4 

	Number of symbols  
	1 

	The number of UCI information bits 
	4 

	First symbol 
	13 

	DM-RS sequence generation 
	NID0=0 

	Test metric  
	DTX to ACK probability  
ACK missed detection probability 


 
Table 5:  Test parameters of PUCCH format 2 
	Parameter 
	Value  

	Modulation order 
	QSPK 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	enabled 

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

	Number of PRBs 
	9 

	Number of symbols 
	2 

	The number of UCI information bits 
	22 

	First symbol 
	12 

	DM-RS sequence generation 
	NID0=0 

	Test metric  
	BLER  


 
Table 6:  Test parameters of PUCCH format 3 
	Parameter 
	Test 1 
	Test 2 

	Modulation order 
	QPSK 

	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 

	Number of PRBs 
	1 
	3 

	Number of symbols 
	14 
	4 

	The number of UCI information bits 
	16 
	16 

	First symbol 
	0 
	0 

	Test metric 
	BLER 


 
Table 7:  Test parameters of PUCCH format 4 
	Parameter 
	Value 

	Modulation order 
	QPSK 

	First PRB prior to frequency hopping 
	0 

	Number of PRBs 
	1 

	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 

	Number of symbols 
	14 

	The number of UCI information bits 
	22 

	First symbol 
	0 

	Length of the orthogonal cover code 
	n2 

	Index of the orthogonal cover code 
	n0 

	Test metric  
	BLER 






Open issues summary
Before Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 2-1: PUSCH requirements
Sub-topic description:
In this sub-topic the proposals related to the PUSCH requirements for less than 5Mhz CBW are summarized.

Issue 2-1-1: Introduction of PUSCH requirement
· Proposals and Observations:
· Proposal 1 (Nokia): RAN4 shall define requirements for PUSCH for the less than 5 MHz
· Proposal 1 (Ericsson): Introduce new PUSCH demodulation requirements for 3MHz with 15kHz SCS.
· Proposal 1 (ZTE): From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUSCH in 15kHz.
· Observation 1 (Huawei): Existing PUSCH/PUCCH requirements have covered 5MHz channel bandwidth and it’s impossible for BS to only support 3MHz channel bandwidth.
· Proposal 1 (Huawei): Don’t define BS requirements with 3MHz channel bandwidth
· Proposal 1 (Samsung): Limited test cases of PUSCH requirements with 3MHz for 15KHz SCS could be introduced.
· Candidate option
· Option 1[Nokia, Ericsson, ZTE, Samsung]: Define requirements for PUSCH for the less than 5 MHz
· Option 2 [Huawei]: Don’t define BS requirements with 3MHz channel bandwidth.
· Recommended WF
· Discuss whether Option1 is agreeable.

Issue 2-1-2: Scope of the requirements
· Proposals and Observations:
· Proposal 3 (Ericsson): Consider define new PUSCH FR1 3MHz demodulation requirements for following test cases:
· PUSCH with precoding disabled.
· PUSCH with precoding enabled.
· UCI multiplexed on PUSCH.
· UL timing adjustment
· PUSCH for high-speed train: both 350km/h and 500km/h
· Recommended WF
· Companies need to identify which of the requirements listed above need to be defined for PUSCH.
Issue 2-1-3: Channel models for PUSCH (non-HST scenario)
· Proposals and Observations:
· Proposal 4 (Nokia): RAN4 shall use TDLA 30-10 Low, TDLB 100-400 Low to define requirements for PUSCH with Less than 5MHz.
· Proposal 5 (Samsung): TDL channel model could be considered for specifying BS demodulation requirement. FFS on whether HST single tap is needed and FFS on the details of HST single tap model if introduced.
· Proposal 6 (Samsung): Existing doppler value as 100Hz can be taken as a starting point, FFS on other doppler values.
· Candidate option
· Option 1 [Samsung]: TDL channel model with the Doppler value of 100Hz as a starting point
· Option 2 [Nokia]: TDLA 30-10 Low, TDLB 100-400 Low
· Other options are not precluded
· Recommended WF
· Discuss channel models during the meeting.

Issue 2-1-3: Channel models for PUSCH (HST scenario)
· Proposals and Observations:
· Observation 3 (Nokia): The proposed channel models for PUSCH have been calculated based on the 4GHz carrier assumptions for FR1, however we note that a deployment carrier for Less than 5MHz could be at 900 MHz, and at this carrier frequency TDLC 300-600 would more accurately represent a speed of ~750 kph.
· Proposal 3 (Nokia): RAN4 should agree a carrier frequency for simulations prior to finalizing propagation conditions, as there could be significant differences in the velocity and doppler shift relationship between a 4GHz and 900 MHz carrier. 
· Proposal 5 (Nokia): RAN4 shall discuss the use of TDLC 300-600 to define requirements for PUSCH with Less than 5MHz, specifically to represent high speed use cases.
· Proposal 5 (Samsung): TDL channel model could be considered for specifying BS demodulation requirement. FFS on whether HST single tap is needed and FFS on the details of HST single tap model if introduced.
· Observation 2 (Samsung): The maximum Doppler is 815Hz if assuming 500km/h UE speed if HST single tap is introduced.
· Proposal 6 (Samsung): Existing doppler value as 100Hz can be taken as a starting point, FFS on other doppler values.
· Candidate option
· Option 1 [Samsung]: The maximum Doppler is 815Hz if assuming 500km/h Ue speed
· Option 2 [Nokia]: Discuss the used of TDLC 300-600
· Other options are not precluded
· Recommended WF
· Discuss channel models during the meeting.


Issue 2-1-4: Waveform
· Proposals and Observations:
· Proposal 12 (Nokia): RAN4 shall use CP-OFDM for definition of requirements.
· Proposal 10 (Samsung): Specify PUSCH requirement with CP-OFDM waveform
· Candidate option
· Specify PUSCH requirement with CP-OFDM waveform
· Recommended WF
· Confirm that the candidate option is agreeable.

Issue 2-1-5: CBW and SCS
· Proposals and Observations:
· Observation 6 (Nokia): To support this work item requirements must be introduced for 3MHz Channel Bandwidth.
· Proposal 8 (Nokia): RAN4 shall use 3 MHz for defining performance requirements.
· Observation 7 (Nokia): RAN1 have only specified 15 kHz SCS for Less than 5 MHz.
· Proposal 9 (Nokia): RAN4 shall use 15 kHz for definition of requirements.
· Proposal 1 (Ericsson): Introduce new PUSCH demodulation requirements for 3MHz with 15kHz SCS.
· Proposal 1(ZTE): From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUSCH in 15kHz.
· Candidate option
· Introduce PUSCH requirements for 3MHz CBW, 15 kHz SCS.
· Recommended WF
· Confirm that the candidate option is agreeable.

Issue 2-1-6: Number of PRBs
· Proposals and Observations:
· Proposal 10 (Nokia): RAN4 shall use both 12 and 15 PRBs for definition of requirements for Less than 5 MHz.
· Proposal 5 (Ericsson): RAN4 to discuss the PRB number of 3MHz for requirements based on following options: 
· Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
· Use 15 PRB for all requirements to align with 38.141-1 definition.
· Use 12 PRB for all requirements.
· Candidate option
· Option 1: Use both 12 and 15 PRBs
· Option 2: Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
· Option 3: Use 15 PRB for all requirements to align with 38.141-1 definition.
· Option 4: Use 12 PRB for all requirements.
· Other Options are not precluded.
· Recommended WF
· Discuss Options during the meeting.

Issue 2-1-7: Antenna configuration
· Proposals and Observations:
· Observation 5 (Nokia): Existing requirements for all other carrier bandwidths include 2, 4 and 8 Rx Antenna configurations.
· Proposal 7 (Nokia): RAN4 shall define requirements with 2, 4 and 8 Rx Antenna configurations.
· Proposal 2 (ZTE): Considering 1Tx and 2Tx two layer for PUSCH requirements.
· Proposal 7 (Samsung): Specify BS demodulation requirement with 1T2Rx only, FFS on 2Tx2Rx
· Candidate option
· Option1 [Nokia]: 2, 4 and 8 Rx Antenna configurations
· Option 2 [ZTE]: 1Tx and 2Tx two layer
· Option 3 [Samsung]: 1T2Rx only, FFS on 2Tx2Rx
· Other Options are not precluded.
· Recommended WF
· Discuss Options during the meeting.

Issue 2-1-8: DM-RS configuration
· Proposals and Observations:
· Proposal 11 (Nokia): RAN4 shall use both DMRS mapping type A and B for the definition of requirements.
· Proposal 8 (Samsung): Specify PUSCH requirement with DMRS mapping type A
· Proposal 9 (Samsung): Specify PUSCH requirement with 2 DMRS symbols, FFS on 3 DMRS symbols if HST single tap with high Doppler value is introduced.
· Candidate option
· Option1 [Nokia]: Both DM-RS mapping type A and B
· Option 2 [Samsung]: Mapping type A, 2 DM-RS
· FFS: 3 DR-RS for HST scenario
· Other options are not precluded.
· Recommended WF
· Discuss Options during the meeting.

Issue 2-1-9: MCSs
· Proposals and Observations:
· Observation 9 (Nokia): RAN4 RF use MCS 4 and MCS 16 to define requirements for Less than 5 MHz.
· Proposal 14 (Nokia): RAN4 shall use MCS 4 and MCS 16 to define requirements for Less than 5MHz.
· Proposal 11 (Samsung): The following MCS could be considered for specifying PUSCH requirement
· MCS 2, MCS 16 and MCS 20
· Candidate option
· Option 1 [Nokia]: MCS 4 and MCS 16
· Option 2 [Samsung]: MCS 2, MCS 16 and MCS 20
· Other options are not precluded.
· Recommended WF
· Discuss during the meeting.

Issue 2-1-10: Rank
· Proposals and Observations:
· Observation 4 (Nokia): Existing requirements for all other carrier bandwidths include Rank 1.
· Proposal 6 (Nokia): RAN4 shall define requirements for Less than 5MHz using Rank 1.
· Proposal 2 (ZTE): Considering 1Tx and 2Tx two layer for PUSCH requirements.
· Candidate option
· Option 1 [Nokia, Samsung]: Rank 1
· Option 2 [ZTE]: Two layers for 2Tx
· Other options are not precluded.
· Recommended WF
· Discuss during the meeting.

Issue 2-1-11: General test parameters
· Candidate option
· Option 1 [Samsung]: Reusing existing PUSCH test parameters for specifying PUSCH requirement with 3MHz
· Table 1:  Test parameters for PUSCH requirement 
	Parameter 
	Value 

	Transform precoding 
	Disabled 

	HARQ 
	Maximum number of HARQ transmissions 
	4 

	 
	RV sequence 
	0, 2, 3, 1 

	DM-RS 
	DM-RS configuration type 
	1 

	 
	DM-RS duration 
	single-symbol DM-RS 

	 
	Additional DM-RS position 
	[Pos1] 

	 
	Number of DM-RS CDM group(s) without data 
	2 

	 
	Ratio of PUSCH EPRE to DM-RS EPRE 
	-3 dB 

	 
	DM-RS port 
	[0] 

	 
	DM-RS sequence generation 
	NID0=0, nSCID =0 

	Time domain 
	PUSCH mapping type 
	A 

	resource 
	Start symbol 
	0  

	assignment 
	Allocation length 
	14  

	Frequency domain resource 
	RB assignment 
	Full applicable test bandwidth 

	assignment 
	Frequency hopping 
	Disabled 

	Code block group based PUSCH transmission 
	Disabled 

	NOTE 1:	The same requirements are applicable to FDD and TDD with different UL-DL pattern. 



· Other Options are not precluded.
· Recommended WF
· Check and discuss during the meeting.


Sub-topic 2-2: PUCCH requirements
Sub-topic description:
In this sub-topic the proposals related to the PUCCH requirements for less than 5Mhz CBW are summarized.


Issue 2-2-1: Introduction of new requirements
· Proposals and Observations:
· Proposal 2 (Nokia): RAN4 shall define requirements for PUCCH for the less than 5 MHz
· Proposal 2 (Ericsson): Introduce new PUCCH demodulation requirements for 3MHz with 15kHz SCS.
· Observation 1 (ZTE): The flexibility of PUCCH configurations in frequency domain for 3MHz can be supported with no significant impact.
· Proposal 3 (ZTE): From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PUCCH in 15kHz .
· Observation 1 (Huawei): Existing PUSCH/PUCCH requirements have covered 5MHz channel bandwidth and it’s impossible for BS to only support 3MHz channel bandwidth.
· Proposal 1 (Huawei): Don’t define BS requirements with 3MHz channel bandwidth
· Proposal 2 (Samsung): Limited test cases of PUCCH requirements with 3MHz for 15KHz SCS could be introduced.
· Candidate option
· Option 1 [Nokia, Ericsson, ZTE, Samsung]: Introduce new PUCCH demodulation requirements for 3MHz with 15kHz SCS.
· Option 2 [Huawei]: Don’t define BS requirements with 3MHz channel bandwidth
· Recommended WF
· Discuss whether Option 1 can be ageable to move forward.

Issue 2-2-2: Number of PRBs
· Proposals and Observations:
· Proposal 10 (Nokia): RAN4 shall use both 12 and 15 PRBs for definition of requirements for Less than 5 MHz.
· Proposal 5 (Ericsson): RAN4 to discuss the PRB number of 3MHz for requirements based on following options: 
· Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
· Use 15 PRB for all requirements to align with 38.141-1 definition.
· Use 12 PRB for all requirements.
· Candidate option
· Option 1: Use both 12 and 15 PRBs
· Option 2: Use 15 PRB for non-HST requirements and 12 PRB for HST requirements. 
· Option 3: Use 15 PRB for all requirements to align with 38.141-1 definition.
· Option 4: Use 12 PRB for all requirements.
· Other Options are not precluded.
· Recommended WF
· Discuss Options during the meeting.

Issue 2-2-3: Frequency hopping
· Proposals and Observations:
· Proposal 15 (Nokia): RAN4 shall enable Frequency Hopping for PUCCH requirements definition.
· Recommended WF
· Discuss proposal at the meeting.

Issue 2-2-4: PUCCH formats
· Proposals and Observations:
· Proposal 13 (Nokia): RAN4 shall use PUCCH formats 1 and 3 to initially agree the impact from moving to a bandwidth less than 5 MHz.
· Proposal 13 (Samsung): Reusing the existing PUCCH test parameters for specifying PUCCH requirement with 3MHz. PUCCH Formats 0, 1, 2, 3, 4,
· Proposal 4 (Ericsson): Consider define new normal PUCCH FR1 3MHz demodulation requirements for format 0/1/2/3/4.
· Candidate option
· Option 1 [Nokia]: Start with PUCCH formats 1 and 3.
· Option 2 [Samsung, Ericsson, Nokia]: PUCCH Formats 0, 1, 2, 3, 4,
· Recommended WF
· Confirm 

Issue 2-2-5: Channel model
· Proposals and Observations:
· Proposal 16 (Nokia): RAN4 shall use TDLC 300-100 Low channels to define requirements for PUCCH with Less than 5MHz.
· Observation 10 (Nokia): PUCCH performance may decrease at with propagation conditions worse than TDLC 300-100.
· Proposal 17 (Nokia): RAN4 to discuss regarding further degraded propagation conditions for PUCCH performance requirements beyond TDLC 300-100.
· Recommended WF
· Discuss channel models for PUCCH during the meeting.

Issue 2-2-6: Antenna configuration
· Proposals and Observations:
· Proposal 4 (ZTE): Considering 2Rx , 4Rx and 8Rx for PUCCH requirements.
· Recommended WF
· Further discuss during the meeting.

Issue 2-2-7: General parameters
· Proposals and Observations:
· Proposal 13 (Samsung): Reusing the existing PUCCH test parameters for specifying PUCCH requirement with 3MHz
· Table 2:  Test parameters of PUCCH format 0 
	Parameter 
	Test 

	Number of UCI information bits 
	1 

	Number of PRBs 
	1 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	N/A for 1 symbol Enabled for 2 symbols 

	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 

	Test metric 
	DTX to ACK probability 
ACK missed detection probability  



· Table 3:  Test parameters of PUCCH format 1 
	Parameter 
	Test 

	Number of information bits 
	2 

	Number of PRBs 
	1 

	Number of symbols 
	14 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	enabled 

	First PRB after frequency hopping 
	The largest PRB index – (nrofPRBs – 1) 

	Group and sequence hopping 
	neither 

	Hopping ID 
	0 

	Initial cyclic shift 
	0 

	First symbol 
	0 

	Index of orthogonal cover code (timeDomainOCC) 
	0 

	Test metric  
	NACK to ACK probability  
ACK missed detection probability 



· Table 4:  Test parameters of PUCCH format 2 
	Parameter 
	Value 

	Modulation order 
	QSPK 

	Starting RB location  
	0 

	Intra-slot frequency hopping 
	N/A  

	Number of PRBs 
	4 

	Number of symbols  
	1 

	The number of UCI information bits 
	4 

	First symbol 
	13 

	DM-RS sequence generation 
	NID0=0 

	Test metric  
	DTX to ACK probability  
ACK missed detection probability 



· Table 5:  Test parameters of PUCCH format 2 
	Parameter 
	Value  

	Modulation order 
	QSPK 

	First PRB prior to frequency hopping 
	0 

	Intra-slot frequency hopping 
	enabled 

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

	Number of PRBs 
	9 

	Number of symbols 
	2 

	The number of UCI information bits 
	22 

	First symbol 
	12 

	DM-RS sequence generation 
	NID0=0 

	Test metric  
	BLER  



· Table 6:  Test parameters of PUCCH format 3 
	Parameter 
	Test 1 
	Test 2 

	Modulation order 
	QPSK 

	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 

	Number of PRBs 
	1 
	3 

	Number of symbols 
	14 
	4 

	The number of UCI information bits 
	16 
	16 

	First symbol 
	0 
	0 

	Test metric 
	BLER 



· Table 7:  Test parameters of PUCCH format 4 
	Parameter 
	Value 

	Modulation order 
	QPSK 

	First PRB prior to frequency hopping 
	0 

	Number of PRBs 
	1 

	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 

	Number of symbols 
	14 

	The number of UCI information bits 
	22 

	First symbol 
	0 

	Length of the orthogonal cover code 
	n2 

	Index of the orthogonal cover code 
	n0 

	Test metric  
	BLER 



· Recommended WF
· Check and discuss the proposal during the meeting.


Sub-topic 2-3: RACH requirements
Sub-topic description:
In this sub-topic the proposals related to the PRACH requirements for less than 5Mhz CBW are summarized.

Issue 2-3-1: Introduction of RACH requirements
· Proposals and Observations:
· Observation 1 (Nokia): PRACH requirements for Less than 5MHz are not affected by the reduced BW allocation.
· Proposal 2-1 (Ericsson): No new PRACH reception requirements for 3MHz with 15kHz SCS.
· Observation 2 (ZTE). Legacy formats with [image: ]and [image: ]can be supported under dedicated spectrum with approximately 3 MHz system bandwidth.
· Proposal 5 (ZTE) From RAN4 demodulation perspective, RAN4 could consider defining 3MHz requirements for PRACH.
· Proposal 6 (ZTE) For PRACH demodulation requirements, reuse the existing requirements for 3Mhz.
· Proposal 1 (Huawei): Don’t define BS requirements with 3MHz channel bandwidth
· Observation 1 (Samsung): Existing PRACH formats with 15KHz SCS, and long PRACH formats with 1.25KHz SCS can support 3MHz channel width.
· Proposal 3 (Samsung): Add a note to indicate that the existing short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth.
· Proposal 4 (Samsung): No new PRACH requirement need to be introduced for 3MHz channel bandwidth
· Candidate option
· No new PRACH requirement need to be introduced for Less than 5MHz channel bandwidth.
· FFS, applicability of existing requirements:
· Option1 [Huawei]: Don’t define BS requirements with 3MHz channel bandwidth
· Option 2 [ZTE]: Consider defining 3MHz requirements for PRACH and reuse the existing requirements for 3Mhz
· Option 3 [Samsung]: Add a note to indicate that the existing short PRACH requirement with LRA=1151 and 15KHz SCS cannot applied for 3MHz channel bandwidth
· Recommended WF
· Confirm that new requirements are not needed and discuss further the applicability of existing requirements.
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