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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.
Email discussion for contributions submitted under agenda items 9.14.1, 9.14.2, and 9.14.3 for NR support for dedicated spectrum less than 5MHz for FR1.
List of candidate target of email discussion for 1st round and 2nd round 
· [bookmark: _Hlk127869383]1st round: Discussion and agreement on open issues listed below.
· [bookmark: _Hlk127869396]2nd round: Continue discussion and agreement on open issues listed below. Approval of reply LS to RAN1.
Topic #1: General and work plan
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300197
	Nokia, Nokia Shanghai Bell
	Proposal 1: To approve the work plan to guide the WI progress.
	Meeting
	Session and TUs
	Objective
	Plan

	Feb 2023
RAN4#106
	Core R4RF: 0.25 TUs
	Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.

Minimize impact on RF requirements:
-	Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
-	Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
	Discuss and potentially agree on system parameters.
-	Provide LS reply to RAN1 (R1-2212919) on maximum transmission bandwidth and synch raster.

Discuss and agree the specification impact on UE and BS RF requirements.

	
	Core R4RD: 0.25 TUs
	Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
	Discuss and agree the specification impact and simulation assumptions on RRM requirements.

	Apr 2023
RAN4#106-bis-e
	Core R4RF: 0.5 TUs
	Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.

Minimize impact on RF requirements:
-	Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
-	Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
	Discuss and potentially agree the necessary changes to RAN4 requirements including system parameters, UE and BS RF requirements.

Provide necessary simulation / measurements results for defining UE RF requirements such as A-MPR.

Provide LS reply to RAN1, if required.

	
	Core R4RD: 0.25 TUs
	Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
	Discuss and potentially agree the necessary changes to RRM requirements.

Discuss simulation results and refine simulation assumptions.

Provide LS reply to RAN1, if required.

	May 2023
RAN4#107
	Core R4RF: 0.5 TUs
	Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.

Minimize impact on RF requirements:
-	Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
-	Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
	Discuss and potentially agree the necessary changes to RAN4 requirements including system parameters, UE and BS RF requirements.

Provide necessary simulation / measurements results for defining UE RF requirements such as A-MPR.

Agree work split for CR drafting.

Provide LS reply to RAN1, if required.

	
	Core R4RD: 0.5 TUs
	Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
	Discuss and potentially agree the necessary changes to RRM requirements.

Agree work split for CR drafting.

Provide LS reply to RAN1, if required.

	Aug 2023
RAN4#108
	Core R4RF: 0.5 TUs
	Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.

Minimize impact on RF requirements:
-	Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
-	Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.
	Discuss and agree the necessary changes to RAN4 requirements including system parameters, UE and BS RF requirements.

Agree CRs.

Provide LS reply to RAN1, if required.

	
	Core R4RD: 0.5 TUs
	Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.
	Discuss and agree the necessary changes to RRM requirements.

Agree CRs.

Agree preliminary test cases list.

Provide LS reply to RAN1, if required.

	Oct 2023
RAN4#108-bis-e
	Perf R4RD: 0.25 TUs
	Specify necessary RRM performance requirements.

Specify necessary UE demodulation performance and CSI reporting requirements.

Specify necessary BS demodulation performance requirements.

Specify necessary BS conformance tests.
	Discuss and potentially agree the necessary changes to RRM test cases, UE demodulation performance and CSI reporting requirements, BS demodulation performance requirements, BS conformance tests.

Discuss initial simulation assumptions for RRM performance, and BS, UE demodulation test cases, if a need for changes is identified.

	Nov 2023
RAN4#109
	Perf R4RD: 0.25 TUs
	Specify necessary RRM performance requirements.

Specify necessary UE demodulation performance and CSI reporting requirements.

Specify necessary BS demodulation performance requirements.

Specify necessary BS conformance tests.
	Further discuss and agree the necessary changes to RRM test cases, UE demodulation performance and CSI reporting requirements, BS demodulation performance requirements, BS conformance tests.

If necessary, bring initial evaluation results and further update simulation assumption for detailed test set-ups.

Agree work split for CR drafting.

	Feb 2024
RAN4#109-bis
	Perf R4RD: 0.25 TUs
	Specify necessary RRM performance requirements.

Specify necessary UE demodulation performance and CSI reporting requirements.

Specify necessary BS demodulation performance requirements.

Specify necessary BS conformance tests.
	Further discuss and agree the necessary changes to RRM test cases, UE demodulation performance and CSI reporting requirements, BS demodulation performance requirements, BS conformance tests.

Further discuss the performance evaluation and result alignment on RRM performance, and BS, UE demodulation test cases.

Present and endorse draft CRs.

	May 2024
RAN4#110
	Perf R4RD: 0.25 TUs
	Specify necessary RRM performance requirements.

Specify necessary UE demodulation performance and CSI reporting requirements.

Specify necessary BS demodulation performance requirements.

Specify necessary BS conformance tests.
	Complete remaining issues (if any) on RRM test cases, UE demodulation performance and CSI reporting requirements, BS demodulation performance requirements, BS conformance tests.

Complete and agree CRs.



Observation 1:

	R4-2300203 (annex)
	Nokia, Nokia Shanghai Bell
	[bookmark: _Hlk127799275]Proposal 1: For 3 MHz channel bandwidth, 90% spectrum utilization (i.e., 15 PRBs for 15 kHz SCS) shall be assumed for the maximum transmission bandwidth.
Proposal 2: new finer sync raster dedicated to the new channel bandwidth 3 MHz is feasible so that the new sync raster does not have impact on legacy UEs that can only support the legacy sync raster and channel bandwidths.
Proposal 3: agreed the following new sync raster sequence for 3 MHz channel bandwidth only.
1st approach) a new sync raster with a fixed subcarrier offset from 100 kHz channel raster. 
2nd approach) a new sync raster sequence by the following formula (within targeted bands),
•	600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}, 
•	120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
or simply
•	120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}..
Observation 1:

	R4-2300378
	Apple
	Proposal 1: For a 3MHz CBW a maximum of 15 RBs with 15kHz SCS shall be used.
Proposal 2: Requests RAN1 to clarify how can legacy UEs still access the network with a new synchronization raster in place and without impacting the relevant KPIs on initial access for legacy devices, such as time to read the system information for the cell.
Proposal 3: The new 3 MHz channel BW shall be an optional BW.
Observation 1:

	R4-2301221
	ZTE Corporation
	Proposal 1: To be similar as LTE, the maximum transmission bandwidth configuration NRB for 3MHz channel bandwidth is 15.
Proposal 2: In order to minimize the punctured PRBs of SSB, RAN4 agreed to keep the sync raster and channel raster as 100 kHz.
Observation 1:

	R4-2301484
	Ericsson
	Proposal 1: The maximum transmission bandwidth for a 3 MHz channel bandwidth signal shall be 15 PRBs.
Proposal 2: Agreed to specify a finer synchronization raster.
Proposal 3: Request to RAN1 the following inputs:
-	Question 1: What would be the size (number of PRBs) of the punctured SSB? 
-	Question 2: Would the punctured SSB always have the same design (e.g. same position of PSS/SSS and PBCH in the punctured SSB)?
Observation 1:

	R4-2301575
	vivo
	Proposal 1: The maximum transmission bandwidth for 3MHz is 15 PRBs.
Proposal 2: A finer synch raster is feasible but will raise the latency of cell search and the specific synch raster is also related to the SSB design.
Proposal 3: Ask RAN1 about the detail of SSB for less than 5MHz case, e.g., RB number of SSB.
Observation 1:

	R4-2301611
	MediaTek Inc.
	Proposal 1: To re-use 15 PRBs for 3MHz channel bandwidth as that in LTE.
Proposal 2: For 5MHz channel bandwidth, RAN4 recommends reusing current synch raster design.
Proposal 3: For 3MHz channel bandwidth, a finer sync raster is possible if RAN1 does see such a demand.
Proposal 4: Needs input from RAN1 on the new SSB size for 3MHz channel bandwidth to specify the finer sync raster.
Observation 1:

	R4-2302273 (appendix)
	Qualcomm Inc.
	Proposal 1: Maximum transmission bandwidth configuration of 15 PRB for 3 MHz channel bandwidth.
Proposal 2: Finer synchronization raster feasible as well as necessary for 3 MHz channel bandwidth.
Proposal 3: Using puncturing done with PRB-granularity and with fixed puncturing pattern is preferred.
Proposal 4: To use 100 kHz for synchronization raster step size for 3 MHz channel bandwidth.
Proposal 5: Ask RAN1 on which fixed puncturing pattern shall be used in defining the synchronization raster for 3 MHz channel bandwidth and recommends using larger offset to legacy raster to avoid impact to legacy UE.
Proposal 6: For 5 MHz channel bandwidth, no need to define a generic new synchronization raster as the use case is limited to lower edge of n100, unpunctured SSB will be assumed and at most one new synchronization raster point will be needed.
Proposal 7: For both 3 MHz and 5 MHz, synchronization raster will be such that SSB aligns with PRB grid and  will be always equal to zero.
Observation 1:



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
Sub-topic description: Work plan
Open issues and candidate options before meeting:
Issue 1-1: Work plan in R4-2300197
· Proposals
· Option 1: Approve the work plan
· Option 2: Revise the work plan
· Recommended WF
· Approve the work plan

Sub-topic 1-2
Sub-topic description: Reply LS to RAN1
Open issues and candidate options before meeting:
Issue 1-2: Maximum transmission bandwidth for 3 MHz channel bandwidth
· Proposals
· Option 1: 15 PRBs (All)
· Option 2: No other proposal
· Recommended WF
· 15 PRBs
Issue 1-3: If finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible
· Proposals
· Option 1: Finer synch raster is feasible for 3MHz (All)
· Option 2: Reuse current synch raster design for 5MHz (MediaTek)
· Option 3: For 5 MHz channel bandwidth, no need to define a generic new synchronization raster as the use case is limited to lower edge of n100, unpunctured SSB will be assumed and at most one new synchronization raster point will be needed. (Qualcomm)
· Recommended WF
· Finer synch raster is feasible for 3MHz, reuse current synch raster for 5MHz
Issue 1-4: Questions to RAN1
· Proposals
· Option 1: Clarify how can legacy UEs still access the network with a new synchronization raster in place and without impacting the relevant KPIs on initial access for legacy devices, such as time to read the system information for the cell (Apple)
· Option 2: The number of PRBs of the punctured SSB (Ericsson, vivo, MediaTek)
· Option 3: The PSS/SSS and PBCH positions within the punctured SSB (Ericsson, Qualcomm)
· Recommended WF
· TBA

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

	R4-2300203
	Nokia, Nokia Shanghai Bell
	Proposal 1: Spectrum utilization of 3 MHz channel bandwidth shall be 90% (15 PRBs for 15 kHz SCS).
Proposal 2: The minimum guard band for 3 MHz channel bandwidth at 15 kHz SCS shall be 142.5 kHz.
Proposal 3: No change is required for channel raster and channel spacing. The existing set of NR-ARFCN shall be applicable for 3 MHz channel bandwidth.
Observation 1: For a bandwidth of 3 MHz, and with the principle of not modifying PSS and SSS, the clusters of synchronization raster points need to be separated less than 1.2 MHz in order to have at least one valid synchronization raster point for each 3 MHz channel if 100 kHz channel raster is applied.
Observation 2: A new sync raster design would be needed for band n100 in order to support narrowband NR allocation.
Observation 3: A possible design would be to define sync raster points with 100 kHz raster, i.e. same as channel raster.
Observation 4: Another possible design would be to define additional sync raster cluster based on 1.2 MHz spacing with a different frequency offset.
Observation 5: Only a single puncturing pattern can be selected to avoid the complexity in PBCH detection for the first approach, i.e., synchronization raster based on 100 kHz.
Observation 6: Two hypotheses of PBCH puncturing patterns for 3 MHz channel bandwidth may be required for the second approach, i.e., sync raster design based on 1.2 MHz spaced cluster.
Proposal 4: New sync raster sequence for 3 MHz channel bandwidth is introduced by one of the following sequences.
•	1st approach
o	100 kHz sync raster
•	2nd approach
o	600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}, 
o	120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
•	2nd approach (alternative)
o	120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
Observation 7: In the 1st approach the UE has more sync raster points to search for PSS/SSS in the initial search whereas in the 2nd approach the UE may need to blindly detect the applied puncturing pattern for the PBCH where the puncturing may be in RE level instead of RB level. 
Observation 8: Target bands are relatively narrow in bandwidth and the number of target bands (4) is low among the number of bands the UE may typically need to search through. Thus, the increased number of sync raster points with 100 kHz raster is not seen remarkable added complexity.
Proposal 5: It is proposed to reply the RAN1 LS according to the draft attached in the annex of this contribution.

	R4-2300291
	Apple
	Proposal 1: For 3MHz Channel Size, assume a maximum of 15PRBs as maximum usable resources
Proposal 2: Keep the legacy channel raster of 100kHz for UEs supporting dedicated spectrum less than 5MHz for FR1 to support maximum spectrum deployment flexibility
Proposal 3: RAN4 to discuss whether the spectrum for this new less than 5MHz channel bandwidth will be accessible to legacy UEs.

	R4-2301222
	ZTE
	Proposal 1: To define the maximum transmission bandwidth configuration NRB for 3 MHz channel bandwidth as 15.
Proposal 2: To define the minimum guardband for 3 MHz channel bandwidth as 142.5 kHz for SCS = 15 kHz.
Observation 1: The performance loss of PBCH with 3PRBs punctured is -1.88 dB @BLER 10-2, which is better than the performance of PBCH with 4PRBs punctured that is -2.55 dB @BLER 10-2.
Proposal 3: To define 100 kHz sync raster for less than 5 MHz channel bandwidth.

	R4-2301483
	Ericsson
	Proposal 1: Proposal1: RAN4 should only specify 3 MHz channel bandwidth with SCS=15kHz in the scope of this WI NR_FR1_lessthan_5MHz_BW.
Observation1: For 5 MHz channel bandwidth with SCS=15kHz, LTE and NR have the same spectrum utilization i.e. 25 RBs.
Proposal2: Specify NR 3 MHz transmission bandwidth configuration NRB with 15 RBs.
Proposal3: Specify 100 kHz channel raster for spectrum where the 3 MHz channel bandwidth is supported.
Observation2: A new synchronization raster should be specified to support 3 MHz channel bandwidth, enabling flexible deployment.
Observation3: If the punctured SSB size is equal to the Tx bandwidth configuration, e.g., 15 RBs with a fixed position of PSS/SSS inside the punctured SSB, then the synchronization raster shall be equal to the channel raster, i.e. 100kHz.
Proposal4: Ask RAN1 clarification on the SSB puncturing scheme and size.
Proposal5: Based on RAN1 agreements on the punctured SSB (size and scheme), specify a new synchronization raster scheme for spectrum supporting narrower channel bandwidth:
-	Option 1: If the punctured SSB occupies 15 RBs with a fixed subcarriers allocation of PSS/SSS inside this punctured SSB.
New synchronization raster entries = channel raster entries (synchronization raster step of 100kHz).
-	Option 2: If the punctured SSB occupies 12 RBs or the punctured SSB occupies 15 RBs and PSS/SSS don’t have a fixed subcarriers allocation inside this punctured SSB.
New synchronization raster entries: N * 600 kHz + M * 50 kHz, M ϵ {1,3,5}, N=1:4998
Observation4: For NR sync raster entries common to legacy and new (3MHz channel BW) schemes, UE would not be able to know if the SSB has been punctured or not.
Proposal6: Confirm that 3 MHz channel bandwidth will be deployed in dedicated spectrum where legacy NR devices (devices not supporting 3 MHz channel bandwidth) are not expected to operate.

	R4-2301574
	vivo
	Observation 1: 16 PRB will raise the spectrum utilization, putting the UE at risk of violating the emission requirement. 
Proposal 1: Keep 15 PRB as the maximum transmission bandwidth for 3MHz case.
Proposal 2: Detailed discussion of sync raster can wait for RAN1 feedback on SSB design.

	R4-2302273
	Qualcomm Inc.
	Observation 1: Only new channel bandwidth in scope of this WI is 3 MHz.
Proposal 1: Two scenarios need to be considered: 3 MHz channel bandwidth and supporting less than 5 MHz spectrum allocations with 5 MHz channel bandwidth. 
Observation 2: 16 PRB spectrum utilization for 3 MHz channel bandwidth would set stricter requirements both for Tx and Rx compared to existing channel bandwidths.
Observation 3: Significantly more power backoff is needed with 16 PRB spectrum allocation.
Proposal 2: Select 15 PRB for maximum transmission bandwidth configuration for 3 MHz channel bandwidth and inform RAN1 on the decision in reply LS.
Observation 4: Legacy sync raster is too sparse to allow using all channel raster points with narrower than 25 PRB maximum transmission bandwidth configuration.
Proposal 3: RAN4 needs to define a new denser synchronization raster for 3 MHz channel bandwidth to allow all channel raster positions to be used.
Observation 5: RAN1 expects UE to know how the SSB has been punctured after PSS/SSS detection.
Proposal 4: RAN4 to define sync raster based on RB-granularity puncturing of PBCH and to communicate this to RAN1 in the LS response
Observation 6:  will be always equal to zero for 3 MHz ChBW.
Observation 7: Under restriction of PRB granularity puncturing, there is no possibility to re-use same sync raster point for two different channel positions.
Observation 8: Fixed puncturing pattern enables UE to be aware of which RBs are used for SSB transmission as well as maximise available PRBs for SSB transmission.
Proposal 5: RAN4 to design sync raster with the assumption of fixed puncturing pattern and raster step size being equal to channel raster i.e. 100 kHz. Inform RAN1 on the agreement.
Observation 9: Legacy UE could avoid synchronization attempts to new sync raster when there is sufficient frequency separation to legacy sync raster points.
Proposal 6: Inform RAN1 on the dependency on detailed synchronization raster frequencies and puncturing, and ask them to reply with their chosen puncturing.
Observation 10: New GSCN-values need to be defined with clear distinction to legacy raster.
Observation 11: Using ARFCN values also to indicate GSCN is compatible with RAN2 design and provides a disjoint value range compared to existing GSCN.
Proposal 7: Define unique GSCN-values for dedicated spectrum less than 5 MHz using ARFCN-values.
Proposal 8: Narrow bandwidth operation with 5 MHz channel bandwidth is limited to n100, where narrow bandwidth is aimed to be used at lower edge of the band.
Proposal 9: SSB puncturing shall not be used for 5 MHz channel bandwidth.
Proposal 10: Choose between two options for narrowband operation with 5 MHz RF channel bandwidth in n100:
	Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel.
	Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz.
Observation 12: Similarly as for 3 MHz case,  will be always equal to zero also for 5 MHz supporting narrowband allocation.
Proposal 11: Agree reply LS to RAN1 as provided in the appendix.

	R4-2302514
	Huawei Technologies France
	Proposal 1: For SCS 15 KHz, set NRB =15 which provides larger guard band that results in lower out of band emissions. 
Proposal 2: the channel raster is narrow enough to cover UEs with 3 MHz of the transmission BW.
Proposal 3: for sync raster two options can be considered:
3.1- Use the current sync raster configuration which leads to unexploited spectrum. This means losing on the PBCH SNR by more than 2.5 dB. However the loss is compensable by having more antennas to reach to the same level of SNR, since on RMR UEs, form factor is not a limitation.
3.2-Increase the number of the sync raster shifts as, M ϵ {1,3,5,7,9,11} to set the SS block at the middle of the transmission bandwidth and fully exploit the available spectrum. This new sync raster won’t be visible to legacy UEs, hence no change is needed to them.

	R4-2302727
	Intel Corporation
	Observation 1: Selecting 16 RB for a potential new 3 MHz channel BW results in too small of a GB. Selecting 14 RB gives nearly the same GB as for the 5 MHz channel BW and a low spectral utilization of 84%.  15 RB is the best compromise value.
Proposal 1: RAN4 should select a maximum number of 15 RBs and a GB of 142.5kHz for a potential new 3 MHz channel BW.
Observation 2: Re-using the existing N*1200kHz + M*50kHz sync raster formula with a potential 3MHz channel BW having 15 RB, would require re-designing the SSB to be only 10RB wide.
Observation 3: Since the original discussion on sync raster in RAN4 #84, a key goal has been that the sync raster should be defined for a minimum number of entries per band
Observation 4: In order to minimize the number of required changes for the SSB, it is best for RAN4 to define a new sync raster that utilizes an SSB that is wider than 11RB, the size of the PSS and SSS.
Proposal 2: For a minimum number of SSB scan points while enabling the largest SSB size, the GSCN formula of 600N + 50M for M=1,3,5 is proposed.
Proposal 3: We should send an LS to RAN1 to communicate that RAN4 simulations show that the SSB should be 2 RB smaller than the channel BW to ensure good sync raster coverage.
Table 3 – Proposed addendum to “Table 5.4.3.1-1 GSCN parameters for the global frequency raster” to support the potential new 3MHz Channel BW 
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N *
17.28 MHz,
N = 0:4383
	22256 + N
	22256 – 26639

	0 – 3000 MHz 2
	N * 600kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2 + 26638
	26640 – 41633

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
NOTE 2:   This GSCN range is applicable to frequency bands employing 3MHz channel BW and the associated finer sync raster


Proposal 4: An additional row should be added to the GSCN table to support the new 600N + 50M sync raster as shown in Table 3.



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
Sub-topic description: Maximum transmission bandwidth configuration and minimum guard band
Open issues and candidate options before meeting:
Issue 2-1: Maximum transmission bandwidth for 3MHz channel bandwidth
· Proposals
· Option 1: 15 PRBs (All)
· Option 2: No other proposal
· Recommended WF
· Discuss above in issue 1-2.

Issue 2-2: Minimum guard band for 3MHz channel bandwidth
· Proposals
· Option 1: 142.5 kHz (Nokia, ZTE, Huawei, Intel)
· Option 2: No other proposal
· Recommended WF
· 142.5 kHz

Sub-topic 2-2
Sub-topic description: Channel spacing and channel raster
Open issues and candidate options before meeting:
Issue 2-3: Channel spacing with 3MHz channel bandwidth
· Proposals
· Option 1: Reuse existing channel spacing (Nokia)
· Option 2: No other proposal
· Recommended WF
· Reuse existing channel spacing

Issue 2-4: Channel raster for 3MHz channel bandwidth
· Proposals
· Option 1: Reuse existing 100kHz channel raster (Nokia, Apple, ZTE, Ericsson, Huawei, Intel)
· Option 2: No other proposal
· Recommended WF
· Reuse existing 100kHz channel raster

Sub-topic 2-3
Sub-topic description: Synchronization raster
Open issues and candidate options before meeting:
Issue 2-5: If finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible
· Proposals
· Option 1: Finer synch raster is feasible for 3MHz (All)
· Option 2: Reuse current synch raster design for 5MHz (MediaTek)
· Option 3: For 5 MHz channel bandwidth, no need to define a generic new synchronization raster as the use case is limited to lower edge of n100, unpunctured SSB will be assumed and at most one new synchronization raster point will be needed. (Qualcomm)
· Recommended WF
· Discuss above in issue 1-3

Issue 2-6: Operation of legacy NR devices
· Proposals
· Option 1: Operation of legacy NR devices should not be degraded by 3 MHz channel bandwidth deployment in dedicated spectrum (Nokia, Qualcomm)
· Option 2: 3 MHz channel bandwidth will be deployed in dedicated spectrum where legacy NR devices (devices not supporting 3 MHz channel bandwidth) are not expected to operate (Ericsson)
· Recommended WF
· TBA

Issue 2-7: Finer synchronization raster for 3 MHz channel bandwidth
· Proposals
· Option 1: 100 kHz synch raster, same as channel raster (Nokia, ZTE, Ericsson, Qualcomm, Huawei)
· Option 2: 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} plus 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} (Nokia)
· Option 3: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5} (Nokia)
· Option 4: N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5} (Apple, Ericsson, Intel)
· Option 5: N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11} (Huawei)
· Recommended WF
· TBA

Issue 2-8: Narrowband operation with 5 MHz RF channel bandwidth in n100
· Proposals
· Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel. (Qualcomm)
· Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz. (Qualcomm)
· Recommended WF
· TBA

Topic #3: UE RF requirements
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2300375
	Apple
	Observation 1: With 15 RBs within a 3MHz channel the guard band would be 142.5kHz, just like in E-UTRA. With 16 RBs the guard band would be too small, only 52.5kHz
Observation 2: For TDD bands the Refsens difference can be calculated as -2.2dB, for the FDD bands the RX IMD2 needs to be taken into account and the difference should be -1.7dB, similar as in E-UTRA
Proposal 1: Specify 3MHz Channel BW as a new optional BW.
Proposal 2: For a 3MHz CBW a maximum of 15 RBs with 15kHz SCS shall be used.
Proposal 3: Due to the smaller CBW Refsens can be improved by -2.2dB for TDD bands and -1.7dB for FDD bands
Proposal 4: Refsens for 3MHz CBW should be specified as -98.7dB for n8, -99.2dBm for n26, -100.2MHz for n28 and -101.7MHz for n100.
Proposal 5: Maximum input level for 3MHz CBW should be specified as -25/-27dBm for n8, n26, n28 and n100
Proposal 6: ACS for 3MHz CBW should be specified as 33dB for n8, n26, n28 and n100
Proposal 7: IBB for 3MHz CBW should be specified as Refsens + 6dB, 5MHz interferer BW and the same blocker levels and offsets as for 5MHz CBW for n8, n26, n28 and n100
Proposal 8: OOBB for 3MHz CBW should be specified as for 5MHz: Refsens + 6dB and the same blocker levels as for 5MHz CBW for n8, n26, n28 and n100
Proposal 9: PC3 should be re-used for the power class, but the required A-MPR and corresponding emissions requirements for n8, n26 and n28 for 3MHz CBW need to be specified.
Proposal 10: SEM needs to be extended by adding 3MHz CBW to the 5MHz column.

	R4-2300427
	Nokia
	Proposal 1:
Observation 1: In this contribution we have provided our A-MPR assessment for 3 MHz NR carrier for bands n8, n28 and n100. Our simulations indicate that no A-MPR is needed. We are calling others do similar study.

	R4-2300428
	Nokia
	Proposal 1: Table 1 used to identify the UE RF requirements that need attention when 3 MHz is introduced into specifications.
	NR UE Tx/Rx requirement
	Current LTE specification for 3 MHz
	Proposal for NR 3 MHz

	6.2.1 UE maximum output power
	Channel bandwidth agnostic
	No specification impact

	6.2.2 MPR
	Dedicated MPR for 3 MHz
	NR MPR is channel bandwidth agnostic --> no specification impact

	6.2.3 A-MPR
	Can be channel bandwidth dependant, B26 and B28 has A-MPR.
	Has specification impact to some bands. Considering bands in this WI n8, n26 and n28 needs A-MPR study.

	6.2.4 Configured transmitted power
	Channel bandwidth agnostic
	No specification impact

	6.3.1 Minimum output power
	Channel bandwidth agnostic, -40 dBm.
	Is channel bandwidth dependent, specification change needed but re-using -40 dBm can be considered. 

	 6.3.2 Transmit OFF power
	Channel bandwidth agnostic, -50 dBm.
	Value - 50 dBm is channel bandwidth agnostic --> no specification impact

	6.3.3 Transmit ON/OFF time mask
	Channel bandwidth agnostic
	No specification impact

	6.3.4 Power control
	Channel bandwidth agnostic
	No specification impact

	6.4.1 Frequency error
	Channel bandwidth agnostic
	No specification impact

	6.4.2.1 EVM
	Channel bandwidth agnostic
	No specification impact

	6.4.2.2 Carrier leakage
	Channel bandwidth agnostic
	No specification impact

	6.4.2.3 In-band emissions
	Channel bandwidth agnostic
	No specification impact

	6.4.2.4 EVM equalizer spectrum flatness
	Channel bandwidth agnostic
	No specification impact

	6.5.1 Occupied bandwidth
	Channel bandwidth dependent
	Specification impact, addition of 3 MHz into Table 6.5.1-1

	6.5.2.2 Spectrum emission mask
	Dedicated general SEM for 3 MHz
	Specification impact, Dedicated general SEM for 3 MHz needed.

	6.5.2.3 Additional Spectrum emission mask
	Needed for some bands
	Not needed for bands n8, n26, n28 or n100 --> no specification impact

	6.5.2.4.1 NR ACLR
	ACLR measurement bandwidth is channel bandwidth dependent
	Specification impact, addition of 3 MHz into Table 6.5.2.4.1-1

	6.5.2.4.2 UTRA ACLR
	Measurement bandwidth is channel bandwidth dependent for some bands
	Channel bandwidth agnostic for bands which is applicable --> no specification impact

	6.5.3.1 General spurious emissions
	Boundary between E-UTRA out of band and spurious emission domain is channel bandwidth dependent
	Boundary between E-UTRA out of band and spurious emission domain is defined generally --> no specification impact

	6.5.3.2 Spurious UEtoUE co-ex
	Channel bandwidth agnostic
	No specification impact

	6.5.3.3 Additional spurious emissions
	Requirement value per band is channel bandwidth agnostic even though channel bandwidth is mentioned in tables, B26 and B28 have dedicated requirement but B28 does not have A-MPR for 3 MHz
	n8, n26, n28 has additional spurious emissions, 3 MHz need to be listed --> specification impact

	6.5.4 Transmit intermodulation
	Measurement bandwidth is channel bandwidth dependent
	Channel bandwidth agnostic --> no specification impact

	7.3.2 Reference sensitivity 
	Channel bandwidth dependent
	Channel bandwidth dependent, if SU is same as LTE then LTE 3 MHz REFSENS can be reused --> specification impact

	7.4 Max input level
	Channel bandwidth agnostic
	Specification impact, addition of 3 MHz into Table 7.4-1

	7.5 Adjacent channel selectivity
	Channel bandwidth dependent, 33dBc for 3 MHz
	Specification impact --> 33 dBc can be reused, 3 MHz is added into Table 7.5-1

	7.6.2 In-band blocking
	Channel bandwidth dependent
	Specification impact --> 5 MHz requirement can be used as a starting point for 3 MHz which is added into Table 7.6.2-1

	7.6.3 Out of band blocking 
	Channel bandwidth dependent
	Specification impact --> 5 MHz requirement can be used as a starting point for 3 MHz which is added into Table 7.6.3-1

	7.6.4 Narrow band blocking
	Channel bandwidth dependent
	Specification impact --> 5 MHz requirement can be used as a starting point for 3 MHz which is added into Table 7.6.4-1

	Spurious response
	Channel bandwidth dependent
	Specification impact --> 5 MHz requirement can be used as a starting point for 3 MHz which is added into Table 7.7-1

	7.7 Intermodulation characteristics
	Channel bandwidth dependent
	Specification impact --> 5 MHz requirement can be used for 3 MHz which is added into Table 7.8.2-1


Observation 1:

	R4-2301223
	ZTE Corporation
	Proposal 1: To use the proposals in Table 2-1 for UE RF requirements for NR support for dedicated spectrum less than 5MHz for FR1.
	Tx RF requirements part

	Output power dynamics
	To add output power dynamics requirements for 3 MHz channel bandwidth.

	Transmit signal quality
	No requirement impacts.

	Spectrum emission mask
	To add spectrum emission mask requirement for 3 MHz channel bandwidth.

	ACLR
	To add ACLR requirement for 3 MHz channel bandwidth.

	Receiver characteristics

	Reference sensitivity
	To add REFSENS requirement for 3 MHz channel bandwidth.

	Maximum input level
	To add maximum input level requirement for 3 MHz channel bandwidth.

	ACS
	To add ACS requirement for 3 MHz channel bandwidth.

	Blocking characteristics
	To add blocking requirement for 3 MHz channel bandwidth.

	Spurious response
	To add spurious response requirement for 3 MHz channel bandwidth.

	Intermodulation 
	To add IMD requirement for 3 MHz channel bandwidth.

	Spurious emissions
	No requirement impacts.


Observation 1:

	R4-2301486
	Ericsson
	Proposal 1: As starting point, align NR 3 MHz channel BW UE RF requirements with the corresponding LTE 3MHz channel BW requirements.
	Requirements
	Impact

	Transmitter power 

	UE maximum output power
	No impact expected.

	UE MPR
	No impact expected.

	UE AMPR
	For the NS applicable to bands n100, n8, n26 and n28 , following impacts have been identified: 
· NS_01: 3 MHz shall be added to the list of considered channel BW for the NS.
· NS_12: A-MPR shall be specified for 3 MHz channel BW, it might be based on LTE limits (table 6.2.4-6 in TS 36.101).
· NS_43 and NS_43: RB restrictions (specified for LTE for 5 and 10 MHz) was removed and replaced with A-MPR values. Further discussion might be needed when adding 3 MHz channel BW for NR.
· NS_13, NS_14, NS_17 and NS_18 didn’t have any A-MPR specified for 3 MHz channel BW.
· NS_100 is not dependent on the considered channel BW.

	Output power dynamics

	Minimum output power
	3 MHz shall be added in table 6.3.1-1, same column as for 5 MHz channel BW.

	Transmit OFF power
	3 MHz shall be added in table 6.3.2-1, same column as for 5 MHz channel BW.

	Transmit ON/OFF time mask
	No impact expected.

	Power control
	No impact expected.

	Transmitted signal quality

	Frequency error
	No impact expected.

	Transmit modulation quality
	No impact expected.

	Output RF spectrum emissions

	Occupied bandwidth
	3 MHz shall be added in table 6.5.1-1

	Out of band emissions
	3 MHz shall be added in table 6.5.2.2-1 (SEM), same column as for 5 MHz channel BW.
3 MHz shall be added in table 6.5.2.4.1-1 (ACLR), same column as for 5 MHz channel BW.

	Spurious emissions

	General spurious
	No impact expected.

	Spurious emissions for UE coex
	To be further studied, checking if any RB restrictions was specified for 3 MHz channel BW for the considered LTE re-farmed bands.

	Transmit intermodulation
	No impact expected.



	Requirements
	Impact

	Reference sensitivity level
	REFSENS limit and associated uplink configuration shall be specified for the considered bands.

	Maximum input level
	3 MHz shall be added in table 7.4-1, same column as for 5 MHz channel BW.

	ACS
	3 MHz shall be added in table 7.5-1, same column as for 5 MHz channel BW.
For tables 7.5-3 and 7.5-4, 3 MHz channel BW shall also be added but considering a 3 MHz interferer.

	Blocking characteristics

	In-band blocking
	3 MHz shall be added in table 7.6.2-1 considering a 3 MHz interferer.

	Out of band blocking
	3 MHz shall be added in table 7.6.3-1, same column as for 5 MHz channel BW.

	Narrow band blocking
	3 MHz shall be added in table 7.6.4-1, considering 18dB Pw.

	Spurious response
	3 MHz shall be added in table 7.7-1, same column as for 5 MHz channel BW.

	Intermodulation characteristics
	3 MHz shall be added in table 7.8.2-1, considering REFSENS +8dB for Pw, 3 MHz interferer 2 and interferer offset 1 at ±BW/2 ± 4.5 MHz.

	Spurious emissions
	No impact expected.


Observation 1:

	R4-2302274
	Qualcomm Inc.
	Observation 1: According to WID only one new channel BW of 3 MHz is to be specified and 5 MHz channel bandwidth is to be used for other cases. No changes are expected for 5 MHz RF requirements.
Proposal 1: Re-use LTE 3 MHz general SEM for NR 3 MHz.
Proposal 2: RAN4 to evaluate applicability of general MPR once spectrum utilization is agreed
Proposal 3: RAN4 to evaluate A-MPR for additional requirements once spectrum utilization is agreed
Proposal 4: Same noise figure assumption applies for 3 MHz channel as for 5 MHz channel, defining sensitivity needs decision on spectrum utilization.
Proposal 5: RAN4 to select between following two options:
•	Option 1: Keep 5 MHz ACS and IBB blocking signal BW similar to other NR channel bandwidths
•	Option 2: Define 3 MHz ACS and IBB blocking signals similar to LTE



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
Sub-topic description: UE RF requirements
Open issues and candidate options before meeting:
Issue 1-1: UE RF requirements
· Proposals
· See contributions summary in 3.1
· Recommended WF
· Combine all proposals into one table
	NR UE Tx/Rx requirement
	Proposal for NR 3 MHz

	6.2.1 UE maximum output power
	No specification impact

	6.2.2 MPR
	NR MPR is channel bandwidth agnostic --> no specification impact

	6.2.3 A-MPR
	Has specification impact to some bands. Considering bands in this WI n8, n26 and n28 needs A-MPR study.
· NS_01: 3 MHz shall be added to the list of considered channel BW for the NS.
· NS_12: A-MPR shall be specified for 3 MHz channel BW, it might be based on LTE limits (table 6.2.4-6 in TS 36.101).
· NS_43 and NS_43: RB restrictions (specified for LTE for 5 and 10 MHz) was removed and replaced with A-MPR values. Further discussion might be needed when adding 3 MHz channel BW for NR.
· NS_13, NS_14, NS_17 and NS_18 didn’t have any A-MPR specified for 3 MHz channel BW.
· NS_100 is not dependent on the considered channel BW.

	6.2.4 Configured transmitted power
	No specification impact

	6.3.1 Minimum output power
	Is channel bandwidth dependent, specification change needed but re-using -40 dBm can be considered. 

	 6.3.2 Transmit OFF power
	Value - 50 dBm is channel bandwidth agnostic --> no specification impact

	6.3.3 Transmit ON/OFF time mask
	No specification impact

	6.3.4 Power control
	No specification impact

	6.4.1 Frequency error
	No specification impact

	6.4.2.1 EVM
	No specification impact

	6.4.2.2 Carrier leakage
	No specification impact

	6.4.2.3 In-band emissions
	No specification impact

	6.4.2.4 EVM equalizer spectrum flatness
	No specification impact

	6.5.1 Occupied bandwidth
	Specification impact, addition of 3 MHz into Table 6.5.1-1

	6.5.2.2 Spectrum emission mask
	Specification impact, Dedicated general SEM for 3 MHz needed.

	6.5.2.3 Additional Spectrum emission mask
	Not needed for bands n8, n26, n28 or n100 --> no specification impact

	6.5.2.4.1 NR ACLR
	Specification impact, addition of 3 MHz into Table 6.5.2.4.1-1

	6.5.2.4.2 UTRA ACLR
	Channel bandwidth agnostic for bands which is applicable --> no specification impact

	6.5.3.1 General spurious emissions
	Boundary between E-UTRA out of band and spurious emission domain is defined generally --> no specification impact

	6.5.3.2 Spurious UEtoUE co-ex
	Option 1: No specification impact (Nokia, ZTE)
Option 2: To be further studied, checking if any RB restrictions was specified for 3 MHz channel BW for the considered LTE re-farmed bands.

	6.5.3.3 Additional spurious emissions
	n8, n26, n28 has additional spurious emissions, 3 MHz need to be listed --> specification impact

	6.5.4 Transmit intermodulation
	Channel bandwidth agnostic --> no specification impact

	7.3.2 Reference sensitivity 
	Channel bandwidth dependent --> specification impact
Option 1: if SU is same as LTE then LTE 3 MHz REFSENS can be reused (Nokia, Ericsson)
Option 2: -98.7dB for n8, -99.2dBm for n26, -100.2MHz for n28 and -101.7MHz for n100 (Apple)

	7.4 Max input level
	Specification impact, addition of 3 MHz into Table 7.4-1
Option 1: -25/-27dBm for n8, n26, n28 and n100 (Apple, Ericsson)

	7.5 Adjacent channel selectivity
	Specification impact --> 3 MHz is added into Table 7.5-1
Option 1: 33 dBc can be reused (Apple, Nokia)
Option 2: Keep 5 MHz ACS and IBB blocking signal BW similar to other NR channel bandwidths (Qualcomm)
Option 3: Define 3 MHz ACS and IBB blocking signals similar to LTE (Ericsson, Qualcomm)

	7.6.2 In-band blocking
	Specification impact --> 3 MHz is added into Table 7.6.2-1
Option 1: 5 MHz requirement can be used as a starting point (Apple, Nokia)
Option 2: Define 3 MHz ACS and IBB blocking signals similar to LTE (Ericsson, Qualcomm)

	7.6.3 Out of band blocking 
	Specification impact --> 3 MHz is added into Table 7.6.3-1
Option 1: 5 MHz requirement can be used as a starting point (Apple, Nokia)
Option 2: Define out of band blocking requirement similar to LTE (Ericsson)

	7.6.4 Narrow band blocking
	Specification impact --> 3 MHz is added into Table 7.6.4-1
Option 1: 5 MHz requirement can be used as a starting point (Nokia)
Option 2: Define narrow band blocking requirement similar to LTE (Ericsson)

	7.7 Spurious response
	Specification impact --> 3 MHz is added into Table 7.7-1
Option 1: 5 MHz requirement can be used as a starting point (Nokia)
Option 2: Define spurious response requirement similar to LTE (Ericsson)

	7.8 Intermodulation characteristics
	Specification impact --> 3 MHz is added into Table 7.8.2-1
Option 1: 5 MHz requirement can be used as a starting point (Nokia)
Option 2: considering REFSENS +8dB for Pw, 3 MHz interferer 2 and interferer offset 1 at ±BW/2 ± 4.5 MHz, similar to LTE (Ericsson)

	7.9 Spurious emissions
	Channel bandwidth agnostic --> no specification impact





