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Introduction 
RAN has agreed a work item for NR support for dedicated spectrum less than 5 MHz for FR1 [1]. Part of the work item objectives for RAN4 is to specify system parameters. In this contribution system parameters for the dedicated spectrum are discussed and proposals for the design principles are made.


Discussion

The WI objectives which are relevant to RAN4 RF work are copied below.· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.

· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n8, n26 and n28:
· 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.



From the WI objectives it can be observed that while the RAN4 requirements are intended to cover spectrum allocation from approximately 3 MHz up to below 5 MHz, the RF channel bandwidth impact is limited. Only new channel bandwidth is optional 3 MHz channel bandwidth, while re-use of 5 MHz channel bandwidth shall take place for other use cases. Therefore, system parameter definition has priority on 3 MHz channel bandwidth, as sync raster already exists for 5 MHz channel bandwidth.
Observation 1: Only new channel bandwidth in scope of this WI is 3 MHz.
A second scenario to consider is whether supporting narrower than 5 MHz spectrum allocations using 5 MHz channel bandwidth requires specification work. 
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. 

Spectrum Utilization

RAN4 has received a LS from RAN1 asking what is maximum transmission bandwidth configuration for 3 MHz channel bandwidth [2]. There are two candidates, 15 PRB which was already used for LTE, and 16 PRB which would be increasing spectrum utilization significantly. Minimum guard bands for 15 and 16 PRB would be 142.5 kHz and 52.5 kHz, respectively. Minimum guard band in kHz as well as percentage of carrier bandwidth is illustrated in Figure 1.
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Figure 1: Minimum guard band trends with 15 kHz SCS

It can be seen that 16 PRB maximum transmission bandwidth configuration would be significantly more stringent than what is defined for other channel bandwidth. Using 16 PRB would set more stringent implementation requirements both for Tx, to meet emission requirement, and for Rx, to be able to tolerate blockers close to wanted signal.

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.

To have more detail on the impact on Tx side, we simulated the impact on achievable output power. The transmitter was calibrated to just meet ACLR with DFT-s-OFDM waveform with Start_RB = 0 and L_CRB = 100 and MPR = 1 dB. IQ-image and carrier leakage of 28 dBc was used. Using these assumptions, we studied how much power backoff is needed to meet SEM and ACLR. For SEM the LTE 3 MHz SEM was used as shown in Table 1.

Table 1: SEM used in spectrum utilization study.

	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	3.0
MHz
	Measurement bandwidth

	± 0-1
	-13
	30 kHz 

	± 1 – 5
	-10
	1 MHz

	± 5 – 6
	-25
	1 MHz




The results were generated for 1 RB at the edge of the channel as well as fully allocated channel. Both DFT-s-OFDM and CP-OFDM waveforms were used. The results are summarized in Figures 2 to 5. The black lines in the Figure illustrate the allowed MPR based on current inner/outer/edge RB allocation rules for NR.


[image: Chart, line chart

Description automatically generated]
Figure 2: DFT-s-OFDM QPSK, fully allocated channel
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Figure 3: DFT-s-OFDM QPSK, 1 RB at channel edge
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Figure 4: CP-OFDM QPSK, fully allocated channel
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Figure 5: CP-OFDM QPSK, one PRB at channel edge


It can be seen in the Figures that significantly more power backoff is needed especially for edge RB allocation with 16 PRB, up to the point where ACLR cannot be met due to too strong linear leakage. Therefore, it is strongly preferred to select 15 PRB maximum transmission bandwidth configuration for 3 MHz channel bandwidth and also communicate this to RAN1. 

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.

Synchronization raster design principles

5 MHz channel bandwidth has 25 PRB maximum transmission bandwidth configuration, equalling 4.5 MHz bandwidth. That means that there is up to 900 kHz flexibility of SSB placement within the RF channel, when the extreme cases of placing the SSB at the low or high edge of the channel are considered. When RF channel is change by one channel raster point of 100 kHz, and maximum flexibility of the SSB position inside RF channel is taken into use, sync raster points can be up to 1 MHz apart from each other. This is how Rel-15 sync raster design was made. 
As such, reducing the available bandwidth below 4.5 MHz or 25 PRB means that all channel usable positions are no longer usable.
For 3 MHz channel bandwidth, it is necessary to consider how to sync raster will work when SSB is punctured. As identified in the WI, PSS and SSS shall be used without puncturing. Other SSB content, namely PBCH, needs to be punctured to make the originally 20 PRB wide SSB fit into 3 MHz channel bandwidth. Figure 1 illustrates the span of PSS/SSS with legacy sync raster step size of 1 MHz. 
[image: ]
Figure 1: PSS/SSS span with legacy sync raster 
It can be observed that the distance between outer edges of PSS/SSS is greater than 3 MHz + 100 kHz channel raster step size. Therefore, all channel raster points cannot be used even in the extreme case where all RBs could be punctured in both sides of the channel and all guard bands are ignored. Therefore, it is obvious that new sync raster design is needed for 3 MHz channel bandwidth.  
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.


Puncturing related decisions are RAN1 responsibility, and related discussion have started in RAN1 already. Relevant agreements have been sent to RAN4 as part of the LS in [2] and have been reproduced below. Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.

[bookmark: _Hlk119584988]Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.


It can be observed that RAN1 expects UE to know how the SSB has been punctured after PSS/SSS detection. The discussion and agreed assumptions in RAN1 have been at PRB-level granularity. Therefore, RAN4 should also proceed with PRB-granularity puncturing assumption and also communicate this assumption to RAN1 in the LS response.
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
As puncturing is done in PRB granularity, SSB will align with PRB grid. This means that also the L1-parameter  will always be zero. 
Observation 6:  will be always equal to zero for 3 MHz ChBW.
Detailed synchronization raster design

RAN1 has also discussed that there will be some coverage loss due to puncturing of the SSB. RAN4 can help reduce the coverage loss by designing the sync raster in a manner which allows maximizing the available SSB resources, i.e. having all PRBs used by SSB. This can be achieved in two different ways. 
First option is to link synchronization and channel raster together to making synchronization raster step size 100 kHz.  This means that only one puncturing pattern would be sufficient as the frequency difference between channel raster and sync raster points would be fixed. At the same time, UE would always know which PRB are punctured avoiding the need for any blind decoding. This design would also always allow using all PRBs for SSB.
Second option would be to allow multiple puncturing patterns with the goal of enable multiple channel raster positions to use same sync raster point. This is not preferable for multiple reasons. Firstly, without new early indication method UE might not be aware which PRB are punctured. Secondly, with PRB granularity puncturing using the same PRB grid for two different channel raster points is feasible only every 900 kHz, as multiples of 180 kHz PRB bandwidth and 100 kHz channel raster step size do not align otherwise. RAN1 has suggested 15 and 16 PRB designs, and with those SSB can only be shifted 540 or 720 kHz which is not sufficient.
Therefore, 100 kHz sync raster design is clearly advantageous and can meet all main design targets: All PRBs are available for SSB transmission, UE always knows which PRBs are punctured and all channel raster positions are usable.
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.
When 100 kHz step size for sync raster is used, the relative position between channel and sync raster points will be different depending on which of the puncturing patterns is finally chosen to be used. This is illustrated in Figure 2, reproduced from [3]. Here we concentrate on 15 PRB design.
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Figure 2: Puncturing pattern options for 15 PRB design. [4]

The change relative to channel raster also means a change in the absolute sync raster frequencies. Therefore, synchronization raster frequencies defined in RAN4 have a linkage to the puncturing decision in RAN1. 
Furthermore, different puncturing patterns have also difference in relationship with the existing sync raster. This is summarized in Table 1.
Table 1: Puncturing pattern options for 15 PRB spectrum utilization
	Puncturing pattern, 15 PRB design
	Sync raster to channel raster offset
	Minimum offset to legacy sync raster

	Bottom 1, Top 4
	-270 kHz
	20 kHz

	Bottom 2, Top 3
	-90 kHz
	40 kHz

	Bottom 3, Top 2
	90 kHz
	40 kHz

	Bottom 4, Top 1
	270 kHz
	20 kHz



The offset to legacy raster is important from legacy UE perspective. If the frequencies have no or very small offset then legacy UE could try to synchronize to 3 MHz SSB while it cannot access the cell. This will waste time and power for legacy UE which is naturally not desired.
Observation 9: Legacy UE could avoid synchronization attempts to new sync raster when there is sufficient frequency separation to legacy sync raster points.
It is necessary that RAN4 informs RAN1 on these dependencies and requests RAN1 to reply which puncturing pattern they have decided to use. 
Proposal 6: Inform RAN1 on the dependency on detailed synchronization raster frequencies and puncturing, and ask them to reply with their chosen puncturing.
Capturing synchronization raster to RAN4 specifications

The guiding principle in defining the sync raster points have been that each sync raster point is identified with a unique global synchronization channel number (GSCN) and a set of formulas is defined how GSCN links to the absolute frequency. Those formulas cannot be used when new sync raster frequencies are being added amongst the existing raster. Still, it is necessary to have the GSCN definition in place as in addition to RAN4 purposes it is also used by RAN2 for example in dl-CarrierFreq in SIB4 as well as in absoluteFrequencySSB descriptions.

From UE implementation perspective, there is also a need to avoid any confusion or overlap with legacy raster given that 3 MHz channel bandwidth is optional and new Rel-18 feature which should not impact legacy UEs.

Observation 10: New GSCN-values need to be defined with clear distinction to legacy raster

When GSCN is used in RAN2 signaling, the value communicated in RRC is ARFCN value which corresponds to the GSCN frequency. Therefore, preferred approach on defining the new GSCN in a manner which is compatible with RAN2 is to use ARFCN values also in RAN4. In practice this would mean that for the new sync raster points GSCN is defined to be equal to ARFCN-value point to the absolute synchronization raster frequency. This ARFCN value can and will be different from the ARFCN value pointing to channel raster.

This approach has multiple benefits. Firstly, no new complex definitions are needed but existing and proven-to-work raster points are used. Secondly, the ARFCN value range is disjoint from existing GCSN as well as any potential extensions of current framerwork to frequency ranges which have been already studied in 3GPP, such as 7-24 GHz. 

Observation 11: Using ARFCN values also to indicate GSCN is compatible with RAN2 design and provides a disjoint value range compared to existing GSCN.

An example how this would look like in the specification is provided below. Note that some bands and notes have been removed from the existing tables to make the content more readable fit to smaller space. Additionally, the detailed NREF values will depend on puncturing. New content is in red.

***** Example specification text *****
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The synchronization raster for each band is give in Table 5.4.3.3-1. The distance between applicable GSCN entries is given by the <Step size> indicated in Table 5.4.3.3-1.
Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n8
	15 kHz
	Case A
	2318 – <1> – 2395

	n26
	15 kHz
	Case A
	2153 – <1> – 2230

	n28
	15 kHz
	Case A
	1901 – <1> – 2002

	n100
	15 kHz
	Case A
	2303 – <1> – 2307

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [8].




For operating bands n8, n26, n28 and n100 synchronization raster shall include GSCN = NREF and SSREF = NREF*5 kHz. The applicable NREF are defined in table 5.4.3.3-2. GSCN defined in table 5.4.3.3-2 are applicable only for 3 MHz channel bandwidth.
Table 5.4.3.2-2: Additional GSCN parameters for the global frequency raster for n8, n26, n28 and n100
	Operating band
	SS Block SCS
	SS Block pattern1
	Range of NREF

	n8
	15 kHz
	Case A 
	XXXXX – <20> – YYYYY

	n26
	15 kHz
	Case A 
	XXXXX – <20> – YYYYY

	n28
	15 kHz
	Case A 
	XXXXX – <20> – YYYYY

	n100
	15 kHz
	Case A
	[184890] – <20> – [189890]

	NOTE 1:   SS Block pattern is defined in clause 4.1 in TS 38.213 [8].
 




***** Example specification text ends *****


As seen from the example, using ARFCN values also for GSCN purposes can be easily done. 

Proposal 7: Define unique GSCN-values for dedicated spectrum less than 5 MHz using ARFCN-values as exemplified above.

Possible synchronization raster impact for 5 MHz ChBW

One possible use case for less than 5 MHz spectrum allocation in 5 MHz channel bandwidth is the slow migration for FRMCS in band n100. This is rather well-defined case as it is known that the use case would be at the lower edge of band n100. Given that this is only identified case where gradual bandwidth increase from 3 to 5 MHz is required, it is not necessary to do generic design, but RAN4 can concentrate on n100 and how the spectrum owner’s needs can be fulfilled there. 
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.
Firstly, we see that there needs to be sufficient different to 3 MHz channel bandwidth to avoid redundant design. Therefore, 5 MHz ChBW should always be used with unpunctured SSB.
Proposal 9: SSB puncturing shall not be used for 5 MHz channel bandwidth.
With unpunctured SSB the bandwidth can vary from 20 RB to 25 RB. To enable 20 PRB allocation with unpunctured SSB at the low edge of the channel, sync raster point needs to be such that the lower edge of the SSB aligns with the low edge to lowest PRB. There are two options how this can be enabled. 

First way is to use the lowest sync raster point which is already specified for n100, i.e. GSCN 2303. When GSCN 2303 is used, the SSB aligns with 20 lowest PRB of 5 MHz channel when channel raster point is set at 922.1 MHz and low edge of the RF channel is therefore at 919.6 MHz. This means that 200 kHz at the low edge of the band would not be used.

Second way to is aim to take also the lowest 200 kHz of the band into use. This would require one new sync raster point placed 200 kHz below GSCN 2303, i.e. both sync and channel raster point are 200 kHz lower compared to the first option. This option leaves to spectrum unused at the low edge of the band, but will require one new sync raster point.

For both options, scheduling can be used to flexibly use maximum bandwidths from 20 to 25 PRB. Also in both options, similarly as for 3 MHz case,  will be always equal to zero as SSB will fully align with the PRB grid.

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.

Reply LS to RAN1

Based on the discussion in this document reply LS to RAN1 is proposed.
Proposal 11: Agree reply LS to RAN1 as provided in the appendix.


Conclusions

In this contribution synchronization raster for dedicated spectrum less than 5 MHz was discussed. Following observations and proposals were made: 
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 raste
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.
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Appendix: Reply LS on NR support for dedicated spectrum less than 5 MHz for FR1

Title:	[Draft] Reply LS on NR support for dedicated spectrum less than 5 MHz for FR1
Response to:	R4-2300008
Release:	Release 18
Work Item:	NR_FR1_lessthan_5MHz_BW


Source:	RAN WG4
To:	RAN WG1
Cc:	N/A

Contact Person:	
Name:	Toni Lähteensuo
E-mail Address:	tlaehtee (at) qti.qualcomm.com

Send any reply LS to:	3GPP Liaisons Coordinator, 3GPPLiaison@etsi.org

Attachments:	


1. Overall Description:
RAN4 thanks RAN1 for providing the LS. RAN4 has discussed the questions from RAN1 and would like to provide the following response as well as follow-up questions to RAN1.

Question 1:  RAN1’s understanding is that in addition to reusing 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 response on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
RAN4 response: RAN4 has agreed on maximum transmission bandwidth configuration of 15 PRB for 3 MHz channel bandwidth.
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
RAN4 response: RAN4 has analysed synchronization raster options for 3 MHz bandwidth. RAN4 sees finer synchronization raster feasible as well as necessary for 3 MHz channel bandwidth. 
In the analysis, RAN4 has agreed that using puncturing done with PRB-granularity and with fixed puncturing pattern is preferred. For synchronization raster step size RAN4 has agreed to use 100 kHz. 
It was observed that choice of puncturing pattern will impact both the synchronization raster frequencies as well as offset to legacy sync raster points. Therefore, RAN4 would like to ask RAN1 on which fixed puncturing pattern shall be used in defining the synchronization raster?
The different options that were analyzed are summarized in Table 1 and RAN4 recommends to use larger offset to legacy raster to avoid impact to legacy UE.
Table 1: Puncturing pattern options for 15 PRB spectrum utilization
	Puncturing pattern, 15 PRB design
	Sync raster to channel raster offset
	Minimum offset to legacy sync raster

	Bottom 1, Top 4
	-270 kHz
	20 kHz

	Bottom 2, Top 3
	-90 kHz
	40 kHz

	Bottom 3, Top 2
	90 kHz
	40 kHz

	Bottom 4, Top 1
	270 kHz
	20 kHz



For 5 MHz channel bandwidth, RAN4 does not see a need to define a generic new synchronization raster as the use case is limited to lower edge of n100. RAN4 has agreed that unpunctured SSB will be assumed and at most one new synchronization raster point will be needed.
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.

2. Actions:
To RAN1 group.
ACTION: 	RAN4 respectfully requests RAN1 group to take the provided information into account and to provide answer to the question.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting#106-bis-e	 17th – 26th April 2022		Online
TSG-RAN4 Meeting#107		 22nd – 26th May 2022		Korea
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