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Introduction
[bookmark: _Hlk91172414]A new Work Item ([1]) was approved in RAN#95e to add NR support for dedicated spectrum less than 5 MHz for FR1, introducing new channel bandwidth(s) narrower than 5 MHz.
This contribution discusses the system parameters impacts for such introduction.
Discussion 
WI consideration 
The WI ([1]) listed the following RAN4 objective: 
[image: ]
In the first bullet, the WI mentioned that RAN4 should specify requirements for deployment from approximatively 3 MHz up to below 5 MHz in bands n100, n8, n26 and n28.
In the second sub-bullet of “minimize impact of RF requirement” bullet, only 3 MHz channel bandwidth is mentioned. 
The WI also mentioned that the subcarrier spacing is restricted to 15kHz.
[image: ]
Also, according to RAN1 LS ([2]), RAN1 agreed to only consider 3 MHz channel bandwidth:
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Based on those observations, we propose the following:
Proposal1: RAN4 should only specify 3 MHz channel bandwidth with SCS=15kHz in the scope of this WI NR_FR1_lessthan_5MHz_BW.

Spectrum utilization
One of the first aspects to be discussed when defining a new channel bandwidth is the spectrum utilization. 
For NR and 5 MHz channel bandwidth, the transmission bandwidth configuration was agreed to 25 RBs, using the same spectrum utilization than LTE. 
Observation1: For 5 MHz channel bandwidth with SCS=15kHz, LTE and NR have the same spectrum utilization i.e. 25 RBs.
For LTE and 3 MHz channel bandwidth, the transmission bandwidth configuration has been specified to 15 RBs, which leaves 150kHz guard band on each side. This should be the starting point for NR and 3 MHz channel bandwidth.
Even if the spectrum utilization was improved with NR, as we previously observed, this was not considered for 5 MHz channel bandwidth. 
Moreover, considering 16 RBs instead of 15 RBs would only leave 120kHz to be shared on each guard band side (minimum guard band would then be 52.5 kHz). Such requirement would make the BS filter design very challenging. We would then make the following proposal for NR 3MHz transmission bandwidth configuration:
Proposal2: Specify NR 3 MHz transmission bandwidth configuration NRB with 15 RBs.
Channel raster
The bands considered in the WI (n100, n8, n26 and n28) have all been specified with 100 kHz channel raster, which is the common channel raster for the re-farmed LTE bands. To avoid any  deployment issue, where the “legacy” NR bands and spectrum supporting 3 MHz channel bandwidth should coexist, we propose to specify also a 100 kHz channel raster for spectrum where 3 MHz channel BW is supported.
Proposal3: Specify 100 kHz channel raster for spectrum where the 3 MHz channel bandwidth is supported.
Synchronization raster
Analysis and proposal
The NR SSB has 20 RBs width, this means that, for a 3 MHz channel bandwidth signal, the SSB shall be punctured to fit in this narrower channel bandwidth. 
RAN1 should decide on the puncturing scheme for the SSB depending on RAN4 decision on the channel bandwidth configuration’s size for 3 MHz, i.e., the 15 RBs maximum transmission bandwidth as proposed previously. Also, as PSS/SSS shall not be punctured (according to the WI [1]), the minimum size of the punctured SSB shall be 12 RBs. 
This means the punctured SSB size will be between 12 and 15 RBs, depending on RAN1 final decision.
Nevertheless, to enable any flexible deployment, every 3 MHz channel bandwidth signal should be able to contain a punctured SSB. This won’t be possible with current NR synchronization raster design as it was specified considering 5 MHz as the minimum channel bandwidth. 
Observation2: A new synchronization raster should be specified to support 3 MHz channel bandwidth, enabling flexible deployment.
This new raster scheme should be specified based on the remaining number of RBs of the punctured SSB. Referring to TR 38.817-01 ([3]), the maximum synchronization raster step is given by the following formula: 
ΔFSC,Raster ≤ BWConfig – BWSSB + ΔFCH,Raster
With: 
	ΔFSC,Raster: sync raster step size
BWConfig: transmission bandwidth configuration
BWSSB: SSB bandwidth SSB
ΔFCH,Raster: channel raster step size
From this formula, assuming the PSS/SSS will always be positioned in the same RBs of the punctured SSB (as shown in Figure 1 for example), we make the following observation: 
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.
[image: ]
[bookmark: _Ref125229795]Figure 1: Punctured SSB with fixed positioning of SSS/PSS
Nevertheless, to reduce UE search time and power consumption, one option is to minimize the number of sync raster entries and increase then the synchronization raster step size. This would be possible by reducing the punctured SSB block size to the minimum possible (i.e. 12 RBs) or by enabling a “floating” position of the PBCH RBs, meaning then that PSS/SSS will not always be at the same sub-carriers’ position inside the punctured SSB (as shown in Figure 2). 
[image: ]
[bookmark: _Ref125229799]Figure 2: Punctured SSB with variable positioning of SSS/PSS
In those cases, the synchronization channel raster would then be: 
ΔFSC,Raster ≤ 15*180kHz – 12*180kHz + 100kHz
ΔFSC,Raster ≤ 640kHz
Reusing the NR synchronization raster formula concept, reusing the M factor, the synchronization raster for 3 MHz channel bandwidth could then be:
Raster entry = N * 600 kHz + M * 50 kHz, M ϵ {1,3,5}, N=1:4998
Note that the proposed N value interval 1:4998 above would cover any band below 3 GHz but it could be further restricted to only cover the bands listed in the WI (n100, n8, n26 and n28).
Based on the above, we propose the following:
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


Other considerations related to the new synchronization raster entries
Whatever scheme is decided for the synchronization raster, some new entries might overlap the “legacy” synchronization raster entries. 
This would not be an issue if both synchronization raster scheme, legacy and new, don’t have to coexist in the same frequency/deployment. But this might become a problem if both synchronization raster schemes should coexist. Indeed, when the UE will synchronize on one sync raster entry, UE should better know if the SSB is punctured or not.
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.
Nevertheless, according to the WI ([1]), the spectrum supporting 3-5 MHz channel bandwidth would be “dedicated” spectrum as shown in following extract from the WI description: 
[image: ]
If this is confirmed, it would mean that:
· Legacy sync raster and new sync raster doesn’t have to coexist.
· UEs supporting 3 MHz channel bandwidth will only try to synchronize using the new sync raster scheme.
· Legacy UEs (not supporting 3 MHz channel bandwidth) are not supposed to connect to network operating 3 MHz channel bandwidth. 
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.

Conclusion
In this contribution we discussed the impacts on the NR system parameters in the scope of the new WI on NR support for dedicated spectrum less than 5 MHz, focusing on spectrum utilization and the synchronization raster impacts. We made the following observations and proposals:
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.
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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:

4 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.

® Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum
allocations from approximately 3 MHz up to below 5 MHz,
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W 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.
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1. Overall Description:

RAN WG1 have started working on the WI NR support for dedicated spectrum less than 5MHz for FR1 at
RAN1#111 and have reached the following agreements:

In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and

would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
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B 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.




