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1. Introduction 
It has been determined to enhance support in 5G NR wireless communication systems using dedicated spectrum that is less than 5 MHz in FR1. Support for such uses may be of particular benefit in, e.g., future railway mobile communication system (FRMCS) contexts and spectrum refarming. As discussed before in the WID, with respect to synchronization signal (SS)/physical broadcast channel (PBCH) block (SSB) design, it is desirable to reuse primary synchronization signals (PSSs)/secondary synchronization signals (SSSs) as presently specified and without puncturing, and modifications to PBCH, e.g., puncturing, have already started being discussed. The main question was whether a finer synchronization raster was feasible, and if so, how to manage and define the terms of “dedicated spectrum”. In this paper we present a solution that avoids coexisting sub-5MHz and 5 MHz or greater devices to quickly differentiate sub-5MHz and >5MHz channels in a way that no impact is foreseen to initial access KPIs.
2. Discussion
From the UE point of view, the raster entries/raster points of a synchronization raster enable UE acquisition for purposes of accessing a cell. This may occur through the monitoring, by the UE, of one or more raster points of the synchronization raster until an SSB is detected on one of the raster points. Current definition in 38.101-1 is given below.
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Previously in RAN4#106 [3], we have proposed to revisit the synchronization raster design. More specifically, we support a number of synchronization rasters having the general form A kHz + N * 600 kHz + M * 50 kHz, M ϵ {1,3,5}, may be considered (where A = 0 was our initial proposal).
Some raster points of a synchronization raster for use to identify sub-5 MHz channels developed according to this formula may overlap with raster points for 5 MHz or greater channels according to the 5 MHz synchronization raster already defined. As discussed before, raster points of the 5 MHz synchronization raster may be a subset of the raster points of the sub-5 MHz new synchronization raster.
Observation 1: Sync raster points of the 5 MHz synchronization raster may be a subset of the raster points of the sub-5 MHz new synchronization raster
UEs supporting both 5 MHz and sub-5 MHz synchronization rasters (e.g., in a context of both 3 MHz and 5 MHz channel), may search for SSBs according to raster points of either/both the sub-5 MHz raster and the 5 MHz synchronization raster. While 5 MHz UEs may only search the 5 MHz synchronization raster (corresponding to channel bandwidths of 5MHz or larger) and ignore any raster points that are unique to a sub-5 MHz synchronization raster. However, it may nevertheless be the case that raster points of the 5 MHz synchronization raster coincide/overlap with raster points of the sub-5 MHz synchronization raster, creating ambiguity if the UE is able to decode PBCH. 
Observation 2: With punctured PBCH design currently being considered in RAN1, it is possible that the legacy UE may still be able to decode the new sub-5MHz PBCH to only later realize that it cannot access the channel, wasting time and power, thus affecting initial access KPIs
Since some raster points of the 5 MHz synchronization raster can coincide with raster points for sub-5 MHz synchronization raster, it is worth clarifying for the meaning of “dedicated spectrum” [4]. Regardless of any outstanding RF issues within dedicated spectrums, here we propose a number of baseband-level PHY solutions to address the issue by differentiating the cell search procedure as seen by the UE.
Observation 3: Small modifications to PBCH in SSB can help in differentiate the cell search outcome for sub-5MHz vs the outcome for legacy >5MHz channels
Proposal#1: For 3MHz Channel Size, RAN4 to study minimum modifications to PBCH to help legacy 5 MHz or greater quickly differentiate sub-5 MHz channel SSBs vs legacy 5 MHz or greater channels.
In general, the UE acquisition of a master information block (MIB) during initial access may operate as a search algorithm to identify/use an SSB, in general considering PSS detection, SSS detection, PBCH DRMS detection, and PBCH demodulation. Prior to the PBCH demodulation, detection of a demodulation reference signal (DMRS) of the SSB is needed. In this contribution, we propose a solution such that 5 MHz UEs are enabled to quickly discard SSB candidates corresponding to channels having bandwidths of sub-5 MHz when such are transmitted by the network on these overlapping raster points by modifying some properties of PBCH-DMRS.
3. Methods for SSB Candidate Pruning
In this section we outline the concept of fast SSB candidate pruning during cell search. More specifically, when a 5 MHz UE receives such an SSB, the unique formulation of the new PBCH may cause the UE algorithms tailored to identifying 5 MHz channels to fail, meaning that the 5 MHz UE will not recognize the SSB/will not otherwise attempt to converge to the sub-5 MHz channel candidate. This way, no relevant initial access KPI impact is expected for legacy 5 MHz or greater UEs.
As will be discussed in additional detail herein, in some such cases a mapping of the PBCH DMRS to REs that is particular to sub-5 MHz channels may be used. Further, pseudo-random sequence initialization that is particular to sub-5 MHz channels may be used as well. 
3.1 PBCH Energy Detection
In a first option for differentiation of sub-5 MHz channels from 5 MHz or greater channels, energy detection with respect to the PBCH may be used. In cases where energy detection methods are used, a finite number of channel is needed. For now, let’s consider that only 3MHz is defined. This allows the UE to hypothesize bandwidth candidates by measuring and comparing RE received energy between one or more REs of an SSB that are within the subcarriers aligned with the PSS/SSS of the SSB and one or more REs that is identified as possibly punctured. This means, REs on symbols for the PBCH (including symbols where all PBCH REs have been punctured, but where there would otherwise exist PBCH REs if no puncturing had occurred) and on resource blocks that are not used by either of the PSS and/or the SSS of the SSB. More study is needed though to understand how reliable this technique can be, especially in very low signal-to-noise ratio scenarios.
Observation 4: Energy detection comparison between sub-5MHz and legacy 5MHz or more can be used to early detect the nature of the SSB. Further study is needed to determine how effective can it be.

3.2 PBCH Rate Matching
In a second option for differentiation of sub-5 MHz channels from 5 MHz or greater channels, PBCH rate matching may be used. In such cases, instead of using a PBCH that is punctured with respect to the case of a PBCH for an SSB corresponding to a 5 MHz channel, a PBCH of an SSB corresponding to a sub-5 MHz channel may be remapped into non-punctured REs. In other words, it may be that the PBCH is sequentially mapped within fewer than 20 RBs without puncturing (e.g., there are no intermediate sequential gaps with respect to the use of the DMRS sequence within REs of the PBCH). In such cases, PBCH data and/or DMRS RE(s) may be found in different positions as compared to a PBCH for an SSB corresponding to a 5 MHz channel. Accordingly, a 5 MHz UE will not recognize and/or will otherwise determine not to converge on the SSB. 
Observation 5: If PBCH-DRMS are changed in sub-5MHz channels with respect to 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.

3.3 PBCH Remapping
In a third option for differentiation of sub-5 MHz channels from 5 MHz or greater channels, PBCH remapping may be used. In some cases, it may be that additional RBs for the PBCH may be added beyond a third symbol past the PSS of an SSB. For example, PBCH could be extended by adding to OFDM symbols number 4 and 5 (where OFDM symbol 0 is a first symbol used by the SSB) while keeping the width of the PBCH to the central 12 RBs. In such cases, PBCH data and/or DMRS REs are remapped as compared to a case of a PBCH for an SSB corresponding to a 5 MHz channel. Because 5 MHz UEs search for DMRS in symbols 1, 2 and 3 (corresponding to the expected formulation of an SSB corresponding to a 5 MHz channel bandwidth), they will not recognize and/or will otherwise determine not to converge on the SSB.
Observation 6: If PBCH and this PBCH-DRMS are mapped differently in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
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3.4 PBCH-DMRS Remapping into PBCH
In a fourth option, the legacy formula for an offset value v with respect to preconfigured subcarriers of the SSB that is used for mapping of a PBCH DMRS in an SSB may be changed. For example, instead of using v = [image: ] mod 4 for mapping PBCH-DMRS REs with respect to pre-configured subcarriers of the SSB, a different formula v = ([image: ] + [image: ]) mod 4, where [image: ] = {1, 2, 3}, may be used. The use of the second formula causes the PBCH DMRS REs of an SSB corresponding to a sub-5 MHz channel bandwidth to be found in different positions than they would be found in an SSB corresponding to a 5 MHz or greater channel. Because 5 MHz UEs search for a PBCH DMRS in different RE locations, they will not find the correct PBCH DRMS, and will accordingly not converge to this SSB.
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Observation 7: Remapping PBCH-DRMS into PBCH in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.

3.5 PBCH-DMRS Pseudo-random Sequence Initialization
In a fifth option for differentiation, it may be that the locations of PBCH data and PBCH DMRS REs are the same as between an SSB corresponding to a 5 MHz or greater channel and an SSB corresponding to a sub-5 MHz channel. However, in the case of an SSB corresponding to a sub-5 MHz channel, the PBCH DMRS may be generated according to a different sequence. This initialization value may be a value of cinit for PBCH DMRS sequence generation for an SSB corresponding to a channel bandwidth of sub-5 MHz that is different than a value of cinit that is used for PBCH DMRS sequence generation for an SSB corresponding to a channel bandwidth of 5 MHz or greater. A UE may use correlation based techniques to identify whether an SSB corresponds to a channel having a sub-5 MHz bandwidth or a channel having a 5 MHz or greater bandwidth.
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Observation 8: Remapping PBCH-DRMS into PBCH in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.

4. Conclusion
In this contribution we provide a series of small modifications to the legacy SSB for 5 MHz or greater channels. With these modification, legacy UE can be helped in order to not converge to new sub-5MHz channels, hence mitigating the perception that coexistence of these two types of channels in a given band can produce a degradation to initial access KPIs.
Our observations and proposals about a new finer synchronization raster in dedicated spectrum less than 5MHz for FR1 are given below:
Observation 1: Sync raster points of the 5 MHz synchronization raster may be a subset of the raster points of the sub-5 MHz new synchronization raster
Observation 2: With punctured PBCH design currently being considered in RAN1, it is possible that the legacy UE may still be able to decode the new sub-5MHz PBCH to only later realize that it cannot access the channel, wasting time and power, thus affecting initial access KPIs
Observation 3: Small modifications to PBCH in SSB can help in differentiate the cell search outcome for sub-5MHz vs the outcome for legacy >5MHz channels
Proposal#1: For 3MHz Channel Size, RAN4 to study minimum modifications to PBCH to help legacy 5 MHz or greater quickly differentiate sub-5 MHz channel SSBs vs legacy 5 MHz or greater channels.
Observation 4: Energy detection comparison between sub-5MHz and legacy 5MHz or more can be used to early detect the nature of the SSB. It remains to be studied how effective can this be.
Observation 5: If PBCH-DRMS are changed in sub-5MHz channels with respect to 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
Observation 6: If PBCH and this PBCH-DRMS are mapped differently in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
Observation 7: Remapping PBCH-DRMS into PBCH in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
Observation 8: Remapping PBCH-DRMS into PBCH in sub-5MHz channels vs in 5 MHz or greater channels, a legacy UE will not detect DMRS in a sub-5MHz channel, will not attempt PBCH demodulation, will not converge to this SSB candidate and the time to decode MIB will remain basically the same.
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Table 5.4.3.1-1: GSCN parameters for the global frequency raster

Frequency range SS Block frequency position SSrer GSCN Range of GSCN
0 — 3000 MHz N * 1200kHz + M * 50 kHz, 3N + (M-3)/2 2—-7498
N=1:2499, M € {1,3,5} (Note 1)
3000 — 24250 MHz 3000 MHz + N * 1.44 MHz 7499 + N 7499 — 22255
N =0:14756

NOTE 1: The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
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