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Introduction
In RAN#94, a new WID on NR support for dedicated spectrum less than 5 MHz for FR1 has been approved [1], whose objectives as shown below. The targeting use cases have dedicated spectrum less than 5 MHz for FR1, e.g., Smart Energy and Infrastructure (SEI), Future Railway Mobile Communication System (FRMCS), Public Protection and Disaster Relief (PPDR). 
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· 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 15 kHz 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.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.


In this contribution, necessary specification changes to NR physical layer are identified and discussed. 

On dedicated FDD spectrum less than 5 MHz in FR1
The impact on current physical channels/reference signals are discussed in this section and necessary solutions are provided. As approved in the WID, the objectives focus on FDD bands and restrict to subcarrier spacing of 15 kHz and the use of normal cyclic prefix.
Before the detailed discussion, we want to emphasize that some use cases for the dedicated spectrum as justified in [1] may have certain requirements for some performance requirement. For example, for electrical power distribution grid & rail communication, these uses cases often require less than the latency offered by LTE technology and thus need NR to fully support them. Additionally, they have the need to improve coverage and throughput. So in the design of the NR system operating on the dedicated spectrum, large performance loss should be avoided, otherwise the performance requirement can’t be guaranteed.
SSB
As shown in Figure 1, for SCS 15 kHz, the bandwidth of PSS and SSS is 1.905 MHz, while for PBCH, the bandwidth is 3.6 MHz. So if the available channel bandwidth of a dedicated spectrum is less than 3.6 MHz, some REs of the PBCH may fall outside the channel bandwidth. For example, assuming at least 10% of bandwidth as guard band for a 3 MHz dedicated spectrum, the available channel bandwidth is about 2.7 MHz, equaling 15 PRBs. As a result, the PBCH of 3.6 MHz exceeds the bandwidth and cannot be received.
In our view, the PSS and SSS can be reused directly without puncturing.  However, the PBCH may exceed the spectrum bandwidth. The simplest solution is to puncture the PBCH part outside the available channel bandwidth by network. While, obviously, it will cause some performance loss.
Observation 1:  For the approximate 3 MHz dedicated spectrum, PSS/SSS can be reused directly, however, PBCH will exceed the spectrum bandwidth.

[image: ]
Figure 1. Time-frequency structure of SSB
An initial simulation has been conducted to evaluate the performance loss caused by one-shot puncturing directly and the results are shown in Figure 2. The results show about 2.5 dB performance loss compared with receiving the entire PBCH.  To mitigate the PBCH performance loss, some enhancements can be considered while keeping Rel-15 SSB structure as much as possible.
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Figure 2. Results of PBCH link evaluation
Proposal 1:  To fit in dedicated spectrum less than 5 MHz, PBCH enhancements can be considered while keeping Rel-15 SSB structure as much as possible.
Synchronization raster 
As specified in TS 38.101, “The synchronization raster indicates the frequency positions of the SSB that can be used by the UE for system acquisition when explicit signaling of the synchronization block position is not present. A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. The parameters defining the SSREF and GSCN for all the frequency ranges are in Table 5.4.3.1-1”.
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The current synchronization raster was designed based on the fact that the Rel-15 minimum channel bandwidth is 5 MHz. Therefore, for any new channel bandwidth less than 5 MHz, the potential SSB location required by new deployments may not be fully covered by the current limited positions of sync raster within a spectrum, including spectrum no less than 3.6 MHz. As illustrated in Figure 3, for the band n100 of 919.4 MHz ~ 925 MHz, all the current sync raster candidates cannot ensure a deployment with new 3.6MHz channel bandwidth located right at the end of the spectrum.
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Figure 3. Sync raster 
To resolve the issue, some solutions can be considered, such as defining new sync raster, PBCH remapping in the other side of the spectrum, and so on.
Observation 2:  Even if the bandwidth of spectrum is no less than 3.6 MHz, due to the limited positions of current sync rater, the SSB location required by a deployment with less than 5 MHz channel bandwidth may not be fully supported within such spectrum. 

CORESET#0
For CORESET#0, for SCS 15 kHz, the minimum bandwidth is 4.32 MHz for 24 PRBs. In addition, interleaved CCE-to-REG mapping is mandatary and the row number of interleaver is fixed to two. As a result, for spectrum less than 5MHz, even aggregation level 4 (AL-4) cannot be supported for PDCCH. Table 2 lists the possible bandwidth of CORESET#0 and PDCCH AL-4 under different assumptions of the OFDM symbol (OS) number of CORESET#0. 
Table 2. Bandwidth of CORESET#0
	SCS
	CORESET#0
24 PRBs
	CORESET#0
48 PRBs
	CORESET#0
96 PRBs
	AL=4 CCE spans, 1OS
	AL=4 CCE spans, 2OS
	AL=4 CCE spans, 3OS

	15 kHz
	4.32 MHz
	9.64 MHz
	17.28 MHz
	4.32 MHz
	3.24 MHz
	2.88 MHz



As shown in Figure 4, even the OS of CORESET#0 is 3, the span of PDCCH AL-4 is 16 PRB which occupies 2.88 MHz bandwidth. For 3 MHz spectrum, assuming 10% of the spectrum is used as guard band, the span of PDCCH will exceed the available bandwidth 2.7 MHz. For PDCCH with larger AL, the bandwidth will be larger, it means more RBs of PDCCH will be punctured, which will cause larger performance loss.
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Figure 4. RBs of PDCCH AL-4 in CORESET#0

[bookmark: _GoBack]Observation 3: Even PDCCH AL-4 cannot be supported for CORESET#0, which may lead to huge PDCCH performance loss. 
In order to resolve the above issue, some enhancements should be considered. One solution is to support non-interleaved CCE-to-REG mapping for CORESET#0. Another solution is to reuse interleaved CCE to REG mapping, but define a new interleaver to ensure PDCCH is fully mapped in the spectrum.
Proposal 2:  For channel bandwidth less than 5 MHz, some PDCCH enhancements can be considered, such as, supporting non-interleaved CCE-to-REG mapping, or defining a new interleaver. 

Conclusions
Based on the analysis, we have the following observations and proposals:
Observation 1:  For the approximate 3 MHz dedicated spectrum, PSS/SSS can be reused directly, however, PBCH will exceed the spectrum bandwidth.
Observation 2:  Even if the bandwidth of spectrum is no less than 3.6 MHz, due to the limited positions of current sync rater, the SSB location required by a deployment with less than 5 MHz channel bandwidth may not be fully supported within such spectrum. 
Observation 3: Even PDCCH AL-4 cannot be supported for CORESET#0, which may lead to huge PDCCH performance loss. 
Proposal 1:  To fit in dedicated spectrum less than 5 MHz, PBCH enhancements can be considered while keeping Rel-15 SSB structure as much as possible.
Proposal 2:  For channel bandwidth less than 5 MHz, some PDCCH enhancements can be considered, such as, supporting non-interleaved CCE-to-REG mapping, or defining a new interleaver. 
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. Table 5.4.3.1-1: GSCN parameters for the global frequency raster.

m Frequency range- SS Block frequency position SSrer: GSCN- Range of GSCN-

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

mNOTE 1: The default value for operating bands with SCS spaced channel raster is M=3.-
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