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1. Introduction
In RAN Plenary #94-e meeting, the work item on supporting NR operation with less than 5MHz bandwidth in FR1 was approved [6]. The objectives of the work item are copied in below table.
	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 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.
· 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, we provide our views on the enhancements to support NR operation with less than 5MHz bandwidth in FR1.
2. Discussion on enhancement for NR with less than 5MHz
2.1 SS/PBCH block enhancement
In NR, the existing SSB structure is shown in Figure 1. It can be seen that PSS/SSS occupies 12 RBs, corresponding to bandwidth 12*12*15KHz=2.16 MHz with SCS of 15kHz. Thus, the PSS/SSS can be reused for the case of operation with less than 5MHz.
For PBCH, the number of RBs is 20, corresponding to bandwidth 20*12*15KHz = 3.6MHz with SCS of 15kHz.
In the WID, bandwidth from around 3 MHz up to 5 MHz should be supported. Therefore, some enhancement is required for PBCH to support operation with less than 5MHz, e.g., 3MHz. With 3MHz bandwidth, 16 RBs are required for SCS of 15 kHz.


[bookmark: _Ref118220366]Figure 1 Existing SSB structure in NR
One solution is to puncture PBCH to 16 RBs. For example, 4 RBs at the lower or higher frequency part can be punctured. Or PBCH can by symmetrically punctured, i.e., 2 RBs at both the lower frequency part and the higher frequency part are punctured. However, with puncturing, there could be some performance loss.
Another solution is to perform rate matching on PBCH to smaller bandwidth, e.g., 16 RBs. In this case, over the non-SSS symbol, PBCH occupies 16 RBs, and over the SSS symbol, PBCH occupies 4 RBs.
Proposal 1:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on PBCH, i.e., puncturing or rate matching to smaller bandwidth.

2.1 PDCCH enhancement
In NR, for PDCCH, the resource configuration for CORESET #0 is shown in Figure 2 which is copied from TS 38.213. It can be observed that for SCS of 15 kHz, the minimum number of RBs for CORESET #0 is 24, corresponding to bandwidth of 24*12*15KHz = 4.32 MHz.
Therefore, in order to support operation with less than 5MHz, smaller number of RBs should be supported for CORESET #0, e.g., 20 RBs or 16 RBs.
[image: ]
[bookmark: _Ref118220212]Figure 2 Existing resource configuration for CORESET #0 with 15KHz SCS
Similar with PBCH processing, there could be two solutions for CORESET #0 to support smaller bandwidth.
The first one is to puncture PDCCH candidates to smaller bandwidth, e.g., 20 RBs or 16 RBs. There could be performance loss due to the puncturing.
The second solution is to define smaller frequency size for CORESET #0, e.g., 20 RBs or 16 RBs. In this case, a new table should be defined for the number of RBs and number of symbols for CORESET #0.
Proposal 2:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CORESET #0, i.e., puncturing to smaller bandwidth or defining smaller CORESET size in frequency domain.

2.3 CSI-RS/TRS enhancement
In order to support NR operation with smaller than 5 MHz bandwidth, another aspect to be considered is CSI-RS and TRS.
In legacy spec, for CSI-RS, the minimum bandwidth is min{24 PRBs, bandwidth of BWP}. For TRS, the minimum bandwidth is min{52 PRBs, bandwidth of BWP}.
Therefore, the minimum bandwidth of CSI-RS/TRS should be extended to smaller number of RBs, e.g., 20 RBs or 16 RBs.
Regarding the sequence generation for CSI-RS/TRS, we think the existing processing could be reused.
Proposal 3:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CSI-RS/TRS, i.e., extending the minimum bandwidth of CSI-RS/TRS to smaller bandwidth.

3. Conclusion
In conclusion, we have the following proposals on supporting NR operation with less than 5 MHz bandwidth in Rel-18.
Proposal 1:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on PBCH, i.e., puncturing or rate matching to smaller bandwidth.
Proposal 2:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CORESET #0, i.e., puncturing to smaller bandwidth or defining smaller CORESET size in frequency domain.
Proposal 3:
· For NR operation with less than 5MHz, RAN1 to discuss the potential enhancement on CSI-RS/TRS, i.e., extending the minimum bandwidth of CSI-RS/TRS to smaller bandwidth.

References
[1] [bookmark: _Ref54277122]3GPP TS 38.211 v17.3.0, Physical channels and modulation
[2] 3GPP TS 38.212 v17.3.0, Multiplexing and channel coding
[3] 3GPP TS 38.213 v17.3.0, Physical layer procedures for control
[4] 3GPP TS 38.214 v17.3.0, Physical layer procedures for data
[5] 3GPP TS 38.331 v17.2.0, Radio Resource Control (RRC) protocol specification
[6] [bookmark: _Ref118144142]RP-213603, 3GPP TSG RAN Meeting #94-e, Dec 6 – Dec 17, 2021





11/20
image1.emf
Time

Frequency

20 RBs

PSS

SSS

PBCH

12 RBs


Microsoft_Visio_Drawing.vsdx




Time
Frequency
20 RBs


PSS
SSS
PBCH
12 RBs



image2.png
Table 13-1: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set
when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for frequency bands with minimum channel
bandwidth 5§ MHz or 10 MHz
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