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1. Introduction
A revised WID on NR support for dedicated spectrum less than 5MHz for FR1 (NR_FR1_lessthan_5MHz_BW) was approved at the RAN#97-e meeting [1]. The objectives of the WI are shown below:
	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 discuss the necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz.


2. Discussion
As stated in the WID, this WI aims to 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, such as around 3 MHz BW @ n100 in Europe for FRMCS, 3MHz BW @ n8/n26 in the US for smart grid, and 3MHz BW @ n28 in Europe for PPDR. However, it is unclear which channel BW and number of PRBs less than 5 MHz are supported for these bands, which would be defined at RAN4. Depending on the exact values of the supported channel BW and the number of PRBs, the scope of RAN1 work may be changed (i.e., which/how CHs/signals should be modified). Therefore, we propose to ask RAN4 the supported channel BW and the number of PRBs for these bands to identify RAN1 work.

Proposal 1:
· Ask RAN4 the supported channel BW and the number of PRBs less than 5 MHz for bands n100, n8, n26 and n28.

In the following subsections, we provide our initial view on whether/how each CHs/signals should be modified.


2.1. SSB
[bookmark: _Hlk110964323]As stated in the WID, PSS/SSS specification is reused without puncturing because the PSS/SSS BW is 12 [SCS] * 15 [kHz] * 12 [PRBs] = 2.16 MHz < 3MHz. On the other hand, PBCH BW is 12 [SCS] * 15 [kHz] * 20 [PRBs] = 3.6 MHz > 3MHz and gNB/UE cannot transmit/receive overall PBCH within the channel BW of around 3 MHz as shown in Fig. 1. PBCH should be based on current design as stated in the WID, and hence, the most straightforward method would be to puncture PRBs outside the channel BW. Coverage may be degraded due to puncturing while it can be recovered by gNB power boosting, if necessary, by implementation. Another method would be to define a new PBCH mapping (e.g., new number of PRBs and/or symbols) to be confined within the channel BW of around 3 MHz as shown in Fig. 2 while it would have larger specification impact. Since the available number of PRBs within the channel BW is limited, it may cause coverage degradation similar to puncturing, and gNB power boosting can be used, if necessary, by implementation. For either method, PBCH payload reduction can be further considered to improve the coverage. For example, subCarrierSpacingCommon in MIB is not necessary since SCS is fixed to 15 kHz for these bands. Also, spare bit in MIB is not necessary.  The bit size of pdcch-ConfigSIB1 in MIB can be reduced if new configuration of CORESET#0 is considered, as discussed in Section 2.2. Therefore, we propose followings:

Proposal 2:
· For PBCH transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: Puncturing PRBs outside the channel BW
· Option 2: New PBCH mapping confined within the channel BW
· Option 3: PBCH payload reduction
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Figure 1.  Issue on PBCH within the channel BW of around 3 MHz
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Figure 2.  An example of new PBCH mapping within the channel BW of around 3 MHz


2.2. PDCCH
PDCCH is mapped within CORESET and it can be configured with an arbitrary number of PRBs (with the granularity of 6 PRBs) less than or equal to the size of BWP by RRC configuration. Therefore, RRC configured CORESET can be configured within the channel BW and we don’t see any issue to operate on the channel BW less than 5 MHz. However, CORESET#0 configuration is indicated by controlResourceSetZero (4bits) in pdcch-ConfigSIB1 in MIB using Tables 13-1 through 13-10A in TS38.213. While it is unclear whether to reuse an existing Table for the channel BW less than 5 MHz, if Table 13-1 is reused, minimum CORESET#0 BW is 12 [SCS] * 15 [kHz] * 24 [PRBs] = 4.32 MHz > 3MHz and gNB/UE cannot transmit/receive PDCCH using overall CORESET#0 within the channel BW of around 3 MHz. Similar to PBCH, the most straightforward method would be to puncture PRBs outside the channel BW. In addition, new CCE-to-REG mapping can be considered so that PDCCH is mapped only on the available PRBs. Alternatively, it can be allowed for UE to skip the PDCCH monitoring candidates which are not confined within the channel BW. Another method would be to define a new Table 13-x for the channel BW less than 5 MHz. Exact values for each row can be further discussed after available number of PRBs for these bands is determined in RAN4. Therefore, we propose followings:

Proposal 3:
· For PDCCH transmission/reception in CORESET#0 within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: Reuse existing table 13-1 in TS 38.213 and puncture PRBs outside the channel BW
· 1-1: Define a new CCE-to-REG mapping confined within the channel BW
· 1-2: Skip the PDCCH monitoring candidates which are not confined within the channel BW
· Option 2: Define a new table 13-x for CORESET#0 configuration


2.3. CSI-RS/TRS
As specified in Clause 5.1.6.1.1 in TS 38.214, the number of PRBs for TRS is the minimum of 52 and , and hence, TRS can be transmitted/received within the channel BW if BWP is configured to be equal to or less than the channel BW. However, it is unclear whether the UEs operating on these bands support an arbitrary size of BWP between 3 to 5 MHz according to the discussion on the UE capability trs-AdditionalBandwidth introduced in TEI16. There was no common understanding among companies whether UE supports an arbitrary size of BWP other than nominal channel BW [2], and hence, trs-AdditionalBandwidth was introduced to indicate the capability on whether to support the TRS with an arbitrary size of BW with 4 PRB granularity. Therefore, the same mechanism can be reused for UEs operating on the channel BW less than 5 MHz:

Proposal 4:
· For TRS transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: UEs operating on the channel BW support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Introduce a UE capability to indicate the capability on whether to support the TRS with an arbitrary size between 3 to 5 MHz


2.4. PUCCH
PUCCH can be configured with 1 PRB and hence it can be transmitted/received within the channel BW less than 5MHz. Due to narrow channel BW, frequency diversity gain using FH may be degraded. However, a number of methods to improve PUCCH performance has been introduced in previous releases, such as PUCCH repetition for sTRP/mTRP, DMRS bundling, etc. Also, PUCCH repetition for Msg4 HARQ-ACK is being discussed in Rel-18 NR-NTN WI and following agreements were made at RAN1#110bis-e [3]:
	Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated



The same mechanism can be reused for UEs operating on the channel BW less than 5 MHz, if necessary, and hence, we don’t think any PUCCH enhancement dedicated to the channel BW less than 5 MHz is necessary.

Proposal 5:
· For PUCCH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary


2.5. PRACH
PRACH BW is different among the PRACH preamble format; 1.08 MHz for Formats 0/1/2, 4.32 MHz for format 3, and 2.16 MHz for short formats. Therefore, format 3 cannot be transmitted within the channel BW of around 3 MHz. However, it can be avoided by gNB implementation to use format 3 and hence, we don’t think any PRACH enhancement dedicated to the channel BW less than 5 MHz is necessary.

Proposal 6:
· For PRACH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary


3. Conclusion
In this contribution, we discussed the necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz. Based on the discussion, we made following proposals.

Proposal 1:
· Ask RAN4 the supported channel BW and the number of PRBs less than 5 MHz for bands n100, n8, n26 and n28.

Proposal 2:
· For PBCH transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: Puncturing PRBs outside the channel BW
· Option 2: New PBCH mapping confined within the channel BW
· Option 3: PBCH payload reduction

Proposal 3:
· For PDCCH transmission/reception in CORESET#0 within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: Reuse existing table 13-1 in TS 38.213 and puncture PRBs outside the channel BW
· 1-1: Define a new CCE-to-REG mapping confined within the channel BW
· 1-2: Skip the PDCCH monitoring candidates which are not confined within the channel BW
· Option 2: Define a new table 13-x for CORESET#0 configuration

Proposal 4:
· For TRS transmission/reception within the channel BW less than 5 MHz, followings are considered for further study
· Option 1: UEs operating on the channel BW support an arbitrary size of BWP between 3 to 5 MHz
· Option 2: Introduce a UE capability to indicate the capability on whether to support the TRS with an arbitrary size between 3 to 5 MHz

Proposal 5:
· For PUCCH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary

Proposal 6:
· For PRACH transmission within the channel BW less than 5 MHz, no enhancement dedicated to the channel BW is necessary


References
[bookmark: _Hlk111191297][1] RP-222645, Revised WID: NR support for dedicated spectrum less than 5MHz for FR1, Nokia, Nokia Shanghai Bell.
[2] R1-2002461, Summary on Rel-16 NR TEI related discussion, NTT DOCOMO, INC.
[3] RAN1 Chair’s Notes, 3GPP RAN1#110bis-e.

- 4/4 -
image1.emf
f

t

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

PSS

SSS

PBCH

PBCH

PBCH-DMRS

12 PRBs

20 PRBs

CBW = 16 PRBs = 2.88 MHz

Cannot Tx/Rx Cannot Tx/Rx


image2.emf
f

t

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

PSS

SSS

PBCH

PBCH

PBCH-DMRS

12 PRBs

16 PRBs

CBW = 16 PRBs = 2.88 MHz

PBCH


