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1. [bookmark: _Ref87036880]Introduction
	The Re1-18 WI titled “NR support for dedicated spectrum less than 5MHz for FR1” was approved in RAN#94-e meeting. The WI objectives relevant to RAN1 discussion are as follows [1].
	4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
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.


2. Discussion
	In this contribution, we present our views on potential enhancements on NR for dedicated FDD spectrum less than 5 MHz in FR1.

2.1. Channel BW less than 5 MHz
	Currently, the minimum channel BW supported in NR specification TS38.101-1 is 5 MHz. Table 1 shows the maximum transmission bandwidth configuration NRB and the corresponding Resource Utilization (RU) ratio for each of the channel BWs supported for 15 kHz SCS in NR. The RU is calculated as follows:
RU  (NRB in MHz) / (channel BW in MHz)
[bookmark: _Ref118737907]Table 1 NRB and the corresponding RU ratio for NR channel BWs with 15 kHz SCS
	CH BW
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz

	NRB
	25
	52
	79
	106
	133
	160
	216
	270

	RU ratio
	0.9
	0.936
	0.948
	0.954
	0.958
	0.96
	0.972
	0.972



For dedicated spectrum less than 5 MHz, for example, 3 MHz channel BW with the following candidate NRB values can be considered. (Table 2)
[bookmark: _Ref118738774]Table 2 Candidate NRB values for 3 MHz channel BW with 15 kHz SCS
	CH BW
	3 MHz

	NRB
	12
	13
	14
	15

	RU ratio
	0.72
	0.78
	0.84
	0.9



For determining the number of PRBs for the channel BW for the dedicated spectrum less than 5 MHz, in addition to the RU ratio and the adjacent frequency interferences, the following aspects can be considered:
· Number of PRBs supported for DFT-precoding (12 and 15 are supported while 13 and 14 are not)
· RBG size for resource allocation (2 for NRB <= 36)
	Once the channel BW smaller than 5 MHz is determined, then as follow-on discussions, issues such as whether to support smaller PRG size, FDRA field optimization, etc., can also be considered.

2.2. Enhancements on SSB
	SSB consists of PSS, SSS and PBCH. As shown in Figure 1 below, PSS and SSS occupies less than 12 PRBs which is 2.16 MHz for 15 kHz SCS, so that they can be reused without any modification.


[bookmark: _Ref118738804]Figure 1 Time and frequency structure of SSB

	On the other hand, PBCH may need to be punctured, depending on the channel BW of the dedicated spectrum less than 5 MHz. The PBCH occupies 20 PRBs which is 3.6 MHz for 15 kHz SCS for which, assuming the channel BW of 3 MHz, puncturing is unavoidable. If puncturing is to be supported for PBCH, we need to discuss which part of the PBCH is to be punctured as a follow-on discussion. One factor to affect where to puncture in the PBCH would be the location of sync raster within the channel BW. That is, if the sync raster for the dedicated spectrum is off-center from channel BW, then asymmetric puncturing of the PBCH would be expected. Otherwise, the puncturing would be symmetric. Rate-matching can also be considered, but in the spirit of being based on current design in WID objectives and minimizing spec impact, we expect the puncturing to be preferred to the rate-matching.

Proposal 1: Discuss whether and how to support puncturing of PBCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR.

	If punctured transmission of PBCH is supported, then whether to support coverage recovery techniques to compensate for the PBCH coverage loss caused by PBCH puncturing can be discussed. The following approaches can be considered:
· Additional transmission of the (punctured) PBCH REs at different times (including PBCH repetitions in the same beam direction)
· Power boosting of the PBCH

	If some of the PBCH coverage recovery techniques is/are adopted, then whether to rely on blind detection from the UE or on signaling from the network can be discussed. As it is a dedicated spectrum without impact on legacy UEs, we think it is feasible to enjoy repurposing some of the broadcast signaling bits, e.g., MIB, PBCH payload, signaling by PBCH DM-RS, etc., for indicating information on the PBCH coverage recovery techniques.

Proposal 2: If puncturing of PBCH is supported for dedicated FDD spectrum less than 5 MHz for FR1 in NR, discuss whether and how to recover PBCH coverage loss caused by punctured PBCH transmission.

2.3. Enhancements on PDCCH
	Currently, part of the entries in Table 13-1 of TS38.213 may be reused for dedicated spectrum less than 5 MHz by allowing slight performance degradation caused by partial reception (e.g., for 3 MHz channel BW, by receiving only 12~15 PRBs out of 24 PRBs depending on the decision on NRB). Along with the punctured transmission of PDCCH, power boosting of the (punctured) PDCCHs transmitted in the CORESET#0 can be considered jointly or independently with the puncturing.
	Dedicated CORESET#0 for dedicated spectrum less than 5 MHz can also be considered. In this case, separate CORESET#0 table(s) would need to be introduced in TS38.213. Due to the limited channel BW, CCE AL may not be sufficient with the number of OFDM symbols currently supported for CORESET#0. To compensate for the potential PDCCH coverage loss, techniques such as additional CORESET#0 (at different times) for higher CCE AL, power boosting, introducing new CCE AL(s) such as 6 and 12, etc., can be considered. The information on the puncturing/power boosting/dedicated CORESET#0/PDCCH coverage recovery techniques, if needed, can be signalled via broadcast signaling in PBCH.

Proposal 3: For enhancements on PDCCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR, consider the following alternatives:
· Alt.1) Reuse existing CORESET#0 configurations with punctured PDCCH transmission
· Alt.2) Support power boosting of the (punctured) PDCCH
· Alt.3) Support dedicated CORESET#0 for dedicated spectrum less than 5 MHz
· Alt.4) Support new CCE AL (e.g., CCE A = 6, 12)

	Depending on the discussion on the CORESET#0 for dedicated spectrum less than 5 MHz, whether to reuse CORESET#0 as the initial DL BWP for SIB1 PDSCH reception and for DL reception during initial access can be discussed. If the CORESET#0 BW is much larger or much smaller than the channel BW, then there would be room for enhancements in terms of DL resource efficiency e.g., by configuring initial DL BWP to occupy the full channel BW. Configuring the initial DL BWP separately or independently from the CORESET#0 would enable this configuration and therefore we propose this to be considered together with the enhancements on PDCCH.

Proposal 4: Discuss whether to configure the initial DL BWP separately or independently from the CORESET#0.

2.4. Enhancements on PUCCH
	Supporting FH (Frequency Hopping) within such a small BW in dedicated spectrum may not be resource efficient. If this is the case, turning off intra-slot FH for common PUCCH transmission (introduced in Rel-17 RedCap) can be reused. For the use cases that would expect massive connection, enhancements on user multiplexing capacity for common PUCCH can also be considered. CDM (OCC), FDM, and TDM can be considered as candidate multiplexing techniques.

Proposal 5: Discuss if enhancements on the user multiplexing capacity for common PUCCH is needed e.g., for massive connection.

2.5. Enhancements on PRACH
	Depending on the decision on channel BW(s) for dedicated spectrum less than 5 MHz, PRACH preamble format 3 may not be supported as it is. For example, PRACH preamble format 3 spanning 4.32 MHz with 5 kHz SCS cannot fit into the channel BW smaller than 4.32 MHz. The following two alternatives can be considered for this case:
· Alt.1) Format restriction (i.e., PRACH preamble format 3 is not supported)
· Alt.2) Punctured transmission of the PRACH preamble format 3
There is no doubt that Alt.1 would be a simpler approach. But, it needs to be ensured that the use cases in the dedicated spectrum less than 5 MHz do NOT require the PRACH preamble format 3. Some of the pronounced use cases include rail way mobile communications for which it feels the high speed PRACH preamble formats are needed. If the PRACH format preamble 3 with 5 kHz SCS needs to be supported for the dedicated spectrum less than 5 MHz, then Alt.2 would be one of the solutions that are based on existing design. For Alt.2, follow-on discussions on how to transmit the PRACH preamble format 3 within the channel BW would be needed. 

Proposal 6: Discuss whether and how to support PRACH preamble format 3 for dedicated FDD spectrum less than 5 MHz for FR1 in NR.

1. Conclusion
	In this contribution, we shared our views on potential enhancements on NR for dedicated FDD spectrum less than 5 MHz in FR1.

Proposal 1: Discuss whether and how to support puncturing of PBCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR.

Proposal 2: If puncturing of PBCH is supported for dedicated FDD spectrum less than 5 MHz for FR1 in NR, discuss whether and how to recover PBCH coverage loss caused by punctured PBCH transmission.

Proposal 3: For enhancements on PDCCH for dedicated FDD spectrum less than 5 MHz for FR1 in NR, consider the following alternatives:
· Alt.1) Reuse existing CORESET#0 configurations with punctured PDCCH transmission
· Alt.2) Support power boosting of the (punctured) PDCCH
· Alt.3) Support dedicated CORESET#0 for dedicated spectrum less than 5 MHz
· [bookmark: _GoBack]Alt.4) Support new CCE AL (e.g., CCE A = 6, 12)

Proposal 4: Discuss whether to configure the initial DL BWP separately or independently from the CORESET#0.

Proposal 5: Discuss if enhancements on the user multiplexing capacity for common PUCCH is needed e.g., for massive connection.

Proposal 6: Discuss whether and how to support PRACH preamble format 3 for dedicated FDD spectrum less than 5 MHz for FR1 in NR.
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