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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 [1]. The latest WI objectives relevant to RAN1 discussion are as follows [2].
	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, n106, n26, n28 and n85:
· 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, n106, n26, n28 and n85.
· 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 bandwidth less than 5 MHz and the finer sync raster
	For the maximum transmission bandwidth for 3 MHz channel bandwidth, RAN4 has agreed to support 15 PRBs. And regarding the question from RAN1 on the feasibility of the finer sync raster, RAN4 has agreed that for 3 MHz channel bandwidth, the finer sync raster is feasible as well as necessary, while for 5 MHz channel bandwidth, they have not yet reached any agreement on the necessity for the finer sync raster. In addition, as a follow-up to the discussion on the finer sync raster, RAN4 asked questions to RAN1, for the choice of finer sync raster, on how PBCH within SSB will be punctured, and the number of RBs in the SSB with punctured PBCH, which will be discussed in the next section in this paper and should be concluded within this meeting (RAN1#113) for timely completion of this WI.
	Another notable progress on the finer sync raster has been made from RAN plenary discussion in RAN#99. As an outcome of the discussion on the legacy bands and UE operation, RAN concluded the following:
· In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.

We expect RAN4 to design the new finer sync raster in conformance with the RAN plenary guidance above, and RAN1 to assume that the finer sync raster for the dedicated spectrum less than 5 MHz is differentiated from the sync raster for legacy NR UEs in the frequency bands where the impact on legacy NR UEs is expected.

Proposal 1:	RAN1 assumes that the new finer sync raster is supported and dedicated to Rel-18 UEs supporting dedicated spectrum less than 5 MHz.

2.2. Enhancements on SSB
	SSB consists of PSS, SSS and PBCH. As shown in Figure 1 below, PSS and SSS occupy less than 12 PRBs which is 2.16 MHz for 15 kHz SCS, so that they can be reused without any modification (e.g., puncturing) in ~ 3 MHz channel BW.


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

On the other hand, the PBCH occupies 20 PRBs which is 3.6 MHz for 15 kHz SCS. Therefore, only a subset of PRBs of the 20-PRB PBCH can be transmitted in ~ 3 MHz channel BW. For determining the subset of PRBs of the 20-PRB PBCH, RAN1 should take a look at the PBCH reception performance and also the spec impact. 
	In the meantime, RAN Plenary has discussed the possible transmission bandwidth options for 3 MHz and 5 MHz channel bandwidths for the spectrum allocations on the bands of interest in this work item, and concluded the following:
· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.

Taking all the aspects from RAN plenary, RAN1 and RAN4, we think the following alternatives can be considered for down-selection in RAN1#113 meeting. 
· Alt.1	PBCH transmission bandwidth is 12 PRBs for all bands with 3 MHz channel bandwidth (already agreed for band n100)
· Alt.2	PBCH transmission bandwidth is 12 PRBs in band n100, and 15 PRBs for all other bands with 3 MHz channel bandwidth (PBCH bandwidth is fixed per band)
· Alt.3	PBCH transmission bandwidth is initially assumed to be 12 PRBs for all bands with 3 MHz channel bandwidth, and 15 PRBs can also be supported with broadcast signaling
For Alt.1, a UE has to support only one type of the punctured PBCH for all bands with 3 MHz channel bandwidth, which is the simplest solution. For Alt.2, the PBCH with 15 PRBs surely provides better performance but at the cost of simplicity compared to Alt.1 as a UE has to support two variants of the punctured PBCH. But note that, same as in Alt.1, a UE expects for Alt.2 only one type of PBCH per band. For Alt.3, gNB can transmit the PBCH with 15 PRBs for some bands with 3 MHz channel bandwidth and a UE assumes 12 PRBs for PBCH transmission bandwidth without any prior knowledge. Once the UE acquires the PBCH and is informed of whether it is 12-PRB PBCH or 15-PRB PBCH via broadcast signaling, then it is up to UE implementation whether it receives the additional 3 PRBs for better PBCH performance or not. The Alt.3 is feasible with the finer sync raster dedicated to the Rel-18 UEs supporting dedicated spectrum less than 5 MHz because some of the existing broadcast signaling information in PBCH can be repurposed without any impact on legacy NR UEs.

Proposal 2: For the PBCH transmission bandwidth, down-select one from the following alternatives:
· Alt.1	PBCH transmission bandwidth is 12 PRBs for all bands with 3 MHz channel bandwidth (already agreed for band n100)
· Alt.2	PBCH transmission bandwidth is 12 PRBs in band n100, and 15 PRBs for all other bands with 3 MHz channel bandwidth (PBCH bandwidth is fixed per band)
· Alt.3	PBCH transmission bandwidth is initially assumed to be 12 PRBs for all bands with 3 MHz channel bandwidth, and 15 PRBs can also be supported with broadcast signaling

	Regarding the subset of PRBs for PBCH transmission, it is quite straightforward for the PBCH with 12 PRBs as it shall include the PSS/SSS in the subset. For the PBCH transmission bandwidth of 15 PRBs, the following alternatives can be considered for down-selection of the in RAN1#113 meeting.

Proposal 3: For PBCH transmission bandwidth of 15 PRBs, the subset of PRBs of 20-PRB PBCH is down-selected from the following alternatives:
· Alt.1	PSS/SSS + lower 3 PRBs
· Alt.2	PSS/SSS + lower 2 PRBs and higher 1 PRBs

In parallel with the discussion on determining the subset of PRBs for PBCH transmission, whether it is punctured or rate-matched needs to be determined. Regarding this the following WA has been made in RAN1#112 meeting. We think puncturing should be supported in the spirit of being based on current design and minimum spec impact as noted in the WID. So, we support to confirm the following WA.

	Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB,
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed




Proposal 4: Puncturing is supported for transmission of the subset of PRBs of 20-PRB PBCH
· Confirm the WA made in RAN1#112 meeting on supporting RB-level puncturing for PBCH transmission

	To compensate for the PBCH coverage loss caused by transmitting a subset of PRBs of 20-PRB PBCH, we support power boosting as the basic scheme for PBCH coverage recovery as it has a minor spec impact. We are open for discussion on further enhancement techniques, but given the time left for completion of this work item, we tend to be skeptical about introducing any new schemes for PBCH coverage recovery.

Proposal 5: Support the following technique to recover PBCH detection performance for dedicated spectrum less than 5 MHz 
· Power boosting (Opt.1)

	If some of the PBCH coverage recovery techniques is/are to be 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 and with the introduction of finer sync raster dedicated to Rel-18 UEs supporting dedicated spectrum less than 5 MHz, 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.

2.3. Enhancements on PDCCH
	In our view, unless there is a serious concern on the flexibility of CORESET#0 configuration in dedicated spectrum less than 5 MHz, CORESET#0 with 24 PRBs (highlighted in yellow) as defined in Table 13-1 of TS38.213 can be reused for dedicated spectrum less than 5 MHz by allowing slight performance degradation caused by partial transmission/reception (e.g., for 3 MHz channel BW, by receiving only 15 PRBs out of 24 PRBs). As pointed out by many companies, the PBCH performance loss caused by puncturing can be somehow compensated by power boosting. Introducing a new CORESET#0 table may also be a viable solution, but we have concerns on designing details of the new CORESET#0 table in just one meeting left for this WI, and being against the clear guidance from RAN plenary on the minimum spec impact from this WI.

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
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1 
	24 
	2 
	0 

	1
	1 
	24 
	2 
	2 

	2
	1 
	24 
	2 
	4 

	3
	1 
	24 
	3 
	0 

	4
	1 
	24 
	3 
	2 

	5
	1 
	24 
	3 
	4 

	6
	1 
	48 
	1 
	12 

	7
	1 
	48 
	1 
	16 

	8
	1 
	48 
	2 
	12 

	9
	1 
	48 
	2 
	16 

	10
	1 
	48 
	3 
	12 

	11
	1 
	48 
	3 
	16 

	12
	1 
	96 
	1 
	38 

	13
	1 
	96 
	2 
	38 

	14
	1 
	96 
	3 
	38 

	15
	Reserved



If there is a need to adjust some of the parameters in Table 13-1, then we think it is feasible to use the broadcast signaling in PBCH in the case where it is broadcast on the finer sync raster dedicated to Rel-18 UEs supporting the dedicated spectrum less than 5 MHz. One example would be to indicate the Offset (RBs) in the last column if it needs to be different from the existing values. 

Proposal 6: For CORESET#0 configuration for the dedicated spectrum less than 5 MHz,
· existing CORESET#0 configuration table for 15kHz SCS and 5 MHz minimum channel bandwidth (Table 13-1 in TS38.213) is reused
· if needed, some of the parameters, e.g., Offset (RBs), composing the CORESET#0 table can be signaled via broadcast signaling in PBCH

	To compensate for the potential PDCCH coverage loss caused by the limited channel BW, the techniques such as power boosting, new CCE AL(s) such as 6 and 12, additional CORESET#0 (at different times) for higher CCE AL, etc., may be considered only if they have minimal spec impact. As of now, we think the power boosting can be supported without a big controversy. Any information on the techniques or the new CORESET#0, if necessary, can be signalled via broadcast signaling in PBCH.

Proposal 7: Support the following technique to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz
· Power boosting (Opt.1)

	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 some needs for configuring the initial DL BWP to occupy the max transmission BW or the PBCH BW. Once a UE acquires the configuration of initial DL BWP in SIB1, the UE uses the SIB1-configured initial DL BWP afterwards.

Proposal 8: Before SIB1 configuration of initial DL BWP, support that UE assume the max TX BW or the PBCH BW as the initial DL BWP for dedication spectrum less than 5 MHz

2.4. Enhancements on PUCCH
	On the FFS: the necessity for PUCCH FH disabling as of RAN1#111 meeting, we think the FH (Frequency Hopping) within such a small initial UL BW in dedicated spectrum would make efficient use of UL resources very difficult. So we support enabling/disabling common PUCCH FH during random access by network configuration for dedicated spectrum less than 5 MHz. The mechanism already introduced in Rel-17 RedCap can be reused. 

Proposal 9: Support intra-slot FH disabling for common PUCCH transmission for dedicated spectrum less than 5 MHz
· Existing mechanism introduced in Rel-17 RedCap can be reused

2.5. Enhancements on CSI-RS/TRS
	For CSI-RS other than for RRM, the following conclusion was made in RAN1#112 meeting.
	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM


For CSI-RS for RRM, currently the minimum configurable bandwidth of CSI-RS for RRM is 24 PRBs and, unlike the CSI-RS other than for RRM, there is no consideration on the BWP size. So, we need to discuss whether/how to support the CSI-RS for RRM for dedicated spectrum less than 5 MHz. We think we can consider a unified approach to the CSI-RS/TRS for all purposes for consistency and simplicity. In this aspect, the CSI-RS for RRM can also be capped by the bandwidth of BWP. The BWP sizes smaller than the channel BW may be supported based on UE capability. Then supporting the CSI-RS for RRM for dedicated spectrum less than 5 MHz may also be based on UE capability. We would also be fine to allow the configuration of CSI-RS for RRM smaller than 24, or to NOT allow the RRM measurements if either one becomes a majority view.

3. 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:	RAN1 assumes that the new finer sync raster is supported and dedicated to Rel-18 UEs supporting dedicated spectrum less than 5 MHz.

Proposal 2: For the PBCH transmission bandwidth, down-select one from the following alternatives:
· Alt.1	PBCH transmission bandwidth is 12 PRBs for all bands with 3 MHz channel bandwidth (already agreed for band n100)
· Alt.2	PBCH transmission bandwidth is 12 PRBs in band n100, and 15 PRBs for all other bands with 3 MHz channel bandwidth (PBCH bandwidth is fixed per band)
· [bookmark: _GoBack]Alt.3	PBCH transmission bandwidth is initially assumed to be 12 PRBs for all bands with 3 MHz channel bandwidth, and 15 PRBs can also be supported with broadcast signaling

Proposal 3: For PBCH transmission bandwidth of 15 PRBs, the subset of PRBs of 20-PRB PBCH is down-selected from the following alternatives:
· Alt.1	PSS/SSS + lower 3 PRBs
· Alt.2	PSS/SSS + lower 2 PRBs and higher 1 PRBs

Proposal 4: Puncturing is supported for transmission of the subset of PRBs of 20-PRB PBCH
· Confirm the WA made in RAN1#112 meeting on supporting RB-level puncturing for PBCH transmission

Proposal 5: Support the following technique to recover PBCH detection performance for dedicated spectrum less than 5 MHz 
· Power boosting (Opt.1)

Proposal 6: For CORESET#0 configuration for the dedicated spectrum less than 5 MHz,
· existing CORESET#0 configuration table for 15kHz SCS and 5 MHz minimum channel bandwidth (Table 13-1 in TS38.213) is reused
· if needed, some of the parameters, e.g., Offset (RBs), composing the CORESET#0 table can be signaled via broadcast signaling in PBCH

Proposal 7: Support the following technique to recover PDCCH detection performance of CORESET#0 for dedicated spectrum less than 5 MHz
· Power boosting (Opt.1)

Proposal 8: Before SIB1 configuration of initial DL BWP, support that UE assume the max TX BW or the PBCH BW as the initial DL BWP for dedication spectrum less than 5 MHz

Proposal 9: Support intra-slot FH disabling for common PUCCH transmission for dedicated spectrum less than 5 MHz
· Existing mechanism introduced in Rel-17 RedCap can be reused
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