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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 [3][2][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, 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 the remaining issues of enhancements on NR for dedicated FDD spectrum less than 5 MHz in FR1.

2.1. Enhancements on SSB
	Figure 1 shows the structure of the 12-PRB PBCH which is the only type of punctured PBCH that is supported for the 3 MHz channel bandwidth in all bands.


[bookmark: _Ref142658409]Figure 1 12-PRB PBCH for 3 MHz channel bandwidth in all bands

The power boosting of PBCH has been mentioned as a basic scheme to compensate for the PBCH coverage loss caused by puncturing the 20-PRB PBCH into the 12-PRB PBCH. According to the current specification as described in Clause 4.1 of TS 38.213, UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE. Many companies prefer to support the PBCH power boosting without specification impact, which means gNB shall always power boost the SSS and PBCH together, whenever it needs to keep the PBCH coverage after puncturing comparable to that after puncturing, even if there is no need for power boosting at all for both SSS and PSS. In our view, this is unnecessary restriction from network perspective which can be simply removed with a minor spec impact. In this regard, we suggest to agree on the following proposal and adopt the corresponding text proposal below. By agreeing on the proposal and the text proposal below, gNB can power boost only the punctured PBCH without an impact on the EPRE of SSS and PSS based on the fact that the performance loss caused by puncturing is only relevant to the PBCH, not to SSS or PSS.

Proposal 1: Support 3dB PBCH EPRE boosting to compensate for the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands.

Proposal 2: Adopt the text proposal in Section 2.1 for Clause 4.1 of TS 38.213 to support the 3dB PBCH EPRE boosting.

	[bookmark: _Toc12021439][bookmark: _Toc20311551][bookmark: _Toc26719376][bookmark: _Toc29894807][bookmark: _Toc29899106][bookmark: _Toc29899524][bookmark: _Toc29917261][bookmark: _Toc36498135][bookmark: _Toc45699161][bookmark: _Toc122000415][TS 38.213]
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------4.1	Cell search
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell. 
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. For cell search on a carrier with a channel bandwidth larger than 3 MHz, The UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE. For cell search on a carrier with a channel bandwidth of 3 MHz, UE assumes that PBCH DM-RS, and PBCH data have same EPRE, and the ratio of PBCH DM-RS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for a DCI format 2_7.
-------------------------------------------------- Unchanged part is omitted ----------------------------------------------------------



2.2. Enhancements on PDCCH
For PDCCH reception, PDCCH CCE indices are obtained by a hashing function as described in Clause 10.1 of TS 38.213. One of the parameters used in the hashing function is NCCE,p which is the number of CCEs in a CORESET p. For the PDCCH reception in a punctured CORESET#0, NCCE,p can be derived either by the CORESET#0 before puncturing or by the CORESET#0 after puncturing. Given there is no big difference identified from our perspective, we prefer the former (i.e., before puncturing) in the interest of minimal spec impact, if any.

Proposal 3: For the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0, the total number of CCEs in the CORESET#0, NCCE,p, is derived based on the CORESET#0 before puncturing.

Proposal 4: Adopt the text proposal in Section 2.2 for Clause 10.1 of TS 38.213 on the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0.

	[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc122000471][bookmark: _Ref491451763][bookmark: _Ref491466492][TS 38.213]
10.1	UE procedure for determining physical downlink control channel assignment 
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

where
[bookmark: _Hlk39576530]for any CSS, ; 
for a USS, , ,  for ,  for ,  for , and ;
;
 is the number of CCEs, numbered from 0 to , in CORESET  and, if any, per RB set, where the CORESET  is obtained as described in clause 7.3.2.2 of [4, TS 38.211] except puncturing if applicable; 
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------



For PDCCH DMRS sequence generation for PDCCH transmission in a CORESET#0, a reference point for k is defined as subcarrier 0 of the lowest-numbered resource block in the CORESET#0. For the punctured CORESET#0, whether the reference point for k is based on the lowest RB index in the CORESET#0 before puncturing or after puncturing needs to be clarified. In our view, the DMRS sequence is generated and mapped to the CORESET#0 before puncturing together with the PDCCH, and only those parts that are within the CORESET#0 bandwidth are transmitted.

Proposal 5: For 15-PRB CORESET#0 and 20-PRB CORESET#0 (both derived by puncturing existing 24-PRB CORESET#0), PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing.

Proposal 6: Adopt the text proposal in Section 2.2 for Clause 7.4.1.3.2 of TS 38.211 on the reference point for k for PDCCH DMRS sequence generation.

	[bookmark: _Toc19796507][bookmark: _Toc26459733][bookmark: _Toc29230383][bookmark: _Toc36026642][bookmark: _Toc45107481][bookmark: _Toc51774150][bookmark: _Toc106014841][TS 38.211]
7.4.1.3	Demodulation reference signals for PDCCH
[bookmark: _Toc19796508][bookmark: _Toc26459734][bookmark: _Toc29230384][bookmark: _Toc36026643][bookmark: _Toc45107482][bookmark: _Toc51774151][bookmark: _Toc106014842][bookmark: _Toc19796509][bookmark: _Toc26459735][bookmark: _Toc29230385][bookmark: _Toc36026644][bookmark: _Toc45107483][bookmark: _Toc51774152][bookmark: _Toc106014843]-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------7.4.1.3.2	Mapping to physical resources
The UE shall assume the sequence  is mapped to resource elements  according to


where the following conditions are fulfilled
-	they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher-layer parameter precoderGranularity equals sameAsREG-bundle,
[bookmark: _Hlk498503459]-	all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE attempts to decode the PDCCH if the higher-layer parameter precoderGranularity equals allContiguousRBs.
The reference point for  is 
-	subcarrier 0 of the lowest-numbered resource block in the CORESET if the CORESET is configured by the PBCH or by the controlResourceSetZero field in the PDCCH-ConfigCommon IE, where the CORESET is obtained as described in clause 7.3.2.2 except puncturing if applicable,
-	subcarrier 0 in common resource block 0 otherwise
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------



	The power boosting of the PDCCH has been mentioned as a technique to compensate for the PDCCH coverage loss caused by puncturing the CORESET#0. According to current specification as described in Clause 4.1 of TS 38.213, if the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB range when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for a DCI format 2_7. It needs to be clarified whether the specified -8dB to +8dB range of the ratio of PDCCH DMRS EPRE to SSS EPRE is to be valid even after power boosting. If we could confirm that the PBCH EPRE boosting is supported within the specified range, then a simple conclusion for clarification would suffice. Or, if the PDCCH EPRE can go beyond the specified range after EPRE boosting, then update of the spec, though it is minor, is necessary. We would like to hear opinions from companies first and then further discuss potential spec impact, if needed.

Proposal 7: Clarify if, after the PDCCH EPRE boosting to compensate for the PDCCH coverage loss caused by CORESET#0 puncturing if applied, the following specification text as described in Clause 4.1 of TS 38.213 is still applicable.
	If the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for a DCI format 2_7.



2.3. Enhancements on PUCCH
It was concluded in RAN1#114bis meeting that there is no consensus in RAN1 to support any enhancements for common PUCCH for dedicated spectrum less than 5MHz transmission BW. Apart from the enhancements for common PUCCH, there is one remaining issue that needs to be clarified in the specification, which is how to determine the PUCCH resource when a UE receives a PDCCH through a punctured CORESET#0. As described in Clause 9.2.1 of TS 38.213, a UE determines a PUCCH resource based on the  (number of CCEs in a CORESET of a PDCCH reception with the DCI format),  (the index of a first CCE for the PDCCH reception), and  (a value of the PUCCH resource indicator field in the DCI format). Based on the offline feedback in RAN1#114bis meeting, companies have the same understanding that the CORESET in this case means the CORESET before puncturing. However, current description in the spec is not clear because the CORESET for PDCCH reception can be interpreted as the CORESET after puncturing. With that potential misinterpretation, there is an ambiguity on the PUCCH resource determination, which may cause a UE to transmit PUCCH in an unintended PUCCH resource.
Based on the reasoning above, we think we need to clarify in the spec that the values of the parameters  (number of CCEs in a CORESET of a PDCCH reception with the DCI format) and  (the index of a first CCE for the PDCCH reception) for calculating the PUCCH resource are based on the CORESET#0 before puncturing.

Proposal 8: The values of parameters  (number of CCEs in a CORESET of a PDCCH reception with the DCI format) and  (the index of a first CCE for the PDCCH reception) for determining the PUCCH resource are derived based on the CORESET#0 before puncturing.

Proposal 9: Adopt the text proposal in Section 2.3 on PUCCH resource determination for Clause 9.2.1 of TS 38.213.

	[bookmark: _Ref498101660][bookmark: _Toc12021476][bookmark: _Toc20311588][bookmark: _Toc26719413][bookmark: _Toc29894848][bookmark: _Toc29899147][bookmark: _Toc29899565][bookmark: _Toc29917302][bookmark: _Toc36498176][bookmark: _Toc45699202][bookmark: _Toc122000458][TS 38.213]
9.2.1	PUCCH Resource Sets
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------
If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format scheduling a PDSCH reception or having associated HARQ-ACK information without scheduling a PDSCH reception, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with the DCI format, as described in clause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. For the  and  for PUCCH resource determination, UE assumes that the CORESET for PUCCH resource determination is obtained as described in clause 7.3.2.2 of [4, TS 38.211] except puncturing if applicable.
-------------------------------------------------- Unchanged part is omitted ---------------------------------------------------------



3. Conclusion
	In this contribution, we shared our views on the remaining issues of enhancements on NR for dedicated FDD spectrum less than 5 MHz in FR1.
[bookmark: _GoBack]
Proposal 1: Support 3dB PBCH EPRE boosting to compensate for the detection performance loss of the 12-PRB PBCH for the 3 MHz channel bandwidth in all bands.

Proposal 2: Adopt the text proposal in Section 2.1 for Clause 4.1 of TS 38.213 to support the 3dB PBCH EPRE boosting.

Proposal 3: For the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0, the total number of CCEs in the CORESET#0, NCCE,p, is derived based on the CORESET#0 before puncturing.

Proposal 4: Adopt the text proposal in Section 2.2 for Clause 10.1 of TS 38.213 on the hashing function to calculate the PDCCH CCE indices for reception of a PDCCH in a punctured CORESET#0.

Proposal 5: For 15-PRB CORESET#0 and 20-PRB CORESET#0 (both derived by puncturing existing 24-PRB CORESET#0), PDCCH DMRS sequence is generated based on the CORESET#0 before puncturing.

Proposal 6: Adopt the text proposal in Section 2.2 for Clause 7.4.1.3.2 of TS 38.211 on the reference point for k for PDCCH DMRS sequence generation.

Proposal 7: Clarify if, after the PDCCH EPRE boosting to compensate for the PDCCH coverage loss caused by CORESET#0 puncturing if applied, the following specification text as described in Clause 4.1 of TS 38.213 is still applicable.
	If the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, or for a DCI format 2_7.



Proposal 8: The values of parameters  (number of CCEs in a CORESET of a PDCCH reception with the DCI format) and  (the index of a first CCE for the PDCCH reception) for determining the PUCCH resource are derived based on the CORESET#0 before puncturing.

Proposal 9: Adopt the text proposal in Section 2.3 on PUCCH resource determination for Clause 9.2.1 of TS 38.213.
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