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Introduction
RAN1#112 made following agreement/working assumption/conclusion for the enhancements to operate NR on dedicated spectrum less than 5MHz, 
	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 
Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU
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


RAN1 sent an LS [1] to RAN on the transmission bandwidth options for 3MHz and 5MHz channel bandwidths on the bands of interest, and RAN#99 conclude the following [2],
	· 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.


RAN4 also sends an LS [3] to RAN on the legacy band and UE operation and also the feature list to be considered. RAN#99 conclude the following in [4],
	RAN Plenary has discussed question 1 on legacy bands and UE operation, and 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.
RAN Plenary has discussed question 2 on the feature list to be considered and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.


Based on these agreements/working assumption/conclusions, we discuss RAN1 enhancements to operate NR on dedicated spectrum less than 5MHz.
Discussion 
SS/PBCH
As concluded in RAN#99, for 5MHz channel bandwidth, the PBCH transmission BW is 20PRBs as in legacy. For 3MHz channel bandwidth in band n100, the PBCH transmission bandwidth is 12PRBs. The usage of 12PRBs PBCH is motivated by the requirement of 14 channels to guarantee the network quality of GSM-R at the initial phase of migration from GSM-R to NR based FRMCS. 
Naturally, the 12PRBs PBCH transmission BW should include PSS/SSS REs. It could also include the guard REs around PSS/SSS and then PSS/SSS are transmitted in the centre of the PBCH transmission BW. In Figure 1, 12PRBs for 3MHz channel BW (for band n100) and 20PRBs PBCH transmission BW for 5MHz channel BW are illustrated. 


Figure 1 PBCH transmission BW for 5MHz and 3MHz channel BW
We have following observation,
[bookmark: OLE_LINK5]Observation 1: The 12PRBs PBCH transmission BW includes PSS/SSS REs and the guard REs around PSS/SSS.
According to RAN#99 conclusions, RAN1 should consider the following options for PBCH transmission BW for 3MHz channel bandwidth in the interested bands other than band n100, 
· Option 1: PBCH transmission bandwidth is 12PRBs, same with that in band n100
· Option 2: PBCH transmission BW is 15PRBs, same with 3MHz channel BW. 
Option 1 provides band agnostic solution for PBCH transmission in the dedicated spectrum, while in option 2, the PBCH transmission BW is band specific. Option 1 might be simpler from implementation point of view. Besides, it incurs less standard impact since it doesn’t need the puncturing pattern for PBCH. Comparatively, a puncturing pattern is needed for option 2 to determine the PRBs included in the 15PRB PBCH transmission BW besides the 12PRBs including PSS/SSS. 
The performance loss of option 1 due to less PRBs can be compensated based on implementation, such as power boosting and multi-time reception, as discussed in the previous meetings.
[bookmark: _Hlk135035389]Proposal 1: For 3MHz channel bandwidth of all the bands of interest, the PBCH transmission bandwidth is 12PRBs. 
RAN1#112 had a working assumption that for PBCH transmission bandwidth less than 20PRB, RB-level puncturing is used for PBCH transmission. In our understanding, this scheme has minimized standard impact and it is aligned with the objectives of PBCH based on current design. We prefer to confirm the working assumption. 
[bookmark: _Hlk135035394]Proposal 2: Following working assumption is confirmed,
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
PDCCH CORESET#0
In legacy, CORESET#0 supports 24/48/96PRBs as the candidate transmission bandwidths for frequency bands with minimum channel bandwidth 5MHz/10MHz (see Appendix #1). Similarly for the band of interest, a set of CORESET#0 transmission BWs can be defined for CORESET#0 configuration. 
· For 3MHz channel BW
· A 12 PRB CORESET#0 transmission BW (same location with PBCH) should be supported with the motivation same with 12PRB PBCH, i.e., to guarantee the GSM-R network quality in the initial phase of migration. 
· A 15PRB CORESET#0 transmission BW could be defined, which is same with the channel bandwidth, for better PDCCH performance of CORESET#0. 
· For 5MHz channel BW
· A 20 PRB CORESET#0 transmission BW could be defined, same with the PBCH transmission BW. 
It is also potentially reasonable to support more candidate transmission BWs for 3MHz and 5MHz channel BW for gradual migration purpose. 
[bookmark: _Hlk135035406]Proposal 3: Support at least 12/15 PRBs as the CORESET#0 transmission BWs for 3MHz channel BW and 20PRBs as the CORESET#0 transmission BW for 5MHz channel BW. More transmission BWs can be considered for gradual migration from GSM-R to NR based FRMCS.
Based on proposal 3, since CORESET#0 for the dedicated spectrum supports multiple candidate transmission BWs, a configuration should be provided to the UE, based on which the UE could determine the CORESET#0 transmission BW. Similar with CORESET#0 configuration in legacy, a CORESET#0 configuration table can be defined, which includes multiple indexes, each correspondingly to one set of CORESET#0 configurations. The UE could receive a configuration from gNB indicating an index of the CORESET#0 configuration table and then determines the CORESET#0 configurations based on the index.
To simply the standardization work, instead of designing separate CORESET#0 configuration tables for 3MHz channel BW and 5MHz channel BW of the interested bands, one single CORESET#0 configuration table could be considered for both 3MHz channel BW and 5MHz channel BW. The new configuration table supports the candidate transmission BWs listed in proposal 3. 
[bookmark: _Hlk135035423]Proposal 4: One single CORESET#0 configuration table is introduced for the interested bands to support CORESET#0 configuration for both 3MHz channel BW and 5MHz channel BW. 
Two options could be considered for CORESET#0 configuration table design, 
· Option 1: Each index in the CORESET#0 configuration table indicates a CORESET#0 transmission BW (PRBs).
· [bookmark: OLE_LINK6]Option 2: Each index in the CORESET#0 configuration table indicates the number of punctured PRBs (or non-punctured) PRBs of 24PRBs legacy CORESET#0.
Table 1 and Table 2 show an example for option 1 and option 2 respectively. It should be noted that for both options, besides the CORESET#0 transmission BW, an index also indicates other information such as the SSB to CORESET#0 multiplex pattern, the number of CORESET#0 symbols and the PRB offset between the CORESET#0 and PBCH. This is similar with legacy CORESET#0 configuration table design. 
In Table 1 for option1, the index 0~4 is for CORESET#0 configuration for 3MHz channel BW, and the index 5~6 is for 5MHz channel BW. The rest items are reserved for configuration. To guarantee PDCCH detection performance, 3 OFDM symbols are assumed for 12PRB and 15PRB CORESET#0, and 2 or 3 OFDM symbols are assumed for 20PRB CORESET#0. In addition, regarding the PRB offset in the table, 
· For 12PRB CORESET#0, the offset should be 0 PRB. The CORESET#0 frequency position should be same with the 12 PRB PBCH to guarantee the required BW for GSM-R. 
· For 15PRR CORESET#0, the candidates of offsets are {0,1,2,3} PRBs to support full flexibility of PBCH location in the 3MHz channel BW 
· For 20PRB CORESET#0, the offset is 0 PRB. The CORESET#0 frequency position is same with the 20PRB PBCH. 
Table 1 Example of CORESET#0 configuration table for option 1
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of PRBs [image: ]
	Number of Symbols [image: ] 
	Offset
	Note

	0
	1 
	12
	3 
	0
	3MHz channel BW

	1
	1 
	15 
	3 
	0
	

	2
	1 
	15 
	3 
	1 
	

	3
	1 
	15 
	3 
	2 
	

	4
	1 
	15 
	3 
	3 
	

	5
	1 
	20 
	2 
	0 
	5MHz channel BW

	6
	1
	20
	3
	0
	

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


In Table 2 for option 2, the puncturing is performed on top of 24PRBs CORESET#0 with same number of OFDM symbols,
· The (12/15 non-punctured PRBs, 3symbol) CORESET#0 for 3MHz channel BW is punctured from (24PRB, 3symbol) legacy CORESET#0. 
· The (20 non-punctured PRBs, 2/3symbols) CORESET#0 for 5MHz channel BW is punctured from (24PRB, 2/3symbols) CORESET#0.
Table 2 Example of CORESET#0 configuration table for option 2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of Non-punctured PRBs
	Number of Symbols [image: ] 
	Offset
	Note

	0
	1 
	12
	3 
	0
	3MHz channel BW

	1
	1 
	15 
	3 
	0
	

	2
	1 
	15 
	3 
	1 
	

	3
	1 
	15 
	3 
	2 
	

	4
	1 
	15 
	3 
	3 
	

	5
	1 
	20 
	2 
	0 
	5MHz channel BW

	6
	1
	20
	3
	0
	

	7
	Reserved

	8
	Reserved

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved


We have following proposal for CORESET#0 configuration table design,
[bookmark: _Hlk135035430]Proposal 5: For the CORESET#0 configuration table for 3MHz and 5MHz channel BW, two options could be considered, 
· Option 1: Each index in the CORESET#0 configuration table indicates a CORESET#0 transmission BW (PRBs).
· Option 2: Each index in the CORESET#0 configuration table indicates the number of punctured PRBs (or non-punctured) PRBs of 24PRBs legacy CORESET#0.
The REG (and REG bundles) definition is different for CORESET#0 configured based on the different options. For CORESET#0 configured based on configuration table option 1, REGs (and REG bundles) are defined on the configured CORESET#0 PRBs. While for CORESET#0 configured based on option 2, the REGs (and REG bundles) are defined on the legacy 24PRBs, and the REGs outside of CORESET#0 transmission BW are punctured. 
Figure 2(a) and Figure 2(b) show the REG definition for different options. The REGs of CORESET#0 of option 1 is defined on the CORESET#0 transmission BW while the REGs of CORESET#0 of option 2 are defined on the legacy non-punctured 24PRBs CORESET#0, and the REG#3~REG#10 of legacy CORESET#0 are contained in the COSESET#0 transmission BW. 
It should be noted that here for option1, the definition of REG (and REG bundle) on the configured CORESET#0 PRBs is assumed to be fully aligned with that defined for legacy REG. For example, one REG contains 12REs in one OFDM symbol. The REGs are indexed in time first frequency second manner. One REG bundle contains 6REGs. The CCE to REG mapping is interleaved, and the interleaver size is 2.


                                                 
(a)                                                                 (b)
Figure 2 REGs/REGBs definition for option 1 and option 2
We have following observation,
[bookmark: _Hlk135035439]Observation 2: The REG (and REG bundle) definition is different for CORESET#0 configured based on different options,
· For CORESET#0 configured based configuration table option 1, REGs (and REG bundles) are defined on the configured CORESET#0 transmission BW. 
· For CORESET#0 configured based on configuration table option 2, the REGs (and REG bundles) are defined on the legacy 24PRBs non-punctured CORESET#0.
With such different definition of REGs, the supported ALs and the CCEs for each PDCCH candidate of each aggregation level are also different. If still supporting AL 4/8/16 for search space set #0 of CORESET#0 as in legacy, it could be observed that only AL=4 is supported for 12/15 with 3 symbols for CORESET#0 configured based on configuration table option 1. For CORESET#0 configured based on configuration table option 2, AL=4 and AL=8 could be supported but some of the CCEs of a PDCCH candidate might be punctured.
[bookmark: _Hlk135035445]Observation 3: The supported ALs and the CCEs of each PDCCH candidate of each aggregation level are different for different options.
· For CORESET#0 configured based on configuration table option 1, only AL=4 is supported for 12/15PRBs with 3 symbols. 
· For CORESET#0 configured based on configuration table option 2, AL=4 and AL=8 could be supported but some of the CCEs of a PDCCH candidate might be punctured.
To enhance PDCCH detection performance, for CORESET#0 configured based on option 1, new aggregation levels can be considered such as AL=6 for (12PRBs, 3symbols) CORESET#0, and AL=7 for (15PRBs, 3symbols) CORESET#0. Option 2 does not need new aggregation level(s) but should consider puncturing as less CCEs as possible to enhance PDCCH detection performance. 
In addition, considering the RAN1 limited TUs on this topic, it is not expected to introduce more OFDM symbols for CORESET#0. The PDCCH coverage recovery, if needed, can be based on implementation based solutions. 
[bookmark: _Hlk135035459] Observation 4: To enhance PDCCH detection performance, 
· For CORESET#0 based on configuration table option 1, new aggregation levels such as AL=6/7 could be introduced.
· [bookmark: OLE_LINK8]For CORESET#0 based on configuration table option 2, new aggregation levels are not needed but should consider how to reduce the number of punctured CCEs.
Proposal 6: It is not expected to introduce more than 3 OFDM symbols for CORESET#0 of the interest bands for 3MHz channel BW and 5MHz channel BW. 
To puncture as less CCEs as possible in option 2, firstly we check the factors by which the punctured CCEs are determined. For 3MHz channel BW, for 15PRBs CORESET#0, it is identified that one factor is the offset between the non-punctured SSB and the non-punctured CORESET#0 (i.e., the smallest RB index of the CORESET#0 to the smallest RB index of the CRB overlapping with the first RB of the corresponding SSB). Figure 2 shows an example, where in Figure 2(a), one set of REGs (marked with grey) are punctured for the offset between the non-punctured SSB and the non-punctured CORESET#0 being 4PRBs and in Figure 2(b), the other set of REGs (marked with grey) are punctured for the offset being 0 PRBs. 


         
                                              (a)                                                                                               (b)
Figure 2 PRB determination for CORESET#0 transmission BW
[bookmark: _Hlk135035484][bookmark: OLE_LINK7]Observation 5: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends on the offset between the non-punctured SSB and the non-punctured CORESET#0. 
[bookmark: OLE_LINK13][bookmark: OLE_LINK3]Furthermore, the punctured CCEs depend also on the cell ID. This is because the CCE to REG mapping of CORESET#0 is dependent on cell ID (see n_shift in the equation in the Appendix #2). An example is given to illustrate the different set of CCEs punctured in different cell. Firstly, for comparison purpose, the CCEs for each PDCCH candidate of search space#0 of non-punctured (24PRBs, 3symbols) CORESET#0 are provided in Table 3.
We assume a (15PRB, 3symbols) CORESET#0, which has 7 full size CCE and a half size CCE. To explain the difference of CCE puncturing for different cells, however, it should be no harm to take this half CCE as a full size CCE. Assuming for a cell X, CCEs {5,7,9,11} are punctured based on cell ID=X, while for a cell Y, CCEs {0,2,4,6} are punctured based on cell ID=Y, then the available CCEs for each candidate of AL = 4/8 of cell X and cell Y are shown in Table 4 and Table 5, respectively. 
From the tables, it could be observed that, 
· For cell X, for AL = 4, 4 CCEs are included in the first PDCCH candidate, and 2 CCEs are included in the second and third PDCCH candidates. For AL = 8, 6 CCEs are included in the PDCCH candidate. 
· For cell Y, for AL = 4, 2 CCEs are included in the first and second PDCCH candidates, and 4 CCEs are included in the third PDCCH candidate. For AL = 8, 4 CCEs are included in the PDCCH candidate. 
It could be observed that the attainable PDCCH performance of cell X and cell Y is different due to different set of punctured CCEs. 
Table 3 CCEs in each candidate of each AL for (24PRB, 3symbol) CORESET#0
	AL
	1st candidate
	2nd candidate
	3rd candidate
	4th candidate

	4
	0,1,2,3
	4,5,6,7
	8,9,10,11
	NULL

	8
	0,1,2,3,4,5,6,7
	[bookmark: OLE_LINK16]NULL
	NULL
	NULL

	16
	NULL
	NULL
	NULL
	NULL


[bookmark: OLE_LINK17][bookmark: _Hlk127566198]
Table 4 Available CCEs in each candidate of each AL for (15PRB, 3symbol) CORESET#0 for cell X
	AL
	1st candidate
	2nd candidate
	3rd candidate
	4th candidate

	4
	0,1,2,3
	4,6
	8,10
	NULL

	8
	0,1,2,3,4,6
	NULL
	NULL
	NULL

	16
	NULL
	NULL
	NULL
	NULL



Table 5 Available CCEs in each candidate of each AL for (15PRB, 3symbol) CORESET#0 for cell Y
	AL
	1st candidate
	2nd candidate
	3rd candidate
	4th candidate

	4
	1,3
	5,7
	8,9,10,11
	NULL

	8
	1,3,5,7
	NULL
	NULL
	NULL

	16
	NULL
	NULL
	NULL
	NULL


We have following observation and proposal,
[bookmark: _Hlk135035489]Observation 6: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends also on the cell ID. Different cells may have different set of punctured CCEs.
[bookmark: _Hlk135035499]Proposal 7: If CORESET#0 configuration table option 2 is adopted, study how to reduce the number of punctured CCEs for different cells.

Conclusion
In summary, we have following observations and proposals for potential RAN1 enhancements to operate NR on dedicated spectrum less than 5MHz:
Observation 1: The 12PRBs PBCH transmission BW includes PSS/SSS REs and the guard REs around PSS/SSS.
Proposal 1: For 3MHz channel bandwidth of all the bands of interest, the PBCH transmission bandwidth is 12PRBs. 
Proposal 2: Following working assumption is confirmed,
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 3: Support at least 12/15 PRBs as the CORESET#0 transmission BWs for 3MHz channel BW and 20PRBs as the CORESET#0 transmission BW for 5MHz channel BW. More transmission BWs can be considered for gradual migration from GSM-R to NR based FRMCS.
Proposal 4: One single CORESET#0 configuration table is introduced for the interested bands to support CORESET#0 configuration for both 3MHz channel BW and 5MHz channel BW. 
Proposal 5: For the CORESET#0 configuration table for 3MHz and 5MHz channel BW, two options could be considered, 
· Option 1: Each index in the CORESET#0 configuration table indicates a CORESET#0 transmission BW (PRBs).
· Option 2: Each index in the CORESET#0 configuration table indicates the number of punctured PRBs (or non-punctured) PRBs of 24PRBs legacy CORESET#0.
Observation 2: The REG (and REG bundle) definition is different for CORESET#0 configured based on different options,
· For CORESET#0 configured based configuration table option 1, REGs (and REG bundles) are defined on the configured CORESET#0 transmission BW. 
· For CORESET#0 configured based on configuration table option 2, the REGs (and REG bundles) are defined on the legacy 24PRBs non-punctured CORESET#0.
Observation 3: The supported ALs and the CCEs of each PDCCH candidate of each aggregation level are different for different options.
· For CORESET#0 configured based on configuration table option 1, only AL=4 is supported for 12/15PRBs with 3 symbols. 
· For CORESET#0 configured based on configuration table option 2, AL=4 and AL=8 could be supported but some of the CCEs of a PDCCH candidate might be punctured.
Observation 4: To enhance PDCCH detection performance, 
· For CORESET#0 based on configuration table option 1, new aggregation levels such as AL=6/7 could be introduced.
· For CORESET#0 based on configuration table option 2, new aggregation levels are not needed but should consider how to reduce the number of punctured CCEs.
Proposal 6: It is not expected to introduce more than 3 OFDM symbols for CORESET#0 of the interest bands for 3MHz channel BW and 5MHz channel BW. 
Observation 5: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends on the offset between the non-punctured SSB and the non-punctured CORESET#0. 
Observation 6: For CORESET#0 configured based on configuration table option 2, the REGs/CCEs that need to be punctured depends also on the cell ID. Different cells may have different set of punctured CCEs.
Proposal 7: If CORESET#0 configuration table option 2 is adopted, study how to reduce the number of punctured CCEs for different cells.
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Appendix
Appendix#1: CORESET#0 configuration table specified in TS38.313
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
	[bookmark: OLE_LINK2]Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of PRBs [image: ]
	Number of Symbols [image: ] 
	Offset (PRBs) 

	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



Appendix#2: CCE to REG mapping for CORESET#0





[bookmark: _Hlk500448813][bookmark: _Hlk500448903][bookmark: _Hlk500448980][bookmark: OLE_LINK4]REG bundle  consists of REGs , where  is the REG bundle size, , and  is the number of REGs in the CORESET. The CCE to REG mapping for a CORESET could be either interleaved or non-interleaved and is described by REG bundles. Specifically, CCE  consists of REG bundles  where  is an interleaver and is defined as,

For CORESET#0,
-   is the number of PRBs in frequency domain.
[bookmark: OLE_LINK1]-	 is the number of OFDM symbols in time domain.
-	 equals 6, which means one REG bundle contains 6 REGs, same size as a CCE.
-	 is interleaver size and equals 2.
-	. 

Appendix#3
For search space set zero for SIB PDCCH detection, the aggregation levels and the maximum number of candidates per aggregation level are specified as in below table (refer TS38.213 Claus 13).	
Table 1 the aggregation levels and the maximum number of 
candidates per aggregation level for search space set 0
[image: ]
Hash function is used for UE to determine which CCEs corresponds to each specific candidate of an aggregation level. Following equation was specified (refer to TS38.213),


where for search space set 0,
· 
is the aggregation level;
· 
;
· 
;
· 


 is the number of CCEs, numbered from 0 to , in CORESET 
· 
;
· 


, is the number of PDCCH candidates the UE needs to monitor for aggregation level  of a search space set s (s=0) . 
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