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Introduction
In RAN1#113 meeting [1], the following agreements were made for dedicated spectrum less than 5 MHz for FR1. 
	[bookmark: _Hlk134262309]Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.

Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6
Agreement
Confirm following RAN1#112 working assumption

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
Agreement
Draft LS R1-2306240 is endorsed in principle.
Agreement
Final LS R1-2306241 is endorsed.



In this contribution, necessary specification changes to NR physical signals/channels are discussed. 

On dedicated FDD spectrum less than 5 MHz in FR1
The impact on current physical channels/reference signals are discussed in this section and necessary solutions are provided. As approved in the new WID[2], the objectives focus on FDD bands and restrict to subcarrier spacing of 15 kHz and the use of normal cyclic prefix.
CORESET#0
In last meeting[1], the following agreement about CORESET#0 was made. 
	Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6


For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported. There are three remining questions should be discussed as following:
· Question#1 CORESET#0 puncturing pattern for 15 PRBs
· Question#2 the frequency reference for PRB offset
· Question#3 new configuration table
CORESET#0 puncturing pattern for 15 PRBs
For question#1, there are 10 puncturing patterns for 15 PRBs CORESET#0 as following: 
· upper 0 RB + lower 9 RB
· upper 1 RB + lower 8 RB
· upper 2 RB + lower 7 RB
· upper 3 RB + lower 6 RB
· upper 4 RB + lower 5 RB
· upper 5 RB + lower 4 RB
· upper 6 RB + lower 3 RB
· upper 7 RB + lower 2 RB
· upper 8 RB + lower 1 RB
· upper 9 RB + lower 0 RB
When the number of symbols is 3, these patterns can be depicted as shown in Figure 1. 
[image: ]
[bookmark: _Ref140768204][bookmark: _Ref140768198]Figure 1 CORESET#0 puncturing patterns
There is a constriction that the single table can contain up to 16 entries. In this table, two symbol lengths are allowed, i.e. maximum number of CORESET#0 symbols is 3 and minimum number of CORESET#0 symbols is 2. 
In case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used. For the relative frequency position between CORESET#0 and punctured SSB, one position should be supported as shown in Figure 3.
In case of 15 PRBs, both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported. For the relative frequency positions between CORESET#0 and punctured SSB, all the four relative positions between CORESET#0 and punctured SSB should be supported as shown in Figure 2. 
Taking the above two cases, the number of all possible situations could be 2*2*4+2=18 which exceeds 16. 
In order not to increase the number of states for the CORESET#0 puncturing patterns, there are two options to indicate all four potential frequency positions of CORESET#0:
· Opt.1: indicate different puncturing patterns and fix one offset between CORESET#0 and SSB
· Opt.2: Fix only one puncturing pattern and indicate four different offsets between CORESET#0 and SSB.
For Opt.1, in case of 15 PRBs, when the number of symbols is 2, there is significant performance loss than Opt.2. As shown in Figure 2, only if the 15 PRBs CORESET#0 is aligned with one edge of 24PRBs CORESET#0, AL-4 can be supported without performance loss. However, for Opt.2, the offset can adapt to different frequency positions and ensure that each position has no performance loss.
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[bookmark: _Ref142646471]Figure 2 The frequency positions of CORESET#0 using interleaved mapping
Based on the above analysis, Opt.2 is better than Opt.1, so only one specific puncturing pattern could be supported. 
Furthermore, the last pattern in Figure 1 (upper 9 RB + lower 0 RB) has the same start PRB as legacy 24 PRBs CORESET#0, which makes it possible that UE directly determines the first PRB of 15 PRBs CORESET#0 only by offset 
Regardless of whether the CCE-to-REG mapping is interleaved or non-interleaved, the last pattern has minimal impact for the number of entire CCE. As shown in Figure 1, there are only 4 entire CCEs available when the pattern upper 8 RB + lower 1 RB is chosen while there are 5 entire CCEs contained by the last pattern. Thus, we have the following proposal:
Proposal 1: For 15 PRBs CORESET#0, only one puncturing pattern should be supported and the specific pattern is upper 9 RB + lower 0 RB.
the frequency reference for PRB offset
For question#2, there are three options for PRB offset for determining CORESET#0 location in frequency domain:
Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission
Opt.2: The PRB offset is relative to the first PRB of the punctured SSB
[bookmark: _Hlk140775404]Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB
For legacy CORESET#0, the reference position is the first RB of corresponding SSB specified in TS38.213. For operation without shared spectrum channel access, a UE assumes that the offset is defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set from the smallest RB index of the CORESET for Type0-PDCCH CSS set to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block. 
Opt.3 is consistent with legacy definition of the offset aligning with minimum specification impact in the WID. Additionally, Opt.3 is a unified design for dedicated spectrum for 3MHz and 5MHz channel bandwidth. Therefore, we propose to keep the existing definition of the reference position for CORSET#0 location. 
Proposal 2: For determining CORESET#0 location in frequency domain, the PRB offset is relative to the first PRB of the non-punctured SSB.
[bookmark: _new_configuration_table]new configuration table
For question#3, according to the agreement made in last meeting [1], the CORESET#0 transmission bandwidth could be 12 and 15 PRBs. As specified in TS 38.211, CORESET#0 is configured by the ControlResourceSetZero IE:
[bookmark: _Hlk127354903]-	 and  are defined by clause 13 of [TS 38.213];
-	the UE may assume interleaved mapping 
-	;
-	;
-	
-	the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIB1;
-	the UE may assume the same precoding being used within a REG bundle.
For 5MHz channel bandwidth, the max channel utilization is 25 PRBs. As specified in TS 38.213, the time and frequency resource of legacy CORESET#0 is defined by Table 1. For the legacy CORESET#0, for SCS 15 kHz, the minimum bandwidth is 24 RBs.
[bookmark: _Ref140829530][bookmark: _Ref134698983]Table 1 legacy CORESET#0 configuration
	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



For 3MHz channel bandwidth, both 12 PRBs and 15 PRBs CORESET#0 are supported, and there are some restrictions to design the new configuration table as following:
1) There is a single table of up to 16 entries.
2) Maximum number of CORESET#0 symbols is 3. 
3) Minimum number of CORESET#0 symbols is 2. 
4) SSB and CORESET#0 multiplexing pattern 1 is used.
In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing. As shown in Figure 2, there is only one location (offset=-4) in frequency domain. Considering the number of CORESET#0 symbols can be 2 or 3, CCE-to-REG mapping can be interleaved, and the value of offset can be -4, it needs 2 entries for 12 PRBs CORESET#0. 
[image: ]
[bookmark: _Ref140779170][bookmark: _Ref140779164]Figure 3 12 PRBs CORESET#0 frequency location
In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured. Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported. Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
As shown in Figure 3, there are four locations (offset=-3~0) in frequency domain. Considering the number of CORESET#0 symbols can be 2 or 3, CCE-to-REG mapping can be interleaved and non-interleaved, and the value of offset can be -4, -3, -2, and -1, it needs 16 entries for 15 PRBs CORESET#0.
[image: ]
[bookmark: _Ref140779802]Figure 4 15 PRBs CORESET#0 frequency locations
The total number of entries is 18, which does not meet the first 16-entry restriction. There are two possible solutions to deal with this issue: multiplexing and reducing. One possible multiplexing method is to multiplex different CORESET#0 transmission bandwidths. The UEs need some other way to identify different bandwidths, such as band number, but this seems a bit limitation.
Another method is promising to reduce some situations with worse performance. Considering the minimum aggregation level AL-4, performance is different in all possible configurations. As shown in Figure 4, when the bandwidth of CORESET#0 is 15, CCE-to-REG mapping is interleaved, and the number of CORESET#0 symbols is 2, an entire CCE#3 is punctured which makes more performance loss than other situations.
[image: ]
[bookmark: _Ref140825518]Figure 5 different performances for 12 PRBs and 15 PRBs CORESET#0
Based on the above analysis, the following criteria could be considered for CORESET#0 configuration table design for 3MHz channel bandwidth, 
· [bookmark: _Hlk140829394][bookmark: OLE_LINK6][bookmark: _Hlk140830152]Criterion#1: For flexible location in limited spectrum resource, all the offset values -4, -3, -2, and -1 should be supported.
· In 12 PRBs case, the value of offset -4 is supported.
· In 15 PRBs case, the values of offset -4, -3, -2, and -1 are supported.
· Criterion#2: In 12 PRBs and 15 PRBs cases, both 2 and 3 CORESET#0 symbols are supported.
· Criterion#3: In 15 PRBs case, if the number of CORESET#0 is 2, interleaved mapping is not supported.
As shown in Table 2, it is an example of CORESET#0 configuration table to fulfil these criteria mentioned in last paragraph.
[bookmark: _Ref140829557]Table 2 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 3 MHz. Non-interleaved CCE-to-REG mapping applies for entries 6 ~ 13.
	Index
	SS/PBCH block and CORESET multiplexing pattern
	Number of RBs 
	Number of Symbols 
	Offset (RBs)

	0
	1
	12
	2
	-4

	1
	1
	12
	3
	-4

	2
	1
	24
	3
	-4

	3
	1
	24
	3
	-3

	4
	1
	24
	3
	-2

	5
	1
	24
	3
	-1

	6
	1
	24
	3
	-4

	7
	1
	24
	3
	-3

	8
	1
	24
	3
	-2

	9
	1
	24
	3
	-1

	10
	1
	24
	2
	-4

	11
	1
	24
	2
	-3

	12
	1
	24
	2
	-2

	13
	1
	24
	2
	-1

	14
	reserved

	15
	



According to the above analysis, we have the following proposal:
Proposal 3: For CORESET#0 configuration for 3MHz channel bandwidth, the following criteria can be considered, 
· criterion#1: For flexible location in limited spectrum resource, the values of offset -4, -3, -2, and -1 should be all supported.
· In 12 PRBs case, the value of offset -4 is supported.
· In 15 PRBs case, the values of offset -4, -3, -2, and -1 are supported.
· criterion#2: In 12 PRBs and 15 PRBs cases, both 2 and 3 CORESET#0 symbols are supported.
· criterion#3: In 15 PRBs case, if the number of CORESET#0 is 2, interleaved mapping is not supported.
Determination on the applied CORESET#0 configuration table
During the CR discussion, one remaining thing is that the UEs need to know whether the new table of CORESET#0 configuration or the legacy table is applied. Because 3MHz channel bandwidth can be identified after cell search procedure by new synchronization rasters specific to 3MHz channel bandwidth, it is straightforward that the new table of  CORESET#0 should be applied once the carrier is detected by by new synchronization rasters.
Proposal 4: Confirm that 3MHz channel bandwidth can be determined after cell search procedure by the new synchronization rasters specific to 3MHz channel bandwidth.
Proposal 5: For any carrier that is detected in cell search procedure with synchronization raster specific to 3MHz channel bandwidth, the new table of CORESET#0 configuration is applied.
CSI-RS for RRM
For CSI-RS for RRM measurement, there is a conclusion in last meeting[1].
	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 


In TS38.331, the IE CSI-RS-CellMobility is described as following:
CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}
For 3MHz channel bandwidth, the maximum CSI-RS bandwidth is not larger than 15RBs, which exceeds the existing minimum value 24. If the actual CSI-RS bandwidth is not larger than 15RBs by puncturing or configuring, it will cause measurement performance loss. So increasing time domain or frequency domain density is needed to compensate such loss. For example, frequency domain density more than 3 should be supported, or in time domain one CSI-RS resource can occupy more than 1 OFDM symbols, same CSI-RS  are transmitted on these symbols.
So, we have the following proposal:
Proposal 6:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, the number of PRBs less than 24 RBs with increasing frequency domain or time domain density are supported.

Conclusions
Based on the analysis, we have the following observations and proposals:
Proposal 1: For 15 PRBs CORESET#0, only one puncturing pattern should be supported and the specific pattern is upper 9 RB + lower 0 RB.
Proposal 2: For determining CORESET#0 location in frequency domain, the PRB offset is relative to the first PRB of the non-punctured SSB.
Proposal 3: For CORESET#0 configuration for 3MHz channel bandwidth, the following criteria can be considered, 
· criterion#1: For flexible location in limited spectrum resource, the values of offset -4, -3, -2, and -1 should be all supported.
· In 12 PRBs case, the value of offset -4 is supported.
· In 15 PRBs case, the values of offset -4, -3, -2, and -1 are supported.
· criterion#2: In 12 PRBs and 15 PRBs cases, both 2 and 3 CORESET#0 symbols are supported.
· criterion#3: In 15 PRBs case, if the number of CORESET#0 is 2, interleaved mapping is not supported.
Proposal 4: Confirm that 3MHz channel bandwidth can be determined after cell search procedure by the new synchronization rasters specific to 3MHz channel bandwidth.
Proposal 5: For any carrier that is detected in cell search procedure with synchronization raster specific to 3MHz channel bandwidth, the new table of CORESET#0 configuration is applied.
Proposal 6:  For transmission bandwidth of <5MHz for 3MHz channel bandwidth, for CSI-RS for RRM measurement, the number of PRBs less than 24 RBs with increasing frequency domain or time domain density are supported.
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