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1. Introduction 
In RAN1#112, RAN1 received LS reply R1-2302269 (R4-2303646) from RAN4 on max Tx BW in 5MHz ChBW:
RAN4 thanks RAN1 for providing the LS. RAN4 has discussed the questions from RAN1 and would like to provide the following response as well as follow-up questions to RAN1.
Question 1:  RAN1’s understanding is that in addition to reusing 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 response on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
RAN4 response: RAN4 has agreed on a maximum transmission bandwidth configuration of 15 PRBs for 3 MHz channel bandwidth.
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
RAN4 response: RAN4 has analysed different synchronization raster options for 3 MHz channel bandwidth. RAN4 sees finer synchronization raster feasible as well as necessary for 3 MHz channel bandwidth. For 5 MHz channel bandwidth, RAN4 has not yet reached any agreement on the necessity for finer synchronization raster for 5 MHz channel bandwidth.
For 3 MHz channel bandwidth, it was observed that the choice of the PBCH puncturing will impact the choice of finer synchronization raster. Therefore, RAN4 would like to ask RAN1 how PBCH within SSB will be punctured? 
Finally, RAN4 would like to ask RAN1 what is the number of RBs in the SSB with punctured PBCH.

In RAN#99, the LS reply RP-230780 to RAN1 on PBCH Tx BW in 3MHz ChBW and 5MHz ChBW, respectively:
· 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.

In this document, we focus on the RAN1 remaining issues and discuss the potential enhancement for the dedicated spectrum less than 5MHz. 
2. Discussion 
2.1 	SSB BW, BWP and Tx BW of NR dedicated spectrum less than 5MHz
As clarified in WID [1], there are two cases to be considered:
· Case 1: Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Case 2: Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n8, n26 and n28.

	For 5MHz ChBW, the UE is only required to support BWP=25RBs. However, the allowed Tx BW will be limited less than legacy 5MHz but no smaller than 20RBs due to the SSB of 20RBs. Considering the request from the operator [2], the allowed Tx BW of 20RBs can be supported in n100.

	For 3MHz ChBW, a new BWP size same as the max Tx BW of 15RBs will be introduced correspondingly and the UE supporting 3MHz ChBW is only required to support one BWP=15RBs. The allowed Tx BW will be limited no larger than 15RBs but no smaller than 12RBs due to the SSB of 12RBs. For FRMCS soft refarming [2], the allowed Tx BW of 12RBs and 15RBs for NR can be supported as the two stages of coexistence between NR and GSM-R in band n100. 
	In other bands with 3MHz ChBW, the allowed Tx BW can be as large as the max Tx BW of 15RBs. But for SSB detection, it is preferred only one new SSB pattern is defined for 3MHz ChBW, no matter what band it is. If the SSB detection of 12RBs is acceptable in band n100, it would be feasible for other bands as well. For the sync raster design, which is up to RAN4 discussion, it is acknowledged that the sync raster points for SSB of 12RBs are sparser than that of SSB of 15RBs within the Tx BW of 15RBs, which can simplify the UE initial access for searching the SSB. 

Proposal 1: 
· For 5MHz ChBW: reuse SSB=20RBs and BWP=25RBs in n100 and support the allowed Tx BW=20RBs. 
· For 3MHz ChBW: support SSB=12RBs and BWP=15RBs for all bands and support the allowed Tx BW=12RBs or 15RBs in n100 and allowed Tx BW=15RBs in other bands. 

Therefore, there will one new SSB pattern for 3MHz ChBW and legacy SSB pattern for 5MHz ChBW. To differentiate SSB of 12RBs and 20RBs, the UE can rely on different sync raster points, which is up to RAN4 sync raster design.
 
Proposal 2: For initial access, searching of SSB with 20RBs or 12RBs is dependent on sync raster design, up to RAN4 discussion.


In previous meeting, RAN1 agreed the following WA on PBCH transmission with less than 20RBs:
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
In our view, it is preferred to define only one SSB pattern with PBCH puncturing for 3MHz ChBW, and the PBCH puncturing should be done with PRB granularity. To minimize the implementation impact, the legacy PBCH/DMRS RE mapping should be reused, with no PBCH rate matching around the punctured PRBs.

For evaluation, we assume the SSB patterns with 15RBs or 12RBs as illustrated in Figure 3, where PSS/SSS is reused without puncturing and edge RBs of the PBCH is punctured. We evaluated the link level performance degradation due to puncturing of PBCH in Figure 4. The assumption is that PBCH is transmitted on 900MHz with 4 transmit antennas at gNB side and 2 receive antennas at UE side, and ideal synchronization is assumed based on legacy PSS/SSS. In order to compensate the loss due to punctured RBs, we consider power boosting to increase the EPRE of the remaining PBCH RBs by 1.25dB for 5RB punctured and 2.2dB for 8RB punctured, respectively (such that the same total power is used for the whole PBCH in both cases). 
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(a) 15RBs												(b) 12RBs

Figure 3 PBCH puncturing
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Figure 4 PBCH performance in TDL-C channel (delay spread of 300ns)

	Table 1 summarizes the single-shot PBCH performance for TDL-C channels. The PBCH puncturing results in power loss and coding gain loss of around 2~4dB. With the power boosting, the loss can be minimized to less than 1~2dB loss in TDL-C channel. In the interference-limited scenarios, the power boosting may not be effective but multi-slot combining can be used for PBCH to improve the link budget. 


Table 1 Required SINR for PBCH detection
	
	Required SINR at BLER=1%
	Power boosting

	PBCH of 20RBs (baseline)
	-4.9dB
	0

	PBCH of 12RBs
	-0.7dB (+4.2dB)
	0

	PBCH of 15RBs
	-2.5dB (+2.4dB)
	0

	PBCH of 12RBs
	-2.7dB (+2.2dB)
	+2.2dB

	PBCH of 15RBs
	-3.7dB (+1.2dB)
	+1.25dB




Observation 1: For 3MHz ChBW, PBCH puncturing of 5~8RBs may result in 2~4dB loss, but power boosting on the remaining RBs can minimize the loss to 1~2dB. In the interference-limited scenarios, the power boosting may not be effective but multi-slot combining can be used for PBCH to improve the link budget.

Proposal 3: 
· Confirm the 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
· Define only one SSB pattern of 12RBs with PBCH puncturing for 3MHz ChBW in all the bands.
· The PBCH RBs outside PSS/SSS 12RBs are punctured.
· Keep same EPRE SSS and PBCH/DMRS.
· Send LS reply to RAN4 the only one SSB pattern of 12RBs for 3MHz ChBW in all bands.

2.2 CORESET0
In previous RAN1 meeting, there are the following agreements for the CORESET0 for dedicated spectrum:
Agreement
For CORESET#0 configuration for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth, following options are for study, 
· Opt.1: Existing configuration table for 15kHz SCS, 5MHz minimum channel BW (i.e., table 13-1 in TS38.213) is reused for configuration
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration.
Agreement 
Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· Opt.1: Power boosting 
· Opt.2: Non-interleaved CCE-to-REG mapping
· Opt.3: A new interleaver to ensure PDCCH is fully mapped in the spectrum
· Opt.4: New aggregation level(s) for fit in the spectrum
· Opt.5: PDCCH rate matching
· Opt.6.: no enhancement specified 
In the following, we discuss the new CORESET0 design for less than 5MHz from the aspects of resource mapping, puncturing pattern, PDCCH candidates and configuration indication.
2.2.1 Resource mapping for CORESET0
[bookmark: _Hlk500448443]Legacy CORESET0 requires min 24RBs with bandwidth of 4.32MHz. Therefore, if the allowed Tx BW is 12, 15, or 20RBs, the bandwidth for the CORESET0 transmission needs to be restricted. Legacy CORESET0 has CCE with REG-bundling size of L=6 and interlever with interleaverSize R=2, defined as 


However, the interleaver with R=2 and L=6 can only be applied to the new CORESET0 with , 48 which means 
· only 12 or 18RBs for 2-symbol CORESET0 
· only 12 or 16RBs for 3-symbol CORESET0
where  is equal to ,  is the indicated symbol number and   is the indicated RB number in the CORESET0 configuration table.
The above candidates cannot maximize the spectrum utilization for the allowed Tx BW of 15RBs and 20RBs. Different from SSB detection possibly with multi-shot combining, the CORESET0/PDCCH is only based on one-shot detection and the large aggregation level (AL) with fully utilized Tx BW is required for the PDCCH reliability. Even if the power boosting may be applied, it cannot improve the PDCCH performance in interference-limited scenarios. 
Therefore, we propose to reuse the CCE-to-REG mapping and apply no interleaving (i.e., R=1) for all the new CORESET0 so that  are possibly to be considered to support 
· 12, 15, or 18RBs for 2-symbol CORESET0 
· 12, 14, 16, 18 or 20RBs for 3-symbol CORESET0. 

Table 2 illustrates the new CORESET0 configuration for Tx BW of 12, 15RBs and 20RBs, where  is the total number of CCEs equal to  based on the legacy CCE-to-REG mapping. Among the candidates, we down select the ones to maximize the utilization of Tx BW to support large AL. The design only needs to determine how to puncture the 24RB CORESET0 to fit into the allowed Tx BW of 12, 15, 20RBs, respectively. 

Table 2 Symbol number, RB number and AL for new CORESET0 with less than 5MHz
	
	
	
	Aggregation level  

	2
	12, 15, 18
	4, 5, 6
	1, 2, 4

	3
	12, 14, 16, 18, 20
	6, 7, 8, 9, 10
	1, 2, 4, 8



Figure 5 and Figure 6 show the punctured CORESET0 of 20RBs for 5MHz ChBW and 15RBs or 12RBs for 3MHz ChBW, respectively, assuming no interleaving and RB offset relative to the first RB of SSB after puncturing is 0 to maximize the available CCEs and AL for PDCCH in punctured CORESET0. If RB offset=2 or 4RBs, the starting RBs of PDCCH candidate with larger AL will be punctured, which results in less number of PDCCH candidates. 
Considering the limited TUs for this WI, RAN1 should be cautious about introducing new interleaving or new aggregation level for PDCCH for the dedicated spectrum, which may require more specification impact and additional test cases.
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Figure 5 CORESET0 for 5MHz ChBW with the allowed Tx BW of 20RBs
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(a) CORESET0 with allowed Tx BW of 15RBs
                    [image: ]
(b) CORESET0 with allowed Tx BW of 12RBs
Figure 6 CORESET0 for 3MHz ChBW with allowed Tx BW of 15 or 12RBs


Proposal 4: For Tx BW of 12, 15 or 20RBs, new CORESET0 can be configured as 12, 15, 18RBs for 2-symbol and 12, 16, 20RBs for 3-symbol CORESET0, respectively, using 
· no interleaving 
· RB offset=0
· REG bundle size of L=6

2.2.2  Puncturing pattern for CORESET0
According to the legacy hushing function: 
,

the valid PDCCH candidate for the aggregation level L is counted based on . As shown in Table 2 and Figure 5 and 6, only if  for 3-symbol CORESET0,  and there is a PDCCH candidate for AL=8; otherwise, no valid PDCCH candidate for AL=8.
In case of 3MHz ChBW, the Tx BW of 15RBs as shown in Figure 7 can support AL=8 by indicating  and . However, part of the REG-bundle 7 will be out of the Tx BW of 15RBs. In order to support large AL, instead of indicating , gNB can indicate  for 3-symbol CORESET0 to keep the PDCCH candidate for large AL but puncture one or two RBs to limit the PDCCH transmission within 15RBs. The puncturing pattern may be RB-level or REG-bundle-level. As illustrated in Figure 7, if precoding is wideband across all REGs in (a), Alt1 can be applied; but if precoding is within a REG-bundle in (2), Alt2 is needed considering the UE does not support partial precoding within a REG-bundle and the UE also may not be able to do partial REG-bundle channel estimation.
Alt1: RB-level puncturing 
Alt2: REG-bundle-level puncturing 
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Figure 7 Puncturing pattern for CORESET0 in 3MHz channel bandwidth

	In Figure 8, we compare 3-symbol PDCCH detection performance with AL=4 and 8 assuming no puncturing and puncturing based on Alt1/2, respectively. The assumption is that PDCCH is transmitted on 900MHz with 4 transmit antennas at gNB side and 2 receive antennas at UE side and ideal synchronization is assumed based on legacy PSS/SSS. Table 3 summarizes the required SINR at BLER=1% for PDCCH detection. 
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(a) AL=8														(b) AL=4
Figure 8 PDCCH performance for CORESET0 puncturing with 3-symbol case 
	
Table 3 Required SINR for 3-symbol PDCCH detection
(a) AL=8
	AL=8
	Channel estimation
	Required SINR at 1% BLER

	w/o puncturing (baseline)
	Within a REG-bundle
	-4.12dB 

	w/ REG-bundle puncturing (RB index=14, 15)
	Within a REG-bundle
	-3.28dB (+0.84dB)

	w/o puncturing
	Across all REGs
	-4.70dB (-0.58dB)

	w/ RB puncturing 
(RB index=15) 
	Across all REGs
	-4.25dB (-0.13dB)


(b) AL=4
	AL=4
	Channel estimation Precoding
	Required SINR at 1% BLER

	w/o puncturing (baseline)
	Within a REG-bundle
	-0.14dB

	w/ REG-bundle puncturing (RB index=14, 15)
	Within a REG-bundle
	1.57dB (+1.71dB)

	w/o puncturing
	Across all REGs
	-0.25dB (-0.11dB)

	w/ RB puncturing 
(RB index=15) 
	Across all REGs
	0.49dB (+0.63dB)



Observation 2: If  is indicated for 3-symbol CORESET0, 
· Compared with legacy AL=8 (assuming no puncturing and channel estimation within a REG-bundle), 1RB puncturing for AL=8 with channel estimation across all REGs can achieve similar performance, and more than 4dB better than legacy AL=4 with no puncturing.
· Compared with 1RB puncturing for AL=8 with channel estimation across all REGs, 1REG-bundle puncturing for AL=8 with channel estimation within a REG-bundle has ~1dB loss.
· Compared with legacy AL=4 (assuming no puncturing and channel estimation within a REG-bundle), 1RB puncturing for AL=4 with channel estimation across all REGs has 0.63dB loss only.
· Compared with 1RB puncturing for AL=4 with channel estimation across all REGs, 1REG-bundle puncturing for AL=4 with channel estimation within a REG-bundle has ~1dB loss.

Therefore, for max transmission bandwidth of 15RBs in 3MHz ChBW, we propose to support the AL=8 for 3-symbol CORESET0 by indicating   and the 1RB punctured to minimize the PDCCH performance loss. For AL=1 and 2, if the CCE has the punctured RB, the corresponding PDCCH candidate cannot be used due to the high coding rate over the limited remaining RBs after puncturing. The allocation of using the punctured PDCCH candidate for AL=1 and 2 can be avoided by gNB scheduling. 
Legacy CORESET has frequency domain granularity of 6RBs. However, it is too restricted if new CORESET0 only supports 12RBs for 3MHz ChBW and 18RBs for 5MHz ChBW. Considering the bitmap field ‘frequencyDomainResources’ has 45bits for the CORESET, there is no additional RRC signalling overhead by reducing the granularity from 6RBs to 1RB for the new CORESETs. Alternatively, we can keep 6RB granularity as legacy CORESET but only count the RBs within the indicated RB number of CORESET0, e.g., the bitmap indicates ‘111000…0’ with 6RBs per bit but only count 16RBs indicated by  for CORESET0, or the bitmap indicates ‘11110…0’ with 6RBs per bit but only count 20RBs indicated by  for CORESET0.

Proposal 5: If 3MHz ChBW has the allowed Tx BW of 15RBs, CORESET0 can be configured with 16RBs and 3 symbols to support AL=4 and 8 with 1RB puncturing assuming precoding across all REGs
· AL=1 or 2 with puncturing is not supported.

Proposal 6: Reuse legacy hashing function for PDCCH candidate monitoring assuming the number of CCEs counted based on the configured RB number and symbol number for the new CORESET0 for less than 5MHz. 

2.2.3  Indication of CORESET0 configuration
RAN1 needs to discuss how to use MIB/PBCH to indicate the CORESET0 configuration for dedicated spectrum less than 5MHz. The existing entries in Table 13-1 of TS38.213 for 5MHz with 24RBs cannot be directly applied. RAN1 needs to consider new entries/table for the CORESET0 transmission with 12RBs or 15RBs in 3MHz ChBW and 20RBs in 5MHz ChBW. The one reserved entry in Table 13-1 is not enough to support the new CORESET0 as discussed in Sect. 2.2.1. 
On the other hand, the dedicated spectrum can only be accessed by new UEs. Even if the new sync raster point(s) separate from the legacy sync rasters are defined for less than 5MHz, legacy UEs may detect the SSB for the dedicated spectrum, e.g., if the legacy UEs close to the base station has good SNR but high frequency offset during initial access. It will be detrimental to the system if the legacy UEs can further detect SIB1 and send PRACH to access the dedicated spectrum. Therefore, early indication in MIB/PBCH is needed to avoid legacy UEs to monitor the CORESET0 in dedicated spectrum with unnecessary power consumption.  
In MIB/PBCH, the parameter kSSB is used to indicate the SSB subcarrier offset in terms of 15kHz SCS relative to lowest subcarrier of common resource blocks for SSB, with 4-bit MSB indicated by ssb-SubcarrierOffset and 1-bit LSB in PBCH payload with the value defined as:
· If kSSB=0~23, legacy UE will determine the CORESET0 for an associated Type0-PDCCH CSS set based on Table 13-1~15 in TS38.213. 
· If kSSB=24~30, the UE may determine the nearest (in the corresponding frequency direction) GSCN of a second SSB block having a CORESET for an associated Type0-PDCCH CSS set as   is the GSCN of the first SSB and  is the GSCN offset provided by Table 13-16 for FR1. 
· If kSSB=31, the UE determines that there is no SS/PBCH block having an associated Type0-PDCCH CSS set within a GSCN range  and  are respectively determined by CORESET0/SS0 in pdcch-ConfigSIB1.

Table 13-16: Mapping between the combinationof k_SSB and 
controlResorceSetZero and searchSpaceZero in pdcch-ConfigSIB1 to  for FR1
	
kSSB
	16×controlResourceSetZero +searchSpaceZero
	 

	24
	0, 1, …, 255
	1, 2, …, 256

	25
	0, 1, …, 255
	257, 258, …, 512

	26
	0, 1, …, 255
	513, 514, …., 768

	27
	0, 1, …, 255
	-1, -2, …, -256

	28
	0, 1, …, 255
	-257, -258, …, -512

	29
	0, 1, …, 255
	-513, -514, …., -768

	30
	0, 1, …, 255
	Reserved, Reserved, …, Reserved



But for the dedicated spectrum with less than 5MHz, the SSB with RB-level puncturing will be fit into the channel bandwidth and kSSB can be counted as the subcarrier offset from subcarrier 0 in common frequency resource block relative to subcarrier 0 of SSB after puncturing. In the dedicated spectrum with less than 5MHz, kSSB can be equal to 0 or a predefined value (the predefined value is dependent on RAN4 sync raster design). The MIB/PBCH can indicate kSSB=30 (reserved in Table 13-16) to make legacy UEs ignore this cell because there is no corresponding CORESET0 as well as no reselection of second SSB. The new UEs, capable of accessing the dedicated spectrum with less than 5MHz, will use a new entries/table for the CORESET0 with TX BW of 12, 15 and 20RBs. For example, Table 13-X is illustrated for mapping the CORESET0 index to the CORESET0 configuration parameters for 3MHz and 5MHz ChBW, respectively. 
 
Table 13-X: 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 the frequency bands with minimum channel bandwidth 3 MHz or 5 MHz given in [5, TS38.101-1] and kSSB=30
	Index
	SS/PBCH block and CORESET multiplexing pattern
	Number of RBs 
	Number of Symbols 
	Offset (RBs)
	Interleaving
	Precoding Granularity
	Puncturing

	0
	1
	12
	2
	0
	No
	allContiguousRBs
	 

	1
	1
	12
	3
	0
	No
	allContiguousRBs
	 

	2
	1
	15
	2
	0
	No
	allContiguousRBs
	-

	3
	1
	16
	3
	0
	No
	allContiguousRBs
	RB index=15

	4
	1
	18
	2
	0
	No
	allContiguousRBs
	-

	5
	1
	20
	3
	0
	No
	allContiguousRBs
	-

	6~15
	Reserved



Proposal 7: For new CORESET0 in NR dedicated spectrum less than 5MHz
· MIB/PBCH indicate reserved kSSB=30 to prevent legacy UEs accessing the dedicated spectrum less than 5MHz
· New UEs assume a predefined value for kSSB and use a new Table 13-X (Opt2) to indicate new CORESET0 configurations based on the PDCCH-ConfigSIB1 in MIB.
· Note: the predefined value of kSSB is up to RAN4 sync raster design.

Table 13-X: 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 the frequency bands with minimum channel bandwidth 3 MHz or 5 MHz given in [5, TS38.101-1] and kSSB=30
	Index
	SS/PBCH block and CORESET multiplexing pattern
	Number of RBs 
	Number of Symbols 
	Offset (RBs)
	Interleaving
	Precoding Granularity
	Puncturing

	0
	1
	12
	2
	0
	No
	allContiguousRBs
	 

	1
	1
	12
	3
	0
	No
	allContiguousRBs
	 

	2
	1
	15
	2
	0
	No
	allContiguousRBs
	-

	3
	1
	16
	3
	0
	No
	allContiguousRBs
	RB index=15

	4
	1
	18
	2
	0
	No
	allContiguousRBs
	-

	5
	1
	20
	3
	0
	No
	allContiguousRBs
	-

	6~15
	Reserved




2.3 	CSI-RS/TRS
As indicated in the WID, RAN1 needs to identify and specify necessary minimum changes to PBCH, PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
Legacy CSI-RS is configured with 4n RBs. The UE shall expect that . For 5MHz ChBW with BWP=25RBs, the min number of RBs for CSI-RS is 24RBs, which will be out of the Tx BW of 20RBs. In Rel-16, flexible TRS BW can be configured as 5~10MHz if BWP=10MHz based on UE capability [3]. Similar concept can be extended to define flexible TRS with size of 20RBs within BWP=5MHz based on UE capability. 
For 3MHz ChBW with BWP=15RBs, the number of RBs for CSI-RS equal to BWP size will be out of the Tx BW of 12RBs. Therefore, optional flexible TRS with 12RBs should be supported.

Proposal 8:
· For 5MHz ChBW with BWP=25RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 20RBs for the allowed Tx BW of 20RBs.
· For 3MHz ChBW with BWP=15RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 12RBs for the allowed Tx BW of 12RBs.

2.4 	PUCCH
Conclusion 
No enhancements are needed for PUCCH to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, 
· FFS: the necessity for PUCCH FH disabling.
In NR, the PUCCH with dedicated PUCCH-Config can be configured within startingPRB and secondHopPRB after frequency hopping within the UL BWP. However, the PUCCH resources before dedicated PUCCH-Config is based on cell-specific pucch-ResourceCommon, which is defined in Table 9.2.1-1 of TS38.213. 
For the PUCCH transmission for msg4, the PRB index in the first hop is [image: ] and the PRB index in the second hop is[image: ]. For Case 2 with BWP=3MHz, there is no issue to reuse the legacy frequency hopping of PUCCH (assuming a BWP of 3MHz is used). However, for Case 1 with nominal UL BWP=5MHz, the PUCCH transmission with frequency hopping may be out of the restricted BW. 
Considering we do not expect a significant gain of frequency hopping in BW less than 5MHz, PUCCH frequency hopping for msg4 can be disabled. Since legacy UEs will not access the dedicated spectrum, disabling for PUCCH FH for msg4 can be predefined when new UEs accessing 20RBs with nominal 5MHz and no need to use the Rel-17 RedCap flag in SIB1 for msg4. 

Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

	1
	0
	12
	2
	0
	{0, 4, 8}

	2
	0
	12
	2
	3
	{0, 4, 8}

	3
	1
	10
	4
	0
	{0, 6}

	4
	1
	10
	4
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	0
	{0, 6}

	8
	1
	4
	10
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	0
	{0, 6}

	12
	1
	0
	14
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	[image: ]
	{0, 3, 6, 9}




Proposal 9: Support disabled PUCCH frequency hopping for msg4 for Tx BW less than 5MHz in 5MHz and 3MHz ChBW.

2.5 	PRACH

Conclusion
· No enhancements are required for PRACH to operate NR on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. 
· Note: PRACH formats and configurations not fitting into the transmission BW are not applicable
Agreement
· Short PRACH formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS are supported for transmission bandwidths <5 MHz for 3MHz and 5MHz channel bandwidth.

The PRACH preamble formats can be used in less than 5MHz are: 
· Short PRACH has 2.16MHz bandwidth
· Long PRACH with format 0/1/2 uses 1.08MHz bandwidth.

Within the spectrum less than 5MHz, the uplink capacity of initial access would be very restricted. If long PRACH format is configured and one PRACH occasion has 1.08MHz (equivalent to 6RBs with 15kHz SCS), it is beneficial to support up to 3 FDM PRACH occasions within 20RBs. Note that the current RRC signalling only supports 1, 2, 4 or 8 FDM PRACH occasions. 

Proposal 10: Support 3-FDM PRACH occasions with 1.25kHz SCS for Tx BW of 20RBs in 5MHz ChBW.

3. Conclusion
Based on the discussion, we have following proposals:

For SSB, BWP and Tx BW:
Proposal 1: 
· For 5MHz ChBW: reuse SSB=20RBs and BWP=25RBs in n100 and support the allowed Tx BW=20RBs. 
· For 3MHz ChBW: support SSB=12RBs and BWP=15RBs for all bands and support the allowed Tx BW=12RBs or 15RBs in n100 and allowed Tx BW=15RBs in other bands. 

Proposal 2: For initial access, searching of SSB with 20RBs or 12RBs is dependent on sync raster design, up to RAN4 discussion.

Proposal 3: 
· Confirm the 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
· Define only one SSB pattern of 12RBs with PBCH puncturing for 3MHz ChBW in all the bands.
· The PBCH RBs outside PSS/SSS 12RBs are punctured.
· Keep same EPRE SSS and PBCH/DMRS.
· Send LS reply to RAN4 the only one SSB pattern of 12RBs for 3MHz ChBW in all bands.

For CORESET0:
Proposal 4: For Tx BW of 12, 15 or 20RBs, new CORESET0 can be configured as 12, 15, 18RBs for 2-symbol and 12, 16, 20RBs for 3-symbol CORESET0, respectively, using 
· no interleaving 
· RB offset=0
· REG bundle size of L=6

Proposal 5: If 3MHz ChBW has the allowed Tx BW of 15RBs, CORESET0 can be configured with 16RBs and 3 symbols to support AL=4 and 8 with 1RB puncturing assuming precoding across all REGs
· AL=1 or 2 with puncturing is not supported.

Proposal 6: Reuse legacy hashing function for PDCCH candidate monitoring assuming the number of CCEs counted based on the configured RB number and symbol number for the new CORESET0 for less than 5MHz. 


Proposal 7: For new CORESET0 in NR dedicated spectrum less than 5MHz
· MIB/PBCH indicate reserved kSSB=30 to prevent legacy UEs accessing the dedicated spectrum less than 5MHz
· New UEs assume a predefined value for kSSB and use a new Table 13-X (Opt2) to indicate new CORESET0 configurations based on the PDCCH-ConfigSIB1 in MIB.
· Note: the predefined value of kSSB is up to RAN4 sync raster design.

Table 13-X: 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 the frequency bands with minimum channel bandwidth 3 MHz or 5 MHz given in [5, TS38.101-1] and kSSB=30
	Index
	SS/PBCH block and CORESET multiplexing pattern
	Number of RBs 
	Number of Symbols 
	Offset (RBs)
	Interleaving
	Precoding Granularity
	Puncturing

	0
	1
	12
	2
	0
	No
	allContiguousRBs
	 

	1
	1
	12
	3
	0
	No
	allContiguousRBs
	 

	2
	1
	15
	2
	0
	No
	allContiguousRBs
	-

	3
	1
	16
	3
	0
	No
	allContiguousRBs
	RB index=15

	4
	1
	18
	2
	0
	No
	allContiguousRBs
	-

	5
	1
	20
	3
	0
	No
	allContiguousRBs
	-

	6~15
	Reserved




For CSI-RS/TRS:
Proposal 8:
· For 5MHz ChBW with BWP=25RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 20RBs for the allowed Tx BW of 20RBs.
· For 3MHz ChBW with BWP=15RBs, introduce UE capability of supporting flexible CSI-RS/TRS with 12RBs for the allowed Tx BW of 12RBs.


For PUCCH:
Proposal 9: Support disabled PUCCH frequency hopping for msg4 for Tx BW less than 5MHz in 5MHz and 3MHz ChBW.


For PRACH:
Proposal 10: Support 3-FDM PRACH occasions with 1.25kHz SCS for Tx BW of 20RBs in 5MHz ChBW.
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