Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #113	R1-2305185
Incheon, Republic of Korea, May 22nd – 26th, 2023

Agenda Item:	9.13.1
Source:	Ericsson
Title:	NR support of spectrum less than 5MHz for FR1
Document for:	Discussion

1	Introduction
The Rel-18 “NR support for dedicated spectrum less than 5MHz for FR1” [1] includes the following objectives touching upon RAN1:
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· [bookmark: _Hlk111664567]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 
· [bookmark: _Hlk111664478]Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.



In this contribution we provide a follow-up on the RAN1 agreements and conclusions reached in RAN1#111 [2] and RAN1# 112 [3], as well as the LS reply from RAN4 in [4], and the LS replies from RAN Plenary #99 in [5] and [6].
[bookmark: _Hlk131103939]2	Use-cases under the scope of the Work Item on “LessThan5MHzFR1”
In RAN#99, the following LS reply to RAN1 was provided [5]:
	[bookmark: _Hlk128664568]1. Overall Description:
RAN would like to thank RAN WG1 for their LS on transmission bandwidths for NR on dedicated spectrum less than 5 MHz.
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.
 2. Actions: RAN respectfully requests RAN1 to take the above information into account for their further work.



Based on the “LS reply to RAN1” cited above, the scenarios under the scope of the Work Item (WI) on “LessThan5MHzFR1” are illustrated in Figure 1:

[image: ]
Figure 1: New use-cases to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1”.

[bookmark: _Toc134810663]As part of the WI on “LessThan5MHzFR1,” a new channel bandwidth of 3MHz was defined, whereas sub-3MHz and sub-5MHz use-cases will also be supported through confining UL and DL transmissions within and without fully utilizing the maximum transmission bandwidths of the nominal channel bandwidths for 3MHz and 5MHz respectively.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]3	SSB and CORESET#0 towards supporting the use-cases under the scope of this WI 
Below we provide a one-on-one comparison among the use-cases to be supported aiming at visualizing the design considerations. In section 3.1 we discuss the use-cases under the umbrella of a 3MHz Channel bandwidth framework, whereas in section 3.2 we discuss the use-cases under the umbrella of a 5MHz Channel bandwidth framework.
[bookmark: _Hlk131154851]3.1	Use-cases to be supported using the 3MHz Channel bandwidth framework
In Table 1, we illustrate that under a 3MHz channel bandwidth framework, in principle two scenarios are meant to be supported [5]: A) Scenario A where UL/DL transmissions span up to 15-PRBs, and B) Scenario B where UL/DL transmissions span up to 12-PRBs.
Table 1: 3MHz Channel bandwidth framework and use-cases to be supported based on it.
	3MHz Channel Bandwidth
(Maximum transmission bandwidth = 15-PRBs)


Figure 2a: 3MHz Channel bandwidth framework

	Scenario A: UL/DL transmissions spanning up to 15-PRBs


Figure 2b: UL/DL stransmissions (blue-region) spanning up to 15-PRBs 
	Scenario B: UL/DL transmissions spanning up to 12-PRBs


Figure 2c: UL/DL stransmissions (blue region) spanning up to 12-PRBs




3.1.1	Puncturing on the legacy SSB structure and on CORESET#0 to support transmissions spanning up to 15-PRBs and 12-PRBs respectively 
3.1.1.1	Puncturing on SSB and CORESET#0 to support transmissions spanning up to 15-PRBs
The use-cases illustrated in Table 1 are built under the umbrella of a 3MHz channel bandwidth using a maximum transmission bandwidth of 15-PRBs, which requires applying puncturing on the 20-PRB SSB legacy structure as to fit such PHY-channel into the reduced bandwidth. Therefore, the first step towards discussing detailed puncturing designs is to confirm the Working Assumption (WA) from RAN1# 112.
[bookmark: _Toc134810688]RAN1 to confirm the following Working Assumption from RAN1# 112:
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

Moreover, according with the “RAN4 LS reply to RAN1” in [4], “RAN4 has agreed on a maximum transmission bandwidth configuration of 15 PRBs for 3 MHz channel bandwidth”. On the other hand, the “RAN LS reply to RAN1” mentions “For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4): o PBCH transmission bandwidth is 12 PRBs,” whereas it is also mentioned “• 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” [5]. Based on the received LS replies, for a 3MHz channel Bandwidth the legacy 20-PRB SSB structure needs to be punctured as to produce two cases, a 15-PRB SSB structure and a 12-PRB SSB structure. Thus, before we can proceed with a detailed puncturing design on SSB we have the following proposal:
[bookmark: _Toc134810689]For 3MHz channel BW, the legacy 20-PRB SSB structure is punctured as to produce a 15-PRB SSB structure and a 12-PRB SSB structure respectively. The detailed puncturing designs are to be discussed separately.
3.1.1.2	Puncturing on SSB and CORESET#0 to support transmission spanning up to 12-PRBs
The legacy 20-PRB SSB is depicted below.
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Figure 3: Legacy 20-PRB SSB structure
[bookmark: _Toc134810664]From a 20-PRB SSB legacy structure, the possible ways of applying an “RB-level puncturing” as to obtain a 15-PRB SSB structure and a 12-PRB SSB structure are as follows:
· [bookmark: _Toc134810665]The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom, c) 3 RBs from top & 2 RBs from bottom, or d) 2 RBs from top & 3 RBs from bottom. 
· [bookmark: _Toc134810666]The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RBs from bottom.
[bookmark: _Toc134810667]Based on the previous observation and aiming for commonality in the puncturing design, the puncturing alternatives that in common (i.e., for 12-PRB and 15-PRB SSB) include puncturing 4RBs are the ones to be further considered:
· [bookmark: _Toc134810668]The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom.
· [bookmark: _Toc134810669]The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RB from bottom.
[bookmark: _Toc134810690]For 3MHz channel BW, “4 RBs from top & 1 RB from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 15-PRB SSB structure. 
· [bookmark: _Toc134810691]Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
[bookmark: _Toc134810692]For 3MHz channel BW, “4 RBs from top & 4 RBs from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 12-PRB SSB structure.
· [bookmark: _Toc134810693]Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
In relation with the puncturing applied on SSB, several candidate recovery techniques have been considered including Opt.1: Power boosting, Opt.2: Multiple PBCH receptions, Opt.3: PBCH remapping, Opt.4: PBCH payload reduction, Opt.5: PBCH rate matching around the punctured, and Opt.6: no enhancement specified. In Annex B, simulation results show that the performance difference between the legacy 20-PRB SSB structure and the 15-PRB SSB punctured structure is ~1.75dB, whereas with respect to the 12-PRB SSB punctured structure the performance difference is ~3.6dB. The above results are expressed in terms of the SNR required to achieve 1% BLER, and through assuming the same power per sub-carrier for both the non-punctured and punctured PBCH.
[bookmark: _Toc134810670]The performance difference between a punctured and a non-punctured SSB was found to be small (~1.75dB and ~3.6dB @ 1% BLER when 15-PRBs and 12-PRBs are respectively kept unpunctured). Moreover, SSB is not foreseen to be a bottle-neck channel link budget-wise. 
[bookmark: _Toc134810671]The performance difference was observed assuming the same power per sub-carrier for both the non-punctured and punctured PBCH. The performance difference was small even without using yet any compensation technique (e.g., power boosting). 
[bookmark: _Toc134810694]For 3MHz channel BW, SSB recovery techniques impacting the technical specification are not introduced/supported.
Another important aspect to considered is that “subcarrier 0 of the first resource block of the SS/PBCH block” is used in several parts of the legacy specification as a reference point. For 3MHz channel BW, the question is whether “subcarrier 0 of the first resource block of the SS/PBCH block” will continue being counted with respect to the legacy 20-PRB SSB structure or with respect to the punctured structures (i.e., 15-PRB SSB structure and 12-PRB SSB structure respectively).
[bookmark: _Toc134810672]In legacy specification “subcarrier 0 of the first resource block of the SS/PBCH block” is used as reference point. For 3MHz channel BW, the question is whether such a reference point will continue being counted with respect to the legacy 20-PRB SSB structure or with respect to the punctured SSB structures.

[bookmark: _Toc134810673]In our view, due to that PSS/SSS are expected to be centered with respect to each candidate sync-raster (i.e., sync-raster candidate is mapped onto= 120 of SS/PBCH block), and due to that the legacy 20-PRB SSB structure as described in Table 7.4.3.1-1 in TS 38.211 is used as a reference to apply the puncturing, then “subcarrier 0 of the first resource block of the SS/PBCH block” can continue being counted with respect to the legacy 20-PRB SSB structure which will minimize the specification impacts, and will bring commonality with the 5MHz channel BW case which uses a 20-PRB SSB structure for both the legacy use-case and its sub-case.
[bookmark: _Toc134810695]For 3MHz channel BW, the legacy reference point remains unmodified and “subcarrier 0 of the first resource block of the SS/PBCH block” continues being counted with respect to the legacy 20-PRB SSB since such a structure is anyway used as a reference to apply the puncturing. This way, all cases/sub-cases under 3MHz and 5MHz CBWs will use the same common reference. 
[bookmark: _Hlk131449429]As it happened with the legacy SSB structure, CORESET#0 needs to be punctured to fit into 15-PRBs and 12-PRBs respectively. The starting point can be relying on the minimum available CORESET#0 configuration equal to 24-PRBs, then the puncturing on CORESET#0 can also be a PRB-level puncturing with “kSSB = 0,” and with “Offset (RBs)” either fixed as to have only 1 puncturing pattern per time-domain structure (i.e., 2 and 3 OFDMA symbols) or variable as per legacy (choosing Offset (RBs) between 0, 2, and 4) as to have 3 puncturing patterns per time-domain structure (i.e., 2 and 3 OFDMA symbols).
In the figures below we illustrate the PRB-level puncturing applied on CORESET 0:
	[image: ]
Figure 4a: Relationship between the location in frequency of a PRB-level puncturing resulting in a 15 PRB SSB and 15-PRB CORESET 0 structures.
	Table A: PRB-level puncturing on CORESET 0, including three possible puncturing patterns per “Number of Symbols”
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	RBs punctured: Bottom,Top

	0
	1
	24
	2
	0
	1,8

	1
	1
	24
	2
	2
	3,6

	2
	1
	24
	2
	4
	5,4

	3
	1
	24
	3
	0
	1,8

	4
	1
	24
	3
	2
	3,6

	5
	1
	24
	3
	4
	5,4


Note: To simplify the design, it should be possible to have only 1 puncturing pattern per time-domain structure (i.e., 2 and 3 OFDMA symbols).
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Figure 4b: Relationship between the location in frequency of a PRB-level puncturing resulting in a 12 PRB SSB and 12-PRB CORESET 0 structures.
	Table B: PRB-level puncturing on CORESET 0, including three possible puncturing patterns per “Number of Symbols”
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	RBs punctured: Bottom,Top

	0
	1
	24
	2
	0
	4,8

	1
	1
	24
	2
	2
	6,6

	2
	1
	24
	2
	4
	8,4

	3
	1
	24
	3
	0
	4,8

	4
	1
	24
	3
	2
	6,6

	5
	1
	24
	3
	4
	8,4



Note: To simplify the design, it should be possible to have only 1 puncturing pattern per time-domain structure (i.e., 2 and 3 OFDMA symbols).



[bookmark: _Toc134810696]For 3MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
· [bookmark: _Toc134810697]KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”. 

[bookmark: _Toc134810698]For a 3MHz channel BW using a 15-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET 0 derived from using all applicable Offset RBs:

· [bookmark: _Toc134810699]Alt-1: Single RB-level puncturing pattern for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810700]The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure. Only “Offset = 0” is used.

· [bookmark: _Toc134810701]Alt-2: Three RB-level puncturing patterns for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810702]Offset RBs = 0, The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure.
· [bookmark: _Toc134810703]Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “3 RBs from bottom & 6 RBs from top” to produce a 15-PRB CORESET# 0 structure.
· [bookmark: _Toc134810704]Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “5 RBs from bottom & 4 RBs from top” to produce a 15-PRB CORESET# 0 structure.
· [bookmark: _Toc134810705]Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET#0 into the specs can be done at a later stage when agreements are mapped to the specification.

[bookmark: _Toc134810706]For a 3MHz channel BW using a 12-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:

· [bookmark: _Toc134810707]Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810708]The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure. Only “Offset = 0” is used.

· [bookmark: _Toc134810709]Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810710]Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure.
· [bookmark: _Toc134810711]Offset RBs = 2, The legacy 24-PRB CORESET# 0 structure punctures “6 RBs from bottom & 6 RBs from top” to produce a 12-PRB CORESET#0 structure.
· [bookmark: _Toc134810712]Offset RBs = 4, The legacy 24-PRB CORESET# 0 structure punctures “8 RBs from bottom & 4 RBs from top” to produce a 12-PRB CORESET#0 structure.
· [bookmark: _Toc134810713]Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.

As it happened with SSB, several candidate recovery techniques have been considered for the punctured CORESET#0 structure including 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 Annex D, simulation results for CORESET#0 are presented from which the following observations were derived:
[bookmark: _Toc134810674]The performance difference between the unpunctured legacy 24-PRB CORESET# 0 structure and the punctured 15-PRB CORESET# 0 structure, resulted in ~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol CORESET# 0 respectively. This was observed assuming the same power per sub-carrier for both non-punctured and punctured CORESET# 0. For a 12-PRB CORESET# 0 structure the performance is additionally impacted (~ 4.42dB for 2-OFDM symbol and ~ 4.16dB for 3-OFDM symbol CORESET# 0 respectively), nonetheless CORESET# 0 is not foreseen to be a bottle-neck channel link budget-wise.
[bookmark: _Toc134810714]For 3MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
3.2	Use-case to be supported using the 5MHz Channel bandwidth framework
Table 2: 5MHz Channel bandwidth framework and use-cases to be supported based on it.
	5MHz Channel Bandwidth
(Maximum transmission bandwidth = 25-PRBs)


Figure 5a: 5MHz Channel bandwidth framework

	Scenario A: UL/DL transmissions spanning at most up to 24-PRBs*.



Figure 5b: UL/DL transmissions spanning up to 24-PRBs

*Note: During initial access UL/DL transmissions span at most up to 24-PRBs (legacy SSB occupies 20-PRBs, whereas CORESET#0 occupies 24-PRBs), afterwards the 25-PRBs may be fully used by other channels (e.g., data channels).
	Scenario B: UL/DL transmissions spanning up to 20-PRBs



Figure 5c: UL/DL transmissions spanning up to 20-PRBs




[bookmark: _Toc134810675]The “RAN LS reply to RAN1” mentions “For the 5MHz channel bandwidth: o PBCH transmission bandwidth is 20 PRBs, o CORESET#0 transmission bandwidth is to be decided by RAN1” [5]. Based on the received LS reply, for a 5MHz channel Bandwidth the legacy 20-PRB SSB structure will be fully re-used and only CORESET# 0 needs to be punctured.
3.2.1	Puncturing on CORESET#0 to support transmissions spanning up to 20-PRBs
In legacy, a 20-PRB SSB structure along with a 24-PRB CORESET#0 configuration can be used to transmit on a 5MHz channel bandwidth having a maximum transmission bandwidth of 25-PRBs. For the Rel-18 WI on “LessThan5MHz,” a sub-5MHz use-case will be supported where PHY-channel transmissions will be confined into 20-PRBs, thus CORESET#0 needs to be punctured to fit into 20-PRBs. 
[bookmark: _Toc134810676]For the Rel-18 WI on “LessThan5MHz,” a sub-5MHz use-case will be supported where PHY-channel transmissions will be confined into 20-PRBs. On this matter, whereas the legacy 20-PRB SSB structure can be fully re-used, CORESET# 0 needs to be punctured to fit into 20-PRBs.
In relation with the previous observation, it is possible to rely on the minimum available CORESET# 0 configuration equal to 24-PRBs, then the puncturing on CORESET#0 can also be a PRB-level puncturing with “kSSB = 0” and with “Offset (RBs)” either fixed as to have only 1 puncturing pattern per time-domain structure (i.e., 2 and 3 OFDMA symbols) or variable as per legacy (choosing Offset (RBs) between 0, 2, and 4) as to have 3 puncturing patterns per time-domain structure (i.e., 2 and 3 OFDMA symbols).
In the figure below we illustrate the PRB-level puncturing applied on CORESET 0:
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Figure 4c: Relationship between the location in frequency of a 20-PRB SSB structure (legacy) and PRB-level puncturing resulting in a 20-PRB CORESET 0 structure.
	Table C: PRB-level puncturing on CORESET 0, including three possible puncturing patterns per “Number of Symbols”
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	RBs punctured: Bottom,Top

	0
	1
	24
	2
	0
	0,4

	1
	1
	24
	2
	2
	2,2

	2
	1
	24
	2
	4
	4,0

	3
	1
	24
	3
	0
	0,4

	4
	1
	24
	3
	2
	2,2

	5
	1
	24
	3
	4
	4,0



Note: To simplify the design, it should be possible to have only 1 puncturing pattern per time-domain structure (i.e., 2 and 3 OFDMA symbols).


  
[bookmark: _Toc134810715]For 5MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
· [bookmark: _Toc134810716]KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”. 
[bookmark: _Toc134810717]For a 5MHz channel BW using a 20-PRB CORESET 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:

· [bookmark: _Toc134810718]Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810719]The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure. Only “Offset = 0” is used.

· [bookmark: _Toc134810720]Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
· [bookmark: _Toc134810721]Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure.
· [bookmark: _Toc134810722]Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “2 RBs from bottom & 2 RBs from top” to produce a 20-PRB CORESET# 0 structure.
· [bookmark: _Toc134810723]Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “4 RBs from bottom & 0 RBs from top” to produce a 20-PRB CORESET# 0 structure.
· [bookmark: _Toc134810724]Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.

As discussed in previous sections, several candidate recovery techniques have been considered for the punctured CORESET#0 structure including 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. However, under the 5MHz Channel Bandwidth umbrella the CORESET#0 structures will have a size of either 24-PRBs (legacy) or 20-PRBs and no recovery technique is foreseen to be needed (especially if no recovery technique were required to be adopted for the use-cases under the 3MHz which require puncturing CORESET#0 beyond 20-PRBs). Moreover, CORESET# 0 is not foreseen to be a bottle-neck channel link budget-wise, then we have the following proposal:
[bookmark: _Toc134810725]For 5MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
3.3	CSI-RS/TRS in NR spectrum “less than 5 MHZ for FR1”
The Information Element (IE) CSI-FrequencyOccupation is used to configure the frequency domain occupation of a channel state information measurement resource (e.g. NZP-CSI-RS-Resource, CSI-IM-Resource) [7]. The following descriptions can be highlighted:
· nrofRBs: Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP. If the configured value is larger than the width of the corresponding BWP, the UE shall assume that the actual CSI-RS bandwidth is equal to the width of the BWP.

· startingRB: PRB where this CSI resource starts in relation to common resource block #0 (CRB#0) on the common resource block grid. Only multiples of 4 are allowed (0, 4, ...).

[bookmark: _Toc134810677]For CSI-RS, the smallest configurable number of RBs is 24. Moreover, the technical specification states that “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”.
[bookmark: _Toc134810726]For CSI-RS, the legacy procedure is re-used “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”, where in addition to “24”, the values 20 and 12 are also included as to support all cases under the umbrella of 3MHz and 5MHz channel bandwidths.
[bookmark: _Toc134810727]Note: Supporting 12-RBs and 20-RBs in addition to the 24-PRB legacy value will be sufficient to address all scenarios:
· [bookmark: _Toc134810728]3MHz CBW: BWP = max transmission bandwidth = 15 PRBs
· [bookmark: _Toc134810729]Tx/Rx spanning up to 15-PRBs
· [bookmark: _Toc134810730]MIN(20 RBs, BWP) = 15
· [bookmark: _Toc134810731]Tx/Rx spanning up to 12-PRBs
· [bookmark: _Toc134810732]MIN(12 RBs, BWP) = 12
· [bookmark: _Toc134810733]5MHz CBW: BWP = max transmission bandwidth = 25 PRBs
· [bookmark: _Toc134810734]Tx/Rx spanning up to 25-PRBs
· [bookmark: _Toc134810735]MIN(24 RBs, BWP) = 24
· [bookmark: _Toc134810736]Tx/Rx spanning up to 20-PRBs
· [bookmark: _Toc134810737]MIN(20 RBs, BWP) = 20
3.4	PUCCH in NR spectrum “less than 5 MHZ for FR1”
In relation with PUCCH, the following conclusion was reached in RAN1# 111:
	Conclusion 
[bookmark: _Hlk131507308]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.



Based on the above conclusion, what remains to be addressed is the FFS on “the necessity for PUCCH FH disabling”. For illustration purposes below we depict PUCCH using frequency hopping (FH) and PUSCH being simultaneously transmitted on a 15 RBs transmission bandwidth.
[image: ]
Figure 5: PUCCH using frequency hopping (FH) and PUSCH being simultaneously transmitted on a 15 RBs transmission bandwidth.

[bookmark: _Toc134810678]About the FFS on “the necessity for PUCCH FH disabling”, no “necessity” has been identified since different than RedCap there is no “PUSCH resource fragmentation issue”. However, now that more use-cases are to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1” it is better to equip the gNodeB with the ability of enabling/disabling Frequency Hopping (especially if the degree of flexibility of the initial BWP is still under discussion in RAN4).
[bookmark: _Toc134810738]For PUCCH of Msg4 to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidths, Enabling/Disabling Frequency Hopping (FH) is supported when the “LessThan5MHzFR1” initial UL BWP is configured, and the FH configuration to be applied is indicated via SIB1.
3.5	PRACH in NR spectrum “less than 5 MHZ for FR1”
For PRACH, the following conclusion and agreement were reached in RAN1# 111:
	Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK7]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.



[bookmark: _Toc134810679]Given the conclusion and agreement on PRACH to operate on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, no other clarification or follow-up touching upon PRACH is foreseen to be needed.
4	Other considerations
4.1	Early indication (UE knowing which RBs are used for transmission)
Towards performing evaluations, it has been agreed “RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis.”, but it has also been noted that “Note: it does not mean indication signaling is needed.” In relation with it, we have the following observations:
[bookmark: _Toc134810680]It is important to mention that if both the location and number of PRBs to be punctured from the 20-PRBs SSB structure were invariant, then such a fully deterministic scheme won’t require an “early indication”. Nonetheless, now that more use-cases are to be supported under the scope of “LessThan5MHzFR1,” the UE will need to distinguish between the following use-cases:
· [bookmark: _Toc134810681]3MHz and sub-3MHz: The UE will need to distinguish whether it is dealing with a 15-PRB SSB structure or a 12-PRB SSB structure. To avoid having to introduce an early indication impacting e.g., PSS/SSS, it can be left up to the sync-raster design to distinguish between the 3MHz and sub-3MHz use-cases, and one field in MIB can be used as a confirmation to the UE indicating whether transmission/reception will span up to 15-PRBs or up to 12-PRBs.
· [bookmark: _Toc134810682]5MHz and sub-5MHz: In this case, both the 5MHz and sub-5MHz use-cases make use of a 20-PRB SSB structure, it can be left up to the sync-raster design to distinguish between the 5MHz and sub-5MHz use-cases, or one field in MIB can be used to indicate whether transmission/reception will span up to 25-PRBs or up to 20-PRBs.  
[bookmark: _Toc134810739]For 3MHz channel BW, the distinction between a 15-PRB SSB structure or a 12-PRB SSB structure is left up to the sync-raster design, and from a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span up to 15-PRBs or up to 12-PRBs.
· [bookmark: _Toc134810740]The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification. 
[bookmark: _Toc134810741]For 5MHz channel BW, there is no need to distinguish between different SSB structures since a 20-PRB SSB structure is utilized for the 5MHz and sub-5MHz use-cases. From a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span over 25-PRBs or over 20-PRBs.
· [bookmark: _Toc134810742]The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification.
4.2	12-PRB SSB structure and n100
In [5], the following decision was requested to be taken in RAN1:
	· 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.



[bookmark: _Toc134810683]In our view, the use-case intended to be addressed in n100 will require in a 1st stage-transition supporting “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure,” whereas in a 2nd stage-transition will require supporting “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”. On the other hand, the use-cases in bands other than n100 are foreseen to require supporting “a 15-PRB SSB structure along with 15-PRB CORESET structure”.
[bookmark: _Toc134810684]If puncturing structures corresponding to a 12-PRB SSB structure, a 12-PRB CORESET#0 structure, a 15-PRB SSB structure, and a 15-PRB CORESET#0 structure were to be supported, then the pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.
[bookmark: _Toc134810685]If only a 12-PRB SSB structure were supported, then a 12-PRB CORESET#0 structure and 15-PRB CORESET#0 structure should be supported. The pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.

[bookmark: _Toc134810743]For a 3MHz channel bandwidth, and the bands under the scope of this WI:
· [bookmark: _Toc134810744]Support in n100 the following pairs of punctured structures: “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure” and “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
· [bookmark: _Toc134810745]Support in bands other than n100, the following pair of punctured structures: “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
4.3	Initial Views on “HL parameter list” and “UE feature list”
[bookmark: _Toc134810686]On the “Rel-18 Higher layers parameter list”, in our understanding “LessThan5MHzFR1” is more of a carrier type than a feature, and it is enabled if the Base Station transmits information such that the UE can identify it and access it, for example on a new sync raster and/or via MIB/SIB contents. Enabling/Disabling of the overall feature via RRC is not relevant as it will be too late (e.g., punctured structures will be received at an early stage). 
[bookmark: _Toc134810687]There might still be RRC impacts due to the support of Lessthan5MHz operation, however, any input on the “Rel-18 Higher layers parameter list” will depend on agreements yet to be made in RAN1# 113 (e.g., touching upon MIB, and others minor ones that may arise related with for example Frequency Hopping).
[bookmark: _Toc134810746]The input on the “Rel-18 Higher layers parameter list” and “UE Feature list” depends on agreements yet to be made in RAN1# 113 upon accounting for the RAN Plenary guidance, thus the corresponding discussions on the above mentioned “lists” are recommended to start after all the fundamental aspects of “LessThan5MHzFR1” are settled.
5	Annex A: General Simulation Assumptions
The performance evaluations shown in this contribution made use of the following general assumptions (Assumptions on specific physical channels are provided in their corresponding subsections). 

Table A: General assumptions for NR less than 5 MHz channel BW
	Parameters
	Values

	# UE Tx chains
	1

	# UE Rx chains
	2

	# gNB Tx chains
	2

	# gNB Rx chains
	2

	Channel bandwidth
	3 MHz (15 PRBs, 15 kHz SCS)

	Carrier frequency
	900 MHz (representative for n100, n26, n28)


6	Annex B: SSB results
Using the simulation set-up in Table A (See Annex A), and accounting for the agreement stating “RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis”, the obtained results are shown in Figure B-1.

[image: ]
Figure B-1: BLER performance of punctured and non-punctured PBCH transmissions.
7	Annex C: Reflecting the puncturing into the technical specifications minimizing the spec impact
The legacy 20-PRB SSB structure as illustrated in Figure 3 is defined through Table 7.4.3.1-1 in TS 38.211:
Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH. 
	Channel or signal
	
OFDM symbol number 
relative to the start of an SS/PBCH block
	
Subcarrier number 
relative to the start of an SS/PBCH block

	PSS
	0
	56, 57, …, 182

	SSS
	2
	56, 57, …, 182

	Set to 0
	0
	0, 1, …, 55, 183, 184, …, 239

	
	2
	48, 49, …, 55, 183, 184, …, 191

	PBCH
	1, 3
	0, 1, …, 239

	
	2
	0, 1, …, 47, 
192, 193, …, 239

	DM-RS for PBCH
	1, 3
	


	
	2
	




Table 7.4.3.1-1 can be used to describe with minimum specification impact, the puncturing applied on the 20-PRB SSB structure that leads to a 15-PRB SSB structure and a 12-PRB SSB structure respectively:
· 

A 15-PRB SSB structure is obtained from 20-PRB SSB structure through stating that the UE is only expected to receive subcarrier number= 12, 13, … 191 as described in Table 7.4.3.1-1. The range of “” resembles 4 PRBs punctured from the top and 1 PRB punctured from the bottom of 20-PRB SSB structure as to produce the 15-PRB SSB structure.
· 

A 12-PRB SSB structure is obtained from 20-PRB SSB structure through stating that the UE is only expected to receive subcarrier number= 48, 49, … 191 as described in Table 7.4.3.1-1. The range of “” resembles 4 PRBs punctured from the top and 4 PRBs punctured from the bottom of 20-PRB SSB structure as to produce the 12-PRB SSB structure.
8	Annex D: CORESET#0 results
We have applied puncturing on CORESET 0 according with Table C which shows both the puncturing and general assumptions used for 2-OFDM symbol CORESET 0 and 3-OFDM symbol CORESET 0 evaluations.
Table C: Puncturing assumptions and general assumptions on 2-OFDM & 3-OFDM symbol CORESET 0
	Puncturing assumptions
	Parameter
	Value

	3 RBs from bottom, 6 RBs from top
	2 RBs from bottom, 7 RBs from top
	UE speed (km/h)
	40

	2-OFDM symbol CORESET 0: AL8 PDCCH

[image: ]
	3-OFDM symbol CORESET 0: AL8 PDCCH
[image: ]
	Channel model
	TDL-C 300 ns

	
	
	DCI payload
	40 bits + CRC

	
	
	Aggregation level (AL)
	8

	
	
	CORESET
	2 or 3 symbols x 24 PRBs

	
	
	CCE-to-REG bundle mapping
	Interleaved, size 2

	
	
	Precoding
	Precoder cycling at CCE level (REG bundle=6)

	
	
	BLER target
	1%



Using the simulation set-up in Table C, and assuming the UE knows about the punctured region, the obtained results are shown in Figure C.

	1)
[image: ]
	2)
[image: ]



Figure C: BLER performance of a punctured and non-punctured PDCCH transmission mapped on CORESET 0: 1) 2-OFDM symbol CORESET #0, and 2) 3-OFDM symbol CORESET #0.
5	Conclusion 
Based on the discussion in the previous section we made the following observations:
Observation 1	As part of the WI on “LessThan5MHzFR1,” a new channel bandwidth of 3MHz was defined, whereas sub-3MHz and sub-5MHz use-cases will also be supported through confining UL and DL transmissions within and without fully utilizing the maximum transmission bandwidths of the nominal channel bandwidths for 3MHz and 5MHz respectively.
Observation 2	From a 20-PRB SSB legacy structure, the possible ways of applying an “RB-level puncturing” as to obtain a 15-PRB SSB structure and a 12-PRB SSB structure are as follows:
	The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom, c) 3 RBs from top & 2 RBs from bottom, or d) 2 RBs from top & 3 RBs from bottom.
	The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RBs from bottom.
Observation 3	Based on the previous observation and aiming for commonality in the puncturing design, the puncturing alternatives that in common (i.e., for 12-PRB and 15-PRB SSB) include puncturing 4RBs are the ones to be further considered:
	The 15-PRB SSB structure can be obtained from puncturing: a) 4 RBs from top & 1 RB from bottom, b) 1 RB from top & 4 RBs from bottom.
	The 12-PRB SSB structure can be obtained from puncturing 4 RBs from top & 4 RB from bottom.
Observation 4	The performance difference between a punctured and a non-punctured SSB was found to be small (~1.75dB and ~3.6dB @ 1% BLER when 15-PRBs and 12-PRBs are respectively kept unpunctured). Moreover, SSB is not foreseen to be a bottle-neck channel link budget-wise.
Observation 5	The performance difference was observed assuming the same power per sub-carrier for both the non-punctured and punctured PBCH. The performance difference was small even without using yet any compensation technique (e.g., power boosting).
Observation 6	In legacy specification “subcarrier 0 of the first resource block of the SS/PBCH block” is used as reference point. For 3MHz channel BW, the question is whether such a reference point will continue being counted with respect to the legacy 20-PRB SSB structure or with respect to the punctured SSB structures.

Observation 7	In our view, due to that PSS/SSS are expected to be centered with respect to each candidate sync-raster (i.e., sync-raster candidate is mapped onto= 120 of SS/PBCH block), and due to that the legacy 20-PRB SSB structure as described in Table 7.4.3.1-1 in TS 38.211 is used as a reference to apply the puncturing, then “subcarrier 0 of the first resource block of the SS/PBCH block” can continue being counted with respect to the legacy 20-PRB SSB structure which will minimize the specification impacts, and will bring commonality with the 5MHz channel BW case which uses a 20-PRB SSB structure for both the legacy use-case and its sub-case.
Observation 8	The performance difference between the unpunctured legacy 24-PRB CORESET# 0 structure and the punctured 15-PRB CORESET# 0 structure, resulted in ~ 2.7dB for 2-OFDM symbol and ~ 2.1dB for 3-OFDM symbol CORESET# 0 respectively. This was observed assuming the same power per sub-carrier for both non-punctured and punctured CORESET# 0. For a 12-PRB CORESET# 0 structure the performance is additionally impacted (~ 4.42dB for 2-OFDM symbol and ~ 4.16dB for 3-OFDM symbol CORESET# 0 respectively), nonetheless CORESET# 0 is not foreseen to be a bottle-neck channel link budget-wise.
Observation 9	The “RAN LS reply to RAN1” mentions “For the 5MHz channel bandwidth: o PBCH transmission bandwidth is 20 PRBs, o CORESET#0 transmission bandwidth is to be decided by RAN1” [5]. Based on the received LS reply, for a 5MHz channel Bandwidth the legacy 20-PRB SSB structure will be fully re-used and only CORESET# 0 needs to be punctured.
Observation 10	For the Rel-18 WI on “LessThan5MHz,” a sub-5MHz use-case will be supported where PHY-channel transmissions will be confined into 20-PRBs. On this matter, whereas the legacy 20-PRB SSB structure can be fully re-used, CORESET# 0 needs to be punctured to fit into 20-PRBs.
Observation 11	For CSI-RS, the smallest configurable number of RBs is 24. Moreover, the technical specification states that “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”.
Observation 12	About the FFS on “the necessity for PUCCH FH disabling”, no “necessity” has been identified since different than RedCap there is no “PUSCH resource fragmentation issue”. However, now that more use-cases are to be supported under the scope of the Rel-18 WI on “LessThan5MHzFR1” it is better to equip the gNodeB with the ability of enabling/disabling Frequency Hopping (especially if the degree of flexibility of the initial BWP is still under discussion in RAN4).
Observation 13	Given the conclusion and agreement on PRACH to operate on transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, no other clarification or follow-up touching upon PRACH is foreseen to be needed.
Observation 14	It is important to mention that if both the location and number of PRBs to be punctured from the 20-PRBs SSB structure were invariant, then such a fully deterministic scheme won’t require an “early indication”. Nonetheless, now that more use-cases are to be supported under the scope of “LessThan5MHzFR1,” the UE will need to distinguish between the following use-cases:
	3MHz and sub-3MHz: The UE will need to distinguish whether it is dealing with a 15-PRB SSB structure or a 12-PRB SSB structure. To avoid having to introduce an early indication impacting e.g., PSS/SSS, it can be left up to the sync-raster design to distinguish between the 3MHz and sub-3MHz use-cases, and one field in MIB can be used as a confirmation to the UE indicating whether transmission/reception will span up to 15-PRBs or up to 12-PRBs.
	5MHz and sub-5MHz: In this case, both the 5MHz and sub-5MHz use-cases make use of a 20-PRB SSB structure, it can be left up to the sync-raster design to distinguish between the 5MHz and sub-5MHz use-cases, or one field in MIB can be used to indicate whether transmission/reception will span up to 25-PRBs or up to 20-PRBs.
Observation 15	In our view, the use-case intended to be addressed in n100 will require in a 1st stage-transition supporting “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure,” whereas in a 2nd stage-transition will require supporting “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”. On the other hand, the use-cases in bands other than n100 are foreseen to require supporting “a 15-PRB SSB structure along with 15-PRB CORESET structure”.
Observation 16	If puncturing structures corresponding to a 12-PRB SSB structure, a 12-PRB CORESET#0 structure, a 15-PRB SSB structure, and a 15-PRB CORESET#0 structure were to be supported, then the pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “15-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.
Observation 17	If only a 12-PRB SSB structure were supported, then a 12-PRB CORESET#0 structure and 15-PRB CORESET#0 structure should be supported. The pairs of punctured structures “12-PRB SSB structure along with 12-PRB CORESET#0 structure” and “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in n100, whereas the pair of punctured structures “12-PRB SSB structure along with 15-PRB CORESET#0 structure” should be supported in other bands.
Observation 18	On the “Rel-18 Higher layers parameter list”, in our understanding “LessThan5MHzFR1” is more of a carrier type than a feature, and it is enabled if the Base Station transmits information such that the UE can identify it and access it, for example on a new sync raster and/or via MIB/SIB contents. Enabling/Disabling of the overall feature via RRC is not relevant as it will be too late (e.g., punctured structures will be received at an early stage).
Observation 19	There might still be RRC impacts due to the support of Lessthan5MHz operation, however, any input on the “Rel-18 Higher layers parameter list” will depend on agreements yet to be made in RAN1# 113 (e.g., touching upon MIB, and others minor ones that may arise related with for example Frequency Hopping).

Based on the discussion in the previous sections we propose the following:

Proposal 1	RAN1 to confirm the following Working Assumption from RAN1# 112:
Proposal 2	For 3MHz channel BW, the legacy 20-PRB SSB structure is punctured as to produce a 15-PRB SSB structure and a 12-PRB SSB structure respectively. The detailed puncturing designs are to be discussed separately.
Proposal 3	For 3MHz channel BW, “4 RBs from top & 1 RB from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 15-PRB SSB structure.
	Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
Proposal 4	For 3MHz channel BW, “4 RBs from top & 4 RBs from bottom” are punctured with respect to the legacy 20-PRB SSB structure as to produce a 12-PRB SSB structure.
	Note: The details on how to capture the puncturing into the specs can be done at a later stage when agreements are mapped to the specification (See in Annex C an example minimizing the specification impact).
Proposal 5	For 3MHz channel BW, SSB recovery techniques impacting the technical specification are not introduced/supported.
Proposal 6	For 3MHz channel BW, the legacy reference point remains unmodified and “subcarrier 0 of the first resource block of the SS/PBCH block” continues being counted with respect to the legacy 20-PRB SSB since such a structure is anyway used as a reference to apply the puncturing. This way, all cases/sub-cases under 3MHz and 5MHz CBWs will use the same common reference.
Proposal 7	For 3MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
	KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”.
Proposal 8	For a 3MHz channel BW using a 15-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET 0 derived from using all applicable Offset RBs:
	Alt-1: Single RB-level puncturing pattern for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure. Only “Offset = 0” is used.
	Alt-2: Three RB-level puncturing patterns for CORESET 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET 0 structure punctures “1 RB from bottom & 8 RBs from top” to produce a 15-PRB CORESET# 0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “3 RBs from bottom & 6 RBs from top” to produce a 15-PRB CORESET# 0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “5 RBs from bottom & 4 RBs from top” to produce a 15-PRB CORESET# 0 structure.
	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET#0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 9	For a 3MHz channel BW using a 12-PRB CORESET# 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:
	Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure. Only “Offset = 0” is used.
	Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “4 RBs from bottom & 8 RBs from top” to produce a 12-PRB CORESET#0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET# 0 structure punctures “6 RBs from bottom & 6 RBs from top” to produce a 12-PRB CORESET#0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET# 0 structure punctures “8 RBs from bottom & 4 RBs from top” to produce a 12-PRB CORESET#0 structure.
	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 10	For 3MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
Proposal 11	For 5MHz channel BW, a PRB-level puncturing is applied with respect to the minimum available legacy CORESET# 0’s configuration which is equal to 24-PRBs.
	KSSB = 0, such as the n-th Common Resource Block (CRB) in the “Common Resource Block grid” is PRB-level aligned with the reference SSB structure, which in turn sets the location of CORESET# 0 using “Offset (RBs)”.
Proposal 12	For a 5MHz channel BW using a 20-PRB CORESET 0 structure, down-select between having a single RB-level puncturing pattern for CORESET# 0 or three RB-level puncturing patterns for CORESET# 0 derived from using all applicable Offset RBs:
	Alt-1: Single RB-level puncturing pattern for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure. Only “Offset = 0” is used.
	Alt-2: Three RB-level puncturing patterns for CORESET# 0 equally applicable for 2 and 3 OFDMA symbols:
o	Offset RBs = 0, The legacy 24-PRB CORESET# 0 structure punctures “0 RBs from bottom & 4 RBs from top” to produce a 20-PRB CORESET# 0 structure.
o	Offset RBs = 2, The legacy 24-PRB CORESET 0 structure punctures “2 RBs from bottom & 2 RBs from top” to produce a 20-PRB CORESET# 0 structure.
o	Offset RBs = 4, The legacy 24-PRB CORESET 0 structure punctures “4 RBs from bottom & 0 RBs from top” to produce a 20-PRB CORESET# 0 structure.
	Note: The exact details (i.e., table design) on how to capture the puncturing on CORESET# 0 into the specs can be done at a later stage when agreements are mapped to the specification.
Proposal 13	For 5MHz channel BW, CORESET# 0 recovery techniques impacting the technical specification are not introduced/supported.
Proposal 14	For CSI-RS, the legacy procedure is re-used “Only multiples of 4 are allowed. The smallest configurable number is the minimum of 24 and the width of the associated BWP”, where in addition to “24”, the values 20 and 12 are also included as to support all cases under the umbrella of 3MHz and 5MHz channel bandwidths.
Note: Supporting 12-RBs and 20-RBs in addition to the 24-PRB legacy value will be sufficient to address all scenarios:
o	3MHz CBW: BWP = max transmission bandwidth = 15 PRBs
o	Tx/Rx spanning up to 15-PRBs
	MIN(20 RBs, BWP) = 15
o	Tx/Rx spanning up to 12-PRBs
	MIN(12 RBs, BWP) = 12
o	5MHz CBW: BWP = max transmission bandwidth = 25 PRBs
o	Tx/Rx spanning up to 25-PRBs
	MIN(24 RBs, BWP) = 24
o	Tx/Rx spanning up to 20-PRBs
	MIN(20 RBs, BWP) = 20
Proposal 15	For PUCCH of Msg4 to support transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidths, Enabling/Disabling Frequency Hopping (FH) is supported when the “LessThan5MHzFR1” initial UL BWP is configured, and the FH configuration to be applied is indicated via SIB1.
Proposal 16	For 3MHz channel BW, the distinction between a 15-PRB SSB structure or a 12-PRB SSB structure is left up to the sync-raster design, and from a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span up to 15-PRBs or up to 12-PRBs.
	The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification.
Proposal 17	For 5MHz channel BW, there is no need to distinguish between different SSB structures since a 20-PRB SSB structure is utilized for the 5MHz and sub-5MHz use-cases. From a RAN1 perspective one field in MIB can be used as a confirmation to the UE indicating whether transmissions will span over 25-PRBs or over 20-PRBs.
	The one field in MIB can be obtained from a spare bit in MIB or from the bits associated to fields not applicable for this WI (e.g., subCarrierSpacingCommon field). The details are discussed at a later stage when agreements are mapped to the specification.
Proposal 18	For a 3MHz channel bandwidth, and the bands under the scope of this WI:
	Support in n100 the following pairs of punctured structures: “a 12-PRB SSB structure along with a 12-PRB CORESET#0 structure” and “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
	Support in bands other than n100, the following pair of punctured structures: “a 15-PRB SSB structure along with a 15-PRB CORESET#0 structure”.
Proposal 19	The input on the “Rel-18 Higher layers parameter list” and “UE Feature list” depends on agreements yet to be made in RAN1# 113 upon accounting for the RAN Plenary guidance, thus the corresponding discussions on the above mentioned “lists” are recommended to start after all the fundamental aspects of “LessThan5MHzFR1” are settled.
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