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In RAN#99, the work item for “NR support for dedicated spectrum less than 5MHz for FR1” was revised to add new band information [1]. In RAN#99, RAN provided LS replies to RAN1 [2] and RAN4 [3] that clarified questions primarily about the bandwidth and sync raster. For convenience, the objectives of the revised work item are captured in Appendix A-1, the reply to RAN1 is captured in Appendix A2, and the reply to RAN4 is in Appendix A3. Appendix A4 captures the RAN4 reply to a RAN1 LS [4].
With the information from the LS replies, RAN1 should have enough information to make significant progress or even complete the designs for the physical layer. This contribution examines the design aspects and provides appropriate proposals for several of the physical channels.
Discussion
LS discussion
One of the questions RAN1 posed to RAN was regarding the RF channel bandwidths and transmission bandwidths to consider. The following table summarizes the bandwidths from the LS [2] and provides some equivalent transmission bandwidths in kHz.
Table 1. Transmission bandwidths to support
	
	Band n100 (3 MHz)
	Other 3 MHz channels
	5 MHz channels

	PBCH transmission BW; 
(15 kHz SCS × #RB × 12 RE/RB)
	12 RB (2,160 kHz)
	12 or 15 RB (2,160/2,700 kHz)
	20 RB (3,600 kHz)

	Guard band
	142.5 kHz [8]
	142.5 kHz
	242.5 kHz

	RF bandwidth; 2×Guard band+ 15 kHz + Transmission BW
	2,460 kHz
	2,460 / 3,000 kHz
	4,100 kHz



For a 12 RB PBCH transmission bandwidth, the center 12 RBs of the 20 RB SSB are retained as shown in Fig. 1. For the 15 RB transmission BW, there are several possible puncturing options. RAN also indicated that RAN1 can consider 12 RB PBCH transmission bandwidth. For the 20 RB transmission BW, no RBs of the SSB are punctured.
(a) 20 RB transmission BW
(b) 15 RB transmission BW
(c) 12 RB transmission BW
RBs containing only PBCH, non-center RB
Center RBs, contains PBCH, PSS, SSS
{1,4}
{2,3}
{3,2}
{4,1}
{4,4}

[bookmark: _Ref134185356]Fig. 1. Parts of SSB transmitted for (a) 20 RB transmission BW, (b) 15 RB transmission BW [there are 4 possible patterns], (c) 12 RB transmission BW. The notation {X1,X2} indicates the number of PBCH-only RBs punctured before and after the PSS/SSS.
With the RAN guidance [2], several aspects of the initial DL and UL BWP can be determined:
· Whether/how performance compensation for the punctured PBCH is needed
· Determining the size of the initial DL BWP
· Determining the start of the initial DL BWP with respect to the SSB
· Whether/how performance compensation for the frequency shortened CORESET#0 is needed
· Determination of the UL BWP
These aspects may have to consider the presence of existing cells based on RAN guidance to RAN4 [3].
· In some bands where the <5MHz feature is planned to be deployed, there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· To limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels.
This guidance indicates RAN4 should provide an alternate sync raster to avoid legacy devices from camping on the less than 5 MHz channels. However, there may be coexistence issues with less than 5 MHz channels and legacy channels. For example, the justification in the WID [1] states band n106 is allocated within band 8.
Sync raster design
RAN1 can provide guidance to RAN4 on puncturing for RAN4 to complete its design of the sync raster. In RAN4#106b, a way forward document [9] listed two categories of sync raster formulas for 3 MHz channels: 
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where the offsets A and B are to be determined, and the units are in kHz. The subscripts and superscripts A and B were added for further discussion. Let (1) be denoted as Alt A and (2) as Alt B.
The formulas developed in [6] are applicable even with the offsets A and B. The offsets are assumed to be 0 in those formulas. The offsets do not affect the periodicity of where possible sync raster candidates are located. The formula in [6] includes the guard band for the SSB G, the sub-carrier spacing f=15 kHz, the number of RBs punctured before (in frequency) the PSS X1  {0,1,2,3,4}, the number of RBs punctured after the PSS X2  {0,1,2,3,4}, the raster spacing Fraster, a shift factor Fshift, an integer , an integer , the number of RBs in the non-punctured SSB NRB=20, and the number of REs in an RB . fL is the lowest frequency of the channel. The formula below can indicate conditions when a candidate sync raster is not available / available for a channel beginning at fL and having a bandwidth BWchan.
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There are 4 cases examined below.
12 RB transmission bandwidth for a ~2500 kHz channel
There are two possible RF channels: one exactly 2,460 kHz (which is the size of the 12 RB SSB with guard bands) or a slightly larger channel of 2,500 kHz. The slightly larger channel follows the 100 kHz channel raster that RAN4 is considering for a 3 MHz channel [8]. The analysis of the channels with a candidate raster location is presented in Table 2.
[bookmark: _Ref134192985]Table 2. Ranges for starting frequencies of channels with a candidate sync raster for a 12 RB SSB in a ~2500 kHz channel with {X1,X2}={4,4}
	Bandwidth
	Alt A
	Alt B

	2,460 kHz
	
	

	2,500 kHz
	

	



For example, for Alt B, there is one frequency in every 100 kHz span that has a candidate sync raster when the bandwidth is 2,460 kHz. Considering band n100, which begins at 919.4 MHz, the first sync raster (center of the PSS) is at 920.7 MHz using (2) and B=0. The start of this channel is 920,700 – 2,460/2 = 919,470 kHz. The “70” in the table corresponds to 919.47 – 919.4 = 70 kHz. If the sync raster were located at 920.63 MHz (the offset B=30 kHz), then the channel would begin at 919.4 MHz.
12 RB transmission bandwidth for a 3000 kHz channel
In this case, a 12 RB SSB is used (with performance degradation) even though a 15 RB SSB is possible. For Alt A and Alt B, there are no restrictions; any offset can be used.
15 RB transmission bandwidth for a 3000 kHz channel
As Fig. 1 shows, there are four possible puncturing patterns, corresponding to {X1,X2}={1,4}, {2,3}, {3,2}, and {4,1}. The pattern affects the ranges of channels with a candidate raster location, as shown in Table 3.
[bookmark: _Ref134193048]Table 3. Ranges for candidate sync raster for a 15 RB SSB in a 3000 kHz channel
	{X1,X2}
	Alt A
	Alt B

	{1,4}
	
	

	{2,3}
	
	

	{3,2}
	

	

	{4,1}
	
	



20 RB transmission bandwidth for a 4100 kHz channel
For Alt A, a 200 kHz range has candidates, with the range specified as  and . For Alt B,  is the location of the candidate. Note if 1 PRB is punctured, Alt B has no restrictions while the range of channels with a candidate raster location increases from 200 kHz to 380 kHz for Alt A.
PBCH considerations
The PBCH transmission bandwidth affects sync raster design and PBCH detection performance. From a performance perspective, the size of the PBCH transmission bandwidth should be maximized. Since the SSB is 20 RBs and the PSS/SSS occupies the center 12 RBs, the 3 MHz channel can support PBCH transmission bandwidths of 12, 13, 14, and 15 PRBs by puncturing PRBs outside the center. Note, per RAN, we only consider whether to support 12 or 15 RBs in a 3 MHz channel.
As presented in [6], the coding loss on an AWGN channel can be estimated as a function of puncturing. With  RBs containing the PBCH and  RBs of those RBs located in the center 12 RBs, the coding loss for an  punctured SSB can be expressed as 
	
	
	(4)


[bookmark: _Ref126592388]Table 4. Estimated coding loss for PBCH in dB in an AWGN channel as a function of puncturing
	Size SSB NRB
	12
	13
	14
	15

	Punctured RBs
	8
	7
	6
	5

	Loss, dB
	3
	2.5
	2.0
	1.6



As indicated in Table 4, a 12 PRB PBCH transmission bandwidth incurs 1.4 dB coding loss on an AWGN channel for the PBCH compared to the 15 PRB transmission bandwidth. The coding loss increases when fading channels are examined.
Summary
The analysis using the formula in (3) shows the sync raster mapping considerations for Alt A and Alt B. For example, this formula can indicate what the offsets A and B should be (it may be band specific), and what are limitations on channel locations. When there is a single point, for example , the sync raster location and the channel center frequencies are the same. This is similar to specifying a GSCN for a sub-band as in NR-U.
RAN guidance indicated that “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.” One understanding is that transmission bandwidth of the channel is 15 RBs but whether a 12 RB or 15 PRB PBCH transmission bandwidth for SSB is supported. If a 12 RB SSB were used instead of a 15 RB SSB for the 3 MHz channel, there is degradation. 
Based on the analysis, a 15-RB PBCH transmission band for a 3 MHz channel is feasible and preferred for performance reasons. RAN1 just needs to indicate the which puncturing pattern is used (e.g., whether it is one pattern for a band). In addition, the reliability of system, in terms of tracking, channel estimation including QCL, is better when the largest possible size PBCH transmission bandwidth is used.
Note that using a 12 RB PBCH transmission bandwidth for the SSB when the channel can support a 15 PRB transmission bandwidth simplifies the RAN1/RAN4 design effort at the cost of performance degradation. While the performance of the 12 RB PBCH may not be the bottleneck channel in the communication link, there can be an increase in PBCH decoding latency with a 12 RB PBCH. In regions where a 15 RB PBCH can be decoded successfully but where a 12 RB PBCH cannot, a keep-trying approach that combines multiple 12 RB PBCH transmissions can improve decoding performance. Unfortunately, the keep-trying approach increases the latency.  
Several companies have proposed sending an LS back to RAN4 regarding the number of RBs for the SSB in the 3 MHz channel. Based on our analysis, we would like to ask RAN4 to consider the 15 RB PBCH case as part of the baseline case for RAN4 work. Because the additional effort to support 12 RB case for one end user migration plan (as discussed in RAN) is minimal, we are also OK to explicitly develop the design for that case.
Proposal 1: Support 15-RB PBCH transmission band for a 3 MHz channel
· FFS details on puncturing pattern
· Inform RAN4 of RAN1’s agreement for the 3 MHz channel
SSB
Puncturing
In RAN1#112, there was a working regarding the puncturing of the PBCH.
	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



From the RAN guidance, there are two cases to consider: 12 and 15 PRB PBCH transmission bandwidths. Assuming the PBCH RBs are numbered 0 to 47 for a non-punctured SSB, the following figure shows what PRBs are punctured for 12 and 15 PRB transmission bandwidths. 
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[bookmark: _Ref134641373]Fig. 2. PBCH transmitted in (a) 20 RB transmission BW, (b) 12 RB transmission BW (c) 15 RB transmission BW [there are 4 possible patterns]. The notation {X1,X2} indicates the number of PBCH-only RBs punctured before and after the PSS/SSS.
With the working assumption, the operation for puncturing is simple: the base can generate a 20 RB SSB and not transmit certain RBs. The UE can populate punctured RBs with 0-valued log-likelihood ratios (LLRs) before decoding. 
Depending on the encoding scheme, the performance impact of puncturing with different patterns may be negligible. But some companies have shown differences in link performance with various puncturing patterns and/or mapping schemes. If the performance differences are large, then the working assumption should be re-considered. 
Proposal 2. Confirm working assumption unless simulation results show large differences with puncturing
SSB and the location of CORESET#0
For legacy devices, the size of the SSB is smaller than the transmission bandwidth of the channel. For multiplexing pattern 1 (clause 13 of [5]), the SSB is always within the transmission bandwidth of the channel, especially CORESET#0. The same clause has procedures to determine the first PRB of channel based on the first RB of the SSB, which is exactly 10 RBs from the center of the SSB. For the 20 PRB PBCH transmission bandwidth, since the SSB fits exactly within the transmission bandwidth of the channel, as shown in Fig. 3, those procedures can be reused to determine the first PRB of channel. However, with the 3 MHz channels, a portion of the SSB fits inside the PBCH transmission bandwidth. Specifically, the first PRB of the SSB is always punctured as shown in Fig. 4. The procedure to determine the first PRB of channel should be examined. This section provides an analysis.
Fig. 3 shows the relationship between the SSB and the first RB of a 25 RB transmission bandwidth channel (legacy) and a 20 RB transmission bandwidth channel.
(a)
14
12
10
2
4
(b)
(c)
(d)
10
242.5 kHz guard
RB within transmission bandwidth
25
20
Center 12 RBs of SSB
PBCH-only RBs of SSB

[bookmark: _Ref134598043]Fig. 3. 25 RB transmission BW: (a) center / first RB of SSB is 10/0 RBs from first RB of channel, (b) center/first RB of SSB is 12/2 RBs from first RB of channel, (c) center/first RB of SSB is 14/4 RBs from first RB of channel. 20 RB transmission BW: (d) center of SSB is 10 RBs from first RB of channel.
In Fig. 3, for legacy devices, (a), (b), and (c) are three possible locations for the SSB within a 25 RB transmission bandwidth. Once a UE detects an SSB, it knows the start of the first RB of the SSB is 10 RBs from the center of the SSB. Tables in clause 13 of [5] provide a UE an offset to determine the first RB of the channel. For example, for a 5 MHz channel, the offsets in Table 13-1 are 0, 2, 4 RBs.
Fig. 3(d) shows the only possible location for the SSB within a 20 RB transmission bandwidth. Because this location is similar to (a) above, the UE can use the same procedure to determine the first RB of the channel. One of the open issues is whether Table 13-1 can be reused for a 20 RB transmission bandwidth. When examining the table, there are only 2 entries with a 0 RB offset and the number of symbols for a 24-RB CORESET#0 is either 2 or 3. However, the table indicates the smallest CORESET#0 is 24 RBs.
Observation 1. Table 13-1 of 38.213 has only 2 entries with a 0 RB offset and the number of symbols for a 24-RB CORESET#0 is either 2 or 3
Observation 2. The existing table does not indicate whether a 20 RB CORESET#0 is to be used 
For the 3 MHz channel, the largest transmission channel is 15 RBs. Fig. 4 shows several cases based on the possible PBCH transmission bandwidths: (a) 12 RB transmission BW, 12 RB SSB; (b)-(e) 15 RB transmission BW and 12 RB SSB; and (f)-(i) 15 RB transmission BW and 15 RB SSB.
(a)
6
6
7
8
9
6
7
8
9
(b)
(c)
(d)
(e)
(i)
(h)
(g)
(f)
12
15
{1,4}
{2,3}
{3,2}
{4,1}
142.5 kHz guard
RB within channel
Center 12 RBs of SSB
PBCH-only RBs of SSB

[bookmark: _Ref134603353]Fig. 4. (a) 12 RB transmission BW and 12 RB SSB, center of SSB is 6 RBs from first RB of channel. 15 RB transmission BW and 12 RB SSB: (b)-(e) center RB of SSB is 6-9 RBs from first RB of channel, respectively. 15 RB transmission BW and 15 RB SSB: (f)-(i) center RB of SSB is 6-9 RBs from first RB of channel, respectively, for four puncturing patterns. The notation {X1,X2} indicates the number of PBCH-only RBs punctured before and after the PSS/SSS.
In Fig. 4(a), there is only one possible location for the 12 RB SSB within a 12 RB transmission bandwidth. Once a UE detects an SSB, it knows the start of the first RB of the PSS/SSS is 6 RBs from the center of the SSB. The first RB of the PSS/SSS is the first RB of the transmission bandwidth.
Fig. 4(b)-(e) shows four possible locations for the 12 RB SSB within a 15 RB transmission bandwidth if RAN1 were to support a 12 RB SSB for a 3 MHz channel. The first RB of the transmission bandwidth is 0, 1, 2, 3 RBs from the first RB of the PSS/SSS.
Fig. 4(f)-(i) shows four possible locations for the 15 RB SSB within a 15 RB transmission bandwidth if RAN1 were to support a 15 RB SSB for a 3 MHz channel. These locations correspond to the four puncturing patterns {4,1}, {3,2}, {2,3}, and {1,4}. The first RB of the transmission bandwidth is also 0, 1, 2, 3 RBs from the first RB of the PSS/SSS.
From this analysis, offsets of 0, 1, 2, and 3 from the first RB of the PSS/SSS are sufficient for determining the first RB of the transmission bandwidth. 
Proposal 3: To determine the first RB of the transmission bandwidth for a 3 MHz channel, support offsets of 0 to 3 from the first RB of the PSS/SSS.
As mentioned before, with “multiplexing pattern 1” the entire SSB is located within the transmission bandwidth / span of CORESET#0. The examples in Fig. 4 show at least the PSS/SSS portion of the SSB is within the transmission bandwidth of a 3 MHz channel. For 3 MHz channels, we need to reconsider what is meant by “multiplexing pattern”. Whether the same “multiplex pattern 1” term can be used with a clarification for 3 MHz channels or a new term can be introduced is up to RAN1.
Proposal 4: For 3 MHz channels, define a multiplexing pattern based on the transmitted RBs of the SSB, e.g., for multiplexing pattern 1a, the PSS/SSS portion of the SS/PBCH block is within the span of CORESET#0. 
There was an agreement in RAN1#111 and a follow-up proposal in RAN1#112 regarding the CORESET#0 configuration table.
	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.

CORESET:
Proposal 2: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that the max. transmission BW is less than 24PRBs, 
· Opt.1: Legacy CORESET configuration table is reused
· FFS whether/how to use the (only one) reserved entry for the configuration.  
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. 
· Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· 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




A new CORESET#0 configuration table (Table 13-4A) was introduced for a RedCap UEs operating in band n79. In that band, a non-RedCap UE uses a subset of the sync raster entries that a RedCap UE uses (Table 5.4.3.3-1 of 38.104). There is now precedence to introduce a band-specific configuration table in RAN1.
A new configuration should be introduced because the current table (Table 13-1) has 15 of 16 possible entries already used, especially given that new offsets may be needed. In addition, new parameters may be needed for CORESET#0, and if a new multiplexing pattern definition is considered.
Proposal 5: For the less than 5 MHz channels, select Opt. 2 “A new CORESET#0 configuration table is to be introduced”
CORESET#0
CORESET#0 design for three transmission bandwidths with sizes less than 24 RBs is considered. Since the aggregation level (AL) and CORESET interleaving parameters are fixed for legacy devices for the idle and inactive states, the performance loss on an AWGN can be estimated. In the connected state, if CORESET#0 were reused and the AL is either 1 or 2, it is possible the mapping of the CCEs for those ALs is outside the transmission bandwidth.
[bookmark: _Ref134646490]Table 5. Qualitative assessment of reusing 24 RB CORESET#0 with puncturing for the idle / inactive states
	Transmission BW
	Comparison to 24 RB CORESET#0
	Effects of puncturing

	20 RB
	4 RBs on 1 CCE are punctured
	Minor performance loss for AL 4/8

	15 RB
	1 CCE and 3 RBs of 1 CCE are punctured
	For AWGN channel, ~2 dB loss for AL 4/8

	12 RB
	2 CCEs are punctured
	For AWGN channel, ~3 dB loss for AL 4/8



In our previous contribution [6], we examined the six options for “Study whether and how to recover PDCCH detection performance of CORESET#0 for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth” agreement from RAN1#111. 
There may be detrimental issues for no considerations (opt 6) as shown with Table 5. For opt.1 “power boosting”, this option seems to apply when some RBs of a symbol are not transmitted. Nearly 1 dB of power boosting is possible. That boosting is minor compared to the 3 dB gain with doubling the aggregation level. Opt.2 “Non-interleaved CCE-to-REG mapping” and opt.3 “A new interleaver to ensure PDCCH is fully mapped in the spectrum” are closely related. With 15 RBs available in 3 MHz, the benefits of interleaving CCEs are limited because the amount of frequency diversity is small. However, during initial access the current CORESET#0 configuration specifies interleaving (clause 7.3.2.2 of 38.211) with the interleaver parameters given by the number of symbols and RBs in tables of clause 13 in [5] (e.g., table 13-1) as well as shift given by the cell ID. If CORESET interleaving were disabled for the less than 5 MHz channels, there is a risk of PDCCH transmissions from an adjacent cell interfering with a cell’s transmission. With interleaving enabled, new interleaver parameters may be needed and/or mapping behavior specified for RBs potentially located outside the BWP. With Opt.4 “New aggregation level(s) for fit in the spectrum”, adding new levels may allow more UEs to be serviced at the expense of additional complexity. But with a small bandwidth, the UE has more control channel processing capacity because the number of candidates is reduced. The aggregation level(s) may be coupled with opt.2 and opt.3 above.
Proposal 6. Continue examining the options for CORESET#0 and understand its impact to the connected state.
PUCCH
In RAN1#111, there was a conclusion that no enhancements for the PUCCH are seen but there was an FFS about the necessity for PUCCH FH disabling. Disabling hopping was introduced to avoid certain co-existence issues when a network configures a smaller UL BWP within a larger UL BWP. 
For less than 5 MHz devices, there are possible co-existence issues with the dedicated spectrum overlapping with existing spectrum. As RAN indicated in [3], “In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs”. While legacy devices will not detect the SSB of the dedicated spectrum due to the new sync raster design, it is possible that the UL BWPs of legacy cells and the cells of the dedicated spectrum can overlap. To minimize interference from legacy cell on the PUCCH, disabling hopping allows the network to locate PUCCH on resources with less interference from the existing/overlapping cells,
In addition to co-existence, PUCCH can easily occupy the bulk of the uplink resources. Table 6 shows the fraction of the UL BWP used depending on the configuration selected from Table 9.2.1-1 of [5]. The number of PUCCH resources needed is inversely proportional to the number of cyclic shifts selected. When interference is well managed, the network can select the largest number of cyclic shifts and thus, minimize the PUCCH resources needed. Disabling frequency hopping allows the network to manage the interference seen on PUCCH resources and free up uplink resources. Note that disabling PUCCH FH does not degrade PUCCH performance as there is little or no frequency diversity benefit with hopping over a small bandwidth. 
Proposal 7: Support the disabling of frequency hopping for PUCCH for both idle and connected states.
[bookmark: _Ref134795001]Table 6. Fraction of UL resources occupied by PUCCH during initial access as a function of the configured number of cyclic shifts (2, 3, 4 shifts corresponding to 4, 6, or 8 RBs)
	Transmission BW
	Fraction of UL Resource

	12
	33% - 67%

	15
	26% - 53%

	20
	20% - 40%

	24/25 (legacy)
	17% - 33% / 16% - 32%



[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Proposal 1: Support 15-RB PBCH transmission band for a 3 MHz channel
· FFS details on puncturing pattern
Proposal 2. Confirm working assumption unless simulation results show large differences with puncturing
Observation 1. Table 13-1 of 38.213 has only 2 entries with a 0 RB offset and the number of symbols for a 24-RB CORESET#0 is either 2 or 3
Observation 2. The existing table does not indicate whether a 20 RB CORESET#0 is to be used 
Proposal 3: To determine the first RB of the transmission bandwidth for a 3 MHz channel, support offsets of 0 to 3 from the first RB of the PSS/SSS.
Proposal 4: For 3 MHz channels, define a multiplexing pattern based on the transmitted RBs of the SSB, e.g., for multiplexing pattern 1a, the PSS/SSS portion of the SS/PBCH block is within the span of CORESET#0. 
Proposal 5: For the less than 5 MHz channels, select Opt. 2 “A new CORESET#0 configuration table is to be introduced”
Proposal 6. Continue examining the options for CORESET#0 and understand its impact to the connected state.
Proposal 7: Support the disabling of frequency hopping for PUCCH for both idle and connected states.
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Appendix

Appendix A-1. Revised WID [1]
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n106, n26, n28 and n85:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.



Appendix A-2. RAN LS to RAN1 [2]

	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:
· [bookmark: _Hlk133910031]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.



Appendix A-3. RAN LS to RAN4 [3]

	RAN Plenary would like to thank RAN WG4 for their LS for spectrum less than 5 MHz.
RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· [bookmark: _Hlk134696018]In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs. 
· In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels. 
· It is assumed that UE support of the <5MHz feature is band-specific and optional.
RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1.



Appendix A-4. RAN4 LS to RAN1 [4]

	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.



Appendix A-5. Agreements from RAN1#111
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.

Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.

Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS

Agreement
Before getting RAN4 responses, RAN1 assume that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected for evaluation and analysis. 
Note: it does not mean indication signaling is needed.
Note: include this agreement into the LS

Agreement
Final LS to RAN4 R1-2212919 is endorsed.

Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.

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.

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.

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.

Agreement 
[bookmark: _Hlk134646389]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 

Agreement
Study whether and how to recover PBCH detection performance for transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth. The following options are considered, 
· 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 PRBs
· Opt.6: no enhancement specified



Appendix A-6. Agreements from RAN1#112

	Conclusion
For transmission bandwidths of <5MHz for 3MHz channel bandwidth, for CSI-RS other than for RRM measurements, no enhancements are needed.
FFS: CSI-RS for RRM

Agreement 
· For transmission BWs for 3MHz and 5MHz channel BW, send an LS to RAN plenary for operators input for the following and RAN plenary guidance,
· For 5MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz up to below 5 MHz. What is the recommended transmission BW(s) to consider?
· For 3MHz channel BW, whether to allow/support transmission BW(s) for physical channels of approximate 3 MHz. What is the recommended transmission BW(s) to consider?
· No intention to change the WID scope and TU

Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed


Appendix A-7. Proposals [7]

	CORESET:
Proposal 2: For transmission bandwidth[s] <5 MHz, for CORESET#0 configuration table, in the case[s] that the max. transmission BW is less than 24PRBs, 
· Opt.1: Legacy CORESET configuration table is reused
· FFS whether/how to use the (only one) reserved entry for the configuration.  
· Opt.2: A new CORESET#0 configuration table is to be introduced for the configuration. 
· Opt.2-1: the table includes a set of PRBs that are less than (or equal to) 24 PRBs. 
· Opt.2-2: the table is designed based on puncturing of 24PRBs CORESET#0.
· For both options, 
· 16 entries are included in the table, possibly with reserved entries.
· 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

CSI-RS:
Proposal: 
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, for CSI-RS for RRM measurements, select between following option are considered,
· Opt.1: Configure a (set of) lower bandwidth(s) for CSI-RS for RRM measurements
· Opt.2: Rely on SSBs for RRM measurements

PUCCH:
Proposal: For PUCCH during initial access for 3MHz channel BW and 5MHz channel BW, 
· Opt.1: FH is always enabled as in legacy.
· Opt.2: FH is always disabled
· Opt.3: FH is enabled/disabled based on configuration 

Proposal
For transmission bandwidths of <5MHz for 5MHz channel bandwidth, for PUCCH during initial access, select between,
· Opt.1: PUCCH FH is always enabled.  
· Opt.2: PUCCH FH is enabled/disabled based on configuration.




