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Introduction
The work item on NR support for dedicated spectrum less than 5MHz for FR1 was approved at RAN#94-e, with the latest revision agreed at RAN#101 [1]. The WI relates to so called specialized networks, which are used to provide mission critical communications for industry verticals such as smart energy and infrastructure, public safety, and railway communications. 
This contribution deals with the following objectives of the WID: 
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.
In the following, we discuss the remaining changes that are necessary to support the new 3 MHz channel bandwidth and other transmission bandwidths below 5 MHz. We consider the BWP bandwidths to be supported in Section 2 and PDCCH in Section 3. 
Supported BWP bandwidths
During RAN1#114, the following was agreed on the inital BWP operation for <5MHz: 
	Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
Note: whether/how to reflect the above is up to Editor.



Although the main bullet is generic and should be also applicable to 20 PRB CORESET#0, we think it is good to amend the case of 20 PRB CORESET#0 to the RAN1#114 agreement to prevent any misunderstanding or misinterpretation. 

Proposal 1: The RAN1#114 agreement on initial DL BWP is amended to also cover the initial DL BWP size of 20 PRB for 20 PRB CORESET#0: 
	Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
· For 20 PRBs CORESET#0 transmission BW, the initial DL BWP has 20 PRBs.
Note: whether/how to reflect the above is up to Editor.



Regarding the possible BWP configurations, there is an agreement from RAN1#114 (note in yellow) as well as a working assumption from RAN1#114bis: 
	Agreement (RAN1#114)
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0


Working Assumption (RAN1#114)
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed




Looking at the agreement, two things are needed to complete the discussion on BWP size for sub-5MHz NR operation: 
1. There is a need to confirm the working assumption on the 3MHz channel bandwidth. 
2. On the 5MHz channel bandwidth with 20 PRB CORESET, the current Note is not clear as it does not seem to be linked to the new sync raster point with 20 PRB TX bandwidth. Therefore, we suggest to have a similar wording for the 20 PRB (for 5MHz operation) as there is for the 12 PRB BWP (for the 3MHz channel bandwidth) 

Therefore, we bring the following two proposals forward: 
Proposal 2: Confirm the RAN1#114bis WA on supported BWP sizes by endorsing the following: 
	Working AssumptionConclusion
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed



Proposal 3: RAN1 to update the RAN1#114bis agreement for 5MHz channel & 20 PRB to align with the 3MHz channel operation with the changes in red: 


	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: For 5MHz channel BW, for the new sync. raster point (=920.73MHz, GSCN 41638 on band n100), UE supports 20 PRB BWP. UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0



[bookmark: _Ref118022185]PDCCH
There was considerable progress on PDCCH/CORESET#0 in RAN1 #114 and RAN1#114bis. In the following, we focus on the few remaining open items for PDCCH.
Final details of CORESET#0
Association of CORESET#0 entries and sync raster points
The association of sync raster points to CORESET#0 BW has been discussed during RAN1#114 and RAN1#114bis. 

On the 5MHz channel BW and the new specific sync raster point, this is has been clarified in the RAN1#114bis UE feature discussions by adding the following note to FG 51-3 (Support 5 MHz channel bandwidth with 20 PRB CORESET0): 
	
	This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.




For the 3MHz channel bandwidth, the following conclusion was taken during RAN1#114bis:
	Conclusion
•	For 3MHz channel BW for the sync. raster point (920.73MHz, GSCN 41637), the UE shall support 12 PRB CORESET#0 during initial access. 
•	For 3MHz channel BW for the sync. raster points for 15 PRB transmission BW, the UE shall support 15 PRB CORESET#0 during initial access.




This conclusion is helping the understanding, that for the GSCN 41637, the UE shall support 12 PRB CORESET#0 (and 15 PRB CORESET#0 anyhow cannot be supported for this specific sync raster point as it is limited to 12 PRB TX bandwidth in the first place). 

But for the generic 3MHz channel bandwidth operation (i.e. 15 PRBs available, not limited to band n100), the conclusion says that 15 PRB CORESET#0 is to be supported but does not say anything about the 12 PRB CORESET#0 for these new sync raster points. 

As we already commented during RAN1#114bis, there should be a direct association between the CORESET#0 bandwidth and the specific sync raster points also for the 3MHz channel bandwidth, namely by limiting the FG 51-2 (Support 12 RB CORESET0) only for band n100 at GSCN value 41637 in Table 5.4.3.1-3 of 38.101 due to the following reasons: 
· During RAN1#113, it was extensively discussed if the 12 PRB CORESET#0 is to be used for all 3MHz channel bandwidth sync raster points and the conclusion was to support the 15 PRB CORESET#0 for the normal 3MHz channel bandwidth (with 3MHz / 15 PRB transmission bandwidth) to achieve better performance compared to using the 12 PRB design. 
Therefore, it would be now slightly strange to require a UE to support the 12 PRB CORESET#0 for normal 3MHz channel operation for other than the specific sync raster point requiring the 12 PRB transmission BW. 
· We think the operation with the 3MHz and 5MHz channel bandwidths should be logically aligned: 
· For 3MHz and 5MHz channel bandwidths with the transmission bandwidths equal to the channel bandwidth (i.e. 15 & 25 PRBs), the maximum CORESET#0 bandwidth of 15 PRB and 24 PRB should be applied. 
· For 3MHz and 5MHz channel bandwidths with maximum transmission bandwidth configurations of 12 PRB and 20 PRBs with the specific sync raster points of Table 5.4.3.1-3, CORESET#0 bandwidth should be equal to the maximum transmission bandwidth configurations of 12 and 20 PRBs, respectively. 

Therefore, we propose the following agreement to fully clarify the intended operation also for 3MHz channel bandwidth. It can be left for the specification editors to decide whether and how to exactly capture the agreement in the specifications in addition to capturing this in the UE feature description for FG 52-2 (as proposed below). 

Proposal 4: The CORESET#0 operation for 3MHz channel bandwidth is further clarified as: 
· The 12 RB CORESET #0 (index 0 & 1 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41637.
· Add the following corresponding note to FG 51-2 (Support 12 RB CORESET0):
· This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41637 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.


Final clarification on applicable kSSB values
During RAN1#114, the following agreement was taken with the yellow parts being still open: 
	Agreement
Revise the previous agreement as below, 
Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, [kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs]
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, at least PRB offset = 0, [2] 2 are supported
· FFS if offset = 1, 3 are supported.
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.




One company brought up this issued during RAN1#114 – but it was not discussed. We still see a need to clarify the related behavior to define which kssb values the UE may expect (to prevent IoT issues later on). 

The synchronization raster for 3 MHz channel BW is defined in 38.101-1 Clause 5.4.3 as 
SSREF = N * 600 kHz + M * 50 kHz + 300 kHz, N = 1:1665, M ϵ {1,3,5}
On other hand, the channel raster for bands n100, n106, n26, n28, n85 is multiple of 100 kHz based on 38.101-1 Clause 5.4.2. Hence, a frequency offset between the synchronization raster point and corresponding channel raster point is given by 

The frequency offset  must be limited so that the 12-RB SSB remains within the 15-RB maximum transmission BW. In other words, the frequency offset  is limited by . The offset between the synch raster point and channel raster point is also required to be multiple of at least one subcarrier spacing, i.e., k*15 kHz in the case of 3 MHz channel bandwidth. These conditions are fulfilled only with the frequency offset of –150 kHz or 150 kHz, that is, . 
In Figure 1, the relative frequency positions of SSB and 15 PRB CORESET#0 are shown for the PRB offset and kSSB values agreed in RAN1#114. It can be noted that for 0 PRB offset and kSSB = 8 (Figure 1a) and for 2 PRB offset and kSSB = 4 (Figure 1c) the frequency offset between the synch raster point and corresponding channel raster point is , meaning that the channel raster to RE mapping of 38.101-1 5.4.2.2 is followed. However, this is not the case for 0 PRB offset and kSSB = 20 (Figure 1b) corresponding to frequency offset of 30 kHz and channel raster point of , which has an offset of 20 kHz to any valid channel raster point. Finally, in the case of 2 PRB offset and kSSB = 16, the combined transmission bandwidth exceeds the 15 PRB maximum transmission bandwidth of 3 MHz channel BW as shown in Figure 1d and, hence, cannot be considered as valid configuration.      
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Figure 1. Relative frequency positions of SSB, CORESET#0 and channel raster point for 15 PRB CORESET#0

In RAN1#114 agreement, 4 specific PRB offset and kSSB combinations were considered for 15 PRB CORESET#0. From these, the agreed combinations of 0 PRB offset with kSSB = 8 and 2 PRB offset with kSSB = 4 provide reasonable CORESET#0 positions. However, 0 PRB offset and kSSB = 20 does not provide a meaningful configuration and 2 PRB offset with kSSB = 16 leads to excessive overall transmission BW. Hence, these values currently in brackets should be excluded. 
Proposal 5: Update the RAN1#114 agreed to fully clarify the applicable kssb values with the changes in red:
	Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, PRB offset = 0, 2 are supported
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.



 

UE specific CORESET operation
Puncturing of UE specific CORESET
Until now, the discussion related to punctured CORESET has mainly focused on CORESET#0 configured by SSB. In the following we pay attention to UE specific CORESET configured by RRC signaling, more specifically with IE frequencyDomainResources (TS 38.331):
· Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group (see TS 38.213 [13], clause 10.1) in the BWP. The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET. Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2).  

As shown above, the current RRC signaling does not support punctured CORESETs. If this is not fixed, the maximum size for UE specific CORESET would be only 12 RBs for 3 MHz CBW, and 18 RBs for 5MHz BW with 20 RB transmission BW. This would mean that the maximum aggregation level for a PDCCH transmitted via UE specific CORESET would be only AL4 for 3MHz CBW. This limitation would create unnecessary performance degradation for PDCCH capacity and coverage (compared to a PDCCH transmitted via CORESET#0). 
In order to fix the problem, we make the following proposal and text proposals for 
· TS 38.211, Section 7.3.2.2 and
· TS 38.331, frequencyDomainResources. 

Proposal 6: Support RB puncturing for UE specific CORESETs for 3 MHz CBW, as well as 5 MHz CBW with 20 PRB transmission bandwidth (GSCN = 41638) 

Text proposal, TS 38.211, Section 7.3.2.2
For a CORESET configured by the ControlResourceSet IE: 
-     is given by the higher-layer parameter frequencyDomainResources;
· For the 3 MHz channel bandwidth, and for the 5 MHz channel bandwidth when the CORESET is located on a carrier where the SS/PBCH block is detected at the sync raster point with GSCN = 41638 [14, TS 38.101-1], the CORESET is obtained by puncturing the RBs not overlapping with the RBs of the bandwidth part within which the CORESET is configured. The UE may expect puncturing for the 3 highest-numbered resource blocks with  and for the 4 highest-numbered resource blocks with 
-    

Text proposal, TS 38.331
frequencyDomainResources
Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group (see TS 38.213 [13], clause 10.1) in the BWP. The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET.  Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2)., except for the 3 MHz channel bandwidth, and for the 5 MHz channel bandwidth when the SS/PBCH block is detected at the sync raster point with GSCN = 41638 [TS 38.101-1].

Conclusion 
In this contribution we have discussed the required changes to support NR operation with below 5 MHz bandwidth. Based on the discussion we make the following proposals: 
Proposal 1: The RAN1#114 agreement on initial DL BWP is amended to also cover the initial DL BWP size of 20 PRB for 20 PRB CORESET#0: 
	Agreement
For dedicated spectrum with less than 5MHz transmission BW, if a UE is not provided initialDownlinkBWP, the location and size of the initial DL BWP is equal to that of CORESET#0 transmission BW, i.e.,
· For 12 PRBs CORESET#0 transmission BW, the initial DL BWP has 12 PRBs.
· For 15 PRBs CORESET#0 transmission BW, the initial DL BWP has 15 PRBs.
· For 20 PRBs CORESET#0 transmission BW, the initial DL BWP has 20 PRBs.
Note: whether/how to reflect the above is up to Editor.



Proposal 2: Confirm the RAN1#114bis WA on supported BWP sizes by endorsing the following: 
	Working AssumptionConclusion
For 3MHz channel BW,
· For the new sync. raster point (=920.73MHz, GSCN 41637 on band n100), UE supports 12 PRB BWP
· For other new sync raster points, UE supports 15 PRB BWP
· Note: it does not introduce any new interpretation on FG6-1
Note: it will be a conclusion when this working assumption is confirmed



Proposal 3: RAN1 to update the RAN1#114bis agreement for 5MHz channel & 20 PRB to align with the 3MHz channel operation with the changes in red: 
	Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
Note 1: For 5MHz channel BW, for the new sync. raster point (=920.73MHz, GSCN 41638 on band n100), UE supports 20 PRB BWP. UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0



Proposal 4: The CORESET#0 operation for 3MHz channel bandwidth is further clarified as: 
· The 12 RB CORESET #0 (index 0 & 1 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41637.
· Add the following corresponding note to FG 51-2 (Support 12 RB CORESET0):
· This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41637 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.


Proposal 5: Update the RAN1#114 agreed to fully clarify the applicable kssb values with the changes in red:
	Agreement
For 3MHz channel BW, for kssb and PRB offset for the determining the CORESET#0 position in frequency domain,
· kssb follows legacy configuration. 
· Note: based on existing specifications, UE does not expect other values than kssb = 0 for 12PRBs CORESET#0, kssb = 8 [or 20] for 15PRBs CORESET#0 with offset 0 PRBs, kssb = 4 [or 16] for 15RPBs CORESET#0 with offset 2 PRBs
· PRB offset
· For 12 PRBs CORESET#0 transmission BW, PRB offset = 0 
· For 15 PRBs CORESET#0 transmission BW, PRB offset = 0, 2 are supported
Note: the above assumes that PRB offset to be the frequency gap between the first PRB of the actually transmitted 12/15 PRBs CORESET#0 and the first CRB overlapping with the first PRB of the actually transmitted 12 PRBs SS/PBCH block, how to capture it in the specification is left to editors.
Note: the range of the PRB offsets is only applicable to the introduced new sync. raster points for 3MHz channel BW and 100kHz channel raster.



 

Proposal 6: Support RB puncturing for UE specific CORESETs for 3 MHz CBW, as well as 5 MHz CBW with 20 PRB transmission bandwidth (GSCN = 41638) 

Text proposal, TS 38.211, Section 7.3.2.2
For a CORESET configured by the ControlResourceSet IE: 
-     is given by the higher-layer parameter frequencyDomainResources;
· For the 3 MHz channel bandwidth, and for the 5 MHz channel bandwidth when the CORESET is located on a carrier where the SS/PBCH block is detected at the sync raster point with GSCN = 41638 [14, TS 38.101-1], the CORESET is obtained by puncturing the RBs not overlapping with the RBs of the bandwidth part within which the CORESET is configured. The UE may expect puncturing for the 3 highest-numbered resource blocks with  and for the 4 highest-numbered resource blocks with 
-    
Text proposal, TS 38.331
frequencyDomainResources
Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from the first RB group (see TS 38.213 [13], clause 10.1) in the BWP. The first (left-most / most significant) bit corresponds to the first RB group in the BWP, and so on. A bit that is set to 1 indicates that this RB group belongs to the frequency domain resource of this CORESET.  Bits corresponding to a group of RBs not fully contained in the bandwidth part within which the CORESET is configured are set to zero (see TS 38.211 [16], clause 7.3.2.2)., except for the 3 MHz channel bandwidth, and for the 5 MHz channel bandwidth when the SS/PBCH block is detected at the sync raster point with GSCN = 41638 [TS 38.101-1].
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