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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 in terms of support BWP bandwidths for the 20MHz transmission bandwidth:
	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: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0



We think that a related agreement would be good to have in place also for the 12 PRB CORESET#0 operation to finalize the related UE feature description of 51-y. 
Proposal 1: A UE capable of 12 PRB CORESET#0 can be configured with 12 PRB BWP for the GSCN value 41637 on band n100.  
Another BWP related agreement from RAN1#114 is as follows:
	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.



This is in line with the previously existing text in TS 38.213, and no change was needed. Nevertheless, for the sake of completeness it is good to clarify that the same assumption holds also for the case of 5 MHz channel BW and 20 PRB CORESET#0. Therefore, we make the following proposal:
Proposal 2: For dedicated spectrum with less than 5MHz transmission BW and 5 MHz CBW, 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 20 PRBs CORESET#0 transmission BW, the initial DL BWP has 20 PRBs.
[bookmark: _Hlk142399450]Binding the UE support for 12 PRB or 20 PRB BWPs to the support for 12 PRB and 20 PRB CORESET#0, respectively, avoids also the potential problems in PUCCH frequency hopping on cell-specific PUCCH resources. In other words, PUCCH FH disabling on cell-specific PUCCH resources is not needed.
[bookmark: _Ref118022185]PDCCH
There was considerable progress on PDCCH/CORESET#0 in RAN1 #114. In the following, we focus on the few remaining open items for PDCCH.
	Agreement
For 3MHz channel BW, the 15 PRBs CORESET#0 is obtained by puncturing the 9 upper PRBs of 𝑁RB CORESET = 24 CORESET#0.
Agreement
For CORESET#0 for less than 5MHz transmission bandwidth, the UE assumes the same precoding being used per REG bundle. 
Note: This depends on UE implementation whether channel estimation can be performed for partial REG bundle, if any.
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.
Agreement
For 3MHz channel BW, Table 13-0 is used by the UE for CORESET#0 configuration only when the detected SSB is from a new synch raster point in RAN4. 
FFS: any specification impact.
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.
Conclusion (based on RAN1#113 agreement)
For 2 symbols and 3 symbols for 15 PRBs CORESET#0, both interleaved and non-interleaved CCE to REG mapping are supported.
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: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0



Final details of CORESET#0
Association of CORESET#0 entries and sync raster points
During the 38.213 draft CR review, there was some discussion on the applicability of the 12 PRB CORESET#0 and the 20 PRB CORESET#0 for specific sync raster points. 

For the 20 PRB CORESET#0 (entries 10 & 11 of the new Table 13-0 in 38.123), there is already the following note as part of the related agreement: 
	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: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0



For the 12 PRB CORESET#0 (entries 0 & 1 of the new Table 13-0 in 38.123), we do not have any relationship agreed yet. 

We agree with the comments by some companies, that there should be a direct association between the CORESET size and the specific sync raster points with GSCN values 41637 and 41638 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 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 reduced transmission bandwidths 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 transmission bandwidth. 

Therefore, we propose the following agreement to fully clarify the intended operation. It can be left for the specification editors to decide whether and how to exactly capture the agreement in the specifications. 

Proposal 3: The CORESET#0 operation 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.
· The 20 RB CORESET #0 (index 10 & 11 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41638.

nshift for CORESET#0 operation of reduced BW
During the 38.212 CR review after RAN1#114 it was discussed that there is no agreement in place on the applicable nshift value for the reduced CORESET#0 operation of Table 13-0. Currently the nshift value is determined as  for CORESET#0, which causes 1 CCE variation on the amount of puncturing for AL8 with interleaved mapping. However, there is no impact in the case of non-interleaved CCE-to-REG mapping, as the mapping does not depend on the nshift value. Consequently, in case a certain  would result in unwanted puncturing, the network can choose to apply non-interleaved CORESET#0 configuration instead. Hence, we do not see any need to change the nshift determination for CORESET#0.

Proposal 4:  is defined as  for CORESET#0 also with 3 MHz channel BW.

UE specific CORESET operation
Puncturing of UE specific CORESET
Until now, the discussion related to punctured CORESET has 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 5: Support RB puncturing for UE specific CORESETs for 3 MHz CWB, 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].

PDCCH candidates with CCEs partially punctured
When considering USS, the mapping of PDCCH candidates of an SS-set to CCEs of the associated CORESET is implemented by means of a hash function. This means that PDCCH candidates for a certain Aggregation Level (AL) are selected in pseudo-random manner. Example in Figure 1 shows the possible PDCCH candidate locations frequency in the 3 MHz scenario (AL2, 3OS). There are three puncturing scenarios:
a) PDCCH candidate is fully contained within the DL BWP
b) PDCCH candidate is partially contained within DL BWP
c) PDCCH candidate is fully outside of the DL BWP
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Figure 1. Three options for PDCCH candidate (AL2, 3OS) in the 3MHz scenario.

PDCCH monitoring should focus primarily to those candidates fully contained within the DL BWP.
When considering those PDCCH candidates that are fully outside of the DL BWP, it is clear that UEs should not monitor those (since they cannot be conveying any DCI). If a UE finds a valid RNTI from these candidates, it will always be a false positive. 
When considering those PDCCH candidates partially outside of the DL BWP, the applicability of those depends on the amount of puncturing. We think that those PDCCH candidates having more than 50% of PRBs punctured could be considered as invalid PDCCH candidates, which the UE is not required to monitor. Based on that, we make the following proposal and text proposal for TS 38.213, Section 10.	Comment by Klaus Hugl (Nokia): Maybe some wording change may be needed here - maybe 'punctured PDCCH candidate' is not clear, as also valid (for monitoring) have puncturing. Not sure if this would be better: 

… could be considered as an invalid PDCCH candidate which the UE is not required to monitor. 
Proposal 6: A PDCCH candidate with more than [50%] PRBs punctured is considered as an invalid PDCCH candidate, that the UE is not expected to monitor.

Text proposal, TS 38.213 Section 10:
[bookmark: _Hlk127532212]If PDCCH monitoring relates to a carrier where the SS/PBCH block is detected at sync raster points [defined in Tables 5.4.3.1-2 or 5.4.3.1-3, TS 38.101] in a channel bandwidth of 3 MHz or 5 MHz, and less than [50%] of the RBs of a PDCCH candidate overlap with the RBs of the bandwidth part within which the CORESET is configured, the UE is not required to monitor the PDCCH candidate.
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: A UE capable of 12 PRB CORESET#0 can be configured with 12 PRB BWP for the GSCN value 41637 on band n100.  
Proposal 2: For dedicated spectrum with less than 5MHz transmission BW and 5 MHz CBW, 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 20 PRBs CORESET#0 transmission BW, the initial DL BWP has 20 PRBs.
Proposal 3: The CORESET#0 operation 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.
· The 20 RB CORESET #0 (index 10 & 11 of Table 13-0 of 38.101-1) is applicable only to GSCN value 41638.
Proposal 4:  is defined as  for CORESET#0 also with 3 MHz channel BW.
Proposal 5: Support RB puncturing for UE specific CORESETs for 3 MHz CWB, as well as 5 MHz CBW with 20 PRB transmission bandwidth (GSCN = 41638) 
Proposal 6: A PDCCH candidate with more than [50%] PRBs punctured is considered as an invalid PDCCH candidate, that the UE is not expected to monitor.

Text proposals for the Proposals 5 and 6 are given below: 
Text proposals for Proposal 5:
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].

Text proposal for Proposal 6:
Text proposal, TS 38.213 Section 10:
If PDCCH monitoring relates to a carrier where the SS/PBCH block is detected at sync raster points [defined in Tables 5.4.3.1-2 or 5.4.3.1-3, TS 38.101] in a channel bandwidth of 3 MHz or 5 MHz, and less than [50%] of the RBs of a PDCCH candidate overlap with the RBs of the bandwidth part within which the CORESET is configured, the UE is not required to monitor the PDCCH candidate.
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