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1 Introduction
In last RAN1 meeting, issues regarding the PBCH, PDCCH and PUCCH were discussed and the following progress is achieved. In this contribution, we will continue discussing the remaining issues and share our consideration. 

	Agreement

· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 

· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.

· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured

· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,

· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.

· A single table of up to 16 entries to accommodate both cases

· 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

· REG bundle size = 6
Agreement

Confirm following RAN1#112 working assumption

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
Agreement

If working assumption made in RAN1#112 is confirmed, 

For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,

For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.




2 Discussion
2.1 CORESET#0 
During RAN#99 meeting, the following conclusion regarding the transmission bandwidth for 3MHz and 5MHz channel bandwidths was reached.  RAN1 need to decide the CORESET#0 transmission bandwidth for both 3MHz channel bandwidth and 5MHz channel bandwidth. 
	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.




During last RAN1 meeting, RAN1 agreed 12 PRB and 15 PRB transmission bandwidth is supported for CORESET#0 in case of 3MHz channel bandwidth. While the transmission bandwidth for CORESET#0 in case of 5MHz channel bandwidth is not decided yet. For this case, 20 PRB transmission bandwidth is already supported by SSB. Considering the information provided by the operator in [2]. 20 PRB transmission bandwidth can be supported for CORESET#0 as baseline for case of 5MHz channel bandwidth. 
Then a further question is whether to support additional transmission bandwidth besides 20 PRBs.  Operator in [2] states “For the case “up to below 5MHz”, the ideal situation would be when any number of RBs between 15 and 20 could be selected depending on FRMCS traffic needs. However UIC recognizes the complexity of this and can accept that in the “up to below 5MHz” case only a limited number of transmission bandwidths in a 5MHz channel bandwidth would be supported in 3GPP”. Considering this request, we think we could support some worthy transmission bandwidths between 15 PRB and 20 PRB. In our understanding, transmission bandwidth of 16 PRBs and 18 PRBs which contains integer number of CCEs can be considered as additional transmission bandwidths for CORESET#0. 

Proposal 1: In case of 5MHz channel bandwidth

· Support 20 PRB transmission bandwidth for CORESET#0 as baseline
· Consider 16 PRB and 18 PRB as additional transmission bandwidth for CORESET#0
In current specification, the minimum transmission bandwidth of CORESET#0 is 24 PRBs and the frequency resource is the integer number of 6RB. For the transmission bandwidth of 15 PRBs, the CORESET#0 is achieved by puncturing the 24-PRB CORESET#0.  For the case of 20 PRB transmission bandwidth, similar approach can be adopted. In addition, both interleaved and non-interleaved can be supported. 

Proposal 2: In case of 5MHz channel bandwidth 

· The 𝑁RB CORESET = 24 CORESET#0 is punctured 
· Both interleaved  and non-interleaved mapping are supported
For 3MHz channel bandwidth in all bands, it was agreed that new CORESET#0 configuration table is to be introduced. Then the remaining issue is the CORESET#0 configuration table for the case of 5MHz channel bandwidth. One option is existing CORESET#0 is reused for case of 5MHz channel bandwidth. The second option is share the same new CORESET#0 configuration table with 3MHz channel bandwidth. In our view, the second option is preferable considering many common aspects between the case of 3MHz channel bandwidth and the case of 5MHz channel bandwidth. E.g., indication of the mapping pattern (interleaved or non-interleaved) and puncture pattern is needed 
Proposal 3: Consider the same CORESET#0 configuration table for 3MHz and 5MHz channel bandwidth. 

When new CORESET#0 configuration table is introduced, one remaining issue is how the PRB offset is defined and the PRB offsets to be supported.  The following options are identified during discussion in previous meeting. 

· Opt.1: The PRB offset is relative to the first PRB of the PRBs for PSS/SSS transmission

· Opt.2: The PRB offset is relative to the first PRB of the punctured SSB

· Opt.3: The PRB offset is relative to the first PRB of the non-punctured SSB

In the existing specification, the PRB offset is the the smallest RB index of the CORESET#0 to the smallest RB index of the CRB overlapping with the first RB of the corresponding SSB which resembles Opt 3. For the case of 5MHz channel bandwidth, there is no PRB puncture for SSB and the existing specification can be reused. Then motivation to optimize the design only for 3MHz channel bandwidth is weak. In short, to support common design between 3MHz and 5MHz channel bandwidth and minimize the specification impact, we think Opt.3 should be adopted for the PRB offset determination in the new CORESET#0 configuration table. 

Proposal 4: Support Opt.3 for the PRB offset determination in the new CORESET#0 configuration table.

2.2 Impact on the PUCCH

In NR system, normal NR UE would utilize frequency hopping to transmit PUCCH for the HARQ feedback of Msg.4 in initial DL BWP. And for RedCap UEs, the frequency hopping of PUCCH can be disabled by the SIB considering limited frequency diversity gain within 20MHz and the potential frequency fragment risk. For the dedicated frequency band smaller than the 5MHz，the frequency hopping gain is marginal. To avoid resource fragment and facilitate the resource allocation on the network side. Similar operation to that of RedCap can be taken for PUCCH transmission, i.e., frequency hopping of PUCCH on the initial UL BWP can be disabled. 
Proposal 5: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback  

3 Conclusion
In this contribution, we discuss remaining issues on enhancements to operate NR on dedicated spectrum less than 5 MHz. Based on the discussion, our views are summarized as follows.
· Proposal 1: In case of 5MHz channel bandwidth

· Support 20 PRB transmission bandwidth for CORESET#0 as baseline
· Consider 16 PRB and 18 PRB as additional transmission bandwidth for CORESET#0
Proposal 2: In case of 5MHz channel bandwidth 

· the 𝑁RB CORESET = 24 CORESET#0 is punctured 
· Both interleaved  and non-interleaved mapping are supported
Proposal 3: Consider the same CORESET#0 configuration table for 3MHz and 5MHz channel bandwidth. 

Proposal 4: Support Opt.3 for the PRB offset determination in the new CORESET#0 configuration table.

Proposal 5: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback 
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