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1 Introduction
In RAN#94, the work item of enhancements to operate NR on dedicated spectrum less than 5MHz was approved to address the request from the vertical field including the Future Railway Mobile Communication System (FRMCS) in Europe, Smart Grids in USA and Public Safety in Europe. During previous RAN1 meeting, discussion on the potential impact on each channel was discussed and the LS to RAN4 was agreed. Also related issues were discussed in RAN4 and RAN4 provides the LS feedback. 
In this contribution, we will continue discussing the remaining issues and the share our consideration.   
2 Discussion
2.1 Impact on the PDCCH 
In current NR system, the configuration of CORESET#0 is based on the predefined configuration table as defined in TS 38.213 Table 13-1. The configuration table is defined with the assumption of minimum channel bandwidth is 5MHz or 10MHz and the minimum number of PRBs configured for the CORESET#0 is 24 PRBs.  For the resource available in the dedicated spectrum, the available resource is smaller than the minimum number of PRB for the CORESET#0 configuration. 
To handle this problem, two directions were discussed in previous meeting. 
	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.


In addition, no matter which CORESET#0 configuration option is taken, due to less transmission resource in the dedicated spectrum, it is impossible to use the aggregation level of 16 CCEs for transmission. Thus, the coverage of PDCCH is expected to be degraded compared to the case which transmitting PDCCH with 16 CCEs. In last meeting, several candidate options were identified for further study. 
	Agreement 

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 


In this section, we will provide our simulation results for the coverage recovery solutions for the direction of using existing CORESET#0 configuration and the direction of new CORESET#0 configuration, respectively. 
For the direction of using CORESET#0 configuration, two configuration options are considered. One configuration is that 24 RBs and 3 OFDM symbols are configured for CORESET#0. In this configuration, the maximum supported aggregation level is AL of 8 CCEs. In the simulation, CCE#0 ~CCE#7 are used for the PDCCH processing. In addition, the bottom part of the CORESET#0 is overlapped with the dedicated spectrum as shown in Fig. 1.  Another CORESET#0 configuration is 48 RBs and 3 OFDM symbols. In this case, the maximum supported aggregation level is AL of 16 CCEs. In the simulation, all the CCEs which the dedicated spectrum are assigned for the PDCCH processing. Similar to the previous configuration, the bottom part of the CORESET#0 is overlapped with the dedicated spectrum as shown in Fig. 1. 
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Figure 1 Relationship between the CORESET#0 and dedicated spectrum in the evaluation if using existing CORESET#0 configuration
For the direction of using new CORESET#0 configuration, also two configuration options is considered. One configuration is that 12 RBs and 3 OFDM symbols are configured for CORESET#0. This configuration still follows the principle that the assigned number of PRB is integer multiples of 6. In this case, the maximum supported aggregation level is 4 if reusing existing aggregation level. Or if new aggregation can be considered in this case, then a new AL of 6 CCEs can be supported. Another configuration is 16RBs and 3 OFDM symbols are configured for CORESET#0. This configuration breaks the requirement that the assigned number of PRB for one CORESET should be integer multiples of 6. But on the other hand, it enables to make full use of all spectrum resources. In this case, the supported maximum AL is 8. 

For the coverage recovery option 3, we think it is kind of optimized solution for some specific cases. In the CORESET configurations evaluated, all the PDCCH can be mapped in the spectrum, so we skip the evaluation of option 3. And in option 5, PDCCH is rate matched based on the available resources. Usually, the rate matching-based solution outperforms the puncture-based solution slightly. And the performance gap is usually less than 1dB. Considering this situation, we also skip the evaluation of option 5. For the other coverage recovery options, the corresponding simulation results are  summarized in Table. 1
According to the simulation results, it is observed that if no action is taken for coverage recovery (option 6), the coverage gap is more 4.5 dBs in most cases compared with PDCCH of 16 CCEs. But usually, when we determine whether coverage recovery is needed and how much coverage gap should be compensated, the coverage target should be set first. Different target would result in different conclusion. For example, we could set the coverage target as the link budget of the PDCCH with 16 CCEs or as the link budget of the bottleneck channel in normal NR system. 
Observation 1: Compared with the PDCCH with 16 CCEs, more than 4.5 dB coverage loss is observed no matter based on existing CORESET#0 configuration table or based on new CORESET#0 configuration 
Proposal 1 : Before decide whether coverage recovery is needed for PDCCH, discuss the coverage target to be achieved first

For the coverage performance based on new CORESET#0 configuration, it is observed that the configuration (16 RBs, 3 OS) which makes full use of the spectrum resource achieves better performance compared the configuration (12 RBs, 3 OS) which follows the requirement of CORESET frequency resource configuration strictly. For the dedicated spectrum resource, considering the limited resource available, if we still stick to the existing CORESET configuration requirement, that would make the resource available for PDCCH transmission further less, which further degrades the PDCCH coverage. Considering this point, it is more preferable to support the configuration, which makes full use of spectrum resource, rather than stick to existing CORESET configuration 
Proposal 2: If new CORESET#0 configuration is supported, consider the configurations which make full use of spectrum resource. And the existing CORESET#0 requirement (e.g., the number of PRBs for CORESET should be integer multiples of 6) is not necessary to follow 

For the comparison between using existing CORESET#0 configuration and using new CORESET#0 configuration, it is observed similar performance is achieved if full spectrum resource is utilized，i.e., for existing configuration of 12 RBs and 3OS, the required SNR is -4.74dB and for new CORESET#0 configuration of 16RBs and 3OS, the required SNR is -4.88 dB. 
Observation 2: From the perspective of coverage, using existing CORESET#0 and using new CORESET#0 configuration achieve similar performance. 

While for the potential specification impact, if using existing CORESET#0 configuration table, there is no impact on the CORESET#0 configuration table and the indication of CORESET#0 in MIB. But there would be some problems on the initial DL BWP determination and other channels in the initial DL BWP.  Because the initial DL BWP is determined by the frequency resource of CORESET#0 in current NR system. In this option, the assigned frequency resource is larger than actual available resource, then how to determine the available resource should be addressed. In addition, this would affect the PDSCH resource allocation and the configuration of CSI-RS/TRS. Furthermore, when transmitting interleaved PDCCH with small aggregation level, part of PDCCH would be mapped out of the available resources. While, if using new CORESET configuration, there may be certain change on the CORESET#0 configuration table, but the impact on the initial DL BWP and associated physical channels is little. 

Observation 3: If using existing CORESET#0 configuration, significant specification impact is observed 
According to the simulation results and analysis, it is observed that coverage performance can be achieved between using existing CORESET#0 configuration and using new CORESET#0 configuration. While for the specification impact part, using existing CORESET#0 configuration would incur more standardization effort. As indicated in the WID, only support necessary and minimum changes to functional support based on existing design. Considering these aspects, it is preferable to use new CORESET#0 configuration   
Proposal 3: Support new CORESET#0 configuration 
Table 1 LLS simulation results (Required SNR @1% BLER)

	
	Based on existing CORESET#0 configuration table
	Based on new CORESET#0 configuration Table

	
	24 RBs, 3 OS, AL=8
	48 RBs, 3 OS, AL=16
	12 RBs,  3 OS,
	16 RBs, 3 OS

AL=8

	No enhancement for coverage (Option 6)
	-3.43
	-4.74
	-1.497 (AL=4)


	-4.88

	Option 1

(3x  power boosting)
	-8.11
	-9.58
	-5.95 (AL=4)
	-9.61

	Option 2

(non-interleaved mapping)
	-4.71
	-4.74
	-1.497 (AL=4)
	-4.88

	Option 4
	--
	--
	-3.3 (AL=6)
	--

	Reference 
	-8.59 dB (48 RBs, 3 OS, AL=16)


2.2 Impact on the PBCH

During last meeting, the following progress was achieved for the PBCH. 
	Working Assumption

For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission are 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


In addition, based on RAN4 LS in R1-2302269, RAN4 agreed that the maximum transmission bandwidth is 15 PRBs for 3 MHz channel bandwidth. 

Moreover, in RAN#99 meeting, the following conclusion was reached 

	· 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.




The reason to adopt 12 PRBs for PBCH transmission for n100 is mainly due to the limited available number of PRBs from the operator for FRMCS use cases. For other bands, we notice that there is no such limitation and 15 PRBs are available according to the request of operators.  In addition, the PBCH performance is also an important factor to determine whether 12 PRBs or 15 PRBs applies for other bands with 3 MHz channel bandwidth. More transmission resource can be applied for the PBCH transmission and better performance is expected for 15 PRBs.   

Considering these aspects, we suggest to apply 15 PRBs transmission bandwidth for other bands with 3 MHz channel bandwidth.

Proposal 4: the PBCH transmission bandwidth is 15 PRBs for frequency bands with 3 MHz channel bandwidth other than band n100
In RAN4’s LS , the question how PBCH within SSB will be punctured is raised.  For band n100, since the PBCH transmission bandwidth is 12PRBs, which is same with the number of PSS and SSS. According to the description in the WID, PSS/SSS specification without puncturing should be reused. 4 PRBs from the two edges of the SSB should be punctured.

While for the 15 PRBs PBCH transmission bandwidth is applied for other bands, there would be more than one puncturing patterns. It expects that the BLER performance for different puncture patterns is similar. On the other hand, If more than one puncturing patterns are defined, indication of the puncture pattern should be supported according to the agreement that RAN1 assumes that the UE could know which RBs are used for SSB transmission after PSS/SSS is detected. Some companies proposed to use independent sync raster or other mechanisms to distinguish different puncture patterns. However, it will bring great challenges to sync raster design and requires additional specification efforts. So, we suggest only consider one puncture pattern for 15PRBs PBCH transmission bandwidth 
Proposal 5: Only consider one puncturing pattern for 15PRBs PBCH transmission bandwidth
2.3 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 DL BWP can be disabled. 
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 

3 Conclusion
In this contribution, we discuss several issues on enhancements to operate NR on dedicated spectrum less than 5 MHz. Based on the discussion, our views are summarized as follows.
Observation 1: Compared with the PDCCH with 16 CCEs, more than 4.5 dB coverage loss is observed no matter based on existing CORESET#0 configuration table or based on new CORESET#0 configuration 

Observation 2: From the perspective of coverage, using existing CORESET#0 and using new CORESET#0 configuration achieve similar performance. 

Observation 3: If using existing CORESET#0 configuration, significant specification impact is observed 

Proposal 1: Before decide whether coverage recovery is needed for PDCCH, discuss the coverage target to be achieved first

Proposal 2: If new CORESET#0 configuration is supported, consider the configurations which make full use of spectrum resource. And the existing CORESET#0 requirement (e.g., the number of PRBs for CORESET should be integer multiples of 6) is not necessary to follow 

Proposal 3: Support new CORESET#0 configuration 

Proposal 4: the PBCH transmission bandwidth is 15 PRBs for frequency bands with 3 MHz channel bandwidth other than band n100
Proposal 5: Only consider one puncturing pattern for 15PRBs PBCH transmission bandwidth
Proposal 6: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 
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