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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. And  in last RAN1 meeting, discussion on the potential impact on each channel was discussed and the LS to RAN4 was also agreed 
In this contribution, we will show our simulation results and provide analysis based on the progress achieved in last meeting. And then our views would be shared accordingly  
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 last 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

In current NR system, the structure of SSB is specified as illustrated in Figure 2.  It occupies 4 symbols in the time domain and 20 RBs in the frequency domain. PSS and SSS (including guard band) occupies the center 12 RBs in the 1st symbol and the 3rd symbol, respectively; For PBCH, it occupies the whole 20 RBs in the 2nd and 4th symbols, and occupies 4 RBs at each edge of the 20 RBs in the third symbol. With the assumption of 15RBs for 3MHz channel bandwidth, the resource is sufficient to accommodate the transmission of PSS and SSS. While, the resource is not sufficient to accommodate the PBCH and part of transmission symbols would be dropped if the legacy SSB structure is reused. In this case, the coverage may be impacted. To address this issue, several options were raised for further study in last meeting 
	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




In this section, we conducted link level simulation to evaluate the achieved performance of the candidate options. In the evaluation, the generated PBCH symbols mapped to center 15 RBs are transmitted as shown in Figure 3. For comparison, transmission of PBCH without dropping in 20MHz is evaluated for reference. In addition, for option 3, the amount of transmission resources are not changed. The only difference is the resource location. The performance of option 3 is expected to be similar to that of reference case. Table.2 summarize the results and potential specification impact
Table 2 LLS simulation results and standardization effort analysis for PBCH options

	Options
	Required SNR @1% BLER (dB)
	Standardization Effort

	Reference (one shot )
	-5.42
	--

	Reference (Combination of 4 receptions)
	-9.45
	--

	Option 6 (No enhancement, puncture is performed)
	-2.76
	--

	Option 1 (3dB boosting)
	-5.69
	Little

	Option 2(Combination of 4 receptions)
	-7.5
	Little

	Option 3
	-5.42
	Significant: Need to discuss the resource mapping pattern 

	Option 4 (22 info. bits +16 CRC bits)
	-5.22
	Significant : Need to discuss which field should be removed 

	Option 5 (Rate Matching)
	-3.5
	Medium : Impact on the rate matching and resource mapping


According the evaluation results, it is observed that compared with the reference case with one shot transmission, there is about 3 dB performance loss. For the candidate options for coverage recovery, option 1, option 2 and option 4 could achieve comparable performance. 

We further analyse the potential specification impact for each option. In our view, option 1 and option 2 impose little specification effort since they are already supported in current NR system. Option 3 would cause a lot of discussion on what’s resource mapping pattern. And for option 4, the specification impact is also expected significant, since we need to discuss which fields could be removed or optimized and in addition, new mechanism would be needed if some fields are removed or optimized. For option 5, it would affect the rate matching and the resource mapping.. 
Observation 4:  Around 3 dB performance loss is observed compared with reference case with one shot transmission 

Observation 5: Option 1, Option 2 and Option 4 (22 info.bits+16 CRC bits) achieve similar performance compared with the reference case with one shot transmission 
Observation 6:  The required standardization effort is little in Option 1 and Option 2 

When we discuss whether coverage recovery is needed for PBCH and further decide which candidate option is feasible, we need to decide the target of coverage recovery first. Different target setting would result in different conclusion. For example, if we take the reference case with 4 combinations of full PBCH as the coverage recovery target, then all the options can’t fullfill the requirement. Or if we take the link budget of bottleneck channel of the whole network in normal NR system as the coverage recovery target, then may be there is no need for coverage recovery or maybe more options could work.  
Proposal 4: Before decide whether coverage recovery is needed for PBCH, discuss the coverage target to be achieved first
[image: image2.png]Freqllency

OS#1 OS#2  OS#3 OS#4 Time




Figure 2 SSB structure
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Figure 3 Partial transmission of PBCH for 3MHz system BW

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 5: 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 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 

Observation 4:  Around 3 dB performance loss is observed compared with reference case with one shot transmission 

Observation 5: Option 1, Option 2 and Option 4 (22 info.bits+16 CRC bits) achieve similar performance compared with the reference case with one shot transmission 

Observation 6:  The required standardization effort is little in Option 1 and Option 2 

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

Proposal 5: Frequency hopping can be disabled for the PUCCH of Msg.4 HARQ feedback on the initial DL BWP 
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Annex

Table.1 Parameters for the PDCCH link-level simulation

	Parameters
	Value

	Payload 
	40bits

	Channel encoding 
	Polar

	Modulation
	QPSK

	Channel estimation
	Practical

	Resource allocation for CORESET
	Continuous

	REG bundle size 
	6

	Interleaver size 
	2 

	Achieved BLER
	1%

	Channel model 
	TDL-C (delay spread: 300ns)


Table.2 Parameters for the PBCH link-level simulation

	Parameters
	Value

	Payload 
	32bits

	Channel encoding 
	Polar

	Modulation
	QPSK

	Channel estimation
	Practical

	Achieved BLER
	1%

	Channel model 
	TDL-C (delay spread: 300ns)


