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1. Introduction
In RAN#101 meeting, the WID[1] on NR supporting dedicated spectrum less than 5MHz for FR1 was approved with the following objective as 
	Core requirement
· Specify necessary RAN4 requirements to support deploying NR in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN4], including in bands n100, n106, n26, n28 and n85:
· Specify system parameters (including channel and sync rasters) for the associated dedicated spectrum.
· Minimize impact on RF requirements:
· Reuse 5 MHz channel bandwidth at least for FRMCS use case (assuming co-located NR and GSM-R with same operator).
· Specify the required RF requirements for optional 3 MHz channel bandwidth in bands n100, n106, n26, n28 and n85.
· Specify RRM requirements while minimizing specification impact to support operation in dedicated spectrum allocations from approximately 3 MHz up to below 5 MHz.


Performance requirement
Specify necessary UE/BS performance requirements for NR operation in dedicated FDD FR1 spectrum allocations from approximately 3MHz up to below 5MHz, corresponding to the core requirements:
· Specify necessary RRM performance requirements (RAN4)
· Specify necessary UE demodulation performance and CSI reporting requirements (RAN4)
· Specify necessary BS demodulation performance requirements (RAN4)
· Specify necessary BS conformance tests (RAN4)




The performance part of demodulation requirement will be discussed from this meeting. In this contribution, the initial view on the test scope and simulation parameters of UE demodulation requirement for PBCH and PDCCH are provided.
2	Discussion
2.1	Test scope of UE demodulation requirement

According to RAN1 agreement 12PRB punctured PBCH is supported for 3 MHz channel bandwidth. Upper 4PRB and lower 4PRB would be punctured or not used, so proper UE supporting 3 MHz channel bandwidth would not be expected to receive upper and lower 4 RB. Since part of PBCH and DMRS are punctured, performance loss are expected. Therefore, it is necessary to verify the UE demodulation requirement for 12PRB PBCH in 3 MHz channel bandwidth. Unlike 3MHz channel bandwidth, for 5 MHz channel bandwidth, 20PRB PBCH is supported as legacy. In our view, the performance is not much different form the legacy. So, we think additional requirement is not necessary for 20PRB SSB in 5MHz channel bandwidth. 

In addition to PBCH requirements, PDCCH requirements especially for CORESET0 needs to be verified for 3MHz and 5MHz channel bandwidth. According to RAN1 agreement 12PRB and 15PRB CORESET#0 is supported for 3MHz. For 12 PRB PDCCH no puncturing is expected, while upper 9 PRBs are punctured from 24 PRB PDCCH for 15 PRB PDCCH. Although 12 PRB PDCCH is already supported in the legacy specification, if a UE supports only 3MHz channel bandwidth, legacy requirements may not be applied to test cases for the UE. Therefore, it needs to be specified for the UE that only supports 3 MHz channel bandwidth, if the UE declared such capability. In case for 15 PRB PDCCH, due to punctured PRBs performance loss is expected, which may need to introduce requirements.  For 5MHz channel bandwidth, where maximum 20 PRB is available, it is supported by puncturing upper 4 PRBs from 24 PRB PDCCH.  Similar as 15 PRB, performance loss is expected. Therefore, in our view, unpunctured 12 PRB, and punctured 15 PRB/ 20 PRB PDCCH for 3 MHz and 5MHz needs to be specified for UE demodulation requirement. 

Regarding PDSCH and CSI part, no physical enhancements are introduced in this release. In our view, if a UE supports only 3MHz channel bandwidth, current requirements may not be applied to test cases for the UE. Thus some limited test cases reusing test parameters from existing test cases by replacing channel bandwidth can be considered. 

Proposal 1: Consider test cases as for UE demodulation as follows:
· Specify punctured 12 PRB PBCH for 3MHz channel bandwidth
· Specify 12/15/20PRB PDCCH for 3MHz/5MHz channel bandwidth
· Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth



2.2	Parameter assumptions for PBCH requirements

Bandwidth&SCS
As stated in 2.1, 12 RB punctured PBCH needs to be specified, while 20 RB PBCH can apply legacy requirements. Therefore, we think 3MHz bandwidth with 15kHz SCS can be considered
Proposal 2: PBCH requirement for 3MHz bandwidth with 15kHz SCS can be specified


Duplex operation
Based on the WID, the band specified for less than 5MHz includes n100, n106, n26, n28 and n85, where FDD is applied for the bands. Therefore, FDD case can be considered for UE demodulation requirement.
Proposal 3: PBCH requirement with FDD can be specified


Channel Model
As a starting point, we think TDL channel model can be considered as existing test cases. Besides, we are open to discuss whether additional channel model is needed, such as HST single-tap channel model reflecting the train scenario at least for band n100.
Proposal 4: TDL model can be considered for channel model of PBCH requirement, and FFS on HST single-tap model if introduced

Antenna configuration
Given that the band n100, n106, n26, n28 and n85 are not mandatory to support 4Rx, as a starting point 2Rx can be considered. Although 4Rx is not mandate, we don’t think ruling out 4Rx is necessary. So we think it is beneficial to specify 4Rx in addition to 2Rx
Proposal 5: Consider 1x2, and 1x4 for PBCH requirement


Maximum Doppler shift
With regards to the Doppler frequency assumption for FDD TDL channel, we think worst case can be considered. As the highest operating frequency among the bands n100, n106, n26, n28 and n85 is 940MHz in n106, 94 Hz maximum Doppler shift can be calculated, if we assume 0.1ppm frequency error. Since 94Hz and 100Hz are not much different, we think 100Hz can be reused for TDL channel model.
 In case HST channel model is introduced with 500km/h speed, 428Hz can be calculated for 925 MHz operating band in band n100. 
Proposal 6: For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced for PBCH requirements


Test metric & Reference channel
We think legacy metric which is 1% miss-detected PBCH can be reused with/without SS/PBCH block index knowledge.
For punctured PBCH, legacy modulation, target coding rate, and payload are reused. So no need to add additional reference channel for punctured PBCH.
Proposal 7: Reuse test metric and reference channel for PBCH requirement


2.3	Parameter assumptions for PDCCH requirements

Bandwidth&SCS
As stated in 2.1, we think 3MHz and 5MHz bandwidth with 15kHz SCS can be considered for PDCCH requirements
Proposal 8: PDCCH requirements for 3MHz and 5MHz bandwidth with 15kHz SCS can be specified


Duplex operation
Based on the WID, the band specified for less than 5MHz includes n100, n106, n26, n28 and n85, where FDD is applied for the bands. Therefore, FDD case can be considered for UE demodulation requirement.
Proposal 9: PDCCH requirements with FDD can be specified

Channel Model
As a starting point, we think TDL channel model can be considered as existing test cases. Besides, we are open to discuss whether additional channel model is needed, such as HST single-tap channel model reflecting the train scenario at least for band n100.
Proposal 10: TDL model can be considered for channel model of PDCCH requirement, and FFS on HST single-tap model if introduced

Antenna configuration
Given that the band n100, n106, n26, n28 and n85 are not mandatory to support 4Rx, as a starting point 2Rx can be considered. Although 4Rx is not mandate, we don’t think ruling out 4Rx is necessary. We think it is beneficial to specify 4Rx in addition to 2Rx. Thus, 1x2, 1x4, 2x4, and 2x4 can be considered.
Proposal 11: Consider 1x2, 1x4, 2x4, and 2x4 for PDCCH requirement

Maximum Doppler shift
With regards to the Doppler frequency assumption for FDD TDL channel, we think worst case can be considered. As the highest operating frequency among the bands n100, n106, n26, n28 and n85 is 940MHz in n106, 94 Hz maximum Doppler shift can be calculated, if we assume 0.1ppm frequency error. Since 94Hz and 100Hz are not much different, we think 100Hz can be reused for TDL channel model.
 In case HST channel model is introduced with 500km/h speed, 428Hz can be calculated for 925 MHz operating band in band n100. 
Proposal 12: For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced for PDCCH requirements


Symbol& Aggregation level 
In general PDCCHs are transmitted in CORESETs which span over maximum three contiguous OFDM symbols over multiple RBs. In frequency domain, a UE can be provided CCE aggregation level, which configures the number of CCEs that compose a PDCCH candidate. On the other hand, CORESET0 can only have 2 or 3 symbol in time domain, and AL4 or 8 in frequency domain. Since physical design has been changed for CORESET0, corresponding requirements needs to be specified.

Regarding 12 PRB PDCCH for 3MHz channel bandwidth, (2Sym, 4AL), and (3Sym,4AL) are available. We think either option is fine.
Regarding 15 PRB PDCCH for 3MHz channel bandwidth, (2Sym, 4AL) , (2Sym, 8AL), (3Sym, 4AL), and (4Sym, 8AL) are available. We think punctured environment should be taken into account in the requirement. Thus, we think (2Sym, 8AL) can be considered.
Regarding 20 PRB PDCCH for 5MHz channel bandwidth, (2Sym, 4AL) , (2Sym, 8AL), (3Sym, 4AL), and (4Sym, 8AL) are available. In the same logic as above, we think (2Sym, 8AL) can be considered

Proposal 13: Consider symbol and AL for PDCCH requirement as follows:
· (2Sym, 4AL) or (3Sym,4AL) can be considered for 12 PRB PDCCH
· (2Sym, 8AL) can be considered for 15 PRB PDCCH
· (2Sym, 8AL) can be considered for 20 PRB PDCCH


Interleaving
For 12PRB and 20 PRB PDCCH, only interleaved mapping is supported, while non-interleaved mapping is also supported for 15 PRB PDCCH. The motivation of introducing non-interleaved mapping is to allocate CCEs only at the lower PRB index, and avoid distributing data at punctured PRB, especially for lower AL. However, if we consider maximum AL and punctured environment as mentioned above, we think there are not much performance difference between interleaved and non-interleaved mapping. Thus, we think non-interleaved mapping is enough, which follows existing test parameters for FDD.
Proposal 14: Consider non-interleaved mapping for PDCCH requirements


Payload
PDCCH Payload without CRC for DCI format 1_0 can be calculated as 35 bits (3MHz) and 36bits (5MHz). The difference between 39 bits introduced in existing requirement is minor. Therefore, 39 bits + 24bit CRC can be used.
Proposal 15: Consider 39bits + 24 bits CRC for PDCCH requirements




3	Conclusion
In this contribution, the initial view on UE demodulation requirement is provided.

Proposal 1: Consider test cases as for UE demodulation as follows:
· Specify punctured 12 PRB PBCH for 3MHz channel bandwidth
· Specify 12/15/20PRB PDCCH for 3MHz/5MHz channel bandwidth
· Specify limited test cases of PDSCH/CSI part for 3MHz channel bandwidth

Proposal 2: PBCH requirement for 3MHz bandwidth with 15kHz SCS can be specified
Proposal 3: PBCH requirement with FDD can be specified
Proposal 4: TDL model can be considered for channel model of PBCH requirement, and FFS on HST single-tap model if introduced for PBCH requirements
Proposal 5: Consider 1x2, and 1x4 for PBCH requirement
Proposal 6: For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced
Proposal 7: Reuse test metric and reference channel for PBCH requirement
Proposal 8: PDCCH requirements for 3MHz and 5MHz bandwidth with 15kHz SCS can be specified
Proposal 9: PDCCH requirements with FDD can be specified
Proposal 10: TDL model can be considered for channel model of PDCCH requirement, and FFS on HST single-tap model if introduced
Proposal 11: Consider 1x2, 1x4, 2x4, and 2x4 for PDCCH requirement
Proposal 12: For TDL channel model, consider Doppler as 100Hz, and 428Hz on HST channel model if introduced for PDCCH requirements 
Proposal 13: Consider symbol and AL for PDCCH requirement as follows:
· (2Sym, 4AL) or (3Sym,4AL) can be considered for 12 PRB PDCCH
· (2Sym, 8AL) can be considered for 15 PRB PDCCH
· (2Sym, 8AL) can be considered for 20 PRB PDCCH
Proposal 14: Consider non-interleaved mapping for PDCCH requirements
Proposal 15: Consider 39bits + 24 bits CRC for PDCCH requirements
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