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1. Introduction
3GPP Rel-8 TS 36.101 specified various channel bandwidths for 4G LTE systems including 1.4, 3, 5, 10, 15 and 20 MHz channel sizes. Global regulators and mobile network operators allocated and deployed networks occupying these various channel bandwidths that are still operational today. Allocation of additional spectrum is prohibited in nearly all cases due to existing use of the adjacent spectrum. Most of these networks do not utilize NB-IoT but are fully mobile networks that utilize CAT-4 and higher devices. Certain licensees operate regionally and nationally in the USA, internationally across Europe and in parts of SE Asia and Africa. These networks support the family of 3GPP technologies including GSM and LTE for mission critical applications. These operational networks are now looking to invest in the future of 3GPP by deploying 5G services. This includes the use of NR to support multiple low latency use cases (see 3GPP TR 38.825) resulting from various vertical industry domains, e.g., electrical power distribution grid & rail communication. These uses cases often require less than the latency offered by LTE technology and thus need NR to fully support them.
2. PDSCH Requirements
For the existing open issues, we reuse here the format and numbering of the previous WF [1]:

Issue 1-1-3: PDSCH parameters for further evaluation (non-HST scenario):
Here we propose to define minimum set of PDSCH requirements only to be tested on UEs supporting only 3MHz CBW. More specifically, we propose only to test the FDD over 3MHz, and 15 PRBs. As discussed during RAN4#108bis, parameters from RedCap PDSCH minimum requirements (5.2.2.1.17) can be used for reference.
Proposal 1: Via applicability rules, only define 3MHz requirements for UEs that specifically support only 3MHz operation. Other UEs supporting both 3MHz and >5MHz CBW should only be tested using legacy PDSCH requirements.
In addition, it is important to note that these 3MHz requirements should be applied only for 2Rx, since 4Rx is not mandatory for the frequency bands considered in this WI.
Observation 1: 4Rx is not mandatory for the frequency bands considered in this R18 work item.
Proposal 2: Define 3MHz requirements using only 2Rx, since 4Rx is not mandatory for the frequency bands considered in this WI.

Issue 1-1-4: Whether to introduce PDSCH requirements in HST scenario:
The discussion has been focused in whether to introduce PDSCH requirements for less than 5MHz CBW in HST conditions with the speed up to 500 km/h:
· Option 1: Use HST DPS propagation conditions (B3.3) and test 5.2.2.1.10 as a reference
· Option 2: Use TS 38.101-4 Table 5.2.2.1.1-3 Test 1-6 [single-tap propagation conditions B.3.1] as a reference 64QAM, 0.43, HST-972, Rank 1, 1Tx, 2Rx/4Rx.
· Other options are not precluded
· FFS, the paramters (Dmin, Ds, f_d) of high speed propogation conditions

Proposal 3: Explore the feasibility of defining PDSCH requirements in HST for the single-tap propagation conditions in B.3.1, including MCS values and parameters such as Dmin, Ds, and f_d.
Observation 2: For the frequency bands in consideration in this work item, HST-972 seems too high of a doppler spread when considering a maximum speed of 500 km/h.
Proposal 4: For PDSCH requirements for the single-tap propagation HST consider instead to use HST-750, or even define a new scenario with a lower doppler spread. 

3. PDCCH Requirements
For the existing open issues, we reuse here the format and numbering of the previous WF [1]:

Issue 1-2-1: Introduction of new PDCCH requirements

During RAN4108bis it has been discussed whether new PDCCH demodulation performance requirements needs to be introduced in less than 5 MHz CBW to address the puncturing scenario in CORESET#0. However, since this is not a scenario that can be tested, so we maintain our position that no new requirements should be introduced in this regard.
Proposal 5: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing since this is not a testable scenario.

However, we believe is sensible to define PDCCH requirements for channel bandwidth less than 5MHz, only for those UEs that support only less than 5MHz operation. For all other UEs that support less than 5MHz and >5MHz operation, our view is that the legacy PDCCH requirements should apply.
Proposal 6: Via applicability rules, determine that only UEs only supporting less than 5MHz operation should be subject to new PDCCH requirements.
Proposal 7: RAN4 to define non-punctured PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting only NR_FR1_lessthan_5MHz_BW: 12 PRB CORESET + 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs) as proposed during RAN4#108bis.

3. PBCH Requirements
During RAN4#108bis it was been agreed that for PBCH, we define requirements for 12 PRB PBCH with 3 MHz CBW, 15kHz SCS, FDD, only for unknown SSB/PBCH index. It has specifically been agreed that no requirement will be set for known SSB index. The follwing parameters have been agreed as a starting point:



	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 2 Low,
[FFS, 1x4]
	1 
	TBD 



Proposal 8: Do not consider 1x4 antenna configuration scenario for PBCH since this is not a mandatory scenario. Frequency bands considered in this WI only require mandatory support of 2Rx.
In addition, it has been discussed whether to consider HST conditions for PBCH. From Apple’s point of view, we strongly disagree with this proposal since PBCH is not a bottleneck scenario, hence it should not be addressed as a minimum requirement.
Proposal 9: Do not define additional PBCH requirements under the HST scenario, since this is not a bottleneck situation for the UE or for the network.

4. CSI Requirements
Way forward:
Finally, there ha also been discussion in whether to introduce new CSI reporting requirements for channel bandwidth less than 5MHz.
· Option1: Define CSI requirements for CBW=3MHz and SCS=15kHz: PMI, CQI and RI.
· Option 2: Do not CSI requirements.
FFS, requirements and applicability rules if UE supports only less then 5MHz CBW
Proposal 10: For operation in less than 5MHz, do not define additional CSI reporting requirements for legacy UEs. Only define requirements, via applicability rules, if UE supports only less then 5MHz CBW.

5. Conclusion
Our observations and proposals are stated below:
Proposal 1: Via applicability rules, only define 3MHz requirements for UEs that specifically support only 3MHz operation. Other UEs supporting both 3MHz and >5MHz CBW should only be tested using legacy PDSCH requirements.
Observation 1: 4Rx is not mandatory for the frequency bands considered in this R18 work item.
Proposal 2: Define 3MHz requirements using only 2Rx, since 4Rx is not mandatory for the frequency bands considered in this WI.
Proposal 3: Explore the feasibility of defining PDSCH requirements in HST for the single-tap propagation conditions in B.3.1, including MCS values and parameters such as Dmin, Ds, and f_d.
Observation 2: For the frequency bands in consideration in this work item, HST-972 seems too high of a doppler spread when considering a maximum speed of 500 km/h.
Proposal 4: For PDSCH requirements for the single-tap propagation HST consider instead to use HST-750, or even define a new scenario with a lower doppler spread. 
Proposal 5: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing since this is not a testable scenario.
Proposal 6: Via applicability rules, determine that only UEs only supporting less than 5MHz operation should be subject to new PDCCH requirements.
Proposal 7: RAN4 to define non-punctured PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting only NR_FR1_lessthan_5MHz_BW: 12 PRB CORESET + 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs) as proposed during RAN4#108bis.
Proposal 8: Do not consider 1x4 antenna configuration scenario for PBCH since this is not a mandatory scenario. Frequency bands considered in this WI only require mandatory support of 2Rx.
Proposal 9: Do not define additional PBCH requirements under the HST scenario, since this is not a bottleneck situation for the UE or for the network.
Proposal 10: For operation in less than 5MHz, do not define additional CSI reporting requirements for legacy UEs. Only define requirements, via applicability rules, if UE supports only less then 5MHz CBW
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