[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting #110 	R4-2400421
Athens, Greece, February 26 – March 1, 2024
Agenda item:	8.14.6.1
Source:	Apple Inc.
Title:	UE demodulation performance and CSI requirements for NR support for dedicated spectrum less than 5MHz for FR1
Release:	Rel-18
Document for:	Discussion

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 1-2-1: Introduction of PDSCH requirements
Way forward:
Introduction pf PDSCH requirements for less then 5MHz requires further discussion:
· Option 1: Do not introduce new PDSCH requirements for 3MHz CBW
· Option 2: Introduce new requirements for PDSCH for 3MHz CBW
· Option 2-a: in non-HST conditions
· Option 2-b: with HST channel
· Option 2-c: Option 2-a and Option 2-b.

During the past RAN4#109 it was agreed that for the purpose of Rel-18 demodulation performance requirements and coverage, it is assumed there are no UEs that only support maximum a channel bandwidth of 5MHz. Hence, all previous PDSCH requirements can be applied to a UE that supports both Less than 5MHz channel bandwidth and legacy bandwidths of larger size.

Observation 1: For the purpose of Rel-18 demodulation performance requirements, it’s assumed there are no UEs that only support maximum a channel bandwidth of 5 MHz.
Observation 2: PDSCH requirements for UEs that support channel bandwidth of more than 5MHz can be reused for UEs that also support less than 5MHz channel bandwidths.
Proposal 1: Do not introduce new PDSCH requirements for 3MHz CBW.

Issue 1-2-3: SDR requirements
Way forward:
Introduction of SDR requirements for less than 5MHz CBW requires further discussion:
· Option 1: Do not introduce new SDR requirements for 3MHz CBW
· Option 2: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW

From 38.101-4, section 5.5, we can quote the following: “The requirements and procedure defined in Clause 5.5A.1 apply using operating band instead of CA configuration, and bandwidth instead of bandwidth combination.”. Hence, since the SDR test is defined by the bandwidth that provides the largest data rate, a UE that support higher bandwidths in addition to 3MHz will always use a CBW other than 3MHz to perform this test. Thus, in the same light of the previous PDSCH open issue, we propose the following:
Observation 3: SDR requirements are defined by the bandwidth that provides the largest data rate.
Proposal 2: Do not introduce new SDR requirements for 3MHz CBW.

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

Issue 1-3-2: Requirements for punctured PDCCH
Way forward:
Further discussion of requirements for punctured PDCCH is needed:
· Option 1: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW considering the following parameters:
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs); Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0.
· Option 2: Introduce requirements, if testability issue is resolved.
· Option 3: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing.

Issue 1-3-3: PDCCH requirements in HST conditions
Way forward:
The Issues requires further discussion:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2: Not to introduce HST scenario for PDCCH requirements.

During RAN4#109 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, we maintain our position that no new requirements should be introduced in this regard.
In addition, even if the testability issue is resolved, there are no strong reasons to measure the performance in CORESET#0. For example, there are no RRM requirements in the acquisition of RMSI, so a slight performance difference would not create a bottleneck scenario in this channel.
Observation 4: CORESET#0 performance testability remains an unsolved issue, which is shared with PBCH.
Observation 5: There are no requirements on the acquisition of RMSI, since like PBCH, this is not a bottleneck channel.
Proposal 3: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing since this is not a testable scenario or a bottleneck channel.
In addition, we also consider that HST requirements for PDCCH for both the punctured and non-punctured case are unnecessary.
Proposal 4: Do not introduce HST scenario for PDCCH requirements.
3. PBCH Requirements
For the existing open issues, we reuse here the format and numbering of the previous WF [1]:

Issue 1-4-1: PBCH requirement in non-HST conditions
Agreement:
Use the following parameters for PBCH requirement in normal conditions. Interested companies are encouraged to bring simulation results.
	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,
	1 
	TBD 

	
	
	
	
	1x4 Low
	1
	TBD



Issue 1-4-2: PBCH requirement in HST conditions
Way forward:
Further discuss whether to introduce PBCH requirements in HST conditions:
· Option 1: Define PBCH requirements in HST conditions considering the following parameters:
	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
	[HST-417]
	1Tx/2Rx Low
	1
	TBD

	FDD
	3 / 15
	Unknown
	[HST-417]
	1Tx/4Rx Low
	1
	TBD



· Option 2: Not to introduce HST scenario for PBCH requirements.
With respect to PBCH, we understand that 38.101-4 provides requirements since Rel-15. The motivation for these requirements at that time were purely for informational purposes during the rollout of NR as a new technology. However, in more recent WIs we still attempt to include new requirements for PBCH even though this channel is not testable.
Proposal 5: RAN4 to revisit which stakeholders would benefit from keep defining requirements that are not testable by RAN5, and whether there is actual value in maintaining the agreement on introducing new requirements for punctured PBCH conditions.
In alignment with this, we would like to revisit whether 1x2 and 1x4 should still be added as new requirements.
Proposal 6: Do not consider new requirements for 1x2 PBCH since the channel is not testable.
Proposal 7: Do not consider 1x4 antenna configuration scenario for PBCH since this channel is not testable. Moreover, this is not a mandatory scenario since 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. Any performance difference would be an artifact of using a different channel, but this would not exercise any extra functionality in the UE.
Proposal 8: Do not define additional PBCH requirements under the HST scenario since this is not a bottleneck situation for the UE or for the network.

5. Conclusion
Our observations and proposals are stated below:
Observation 1: For the purpose of Rel-18 demodulation performance requirements, it’s assumed there are no UEs that only support maximum a channel bandwidth of 5 MHz.
Observation 2: PDSCH requirements for UEs that support channel bandwidth of more than 5MHz can be reused for UEs that also support less than 5MHz channel bandwidths.
Proposal 1: Do not introduce new PDSCH requirements for 3MHz CBW.
Proposal 2: Do not introduce new SDR requirements for 3MHz CBW.
Observation 3: CORESET#0 performance testability remains an unsolved issue, which is shared with PBCH.
Observation 4: There are no requirements on the acquisition of RMSI, since like PBCH, this is not a bottleneck channel.
Proposal 3: Do not introduce new requirements for punctured PDCCH with focus on CORESET#0 puncturing since this is not a testable scenario or a bottleneck channel.
Proposal 4: Do not introduce HST scenario for PDCCH requirements.
Proposal 5: RAN4 to revisit which stakeholders would benefit from keep defining requirements that are not testable by RAN5, and whether there is actual value in maintaining the agreement on introducing new requirements for punctured PBCH conditions.
Proposal 6: Do not consider new requirements for 1x2 PBCH since the channel is not testable.
Proposal 7: Do not consider 1x4 antenna configuration scenario for PBCH since this channel is not testable. Moreover, this is not a mandatory scenario since frequency bands considered in this WI only require mandatory support of 2Rx.
Proposal 8: Do not define additional PBCH requirements under the HST scenario since this is not a bottleneck situation for the UE or for the network.
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