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1	Introduction
RAN4#109 agreed with the WF on the UE demodulation and CSI reporting requirements for NR less than 5MHz [1], and RAN4 agreed not to define at least CSI reporting requirements. 
According to the way forward [1], RAN4 confirmed that there are no UEs that only support maximum channel bandwidth of 5MHz in Rel-18. This means the UEs supporting less than 5MHz feature (support-3MHz-ChannelBW-r18) should support at least 10MHz CBW. We continue to discuss the required UE demodulation requirements for UE supporting NR less than 5MHz.
2	Discussion
2.1	PDSCH demodulation requirements
	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.



From PDSCH demodulation point of view, the difference from the existing PDSCH demodulation requirements is the channel bandwidth only. RAN4 then agreed to evaluate a few sets of test cases based on the PDSCH demodulation requirements defined in Rel-15. Table 1 lists the set of test cases for evaluation. 
[bookmark: _Ref157432885]Table 1 PDSCH parameters for evaluation.
	Test number
	Reference channel
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
	Correlation matrix and antenna configuration

	1-1
	R.PDSCH.1-1.1 FDD
	3 / 15
	QPSK, 0.30
	TDLB100-400
	Rank 1
	2x2 low
2x4 low

	1-2
	R.PDSCH.1-2.1 FDD
	3 / 15
	16QAM, 0.48
	TDLC300-100
	Rank 1
	2x2 low
2x4 low

	1-3
	R.PDSCH.1-8.2 FDD
	3 / 15
	64QAM, 0.43
	[HST-417]
	Rank 1
	1x2
1x4

	1-4
	R.PDSCH.1-8.4 FDD
	3 / 15
	64QAM, 0.43
	[HST-DPS-417]
	Rank 2
	2x2
2x4



Figure 1 and Figure 2 show our simulation results with non-HST scenarios and HST scenarios, respectively, where we also compare the performance difference between 3MHz CBW and 10MHz CBW. As it is shown in the figures, it is observed that some performance difference between 3MHz CBW and 10MHz CBW especially for fading scenario (non-HST) in higher SNR, although the difference is not significant for SNR to achieve 70% of the peak rate. For the HST test cases, we don’t observe any performance difference between 3MHz CBW and 5MHz CBW cases.
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	(a) Test 1-1 MCS4
	(b) Test 1-2 MCS13


[bookmark: _Ref157433187]Figure 1	PDSCH simulation results for non-HST scenarios.
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	(a) Test 1-3 HST single tap
	(b) Test 1-4 HST-DPS


[bookmark: _Ref157433189]Figure 2	PDSCH simulation results for HST scenarios.
According to the way forward in RAN4#110 [1], RAN4 confirmed the UEs supporting FR1 less than 5MHz features also support at least 10MHz. This means, the UEs supporting support-3MHz-ChannelBW-r18 anyway need to pass the existing PDSCH demodulation requirements specified with 10MHz CBW according to the supported UE capabilities. 
Since the test cases evaluated in Table 1 are requirements based on the Rel-15 mandatory features, the UEs supporting support-3MHz-ChannelBW-r18 anyway need to pass the corresponding Rel-15 test cases. We therefore propose to define PDSCH demodulation requirements with 3MHz with applicability rule, to maintain the same number of test cases.  
Proposal 1: Define PDSCH demodulation requirements with 15PRBs for UE supporting support-3MHz-ChannelBW-r18 with applicability rule.
	Test number
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
	Correlation matrix and antenna configuration
	Fraction of maximum throughput (%)

	1-1
	3 / 15
	QPSK, 0.30
	TDLB100-400
	Rank 1
	2x2 low
2x4 low
	70

	1-2
	3 / 15
	16QAM, 0.48
	TDLC300-100
	Rank 1
	2x2 low
2x4 low
	70

	1-3
	3 / 15
	64QAM, 0.43
	[HST-417]
	Rank 1
	1x2
1x4
	70

	1-4
	3 / 15
	64QAM, 0.43
	[HST-DPS-417]
	Rank 2
	2x2
2x4
	70



Proposal 2: Introduce the following applicability rules for PDSCH demodulation requirements. 
· If UE pass 1-1, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-1 for 2Rx and skip Table 5.2.3.1.1-3 Test 1-1 for 4Rx.
· If UE pass 1-2, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-4 for 2Rx and skip Table 5.2.3.1.1-3 Test 1-4 for 4Rx.
· If UE pass 1-3, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-5 (HST-750) for 2Rx and skip Table 5.2.3.1.1-3 Test 1-5 (HST-750) for 4Rx.
· If UE pass 1-4, it can skip TS 38.101-4 Table 5.2.2.1.10-3 Test 1-1 or Test 1-2 (HST-DPS-870) according to UE capability for 2Rx and skip Table 5.2.3.1.10-3 Test 1-1 or Test 1-2 (HST-DPS-870) according to the UE capability for 4Rx. 

If RAN4 agree to define PDSCH demodulation requirements with 3MHz, we need to revisit the PDCCH configuration because the existing PDSCH common parameters assume AL8 for PDCCH transmission. 
	Table 5.2-1: Common test parameters
	Parameter
	Unit
	Value

	PDSCH transmission scheme
	
	Transmission scheme 1

	…
	
	…

	PDCCH configuration
	Slots for PDCCH monitoring
	
	Each slot

	
	Symbols with PDCCH
	Symbols
	0, 1

	
	Number of PRBs in CORESET
	
	Table 5.2-2 for tested channel bandwidth and subcarrier spacing

	
	Number of PDCCH candidates and aggregation levels
	
	1/AL8

	
	CCE-to-REG mapping type
	
	Non-interleaved

	
	DCI format
	
	1_1

	
	TCI state
	
	TCI state #1

	
	
	
	






Since RAN5 configuration requires two PDCCH (e.g., one for DCI 1_1 and another for 0_x), we propose to configure AL2 for PDCCH (without puncturing) during PDSCH tests. In this case, RAN4 may need to verify the PDCCH BLER is low enough at the SNR test point for PDSCH demodulation requirements. 
Proposal 3: Revisit PDCCH AL configuration to fit to 3MHz CBW for PDSCH demodulation requirements with 3MHz CBW. Possible PDCCH configuration is to set AL2 without puncturing.
Proposal 4: If PDCCH AL2 is configured for PDSCH demodulation requirements with 15PRB, RAN4 should ensure the PDCCH BLER is low enough (<< 1%) at the SNR test points.

2.2	SDR requirements
	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
Issue 1-2-4: PDCCH AL for PDSCH requirements (test setup)
Way forward:
FFS, whether it is necessary to revisit PDCCH AL configuration to fit to 3MHz CBW for PDSCH demodulation requirements with 3MHz CBW. Possible PDCCH configuration is to set AL2 without puncturing.



The existing SDR requirements are generic and can be supported for any channel bandwidth. We don’t see any reason not to support SDR tests for UE supporting support-3MHz-ChannelBW-r18z. We therefore propose to apply SDR tests for 3MHz CBW also. To support 3MHz CBW, we only need to add several PDCCH configuration in TS 38.101-4 Tables 5.5A-1 and Table 5.5A-4. 
Proposal 5: Add the configuration of FDD 3MHz for SDR test setup as follows:
· In TS 38.101-4 Table 5.5A-1, add ‘2/AL2 for 15kHz/3MHz’ to the number of PDCCH candidates and aggregation levels.
· In TS 38.101-4 Table 5.5A-4, add a new column with 3MHz CBW and set to 15PRB for SCS=15kHz. 

2.3	PDCCH demodulation performance
2.3.1	Punctured PDCCH
In RAN4#109, we agreed not to introduce new demodulation performance requirements for non-punctured PDCCH with CBW below 5MHz, however it is FFS whether to introduce the punctured PDCCH demodulation requirements. 
	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.



RAN4#108bis and 109 discussed the testability of PDCCH with CORESET#0. Usually CORESET#0 is used for common search space PDCCH. According to the latest TS38.331 V18.0.0, CORESET#0 can be used for PDCCH transmitted in UE-specific search space.
Observation 1: CORESET#0 can be used for PDCCH transmitted in UE-specific search space.

	PDCCH-ConfigCommon field descriptions

	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. The network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0. If the (e)RedCap-specific initial downlink BWP does not contain the entire CORESET#0, the network configures the commonControlResourceSet in the (e)RedCap-specific initial downlink BWP in SIB1 for (e)RedCap such that it does not have to be contained in the bandwidth of CORESET#0

	…

	controlResourceSetZero
Parameters of the common CORESET#0 which can be used in any common or UE-specific search spaces. The values are interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. Even though this field is only configured in the initial BWP (BWP#0) controlResourceSetZero can be used in search spaces configured in other DL BWP(s) than the initial DL BWP if the conditions defined in TS 38.213 [13], clause 10 are satisfied.



With this observation, we support to define punctured PDCCH demodulation requirements to understand the SNR levels to achieve 1% BLER, which is important from the network point of view to ensure the reliable DCI signaling without wasting the radio resources.
Table 2 shows the puncturing CORESET#0 configuration for 3MHz CBW according to TS 38.213 Table 13-0, where indexes 2 to 5 correspond to the interleaved mapping, indexes 6 to 9 correspond to non-interleaved mapping, and indexes 10 and 11 assume the special case 20 PRBs transmission bandwidth configuration within 5MHz.
[bookmark: _Ref149044151]Table 2	Punctured CORESET#0 configuration table [TS38.213 V18.1.0 Table 13-0]. 
	[bookmark: _Hlk148988678]Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 
	Comments

	2
	1 
	24 
	2 
	0 
	3MHz CBW with 15PRB,
interleaved with R=2
Punctured from 24 PRB to 15 PRB

	3
	1 
	24 
	2 
	2
	

	4
	1 
	24 
	3 
	0
	

	5
	1 
	24 
	3 
	2
	

	6
	1 
	24 
	2 
	0 
	3MHz CBW with 15PRB,
non-interleaved
Punctured from 24 PRB to 15 PRB

	7
	1 
	24 
	2 
	2
	

	8
	1 
	24 
	3 
	0 
	

	9
	1 
	24 
	3 
	2
	

	10
	1 
	24 
	2
	0 
	Only applicable for 20PRB transmission bandwidth configuration within 5 MHz channel with unpunctured PBCH

	11
	1 
	24 
	3 
	0
	



According the RAN1 specification, the possible AL (CCE) configurations with 24PRBs are 1, 2, 4, or 8. However, since RAN5 test setup usually schedules 2 PDCCHs in one slot (one for DL scheduling, another for UL grant), the possible configuration is up to AL4 with 24PRBs.
Figure 3 illustrates examples for 2 x AL4 PDCCH (PDCCH #0 and PDCCH #1) mapping to CORESET#0, where Figure 3 (a), (b), and (c), correspond to 2 symbols with interleaved, 3 symbols with interleaved, and 3 symbols with non-interleaved, respectively. 
[image: ]
[bookmark: _Ref149044693]Figure 3	2 x AL4 PDCCH mapping.
Table 3 summarizes the number of punctured CCEs for each configuration. For example, in the case of (a) 2 symbols, 25% of CCEs are punctured for PDCCH #0 and 50% of CCEs are punctured for PDCCH #1. On the other hand, in the case of (c) 3 symbols with non-interleaved mapping, PDCCH#0 is not punctured and 12.5% of CCEs are punctured for PDCCH #1. 
[bookmark: _Ref149045491]Table 3	Punctured CCEs.
	
	PDCCH #0 (UL grant)
	PDCCH #1 (DL scheduling)

	(a) 2 symbols, interleaved
	25%
	50%

	(b) 3 symbols, interleaved
	12.5%
	50%

	(c) 3 symbols, non-interleaved
	0%
	12.5%



Since RAN5 conformance test setup requires to transmit UL grant during the PDCCH tests, we should avoid performance degradation for UL grant. We therefore propose to configure CORESET#0 with 3 symbols with non-interleaved mapping. With this configuration, only 12.5% of CCEs are punctured for PDCCH#1 and we think it is feasible to define PDCCH decoding requirements with DCI 1_0.
Table 4 shows our proposal for PDCCH demodulation requirements where we have reused the Rel-15 FDD PDCCH demodulation test setup. Table 5 shows the detailed CORESET configurations. It is also important to specify where PDCCH with DCI 1_0 is mapped to avoid misalignment of the simulation results.
[bookmark: _Ref149046114]Table 4	PDCCH test cases. 
	
	Channel bandwidth
	CCE index
	AL
	Propagation condition 
	Antenna configuration 
	DCI
	Metric (Pm-dsg) 
	Reference from TS38.101-4 Table 

	Punctured PDCCH
	3MHz
	CCE #4, #5, #6, #7 
	4
	TDLC300-100
	2x2
2x4
	1_0 (35 bits for 15 PRB)
	1%
	Table 5.3.2.1.2-1 Test 1



[bookmark: _Ref149046113]Table 5	CORESET configuration for PDCCH decoding requirements.
	
	Punctured PDCCH (CORESET#0)

	Number of RBs
	24

	Number of symbols
	3

	RB offset
	0

	CCE to REG mapping type
	Non-interleaved

	Interleaver size (R)
	2

	REG bundle size (L)
	6

	Shift index
	0



Figure 4 shows our initial simulation results where we compare the cases with and without puncturing, that is, the non-puncturing case corresponds to the CCE index set {0, 1, 2, 3} and the puncturing case corresponds to the CCE index set {4, 5, 6, 7} in Figure 3 (c), respectively. According to our simulation results, it is observed that 0.8dB performance degradation due to the puncturing regarding 1% BLER.  
Observation 2: PDCCH performance degradation due to the puncturing of 1 PRB is about 0.8dB regarding 1% of PDCCH BLER. 
Proposal 6: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting support-3MHz-ChannelBW-r18.
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs), TDLC300-100, 2Tx, 2Rx/4Rx
· Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0. 

[image: ]
[bookmark: _Ref158903621]Figure 4	Punctured PDCCH simulation results.
2.3.2 High-speed train condition
Another open issue is whether to define PDCCH demodulation requirements with HST condition such as HST-417.
	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.



As we discussed in RAN4#109, RAN1 ensures PDCCH-DMRS on every OFDM symbol which does not need to perform time-domain channel estimation interpolation, which is different from PDSCH. This is also the reason why RAN4 has not introduced PDCCH/PBCH demodulation requirements in HST condition in the HST-related work items. We therefore don’t see any reason to define PDCCH demodulation requirements with HST scenario. 
Proposal 7: Not to introduce HST scenario for PDCCH demodulation requirements.

2.4	PBCH demodulation performance
RAN4 has already agreed to define punctured PBCH demodulation requirements with unknown SSB index for 2Rx/4Rx. We show our initial simulation results in Table 6. 
[bookmark: _Ref148972580]Table 6	Simulation results for PBCH demodulation with unknown SSB index. 
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Simulation results

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 2 Low
	1 
	-5.8

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 4 Low
	1 
	-8.5



Another open issue on PBCH demodulation requirements is whether to define PBCH demodulation requirements with HST condition such as HST-417. 
	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:
· Option 2: Not to introduce HST scenario for PBCH requirements.



As we discussed in PDCCH, RAN1 ensures PBCH-DMRS on every OFDM symbol and therefore we don’t see any reason to define PBCH demodulation requirements with HST scenario.
Proposal 8: Not to introduce HST scenario for PBCH demodulation requirements.
2.5	Applicability of requirements
	Issue 1-1-4: Applicability rules
Way forward:
Further discussion is needed on how to define applicability rules:
· Option 1: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
· Other options are not precluded.



As we discussed so far, RAN4 has confirmed the UEs supporting support-3MHz-ChannelBW-r18 also support at least 10MHz. This means the UEs supporting support-3MHz-ChannelBW-r18 anyway need to pass the existing demodulation and CSI reporting requirements according to the supported CBW and capabilities. In this sense, we don’t think RAN4 need to create a dedicated applicability, and it is sufficient to add the applicability of requirements in TS 38.101-4 Table 5.1.1.3-1.
Proposal 9: Add the applicability of requirements for optional UE feature support-3MHz-ChannelBW-r18 in TS 38.101-4 Table 5.1.1.4-1 as follows. RAN4 does not need to create the dedicated table for applicability of requirements. 
	UE supporting 3MHz CBW in FR1 (support-3MHz-ChannelBW-r18)
	FR1 FDD
	PDSCH
	FFS
	

	
	FR1 FDD
	PDCCH
	FFS
	

	
	FR1 FDD
	PBCH
	Clause for punctured PBCH demodulation requirements.
	



3	Summary
Proposal 1: Define PDSCH demodulation requirements with 15PRBs for UE supporting support-3MHz-ChannelBW-r18 with applicability rule.
	Test number
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
	Correlation matrix and antenna configuration
	Fraction of maximum throughput (%)

	1-1
	3 / 15
	QPSK, 0.30
	TDLB100-400
	Rank 1
	2x2 low
2x4 low
	70

	1-2
	3 / 15
	16QAM, 0.48
	TDLC300-100
	Rank 1
	2x2 low
2x4 low
	70

	1-3
	3 / 15
	64QAM, 0.43
	[HST-417]
	Rank 1
	1x2
1x4
	70

	1-4
	3 / 15
	64QAM, 0.43
	[HST-DPS-417]
	Rank 2
	2x2
2x4
	70



Proposal 2: Introduce the following applicability rules for PDSCH demodulation requirements. 
· If UE pass 1-1, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-1 for 2Rx and skip Table 5.2.3.1.1-3 Test 1-1 for 4Rx.
· If UE pass 1-2, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-4 for 2Rx and skip Table 5.2.3.1.1-3 Test 1-4 for 4Rx.
· If UE pass 1-3, it can skip TS 38.101-4 Table 5.2.2.1.1-3 Test 1-5 (HST-750) for 2Rx and skip Table 5.2.3.1.1-3 Test 1-5 (HST-750) for 4Rx.
· If UE pass 1-4, it can skip TS 38.101-4 Table 5.2.2.1.10-3 Test 1-1 or Test 1-2 (HST-DPS-870) according to UE capability for 2Rx and skip Table 5.2.3.1.10-3 Test 1-1 or Test 1-2 (HST-DPS-870) according to the UE capability for 4Rx. 
Proposal 3: Revisit PDCCH AL configuration to fit to 3MHz CBW for PDSCH demodulation requirements with 3MHz CBW. Possible PDCCH configuration is to set AL2 without puncturing.
Proposal 4: If PDCCH AL2 is configured for PDSCH demodulation requirements with 15PRB, RAN4 should ensure the PDCCH BLER is low enough (<< 1%) at the SNR test points.
Proposal 5: Add the configuration of FDD 3MHz for SDR test setup as follows:
· In TS 38.101-4 Table 5.5A-1, add ‘2/AL2 for 15kHz/3MHz’ to the number of PDCCH candidates and aggregation levels.
· In TS 38.101-4 Table 5.5A-4, add a new column with 3MHz CBW and set to 15PRB for SCS=15kHz. 
Observation 1: CORESET#0 can be used for PDCCH transmitted in UE-specific search space.
Observation 2: PDCCH performance degradation due to the puncturing of 1 PRB is about 0.8dB regarding 1% of PDCCH BLER. 
Proposal 6: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting support-3MHz-ChannelBW-r18.
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs), TDLC300-100, 2Tx, 2Rx/4Rx
· Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0. 
Proposal 7: Not to introduce HST scenario for PDCCH demodulation requirements.
Proposal 8: Not to introduce HST scenario for PBCH demodulation requirements.
Proposal 9: Add the applicability of requirements for optional UE feature support-3MHz-ChannelBW-r18 in TS 38.101-4 Table 5.1.1.4-1 as follows. RAN4 does not need to create the dedicated table for applicability of requirements. 
	UE supporting 3MHz CBW in FR1 (support-3MHz-ChannelBW-r18)
	FR1 FDD
	PDSCH
	FFS
	

	
	FR1 FDD
	PDCCH
	FFS
	

	
	FR1 FDD
	PBCH
	Clause for punctured PBCH demodulation requirements.
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