3GPP TSG-RAN WG4 Meeting #109	R4-2319746
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Chicago, IL, USA, 13 – 17 November 2023

Agenda Item:	8.14.6.1
Source:	Ericsson
Title:	Discussion on UE demodulation and CSI reporting requirements for NR less than 5MHz
Document for:	Discussion
1	Introduction
RAN4#108bis agreed with the WF on the UE demodulation and CSI reporting requirements for NR less than 5MHz [1]. We continue to discuss the required UE demodulation and CSI reporting requirements for UE supporting NR less than 5MHz.
2	Feature summary
2.1	UE supporting less than 5MHz CBW in FR1
RAN1 agreed to introduce new UE feature ‘NR_FR1_lessthan_5MHz_BW’, where gNB operates NR with 5MHz or less channel bandwidth [2]. According to the WID, this feature is applicable only for FDD bands whose carrier frequency is less than 1GHz (e.g., n100, n106, n26, n28 and n85) and SCS is limited to 15kHz [3]. RAN#101 also agreed a new WI to introduce new frequency bands n31 (DL 462.5 – 467.5 MHz) and n72 (DL 461 – 466 MHz) for NR and these frequency bands also support both 3MHz/5MHz CBW [4]. As of Rel-18, it is assumed these new channel bandwidths supports single carrier operation only, this means, it is not assumed CA/DC operation. 
For 3MHz and 5MHz CBW, RAN4 RF has defined the maximum transmission bandwidths with 15 PRBs and 25 PRBs, respectively in TS38.101-1/TS38.104, but the new 3MHz CBW does not have enough PRBs to transmit PBCH and CORESET#0 (Control channel resources used for common control channel such as PDCCH scheduling SIB1, RAR or paging). RAN1 accordingly updated the specification to adjust PBCH/CORESET#0 within the limited PRBs by puncturing the resource elements. 
For PBCH, RAN1 agreed to puncture the upper 4PRBs and lower 4PRBs of 20PRBs. 
For CORESET#0, RAN1 agreed to define new CORESET#0 configurations (TS38.213 Table 13-0), where CORESET#0 PRBs are configured to 12 or 24PRBs according to the channel bandwidth. If the available transmission channel bandwidth is less than the configured PRBs, for example, gNB configures 24RPBs, but the actual transmission channel bandwidth is 20PRBs, then gNB punctures upper 4PRBs to adjust to 20PRBs. 
At the initial cell access, UE does not know PBCH and CORESET#0 are punctured or not. RAN4 RF therefore introduced new sync raster (a.k.a. GSCN) to indicate the data transmission bandwidth in TS38.101-1 and TS 38.104. Moreover, RAN4 RF agreed to support 12 PRBs for 3MHz and 20 PRBs for 5MHz according to the band n100 FRMCS migration plan. To support the migration scenario, RAN4 RF also introduced the dedicated GSCN to indicate 12/20 PRBs for n100 (Table 5.4.3.1-3 in TS38.101-1). Note RAN4 RF still keeps the maximum transmission bandwidth for 3MHz/5MHz to 15/25 PRBs (See Table 5.3.2-1 in TS38.101-1).

Table 1 summarizes the PBCH/CORESET#0 transmissions for all the transmission bandwidth configurations assumed for NR_FR1_lessthan_5MHz_BW.
[bookmark: _Ref146105281]Table 1	Summary of PBCH/CORESET#0 transmission for UE supporting NR_FR1_lessthan_5MHz_BW.
	Channel Bandwidth (TS 38.104 Table 5.3.2-1)
	Maximum available transmission PRBs
	PBCH transmission
	CORESET#0 transmission
	GSCN (TS 38.104 5.4.3.1)
	Notes

	3MHz (15 PRBs)
	12 PRBs
	12 PRBs (Puncturing)
	No puncturing
(Only 12 PRBs can be configured)
	41367 (New)
	Applicable only for n100
(TS 38.104 Table 5.4.3.1-3)

	3MHz (15 PRBs)
	15 PRBs
	12 PRBs (Puncturing)
	Punctured to 15 PRBs
(When 24 PRBs are configured)
	26640 – 31634 (New)
	

	5MHz (25 PRBs)
	20 PRBs
	20 PRBs 
(Rel-15 Legacy)
	Punctured to 20 PRBs
(Only 24 PRBs can be configured)
	41368 (New)
	Applicable only for n100
(TS 38.104 Table 5.4.3.1-3)

	5MHz (25 PRBs)
	25 PRBs
	20 PRBs 
(Rel-15 Legacy)
	No puncturing (Rel-15 Legacy)
	Rel-15 Legacy GSCN
	Same as Rel-15 legacy



3	UE demodulation and CSI reporting requirements
3.1	 UE demodulation requirements
3.1.1	PDSCH demodulation and SDR performance
PDSCH demodulation
	Issue 1-1-1: Introduction of new requirements
FFS, whether new PDSCH demodulation performance requirements needs to be introduced:
· FFS, whether to introduce a set of requirements for PDSCH for UE supporting only less than 5 MHz:
· Consider minimum requirements for RedCap (5.2.2.1.17) as a reference
· Further evaluate a need for optional features and excluding advance features which is out of scope of the RAN1 WI
· FFS, a need for SDR requirements
· FFS, a need to introduce the limited set or no new requirements for PDSCH for UE supporting multiple CBWs (i.e., less than and more than 5 MHz)



From PDSCH demodulation point of view, the difference from the existing PDSCH demodulation requirements is the channel bandwidth only, which is similar to RedCap, where the maximum channel bandwidth is limited to 20MHz in FR1. To ensure the test coverage for UEs only supporting bands whose maximum channel bandwidth is 5MHz or less (e.g., n100, n31), we propose to define the minimum set of PDSCH demodulation requirements as follows, where we reuse the Rel-17 RedCap tests.
Proposal 1: Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17. 
· FDD, SCS=15kHz, 15PRB
· QPSK, 1/3, TDLB100-400, Rank 1, 
· 16QAM, 0.48, TDLC300-100, Rank 1
· 64QAM, 0.5, TDLA30-10, Rank 2
· 256QAM, 0.82, TDLA30-10, Rank 1
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. 
Proposal 2: 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.
Number of Rx antennas
Regarding the number of Rx antennas, RAN4 agreed to specify the requirements for 2Rx, but FFS for 4Rx. As we discussed, this WI is assumed for operating bands below 1GHz, and therefore 4 Rx branches are optional. We are then fine to focus on 2Rx only for Rel-18. 
Proposal 3: Define UE demodulation and CSI requirements for 2Rx only.

SDR test
Sustained data rate (SDR) requirements are to verify that the Layer 1 and Layer 2 correctly process in a sustained manner the received packets corresponding to the maximum data rate indicated by UE capabilities. Since RAN4 has already defined SDR tests for 5MHz CBW (TS 38.101-4 Table 5.5A-4), we think it is straightforward to define SDR performance for 3MHz CBW also. Note the existing SDR tests assume to configure 2xAL2 PDCCH for 5MHz according to TS38.101-4 Table 5.5A-1. We therefore don’t think RAN4 need to revisit PDCCH configuration for SDR tests. 
Proposal 4: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW.

	Issue 1-1-4: PDSCH requirements in HST scenario
· FFS, 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 parameters (Dmin, Ds, f_d) of high speed propagation conditions


RAN4 has received the LS from RAN plenary that UE speeds up to 500km/h should be targeted for band n100 without impact to RAN1. Considering the FRMCS operation, we think HST-DPS model can be more realistic for HST scenario compared with the single tap model. 
Proposal 5: Define PDSCH demodulation requirements with HST-DPS propagation condition by reusing TS 38.101-4 5.2.2.1.10 with the following modification.
· CBW=3MHz (15PRB)
· Reuse the same Dmin, Ds, and f_d values as specified in TS38.101-4 Table B.3.3-1

3.1.2	PDCCH demodulation performance
	Issue 1-2-1: Introduction of new requirements
FFS, whether new PDCCH demodulation performance requirements needs to be introduced in less than 5 MHz CBW:
· Consider only 15KHz SCS, FDD, 2Rx, FFS for 4Rx
· Option1: Don’t define PDCCH requirements for channel bandwidth less than 5MHz
· Non punctured PDCCH:
· Option 2: Define (non-punctured) PDCCH demodulation requirements with 15PRBs, 3MHz CBW, for UE supporting NR_FR1_lessthan_5MHz_BW:
· 12 PRB CORESET
· 2 symbols, AL2, DCI 1_0 (35 bits for 15 PRBs)
· Option 3: Define (non-punctured) PDCCH demodulation requirements with 24 PRB PDCCH, for 5 MHz CBW with AL 4.
· Punctured PDCCH:
· FFS, how to address the testability issue, i.e., no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
· Option 4: If the testability issue can be resolved than consider PDCCH demodulation requirements with punctured PDCCH for CORESET#0 (FFS, testing punctured PDCCH mapped to USS in CORESET#0)
· with 3 symbols AL 8 PDCCH with 3 MHz CBW, interleaved
· Other options are not precluded



RAN4#108bis discussed the testability of PDCCH with CORESET#0. Usually CORESET#0 is used for common search space PDCCH. However according to the latest TS38.331 V17.6.0, 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 RedCap-specific initial downlink BWP does not contain the entire CORESET#0, the network configures the commonControlResourceSet in the RedCap-specific initial downlink BWP in SIB1 for 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.



[bookmark: _Ref149044151]Table 2	Punctured CORESET#0 configuration table (cf. TS 38.213 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
	



[image: ]
[bookmark: _Ref149044693]Figure 1	2 x AL4 PDCCH mapping.
With this observation, we support to define punctured PDCCH demodulation requirements. 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, and indexes 6 to 9 correspond to non-interleaved mapping.
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 for 24PRBs.
Figure 1 illustrates examples for 2 x AL4 PDCCH (PDCCH #0 and PDCCH #1) mapping to CORESET#0, where Figure 1 (a), (b), and (c), correspond to 2 symbols with interleaved, 3 symbols with interleaved, and 3 symbols with non-interleaved, respectively. 

[bookmark: _Ref149045491]Table 3	Punctured CCEs.
	
	PDCCH #0 (UL grant)
	PDCCH #1 (DL scheduling)

	2 symbols, interleaved
	25%
	50%

	3 symbols, interleaved
	12.5%
	50%

	3 symbols, non-interleaved
	0%
	12.5%



Table 3 summarizes the number of punctured CCEs for each configuration. For example, in the case of 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 3 symbols with non-interleaved mapping, PDCCH#0 is not punctured and 12.5% of CCEs are punctured for PDCCH #1. 
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.
[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
	1_0 (35 bits for 15 PRB)
	1%
	Table 5.3.2.1.2-1 Test 1

	Non-punctured PDCCH
	3MHz
	CCE #0, #1
	2
	TDLA30-10 
	1x2
	1_0 (35 bits for 15 PRB)
	1%
	Table 5.3.2.1.1-1 Test 1



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

	Number of RBs
	24
	12

	Number of symbols
	3
	2

	RB offset
	0
	0

	CCE to REG mapping type
	Non-interleaved
	Interleaved 

	Interleaver size (R)
	2
	N/A

	REG bundle size (L)
	6
	6

	Shift index
	0
	0



Table 4 shows our proposal for PDCCH demodulation requirements where we reuse the existing 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.
We also propose to define the non-punctured PDCCH demodulation requirements to ensure the PDCCH performance in the case gNB does not use CORESET#0 for PDCCH transmission. 
Proposal 6: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs), TDLC300-100, 2Tx, 2Rx
· Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0. 
Proposal 7: Define non-punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 2 symbols, interleaved, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 1Tx, 2Rx.

3.1.3	PBCH demodulation performance
RAN4#108bis agreed to define punctured PBCH demodulation requirements with unknown SSB index. We show our initial simulation results in Table 6. This table also shows our simulation result without puncturing for reference. From the simulation results it is observed the degradation due to the PBCH puncturing is about 4.0dB. 
[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 
	Reference value 

	
	
	
	
	
	Pm-bch (%) 
	SNR (dB) 

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 2 Low
	1 
	-5.5

	FDD
	10 / 15 (For reference)
	Unknown
	TDLC300-100 
	1 x 2 Low
	1 
	-9.4



Observation 2: Degradation due to the puncturing is about 4.0dB. 
3.2	CSI reporting requirements
	Issue 1-4-1: A need for new requirements
Further discussion is needed whether to introduce new CSI reporting requirements for channel bandwidth less than 5MHz:
· Option 1: 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



3.2.1	CQI reporting performance
RAN4 defines two types of CQI reporting requirements: one for the CQI definition tests in static channel condition, and another for the CQI reporting tests in fading channel condition. Since both tests are important to verify the CQI estimation performance, we propose to define both the CQI reporting requirements for 15 PRBs.
Proposal 8: Define CQI definition test under static channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, CQI Table 2, 2Tx Rank 2, 2Rx, 2 SNR test points. 
· Reuse the same metric as Rel-15 CQI definition test in static condition.
Proposal 9: Define CQI reporting test under fading channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, 2Tx Rank 1, TDLA30-5, 2Rx, 2 SNR test points.
· Reuse the same metric as Rel-15 CQI reporting test in fading condition.
3.2.2	PMI reporting performance
Since the 3MHz CBW is only defined for operating bands less than 1GHz, we think 4 CSI-RS ports are reasonable to define PMI reporting requirements. 
Proposal 10: Define PMI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRB, Single PMI, Type I, MCS13 (16QAM, 0.48), Rank 1, 4 CSI-RS ports, 4Tx XPOL, TDLA30-5, 2Rx.
· Reuse the same metric as Rel-15 4TX PMI reporting requirements. 
3.2.3	RI reporting performance
Since UE supporting NR_FR1_lessthan_5MHz_BW should support at least 2Rx, it is important to ensure the rank indication performance even if the CBW is 15RPB. We therefore propose to define RI reporting requirements by reusing the exiting RI reporting test framework.
Proposal 11: Define RI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, CQI Table 2, SNR=[0dB], 2Tx, low antenna correlation, TDLA30-5, 2Rx, fixed RI=2 vs. follow RI
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx, fixed RI=1 vs. follow RI
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, high antenna correlation, TDLA30-5, 2Rx, fixed RI=1 vs. follow RI
· Reuse the same metric as Rel-15 RI reporting requirements.
3.2.4	PDCCH configuration for CSI reporting tests
CSI reporting test requires PDCCH transmission 1) for PDSCH scheduling and 2) Aperiodic CSI requests. According to TS38.101-4 Table 6.1.2-1, FR1 CSI reporting tests assume to configure AL8 for both DL scheduling and CSI request. As we discussed in the demodulation requirements, it is not possible to configure 2xAL8 for 3MHz. We therefore propose to revisit PDCCH configuration if RAN4 agreed to define CSI reporting requirements for 3MHz CBW.
Proposal 12: Revisit PDCCH AL configuration to fit to 3MHz when RAN4 define CSI reporting requirements with 3MHz CBW. Possible configuration is to set AL2 without puncturing. If necessary, set higher SNR test points especially for RI/CQI tests to ensure low PDCCH BLER.
3.3	Applicability of requirements
	Issue 1-5-2: Applicability of requirements
FFS, how to introduce applicability rules for UE Demodulation and CSI reporting requirements in less than 5 MHz channel BW:
· Option 1: Create requirements’ applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
· Option 2: The new requirements are only applicable to the specific bands for this WI, instead of being band-agnostic.
· Other options are not precluded.



We should consider the following UE types for UE supporting NR_FR1_lessthan_5MHz_BW:
· Less than 5MHz UE Type 1: Only supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 5MHz or less (e.g., n100, n31)
· Less than 5MHz UE Type 2: Supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 10MHz or more (e.g., n26, n28)
For UE type 1, the new test cases with CBW 3MHz discussed in this contribution should be applied. On the other hand, for UE type 2, we think the existing test cases specified for FDD 10MHz CBW can be applied. We also think UE type 2 should pass the punctured PDCCH and PBCH decoding requirements according to the UE feature FG 51-1.
Proposal 13: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW. 
	
	
	Applicable tests

	
	Test type
	Type 1: Only supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 5MHz or less
	Type 2: Supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 10MHz or more

	FR1 FDD
	PDSCH
	New tests (15PRB)
	Existing PDSCH tests (10MHz)

	2Rx
	PDCCH
	New tests (15PRB)
	Existing PDCCH tests (10MHz)
punctured PDCCH tests (15PRB)

	
	PBCH
	New tests (12PRB)
	Existing PBCH tests (10MHz)
Punctured PBCH tests (12PRB)

	
	SDR
	Existing SDR tests
	Existing SDR tests



Proposal 14: Create the CSI reporting requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
	
	
	Applicable tests

	
	Test type
	Case 1: Only supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 5MHz or less
	Case 2: Supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 10MHz or more

	FR1 FDD
	CQI
	New tests (15PRB)
	Existing CQI tests (10MHz)

	2Rx
	PMI
	New tests (15PRB)
	Existing PMI tests (10MHz)

	
	RI
	New tests (15PRB)
	Existing RI tests (10MHz)



4	Summary
Proposal 1: Define PDSCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW by reusing TS 38.101-4 5.2.2.1.17. 
· FDD, SCS=15kHz, 15PRB
· QPSK, 1/3, TDLB100-400, Rank 1, 
· 16QAM, 0.48, TDLC300-100, Rank 1
· 64QAM, 0.5, TDLA30-10, Rank 2
· 256QAM, 0.82, TDLA30-10, Rank 1
Proposal 2: 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 3: Define UE demodulation and CSI requirements for 2Rx only.
Proposal 4: Apply SDR tests for 3MHz CBW. Update TS 38.101-4 Tables 5.5A-1 and 5.5A-4 to support 3MHz CBW.
Proposal 5: Define PDSCH demodulation requirements with HST-DPS propagation condition by reusing TS 38.101-4 5.2.2.1.10 with the following modification.
· CBW=3MHz (15PRB)
· Reuse the same Dmin, Ds, and f_d values as specified in TS38.101-4 Table B.3.3-1
Observation 1: CORESET#0 can be used for PDCCH transmitted in UE-specific search space.
Proposal 6: Define punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 3 symbols, non-interleaved, AL4, DCI 1_0 (35 bits for 15 PRBs), TDLC300-100, 2Tx, 2Rx
· Use CCEs #4, #5, #6, and #7 to transmit PDCCH with DCI 1_0. 
Proposal 7: Define non-punctured PDCCH demodulation requirements with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, 2 symbols, interleaved, AL2, DCI 1_0 (35 bits for 15 PRBs), TDLA30-10, 1Tx, 2Rx.
Observation 2: Degradation due to the puncturing is about 4.0dB. 
Proposal 8: Define CQI definition test under static channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, CQI Table 2, 2Tx Rank 2, 2Rx, 2 SNR test points. 
· Reuse the same metric as Rel-15 CQI definition test in static condition.
Proposal 9: Define CQI reporting test under fading channel condition with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW. 
· 15PRBs, CQI Table 2, 2Tx Rank 1, TDLA30-5, 2Rx, 2 SNR test points.
· Reuse the same metric as Rel-15 CQI reporting test in fading condition.
Proposal 10: Define PMI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRB, Single PMI, Type I, MCS13 (16QAM, 0.48), Rank 1, 4 CSI-RS ports, 4Tx XPOL, TDLA30-5, 2Rx.
· Reuse the same metric as Rel-15 4TX PMI reporting requirements. 
Proposal 11: Define RI reporting test with 15PRBs for UE supporting NR_FR1_lessthan_5MHz_BW.
· 15PRBs, CQI Table 2, SNR=[0dB], 2Tx, low antenna correlation, TDLA30-5, 2Rx, fixed RI=2 vs. follow RI
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, low antenna correlation, TDLA30-5, 2Rx, fixed RI=1 vs. follow RI
· 15PRBs, CQI Table 2, SNR=20dB, 2Tx, high antenna correlation, TDLA30-5, 2Rx, fixed RI=1 vs. follow RI
· Reuse the same metric as Rel-15 RI reporting requirements.
Proposal 12: Revisit PDCCH AL configuration to fit to 3MHz when RAN4 define CSI reporting requirements with 3MHz CBW. Possible configuration is to set AL2 without puncturing. If necessary, set higher SNR test points especially for RI/CQI tests to ensure low PDCCH BLER.
Proposal 13: Create the UE demodulation requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW. 
	
	
	Applicable tests

	
	Test type
	Type 1: Only supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 5MHz or less
	Type 2: Supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 10MHz or more

	FR1 FDD
	PDSCH
	New tests (15PRB)
	Existing PDSCH tests (10MHz)

	2Rx
	PDCCH
	New tests (15PRB)
	Existing PDCCH tests (10MHz)
punctured PDCCH tests (15PRB)

	
	PBCH
	New tests (12PRB)
	Existing PBCH tests (10MHz)
Punctured PBCH tests (12PRB)

	
	SDR
	Existing SDR tests
	Existing SDR tests



Proposal 14: Create the CSI reporting requirement applicability table for UE supporting NR_FR1_lessthan_5MHz_BW.
	
	
	Applicable tests

	
	Test type
	Case 1: Only supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 5MHz or less
	Case 2: Supporting FDD band(s) supporting 3MHz CBW and whose maximum channel bandwidth is 10MHz or more

	FR1 FDD
	CQI
	New tests (15PRB)
	Existing CQI tests (10MHz)

	2Rx
	PMI
	New tests (15PRB)
	Existing PMI tests (10MHz)

	
	RI
	New tests (15PRB)
	Existing RI tests (10MHz)



In appendix, we summarize all the proposed test cases for UE supporting NR_FR1_lessthan_5MHz_BW. 
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Appendix (for information)
A.1	UE demodulation requirements
PDSCH demodulation
	CBW / SCS 
	MCS and rank 
	Propagation condition 
	Antenna configuration 
	Metric 
	Reference from TS38.101-4 Table 

	15PRB / 15kHz
	QPSK 1/3 
Rank 1 
	TDLB100-400 
	2x2 ULA low
	70% of peak rate 
	Table 5.2.2.1.17-3 Test 1-1

	15PRB / 15kHz
	16QAM 0.48 
Rank 1 
	TDLC300-100 
	2x2 ULA low
	70% of peak rate 
	Table 5.2.2.1.17-3 Test 1-2

	15PRB / 15kHz
	64QAM 0.5 Rank 2 
	TDLA30-10 
	2x2 ULA low
	70% of peak rate 
	Table 5.2.2.1.17-4 Test 2-1

	15PRB / 15kHz
	256QAM 0.82 
Rank 1 
	TDLA30-10 
	2x2 ULA low
	70% of peak rate 
	Table 5.2.2.1.17-3 Test 1-3

	15PRB / 15kHz
	64QAM 0.43
	HST-DPS
	1x2
	70% of peak rate 
	Table 5.2.2.1.10-3 Test 1-1/1-2



PDCCH demodulation
	
	RB size
	CCE index
	AL
	Propagation condition 
	Antenna configuration 
	DCI
	Metric (Pm-dsg) 
	Reference from TS38.101-4 Table 

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

	Non-punctured
	15
	CCE #0, #1
	2
	TDLA30-10 
	1x2
	1_0 (35 bits for 15 PRB)
	1%
	Table 5.3.2.1.1-1 Test 1



Punctured PBCH demodulation (Agreed)
	RB size / SSB SCS
	Propagation condition 
	Antenna configuration 
	Metric (Pm-bch) 
	SS/PBCK block index 
	Reference from TS38.101-4 

	15RB / 15kHz
	TDLC300-100 
	1x2 low 
	1% 
	Unknown 
	Table 5.4.2.1-2 Test 1



A.2	CSI reporting requirements
CQI reporting
	Reference
	CQI test type
	RB size / SCS
	CQI table 
	Rank
	Antenna configuration
	Propagation condition 

	Table 6.2.2.1.1.1-1 Test 1/2
	CQI report definition test
	15 RB / 15 kHz
	Table 2
	2
	2x2 static
(Annex B.1 in TS 38.101-4)
	Static

	Table 6.2.2.1.2.1-1 Test 1/2 
	Wideband CQI reporting test
	15 RB / 15 kHz
	Table 2
	1
	2x2 ULA high
	TDLA30-5



PMI reporting
	Reference
	PMI test 
	RB size / SCS
	Tx ports 
	Antenna Configuration 
	Propagation condition 

	Table 6.3.2.1.1-1 Test 1
	Single PMI, Type I, rank 1 
	15 RB / 15 kHz
	4
	4x2 XP high
	TDLA30-5



RI reporting
	Reference
	RI configuration
	RB size / SCS
	CQI table
	Antenna Configuration 
	Propagation condition 
	SNR test point

	Table 6.4.2.1-1 Test 1
	Fix RI=2 and follow RI
	15 RB / 15 kHz
	Table 2
	2x2 ULA low
	TDLA30-5
	[0dB]

	Table 6.4.2.1-1 Test 2
	Fix RI=1 and follow RI
	15 RB / 15 kHz
	Table 2
	2x2 ULA low
	TDLA30-5
	20dB

	Table 6.4.2.1-1 Test 3
	Fix RI=1 and follow RI
	15 RB / 15 kHz
	Table 2
	2x2 ULA high
	TDLA30-5
	20dB
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B.1	UE feature list
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	51. NR_FR1_lessthan_5MHz_BW
	51-1
	Support for 3 MHz channel bandwidth
	1) Reception of 12 PRB PBCH based on RB-level puncturing
2) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
3) Reception of 15 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 15 PRB CORESET0
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is applicable only when an associated SS/PBCH block is located according to Table 5.4.3.3-2 in TS 38.101-1 in Rel-18
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-2
	Support 12 RB CORESET0
	1) Reception of 12 RB CORESET0
	51-1
	Yes
	N/A
	UE is not able to support 3 MHz channel bandwidth with 12 RB CORESET0
	Per Band
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

[This FG is applicable to the case when transmission BW is limited within 12 PRB]
	Optional with capability signalling

	51. NR_FR1_lessthan_5MHz_BW
	51-3
	Support 5 MHz channel bandwidth with 20 PRB CORESET0
	1) Short RACH preamble formats with 15kHz SCS, and long PRACH formats with 1.25kHz SCS
2) Reception of 20 PRB CORESET0
	
	Yes
	N/A
	UE is not able to support 5 MHz channel bandwidth with 20 PRB CORESET0
	Per UE
	FDD only
	FR1 only
	N/A
	This FG is supported for 15 kHz SCS only

This FG is only applicable when an associated SS/PBCH block is located in band n100 at GSCN 41638 of Table 5.4.3.1-3 in TS 38.101-1 in Rel-18.

[Note: The UE supporting this FG supports configuration of 20 PRB BWP operation]
	Optional with capability signalling
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