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1 Introduction
According to the WID [1], RAN1 and RAN4 are tasked to discuss the core part for the WI “NR support for dedicated spectrum less than 5MHz for FR1”.
	The following objectives shall be included for dedicated FDD spectrum in FR1:
· Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
· Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
· For SSB:
· Reuse PSS/SSS specification without puncturing.
· PBCH based on current design 
· Identify and specify necessary minimum changes to PDCCH, CSI-RS/TRS, PUCCH, and PRACH for functional support based on existing design, without optimization.
· 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.



For performance part, RAN4 is also tasked to define necessary performance requirements.
	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)



In this contribution, we provide our view about UE demodulation performance and CSI reporting requirements for dedicated spectrum less than 5MHz for FR1.
2 [bookmark: _Hlk92380727]Discussion
2.1	Requirements for PBCH 
For PBCH, RAN1 agreed for no other optimization is needed and RB-level puncturing is applied for the case of transmission less than 20 PRBs.
	Agreement
If working assumption made in RAN1#112 is confirmed, 
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured, otherwise,
For 12PRBs PBCH transmission BW for 3MHz channel BW, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are not used.
Agreement
Confirm following RAN1#112 working assumption
Working Assumption
For transmission bandwidth[s] of <5MHz, for PBCH, in the case[s] that available PRBs for PBCH transmission is less than 20PRB, 
· PBCH based on RB-level puncturing (i.e., PBCH encoding is based on 20PRB. The encoded bits and DMRS are mapped to 20PRBs based on legacy SSB structure, and those PRBs that fall outside of available PRBs for PBCH transmission are punctured)
· Note: No other optimization is needed


As shown in Figure 1, the upper 4PRBs and lower 4PRBs of NR 20PRBs PBCH are punctured for 12PRBs PBCH transmission in 3MHz channel BW. 
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Figure 1. Punctued PBCH in 3MHz channel BW 
Observation 1: According to agreements in RAN1, the upper 4PRBs and lower 4PRBs of 20PRBs NR PBCH are punctured in 3MHz channel BW.
There are 20PRBs in the legacy PBCH design and the PBCH with punctured RBs will induce performance degradation compared to the non-punctured one. However, there is no conformance test for PBCH defined in RAN5. UE cannot be tested even if RAN4 introduces requirements for PBCH. Therefore, we prefer not to introduce PBCH requirements for less than 5MHz BW.
Observation 2: There is no conformance test for PBCH defined in RAN5. UE cannot be tested even if RAN4 define requirements for PBCH.
In the current version of TS38.101-4, there are two different PBCH requirements for the case of SS/PBCH block index is not known or known. If RAN4 agreed to define requirements for PBCH, we can limit to one case of known or unknown SSB index to reduce the simulation effort.
Observation 3: Two different PBCH requirements for the case of SS/PBCH block index is not known or known are introduced in TS38.101-4.
Proposal 1: We prefer not to introduce PBCH requirements for less than 5MHz BW. If RAN4 agreed to define requirements, it should be limited to one case of known or unknown SSB index.
2.2	Requirements for PDCCH 
In the legacy design, the number of PRBs in CORESET#0 should not be smaller than 24 PRBs. Also, CORESET#0 always uses interleaved CCE-to-REG mapping with REG bundle size of 6 and interleave size R=2. To accommodate the CORESET#0 transmission in 3MHz and 5MHz channel BW, RAN1 achieved the following agreements.
	Agreement
For 3MHz channel BW, the 15 PRBs CORESET#0 is obtained by puncturing the 9 upper PRBs of 𝑁RB CORESET = 24 CORESET#0.
Agreement
· For 3MHz channel bandwidth in all bands (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs
· For CORESET#0 transmission bandwidth, both 12 PRBs and 15 PRBs are supported 
· In Case of 12 PRBs, the legacy interleaved (R=2) CORESET CCE-to-REG mapping is used with 𝑁RB CORESET = 12, i.e., 12PRBs are indicated without puncturing.
· In Case of 15 PRBs, the 𝑁RB CORESET = 24 CORESET#0 is punctured
· Both interleaved (legacy interleaver size of R=2) and non-interleaved mapping are supported,
· Some entries in the table are related with interleaved mapping and some are non-interleaved mapping.
· A single table of up to 16 entries to accommodate both cases
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2. 
· SSB and CORESET#0 multiplexing pattern 1 is used
· REG bundle size = 6
Agreement
For 5MHz channel BW, 20 PRBs CORESET#0 transmission BW is supported. 
· The upper 4 PRBs of the 𝑁RB CORESET = 24 CORESET#0 are punctured to obtain 20 PRBs CORESET#0.
· Table 13-0 is used for configuring 20 PRBs CORESET#0
· Maximum number of CORESET#0 symbols is 3. Minimum number of CORESET#0 symbols is 2.
· PRB offset = 0
· Only interleaved CCE to REG mapping is supported. 
· REG bundle size = 6
· Kssb follows legacy configuration.
· Note: The 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW
· Note 1: UE can be configured with 20 PRBs BWP for UE capable of 20 PRBs CORESET#0




The test metric used for PDCCH is BLER, which is derived from the ACK/NACK of the scheduled PDSCH. If RAN4 would like to introduce the requirements for PDCCH in CORESET#0. The testability issue should be addressed first as there is no ACK/NACK for the scheduled SIB1.
Observation 4: There is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
Proposal 2: RAN4 need to address the testability issue as there is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
We summarize the agreements for CORESET#0 in Table 1.
Table 1. CORESET#0 agreements in RAN1 
	
	3MHz channel bandwidth (12PRBs)
	3MHz channel bandwidth (15PRBs)
	5MHz channel bandwidth (20PRBs)

	𝑁RB CORESET
	12
	24
	24

	Punctured RBs
	None
	9 PRBs
	4 PRBs

	CCE to REG mapping
	Interleaved
	Both interleaved and non-interleaved mapping
	interleaved

	REG bundle size
	6
	6
	6

	CORESET#0 symbols
	Maximum number: 3
Minimum number: 2
	Maximum number: 3
Minimum number: 2
	Maximum number: 3
Minimum number: 2


For the case of 12PRBs in 3MHz channel bandwidth, there is no new UE behaviour as there is no punctured RBs. All PDCCH candidate are allocated within 𝑁RB CORESET = 12. Therefore, we suggest not to introduce PDCCH requirements for the case of 12 PRBs. Also, according to RAN1’s discussion, the 20 PRBs CORESET#0 is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW.
Observation 5: For the case of 12PRBs in 3MHz channel bandwidth, there is no new UE behaviour as there is no punctured RBs.
Observation 6: For the case of 20PRBs in 5MHz channel bandwidth, it is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW.
Proposal 3: We suggest not to introduce PDCCH requirements for the case of 12 PRBs and 20 PRBs.
For the case of 15 PRBs, we provide figures 2a and 2b for the case that 24 PRBs with upper 9 PRBs are punctured.
	[image: ]
	[image: ]

	Figure 2a. 𝑁RB CORESET = 24, symbols = 3, R = 2
	Figure 2b. 𝑁RB CORESET = 24, symbols = 2, R = 2


Based on Figure 2a and 2b, we provide used CCE index for each aggregation level in Table 2. It can be shown that there are some physical resources are punctured when AL = 4 and AL = 8. For AL = 8, there are lots of RBs are punctured and may results in very poor performance of PDCCH. Therefore, we suggest considering AL = 4 to define PDCCH requirements. It is noted that one CCE is equal to one REG bundle as the bundle size is 6.
Observation 7: For AL = 8, there are lots of RBs are punctured and may results in very poor performance of PDCCH.
Observation 8: For AL = 4, there are few RBs are punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 3”, CCE3 is partially punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 2”, CCE3 is fully punctured.

Table 2. Used CCE index for each aggregation level
	
	15 PRBs, 𝑁RB CORESET = 24, symbols = 3
	15 PRBs, 𝑁RB CORESET = 24, symbols = 2

	
	Interleaved (R = 2)
	Non-interleaved
	Interleaved (R = 2)
	Non-interleaved

	AL = 1
	CCE 0
	CCE 0
	CCE 0
	CCE 0

	AL = 2
	CCE 0 ~ 1
	CCE 0 ~ 1
	CCE 0 ~ 1
	CCE 0 ~ 1

	AL = 4
	CCE 0 ~ 3
CCE 3 is punctured (partial)
	CCE 0 ~ 3

	CCE 0 ~ 3
CCE 3 is punctured
	CCE 0 ~ 3


	AL = 8
	CCE 0 ~ 7
CCE 3 (partial), 5, 7 are punctured 
	CCE 0 ~ 7
CCE 3 (partial) is punctured
	CCE 0 ~ 7
CCE 3, 5, 7 are punctured
	CCE 0 ~ 7
CCE 3, 5, 7 are punctured


Also, RAN1 agreed that UE assumes the same precoding being used per REG bundle. Therefore, channel estimation for partial REG bundle depends on UE implementation.
	Agreement
For CORESET#0 for less than 5MHz transmission bandwidth, the UE assumes the same precoding being used per REG bundle. 
Note: This depends on UE implementation whether channel estimation can be performed for partial REG bundle, if any.


Observation 9: UE assumes the same precoding being used per REG bundle and channel estimation for partial REG bundle depends on UE implementation.
Proposal 4: If RAN4 can resolve the testability issue for PDCCH in CORESET#0, RAN4 should consider only define PDCCH requirements for the following cases:
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 3, AL =4” 
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 2, AL =4”, where channel estimation for partial REG bundle depends on UE implementation
2.3	Requirements for PDSCH 
As there is no RAN1 specification change for PDSCH, we prefer not to define requirements for PDSCH in less than 5MHz BW.
Observation 10: There is no RAN1 specification change for PDSCH in less than 5MHz BW.
Proposal 4: We prefer not to define requirements for PDSCH in less than 5MHz BW.
2.4	Requirements for CSI feedback
As there is no RAN1 specification change for CSI-RS, we prefer not to define requirements for PDSCH in less than 5MHz.
Observation 11: There is no RAN1 specification change for CSI-RS in less than 5MHz BW.
Proposal 5: We prefer not to define requirements for CSI in less than 5MHz BW.
3 Conclusion
In this contribution, we provide our views about requirements for less than 5MHz BW. The observations and proposals are summarized as below.
Observation 1: According to agreements in RAN1, the upper 4PRBs and lower 4PRBs of 20PRBs NR PBCH are punctured in 3MHz channel BW.
Observation 2: There is no conformance test for PBCH defined in RAN5. UE cannot be tested even if RAN4 define requirements for PBCH.
Observation 3: Two different PBCH requirements for the case of SS/PBCH block index is not known or known are introduced in TS38.101-4.
Proposal 1: We prefer not to introduce PBCH requirements for less than 5MHz BW. If RAN4 agreed to define requirements, it should be limited to one case of known or unknown SSB index.
Observation 4: There is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
Proposal 2: RAN4 need to address the testability issue as there is no ACK/NACK for the SIB1 scheduled by PDCCH in CORESET#0.
Observation 5: For the case of 12PRBs in 3MHz channel bandwidth, there is no new UE behaviour as there is no punctured RBs.
Observation 6: For the case of 20PRBs in 5MHz channel bandwidth, it is only valid for the new sync. raster (=921.45 MHz) for band n100, 5MHz channel BW.
Proposal 3: We suggest not to introduce PDCCH requirements for the case of 12 PRBs and 20 PRBs.
Observation 7: For AL = 8, there are lots of RBs are punctured and may results in very poor performance of PDCCH.
Observation 8: For AL = 4, there are few RBs are punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 3”, CCE3 is partially punctured. 
· For the case of “15 PRBs, 𝑁RB CORESET = 24, symbols = 2”, CCE3 is fully punctured.
Observation 9: UE assumes the same precoding being used per REG bundle and channel estimation for partial REG bundle depends on UE implementation.
Proposal 4: If RAN4 can resolve the testability issue for PDCCH in CORESET#0, RAN4 should consider only define PDCCH requirements for the following cases:
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 3, AL =4” 
· “15 PRBs, 𝑁RB CORESET = 24, symbols = 2, AL =4”, where channel estimation for partial REG bundle depends on UE implementation
Observation 10: There is no RAN1 specification change for PDSCH in less than 5MHz BW.
Proposal 4: We prefer not to define requirements for PDSCH in less than 5MHz BW.
Observation 11: There is no RAN1 specification change for CSI-RS in less than 5MHz BW.
Proposal 5: We prefer not to define requirements for CSI in less than 5MHz BW.
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