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[bookmark: _Toc116995841]Introduction
This contribution discusses the performance requirements related to < 5MHz WI. 
	RAN1 Agreement in RAN1#113 
· 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
· [bookmark: _Hlk142463306]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




[bookmark: _Toc116995842]Discussion
Table 1 summarises the current agreements of < 5Mhz in a table. We can observe various agreements which have been made throughout the WI. 
[bookmark: _Toc149911489]Consider Table 1 support in the definition of the test cases for < 5MHz. 
	Channel BW
	Transmission BW
	Channels
	Band n100
	Other bands

	3MHz

	12 PRB
	PBCH (SSB) 
Note: SSB is punctured from 20 PRB
	12 PRB
	Not supported

	
	
	PDCCH CORESET#0
Note: not punctured, new 12 PRB configuration
	12 PRB
	

	
	
	PDCCH Dedicated CORESET
	12 PRB
Note: only configurations 6 and 12 are supported
	

	
	15 PRB
	PBCH (SSB)
Note: SSB is punctured from 20 PRB
	12 PRB
	12 PRB

	
	
	PDCCH CORESET#0
Note: 15 PRB CORESET#0 is punctured from 24 PRB
	15 PRB, 12 PRB
	15 PRB, 12 PRB

	
	
	PDCCH Dedicated CORESET
Note: May be revisited based on RAN1 agreement on puncturing support in dedicated coreset from 18 PRB
	12 PRB
Note: only configurations 6 and 12 are supported

	12 PRB
Note: only configurations 6 and 12, are supported

	5MHz
	20 PRB
	PBCH (SSB)
Note: Legacy SSB
	20 PRB
	Not supported

	
	
	PDCCH CORESET#0
Note: CORESET#0 is punctured from 24 PRB
	20 PRB
	

	
	
	PDCCH Dedicated CORESET
Note: May be revisited based on RAN1 agreement on puncturing support in dedicated coreset from 24 PRB
	18 PRB
Note: only configurations 6, 12, 18 are supported
	


[bookmark: _Ref149553464]Table 1: Summary of less than 5MHz BW based on RAN1 and RAN4 design. 
Based on our understanding of RAN1 and RAN4 agreements, there may be a need 3 different scenarios for < 5MHz WI. The scenarios are highlighted in different colour in the table 1. 
[bookmark: _Toc149911490]We can observe: 
· [bookmark: _Toc149911491]n100 supports two transmission bandwidths 3MHz band and 5MHz.
· [bookmark: _Toc149911492]For all bands (including n100) 3MHz BW supports 12 and 15 PRBs for PDCCH CORESET#0.
· [bookmark: _Toc149911493]Dedicated CORESET configuration can only be configured {12, 18}.
· [bookmark: _Toc149911494]Puncturing of 18 or 24 PRB to 15 PRB on dedicated CORESET has not been agreed by RAN1.
· [bookmark: _Toc149911495]All other bands support only 3MHz band. 
· [bookmark: _Toc149911496]12 PRB PBCH is always used.
· [bookmark: _Toc149911497]Legacy SSB is used for 20 PRB PBCH.
[bookmark: _Toc149911498]N100 supports two types of 3MHz band and 5MHz while all other bands support only 3MHz band. Consider if each needs dedicated configuration.  
Sub-topic 2-1 Tests for different CBW
	<Way forward>:
Further discuss whether a UEs supporting 12 RB bandwidth also shall support 15 RB bandwidth configuration, at least in rel-18.


 
Currently the configurations of the test cases only support 10MHz configuration. For completeness, there should be support for 3MHz and 5MHz. In some 5MHz cases, the tests are not impacted because legacy SSB can be used. In this case, it is enough that there is 5MHz configuration support for those test cases. 
[bookmark: _Toc149911499]Define test for 5MHz Channel BW only for n100 band.
[bookmark: _Toc149911500]For 3MHz channel bandwidth, 12 PRB and 15 PRB transmission BW shall be supported in tests. 
[bookmark: _Toc149911501]For 5MHz channel bandwidth only n100 20 PRB scenario need to be supported in tests. 
Sub-topic 2-3 Test cases for UE operating in 5 MHz
	<Way forward>:
RAN4 further discuss following two types of UEs for specifying test cases for UE operating in 5 MHz.
UE type 1: RAN4 specify test case for UE supporting other Channel Band width (CBW) along with less than 5 MHz CBW
UE Type 2: RAN4 specify test case for UE supporting only less than 5 MHz.




When specifying the initial requirements for the < 5MHz, the main case has been to support the n100 railway band. We understand that there may be also other use cases for the <5MHz such as low-cost UE designed for specific applications. We understand that there may be a new type of UE which is introduced in Rel-18 and may not be tested for other Rel-15 features, it could be ok to support Type 1 UE and Type 2 UE. However, the current RAN1 and RAN4 design on different bandwidths will cause test cases to deviate. Therefore, for each UE type, we would need to consider Type 1 with 3MHz, 5MHz for n100 and 3MHz for non-n100 bands and the same for type 2. RAN4 should discuss if such additional complexity is justified. 
[bookmark: _Toc149911502]Discuss more if both Type 1 and Type 2 are needed in rel-18, and whether both types require support for 3MHz and 5MHz. 
Sub-topic 2-4 Use of DRX and non-DRX in test cases
	Way forward:
For RLM/BFD, link recovery and SSB index reading test cases, should RAN4 specify the test cases of non-DRX with 12 PRBs, while test cases with DRX are specified with 15 PRBs?




From the number of test cases point of view, RAN4 may focus on defining a single test case for DRX and non-DRX. Depending on the test case, RAN4 may decide whether the test case is implemented only with 12 PRB configuration (e.g., PDCCH dedicated CORESET configuration is needed), or whether there is need for 15 PRB configuration also (e.g., CORESET#0 is used). 
[bookmark: _Toc149911503]For RLM/BFD, link recovery and SSB index reading test cases, one test case is defined for DRX and one test case is defined for non-DRX. Configurations for 12 PRB and 15 PRBs are supported under 3MHz configuration. 
UE type 1 and 2 as mentioned in subtopic 2-3
Regarding the following open issues, we are ok to define test cases for both type 1 and type 2 UEs, as long as it is clear whether we consider both n100 and other bands with supported scenarios. 
	Test case 
	Summarised view 

	Sub-topic 2-5 HO test cases
	Discuss whether 5MHz and 3MHz are both supported for n100 for type 1 and 2, and if 3MHz is supported for all bands.  

	Sub-topic 2-6 RLM test cases
	

	Sub-topic 2-7 BFD and CBD test cases
	

	Sub-topic 2-8 Intra-frequency measurement delay with index reading test cases
	

	Sub-topic 2-9 12 PRB test cases
	



[bookmark: _Toc149911504]Discuss first the supported scenarios, and then decided whether the definition for both type 1 and type 2 is justified. 
Sub-topic 2-9 12 PRB test cases
	Way forward:
Should the 12 PRB test cases be included as a sub-test case instead of independent test cases?



12 PRB test cases are needed in specific scenarios for CORESET#0, and currently also for dedicated CORESET as RAN1 has not decided.
[bookmark: _Toc149911505]12 PRB Tx BW UE is required to support 15 PRB Tx BW for 3MHz channel BW. 
[bookmark: _Toc149911506] Include 12 PRB as a sub-test case instead of independent test cases
Sub-topic 2-11 Method for introducing test cases
	Way forward:
RAN4 to discuss the method to be followed when introducing the identified test cases for UE supporting less than 5 MHz. Which among the below options should be followed for introducing the identified test cases for UE supporting only less than 5 MHz?
· Option 1: Define applicability rule for the identified test cases (e.g., saying these testes are applicable for UE supporting only less than 5 MHz)
· Option 2: Introduce new test cases in the new section for the UE supporting only less than 5 MHz CBW



As discussed in the last meeting, there are two types of core requirements for < 5MHz bandwidth. One type is where the existing requirements can be used, and another is where changes to the test cases needs to be introduced because of < 5MHz. Furthermore, as discussed under the issue 2-3, there may be cases where UE only supports less than 5MHz BW. Currently The UE is only required to be tested in one of the supported test configurations. If we add support for < 5MHz UE, we many need to ad a clarifying note.  
RAN4 should discuss whether to add 1 configuration for < 5MHz, or whether to add configurations for both 3 and 5MHz independently. The main difference between 5MHz and 3MHz being that the legacy SSB can be used. 
[bookmark: _Toc149911507]Discuss whether to add: 
a. [bookmark: _Toc149911508]1 configuration for < 5MHz 
b. [bookmark: _Toc149911509]1 configuration for 5MHz and 1 configuration for 3MHz CBW (same as legacy)

[bookmark: _Toc116995848]

Conclusion
In the paper, the following Observations and Proposals were made:
Proposal 1: Consider Table 1 support in the definition of the test cases for < 5MHz.
Observation 1: We can observe:
	n100 supports two transmission bandwidths 3MHz band and 5MHz.
	For all bands (including n100) 3MHz BW supports 12 and 15 PRBs for PDCCH CORESET#0.
	Dedicated CORESET configuration can only be configured {12, 18}.
	Puncturing of 18 or 24 PRB to 15 PRB on dedicated CORESET has not been agreed by RAN1.
	All other bands support only 3MHz band.
	12 PRB PBCH is always used.
	Legacy SSB is used for 20 PRB PBCH.
Proposal 2: N100 supports two types of 3MHz band and 5MHz while all other bands support only 3MHz band. Consider if each needs dedicated configuration.
Proposal 3: Define test for 5MHz Channel BW only for n100 band.
Proposal 4: For 3MHz channel bandwidth, 12 PRB and 15 PRB transmission BW shall be supported in tests.
Proposal 5: For 5MHz channel bandwidth only n100 20 PRB scenario need to be supported in tests.
Proposal 6: Discuss more if both Type 1 and Type 2 are needed in rel-18, and whether both types require support for 3MHz and 5MHz.
Proposal 7: For RLM/BFD, link recovery and SSB index reading test cases, one test case is defined for DRX and one test case is defined for non-DRX. Configurations for 12 PRB and 15 PRBs are supported under 3MHz configuration.
Proposal 8: Discuss first the supported scenarios, and then decided whether the definition for both type 1 and type 2 is justified.
Observation 2: 12 PRB Tx BW UE is required to support 15 PRB Tx BW for 3MHz channel BW.
Proposal 9: Include 12 PRB as a sub-test case instead of independent test cases
Proposal 10: Discuss whether to add:
a.	1 configuration for < 5MHz
b.	1 configuration for 5MHz and 1 configuration for 3MHz CBW (same as legacy)
[bookmark: _Toc116995849]

