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Introduction
RAN4 identified a backward compatibility issue when introducing new channel bandwidths to band n79. To solve the issue, RAN4 proposed four potential solutions and sent LS R4-2202286 to RAN1 for final solution.
Discussion
In RAN#94-e meeting,  the updated channel bandwidth support to the band n79 was approved for the new scenarios (e.g., local 5G, RedCap). Since the band n79 newly introduces {10, 20, 30, 70, 90} MHz to existing channel bandwidths {40, 50, 60, 80, 100} MHz, the minimum channel bandwidth of n79 has been changed from 40 MHz to 10MHz. Most of issues caused by minimum channel bandwidth change would be resolved for the band n79 by adding a step size for the narrower channel bandwidths [1]. However, there’s still a backward compatibility issue.
In TS 38.213, upon detection of SS/PBCH block, UE determines CORESET#0 from MIB by looking up the table for controlResourceSetZero. The table is determined according to subcarrier spacing of SSB, subcarrier spacing of PDCCH, and minimum channel bandwidth of the frequency band where UE located. For example, a new UE supporting 10 MHz the minimum channel bandwidth for n79 will have a different table (table 13.4 in TS 38.213) for CORESET#0 configuration with a legacy UE still supporting 40 MHz (table 13.6 in TS 38.213). Regarding backward compatibility, how to determine the table in this scenario can be an issue that needs further clarifications.
To solve this issue, RAN4 proposed four potential solutions and sent LS to RAN1 for input.
· Alt-1: Add narrower channel bandwidth to n79, and indicate different table to legacy UE and new UE for CORESET#0 configuration.
· Alt-1a: Add narrower channel bandwidth to n79, and indicate the same table 13.6 to legacy UE and new UE for CORESET#0 configuration.
· Rationale: Legacy UE not supporting channel bandwidth lower than 40MHz will always look at table 13.6, this table shall then be the common one.
· Alt-1b: Add narrower channel bandwidth to n79, and indicate: 
· A UE synchronizing on a GSCN with step 4 shall look at the table 13.6. 
· Rationale: This enables new and legacy to connect in band n79 using the same CORESET#0 configuration.
· A UE synchronizing on a GSCN with step 1 but not step 4 shall look at the table 13.4. 
· Rationale: Table 3.4 offers more flexibility on CORESET#0 configuration
· Alt-2: Add narrower channel bandwidth to new band nX instead of n79. 
Note that according to 38.101-1, the step size 4 described in Alt-1b from RAN4 LS shall be correct to step size 16.
Currently, upon detection of SS/PBCH block, UE determines CORESET#0 from MIB by looking up the table for controlResourceSetZero in TS 38.213 [2]. The table is determined according to subcarrier spacing of SSB, subcarrier spacing of PDCCH, and minimum channel bandwidth. And the minimum channel bandwidth is determined by the frequency band where UE located.
In band n79, bandwidths with {10, 20, 30, 70, 90} MHz are added to existing bandwidths {40, 50, 60, 80, 100} MHz. Moreover, TS 38.101-1 Table 5.4.3.3-1 [3] introduces a new GSCN step size for the new added narrower bandwidth (smaller than 40MHz) in synchronization raster of n79, as shown in table below.
Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n79
	30 kHz
	Case C
	8480 – <16> – 88807

	
	
	
	8475 – <1> – 88848

	NOTE 7:	The SS raster entries apply for channel bandwidths larger than or equal to 40 MHz
NOTE 8:	The SS raster entries apply for channel bandwidths smaller than 40 MHz


Therefore, 
· For legacy UEs which support n79 (refer as ‘legacy UEs’ in following description), it can synchronize on the GSCN entries which determined by step size 16.
· For new UEs which support n79 and the new added narrower bandwidth (refer as ‘new UEs’ in following description), it can synchronize on the GSCN entries which determined by step size 1.
Since there are GSCN entries overlap with GSCN step size 1 and 16, both new UE and legacy UEs can synchronize on the overlapped GSCN entries. In other words, legacy UEs and new UE can co-exist in the same cell which associated with the overlapped GSCN entries. One example is illustrated in figure below, the overlapped GSCN entries are GSCN M and GSCN M+16 in the example. And only new UE can synchronize on the non-overlapped GSCN entries.
[image: ]
When legacy UEs and new UEs synchronize on the overlapped GSCN entries,
· The minimum channel bandwidth is 40MHz for legacy UEs
· The minimum channel bandwidth is 10MHz for new UEs
How to determine table for CORESET#0 configuration in this scenario is an issue that needs further discussion.
This paper discusses the potential solutions proposed by RAN4 from RAN1 point of view.
Alt 1: Add narrower channel bandwidth to n79, and indicate different table to legacy UE and new UE for CORESET#0 configuration
If both types of UEs operate as current procedure for CORESET#0 determination, with different minimum channel bandwidth, legacy UEs and new UEs will look up different tables. 
· when UEs synchronize on overlapped GSCN entries
There is only one index providing the same CORESET#0 configuration in the two tables. In order to serve both types of UEs, the network can only configure Index 0 for n79. It will lead to restriction on CORESET#0 configuration. 
For example, assuming that: 
· Band: n79, new added narrower bandwidth e.g.,10 MHz
· Subcarrier spacing of SS/PBCH: 30 KHz
· Subcarrier spacing of PDCCH: 30 KHz 
As shown in the tables above, new UEs will look up Table 13-4 according to {30 KHz, 30 KHz, minimum channel bandwidth 10 MHz} in TS 38.213. While, legacy UEs will use Table 13-6 according to {30 KHz, 30 KHz, minimum channel bandwidth 40 MHz}. In that case, only index#0 in those two tables can be used for both types of UEs. Moreover, for Alt 1, no matter for 10MHz deployment or 40MHz deployment in n79, as long as there are potential new UEs, only index 0 can be used, otherwise, new UEs cannot receive PDCCHs in CORESET #0.
· when UEs synchronize on non-overlapped GSCN entries
New UEs operate as current procedure by looking up table for CORESET#0 configuration with minimum channel bandwidth 10MHz. Since only new UEs can synchronize on the non-overlapped GSCN entries, there is no backward compatibility issue.
Observation 1: Alternative 1 will result in restriction on n79 deployment, i.e., only Index 0 of CORESET#0 configuration can be used for the network. Some notes may be required either in RAN1 or RAN4 specification to clarify configure restriction on band n79.
Table 13-4: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 5 MHz or 10 MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	1

	2
	1 
	24
	2
	2

	3
	1 
	24
	2
	3

	4
	1 
	24
	2
	4

	5
	1 
	24
	3
	0

	6
	1 
	24
	3
	1

	7
	1 
	24
	3
	2

	8
	1 
	24
	3
	3

	9
	1 
	24
	3
	4

	10
	1 
	48
	1
	12

	11
	1 
	48
	1
	14

	12
	1 
	48
	1
	16

	13
	1 
	48
	2
	12

	14
	1 
	48
	2
	14

	15
	1 
	48
	2
	16


Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 40MHz
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1
	24
	2
	0

	1
	1
	24
	2
	4

	2
	1
	24
	3
	0

	3
	1
	24
	3
	4

	4
	1
	48
	1
	0

	5
	1
	48
	1
	28

	6
	1
	48
	2
	0

	7
	1
	48
	2
	28

	8
	1
	48
	3
	0

	9
	1
	48
	3
	28

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Alt 1a: Add narrower channel bandwidth to n79, and indicate the same table to legacy UE and new UE for CORESET#0 configuration
In order to provide more flexibility to the network, clarification can be added to make sure that both new UEs and legacy UEs are looking up the same table for CORESET#0 configuration.
· when UEs synchronize on overlapped GSCN entries
For legacy UEs and new UEs, minimum channel bandwidth of 40MHz shall be used to determine the table for CORESET#0 configuration in n79. 
For example, assuming that:
· Band: n79, adding new channel bandwidth 10 MHz
· Subcarrier spacing of SS/PBCH: 30 KHz
· Subcarrier spacing of PDCCH: 30 KHz 
Both new UEs and legacy UEs can look up Table 13-6 according to {30 KHz, 30 KHz, 40 MHz} in TS 38.213. Besides, the bandwidth of CORESET#0 shall not exceed the channel bandwidth. In this case, Index 0-3 (e.g., with CORESET #0 no more than 10MHz) in Table13-6 can be used for CORESET#0 configuration when channel bandwidth is 10MHz. Thus it can bring some flexibility of CORESET#0 configuration to network, comparing with Alt 1 for 10MHz deployment, although it lose some CORESET #0 configurations compared with 10MHz table. However, for the 40MHz deployment, the current 40MHz CORESET #0 configuration can be used. 
· when UEs synchronize on non-overlapped GSCN entries
New UEs look up table for CORESET#0 configuration with minimum channel bandwidth 40MHz. For cell bandwidth 10MHz deployment, it loses some available CORESET#0 configurations comparing with minimum channel bandwidth 10MHz table, e.g., offset 1/2/3 in 10MHz table.
Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 40MHz 
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs [image: ]
	Number of Symbols [image: ] 
	Offset (RBs) 

	0
	1
	24
	2
	0

	1
	1
	24
	2
	4

	2
	1
	24
	3
	0

	3
	1
	24
	3
	4

	4
	1
	48
	1
	0

	5
	1
	48
	1
	28

	6
	1
	48
	2
	0

	7
	1
	48
	2
	28

	8
	1
	48
	3
	0

	9
	1
	48
	3
	28

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Observation 2: Alternative 1a provide more configuration flexibility comparing with Alternative1, and has limited specification effort.
Alt 1b: Add narrower channel bandwidth to n79, and indicate CORESET#0 table according to GSCN entries
· When UEs synchronize on overlapped GSCN entries (GSCN with step size 16)
Legacy UEs and new UEs look up table for CORESET#0 configuration with minimum channel bandwidth 40MHz. It is same with that in Alt1a.
· When UEs synchronize on non-overlapped GSCN entries (GSCN with step size 1 but not step size 16)
New UEs look up table for CORESET#0 configuration with minimum channel bandwidth 10MHz. In cell bandwidth 10MHz deployment, it brings some flexibility to CORESET#0 configuration comparing with Alt 1a. 
However, Alt 1b may bring complexity to UE implementation.
· For Alt 1/1a, certain table is associated with new UEs, thus new UEs don’t need to recognize different GSCN entries type for table determination. 
· For Alt 1b, new UEs recognize the GSCN entries type firstly, i.e., overlapped GSCN entries, non-overlapped GSCN entries. Then new UEs determine different tables for different GSCN entries type.
Observation 3: For overlapped GSCN entries, alternative 1b has the same solution with Alternative 1a. For non-overlapped GSCN entries, it provides more configuration flexibility but bring complexity to UE implementation, comparing with Alternative1a. It has limited specification effort.
Alt 2: Add narrower channel bandwidth to new band nX instead of n79
A new frequency band nX can be defined which indicating an identical frequency range as n79 by adding the narrower channel bandwidths. A UE, which supports narrower channel bandwidths in the new band, can look up the table for CORESET#0 by subcarrier spacing of SSB, subcarrier spacing of PDCCH, and minimum channel bandwidth of the band nX. For legacy UEs, since the new band number is transparent, it cannot access the same cell with new UEs. Therefore, there is no backward compatibility issue from RAN1’s perspective.
However, since the new band nX will be targeted at the different channel bandwidth within the same frequency range as n79, the new UE supporting both n79 and nX would not know the minimum channel bandwidth of the band where the UE found SSB via sync raster. Then, it would be not easy to get the CORESET#0 information based on the index from MIB of PBCH because the UE should be aware of its minimum channel bandwidth information of the range prior to the MIB decoding. Although the issue might be resolved by trying two tables, such blind detecting with the two tables will increase the searching time and power consumption of the UE. Since the UE detects SIB1 PDCCH blindly on CORESET#0 at the monitor occasion indicated in searchSpaceSIB1, the number of candidates will be doubled for each monitor occasion with the two CORESET#0 configurations.
Observation 4: Alternative 2 has no impact on RAN1. However, defining new band (nX) would increase the searching time and power consumption of the new UE supporting both n79 and nX due to the blind detection. 
Summary
Legacy UEs use minimum channel bandwidth 40MHz to determine CORESET#0 configuration among all alternatives. 
· Alt 1/1a/1b solve the backward compatibility issue by determining minimum channel bandwidth for new UEs. Table 2 summarizes alternatives and Table 3 summarizes the pros and cons of alternatives.
Table 2: Brief summary of alternatives
	Minimum bandwidth for new UEs
(to determine CORESET#0 configuration table)
	Overlapped GSCN entries
(Back compatibility issue)
	Non-overlapped GSCN entries

	Alt 1
	10MHz
	10MHz

	Alt 1a
	40MHz
	40MHz

	Alt 1b
	40MHz
	10MHz


Table 3: Pros and cons of alternatives
	
	Pros
	Cons
	Specification impact

	Alt 1
	· Limited specification effort (Rel-17)
	· Only one CORESET#0 configuration can be used for n79
	· Add clarification on restriction of CORESET#0 configuration in RAN1

	Alt 1a
	· Limited specification (Rel-17) 
· More configuration flexibility comparing Alt 1
	· Lose some configuration flexibility compared with Alt 1b in non-overlapped GSCN entries 
	· Add clarification on CORESET #0 configuration table determination in RAN1

	Alt 1b
	· Limited specification (Rel-17) 
· More configuration flexibility comparing Alt 1
· More configuration flexibility in non-overlapped GSCN entries comparing Alt 1a
	· Increase complexity to UE implementation 
	· Add clarification on CORESET #0 configuration table determination in RAN1



· Alt 2 solve the backward compatibility issue by introducing new band (nX), and it has no impact on RAN1. However, Alt 2 brings blind detection complexity and it needs to revert RAN4 agreements.
From RAN1 point of view, Alt 1a is preferred since it balances very well between configuration flexibility and implementation complexity. 
Proposal 1: From RAN1 point of view, Alt 1a is preferred with its good balance between configuration flexibility and implementation complexity.
The draft LS reply can be found in [4].
Conclusion
Discussed observations and proposals are captured as follows.
In this paper, we identify the additional issue for other WG due to the minimum channel bandwidth change, and provide potential solutions with its pros and cons. Our suggestion for this RAN4 meeting is also proposed with a draft LS for further clarification. Discussed observations and a proposal are captured as follows.
Observation 1: Alternative 1 will result in restriction on n79 deployment, i.e., only Index 0 of CORESET#0 configuration can be used for the network. Some notes may be required either in RAN1 or RAN4 specification to clarify configure restriction on band n79.
Observation 2: Alternative 1a provide more configuration flexibility comparing with Alternative1, and has limited specification effort.
Observation 3: For overlapped GSCN entries, alternative 1b has the same solution with Alternative 1a. For non-overlapped GSCN entries, it provides more configuration flexibility but bring complexity to UE implementation, comparing with Alternative1a. It has limited specification effort.
Observation 4: Alternative 2 has no impact on RAN1. However, defining new band (nX) would increase the searching time and power consumption of the new UE supporting both n79 and nX due to the blind detection.
Proposal 1: From RAN1 point of view, Alt 1a is preferred with its good balance between configuration flexibility and implementation complexity.
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