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RAN1 has received LS from RAN4 regarding CORESET#0 configuration from introduction of channel bandwidth narrower than 40 MHz for band n79 [1]. RAN4 identified that there are problems to supporting 10, 20, 30 MHz in band n79 without causing non-backwards compatible change due to how CORESET#0 configuration are determined by the legacy UEs. RAN4 asks for RAN1 input on the matter. This document discusses the core issues related to the LS and suggests proposal for resolve this issue.

Discussion 
As discussed in [2] introduction of narrower channel bandwidth (CBW) for band n79 has implication to how UE determines the CORESET#0 configuration as for legacy UEs they assume 40 MHz is the minimum bandwidth for band n79. As such legacy UEs accessing band n79 will use Table 13-5 and 13-6 from TS38.213 for looking up the CORESET#0 configuration. However, Table 13-5 and 13-6 has limited set of RB offsets that might not be sufficient for deployment for narrower bandwidths.
The following is a summary of RB offsets supported for CORESET#0 for cases with 30 kHz SCS for SSB.
· Table 13-5 and 13-6 (for minimum 40MHz CBW, legacy UE assumption for n79)
· 15 kHz SCS CORESET#0 with 48 RBs: {4} RB offset
· 15 kHz SCS CORESET#0 with 96 RBs: {0, 56} RB offset
· 30 kHz SCS CORESET#0 with 24 RBs: {0, 4} RB offset
· 30 kHz SCS CORESET#0 with 48 RBs: {0, 28} RB offset
· Table 13-3 and 13-5 (for minimum 5 or 10MHz CBW)
· 15 kHz SCS CORESET#0 with 48 RBs: {2, 6} RB offset
· 15 kHz SCS CORESET#0 with 96 RBs: {28} RB offset
· 30 kHz SCS CORESET#0 with 24 RBs: {0, 1, 2, 3, 4} RB offset
· 30 kHz SCS CORESET#0 with 48 RBs: {12, 14, 16} RB offset
The legacy UEs has assumed that for band n79 Table 13-5 and 13-6 are used. It also assumes that applicable GSCN (center frequency of SSB) for band n79 is 8480 - <16> - 8880 (starting from 8480 with step size of 16 to 8880). 
It should be noted that GSCN step size of 16 results in 23.04 MHz gap between adjacent applicable GSCN (SSB center frequency) values. Therefore, existing GSCN entries will not be sufficient to support the new CBWs such as 10 and 20 MHz and additional GSCN entries or entirely new GSCN entries are needed to support 10 or 20 MHz CBW.
In the RAN4 LS [2], RAN4 has outline 4 potential options to resolve the issue.
· 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. 

Alt-1 proposed a new table for n79 and essentially causes a backward compatibility issue for legacy UEs. Therefore, we do not think this is a viable option. 
Alt 1-a asks legacy and new UEs to use existing Table 13-5 and 13-6. It should be noted that based on our analysis, even with use of GSCN step size <1>, it will not be possible to support all 10 MHz channels within n79. Feasibility of this option depends on RAN4 is ok with living with possibility that some 10MHz channel won’t be possible to deploy.
Alt 1-b uses slightly different approach to use GSCN with step size 4 to use legacy CORESET#0 configuration Table 13-5 and 13-6, and other GSCN values (that does not overlap with the first case) to use Table 13-3 and 13-4.
Alt 2 proposes to define a new band that completely overlaps with n79 and define new set of GSCN and CORESET#0 configurations. However, at the time of decoding MIB, the UE may be completely unaware of band information. Therefore, has the same problem as Alt 1 or Alt 1-a that if the GSCN entries for the new band even partially overlaps with legacy GSCN entries for n79, there will be an ambiguity issue of which CORESET#0 configuration to use by the new UE. If non-overlapping GSCN entries are used for the newly defined band, then this options essentially become the same solutions as Alt 1-a with non-overlapping GSCN entries for the newly defined CBWs.
From all the options, it is clear that if we wish to avoid backward compatibility problems (other than Alt 1-b), we must consider orthogonal and non-overlapping GSCN entries for deploying new CBWs {10, 20, 30, 70, 90} MHz. Among the new CBWs at least the GSCN entries for {10, 20, 30} MHz cannot be the same as GSCN entries for legacy CBWs supported for n79. It should be noted that in case different GSCN entries distinction are made for Alt 2, we note that the proposal essentially become similar to Alt 1-b. Therefore, we clarify Alt 2 based on our understanding of the original intent.
· Alt 2: Add narrower channel bandwidth to new band nX instead of n79. The valid GSCN entries applicable for the newly added band (and CBWs) partially or fully overlap with valid GSCN entries applicable to legacy CBW in n79.
Among the listed alternatives and newly added alternatives, only Alt 1-a and Alt 1-b does not have backwards compatibility issue. Alt 1 and Alt 2 all have backward compatibility issue for legacy UEs, and we assume they are not feasible to implement.
Observation 1:
· Alt 1, Alt 2 (assuming valid GSCN entries for new band partially overlap with GSCN entries for n79) have backwards compatibility issue, and not feasible to implement.
We next evaluate whether Alt 1-a, Alt 1-b or other proposals that leverage existing CORESET#0 configurations can support the various potential CBWs (mainly 10, 20, and 30 MHz) that may be supported. Table 1 shows support coverage analysis of various CORESET#0 configurations for Alt 1-a and Alt 1-b. It should be noted that for the analysis CBW ARFCN of 693334 – <1> – 733333 for 15 kHz and 693334 – <2> – 733332 for 30 kHz was used, and GSCN of 8472 – <4> – 8888 for Case 2 was used.
Table 1. Coverage of supported channels with different set of RB offsets
	SCS
	Bandwidth
	CORSET#0
	Alt 1-a
Table 13-5/6 for GSCN step size <1>
(Case 1)
	Alt 1-b
Table 13-5/6 for GSCN step size <4>
(Case 2)
	Alt 1-b
Table 13-3/4 for GSCN step size <1>
(Case 3)

	15 kHz
	10 MHz
(52 PRB)
	Mux 1 - 48 RB
	63%
(24595/39335 cases)
	41%
(6180/15006 cases)
	100%
(39335/39335 cases)

	
	
	Mux 1 - 96 RB
	N/A
	N/A
	N/A

	
	20 MHz
(106 PRB)
	Mux 1 - 48 RB
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)

	
	
	Mux 1 - 96 RB
	100%
(39335/39335 cases)
	59%
(23416/39335 cases)
	100%
(39335/39335 cases)

	
	30 MHz
(160 PRB)
	Mux 1 - 48 RB
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)

	
	
	Mux 1 - 96 RB
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)
	100%
(39335/39335 cases)

	30 kHz
	10 MHz
(24 PRB)
	Mux 1 - 24 RB
	25%
(4916/19668 cases)
	26%
(1335/5043 cases)
	100%
(19668/19668 cases)

	
	
	Mux 1 - 48 RB
	N/A
	N/A
	N/A

	
	20 MHz
(51 PRB)
	Mux 1 - 24 RB
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)

	
	
	Mux 1 - 48 RB
	100%
(19668/19668 cases)
	38%
(7507/19668 cases)
	100%
(19668/19668 cases)

	
	30 MHz
(78 PRB)
	Mux 1 - 24 RB
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)

	
	
	Mux 1 - 48 RB
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)
	100%
(19668/19668 cases)



From the analysis, we can see that using Table 13-5/6 for GSCN step size of <4> doesn’t actually allow support for all CBW cases in n79. However, using Table 13-3/4 for GSCN step size of <1> does enable support for all CBW cases in n79. Since GSCN values that do not overlap with GSCN = 8480 – <16> – 8880, are newly introduced GSCN entries and use of such GSCN values do not cause any backward compatibility issue. Therefore, it seems much more beneficial to simply use Table 13-3/4 for all GSCN other than GSCN = 8480 – <16> – 8880. For GSCN = 8480 – <16> – 8880 continue to use Table 13-5/6 to enable backwards compatibility.
Observation 2:
· Only 63% and 25% of all potential 10MHz channels within n79 can be supported if Alt 1-a is used.
· Nearly all of potential 10 MHz channels within n79 can be supported if Alt 1-b with using Table 13-3/4 for all GSCN except legacy GSCN entries for n79.
Based on discussion above, we recommend the following:
Proposal 1:
· RAN1 recommends to RAN4 solution described as Alt 1-b in LS R1-2200907 with the following minor revision:
· Alt 1-b (modified): Add narrower channel bandwidth to n79, and indicate:
· For CORESET#0 configuration signaled by SSB using GSCN entries {8480 – <16> – 8880}, continue to use legacy CORESET#0 configuration Table 13-5 and 13-6.
· For CORESET#0 configuration signaled by SSB using GSCN entries other than {8480 – <16> – 8880} to use CORESET#0 configuration Table 13-3 and 13-4.

Conclusions
In this contribution, we discussed issues related LS from RAN4 regarding CORESET#0 configuration from introduction of channel bandwidth narrower than 40 MHz for band n79 [1]. The following is a summary of the proposals:
Observation 1:
· Alt 1, Alt 1-a (assuming valid GSCN entries for new CBWs partially overlap with legacy GSCN entries), Alt 2 (assuming valid GSCN entries for new band partially overlap with GSCN entries for n79) have backwards compatibility issue, and not feasible to implement.
Observation 2:
· Only 63% and 25% of all potential 10MHz channels within n79 can be supported if Alt 1-a is used.
· Nearly all of potential 10 MHz channels within n79 can be supported if Alt 1-b with using Table 13-3/4 for all GSCN except legacy GSCN entries for n79.
Proposal 1:
· RAN1 recommends to RAN4 solution described as Alt 1-b in LS R1-2200907 with the following minor revision:
· Alt-1b (modified): Add narrower channel bandwidth to n79, and indicate:
· For CORESET#0 configuration signaled by SSB using GSCN entries {8480 – <16> – 8880}, continue to use legacy CORESET#0 configuration Table 13-5 and 13-6.
· For CORESET#0 configuration signaled by SSB using GSCN entries other than {8480 – <16> – 8880} to use CORESET#0 configuration Table 13-3 and 13-4.
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