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1. Introduction
In the last RAN #95-e meetings, RAN did not approve the CR [1] to add the specific operating bands for RedCap UE in Rel-17. Also, RAN plenary chairman recommended not to further discuss in RAN4 for the specific operating bands for RedCap UE during the GTW session as RAN already had made consensus that the specification will not contain any explicit restriction to prevent implementation of RedCap UEs with these features. 
In the final round [2], the CR proponent proposed the following options:
1) Specify list of RedCap bands excluding V2X, SUL and Unlicensed bands, and do proper requirement works in Rel-18. Release independence from R17 can be discussed as well. 
2) Do not specify list of RedCap bands. This implies RedCap requirements are in place for all the bands including V2X, SUL and NR-U.
In this paper, we like to share our understanding on operating bands and discuss open issue in RedCap UE.

2. Clarification of operating bands for RedCap UE
In RAN4#102-e, two big CRs [3][4] were agreed to introduce the RF requirements for RedCap UE and it completed the RF core requirements. In the last RAN#95-e, however, some companies provided the company CR (RP-220462) to add specific operating bands in TS 38.101-1 to restrict RedCap UE operation in those specific bands. After several rounds of discussions, it was concluded that the CR is no longer pursued (the chairman’s notes on [2]). Additionally, the RAN chairman confirmed that there will be no new requirements and no band discussion in RAN4 anymore. In case of any ambiguity, it could be addressed under maintenance. In our understanding, there will be no restriction in operating bands for RedCap UE including V2X, SUL and unlicensed bands.

Observation #1: Based on the RAN plenary report [7] and GTW session outcome, there is no restriction for RedCap UE to operate in any band including V2X, SUL and unlicensed bands. Any ambiguity can be addressed under Cat. F maintenance.

3. Discussion on the remaining open issues for RedCap UE
In the last RAN#95-e meeting, the main discussion point was whether the RedCap UE can be operated in the V2X, SUL, and unlicensed bands or not. Some companies were concerned that these specific operating bands shall be specified in TS 38.101-1 as the current RF requirements for RedCap UE are missing the critical RF/RRM requirements to operate in the V2X, SUL, and unlicensed bands. To verify this, we analyze which RF requirements are missing in the agreed CRs [3][4].

3.1 Tx Requirements aspect for Redcap UE
The General system parameters in [3] for RedCap UE have specified the supported channel BWs (up to 20MHz) and the PC3 as the only allowed power class in the latest RedCap UE WID [5]. The rest of other Tx requirements can follow the detail Tx requirements in the individual suffix for V2X (suffix E), SUL (suffix C) and Unlicensed (suffix F) operations. Based on this understanding, there seems to be no missing RF requirement for RedCap UE for the V2X, SUL and Unlicensed operations.

Observation #2: For the Tx requirements for RedCap UE in V2X, SUL and unlicensed bands, the detail Tx requirements in the individual suffix for V2X (suffix E), SUL (suffix C) and Unlicensed (suffix F) operations can be applicable to RedCap UE. Therefore, it is expected that there is no missing Tx requirement to support RedCap operations in the V2X, SUL and unlicensed bands.

3.2 Rx Requirements aspect for Redcap UE
Based on the agreed big CR for Rx Requirements [4], both 2Rx and 1Rx REFSENS have been introduced for RedCap UE under the section 7.3I.2 in TS 38.101-1 [6]. Additionally, REFSENS requirements for RedCap UE with HD-FDD mode has been specified as follow:
Reference [4] for REFSENS requirements for RedCap UE with HD-FDD mode
Table 7.3I.2-2: HD-FDD RedCap UE with 2 Rx antenna port reference sensitivity 
Operating band / SCS / Channel bandwidth
Operating Band
SCS kHz
5 MHz
(dBm)
10 MHz
(dBm)
15 MHz
(dBm)
20 MHz
(dBm)
n1
15
-100.0
-96.8
-95.0
-93.7

30

-97.2
-95.2
-93.9

60

-97.5
-95.4
-94.2
n2
15
-98.8
-95.6
-93.8
-92.5

30

-96.0
-94.0
-92.7

60

-96.3
-94.2
-93.0
n3
15
-97.8
-94.6
-92.8
-91.5

30

-95.0
-93.0
-91.7

60

-95.3
-93.2
-92.0
n5
15
-98.8
-95.6
-93.8
-92.5

30

-96.0
-94.0
-92.7
…
…
…
…
…
…
n91
15
-100.0



n92
15
-100.0
-96.8
-95.0
-93.7

30

-97.2
-95.2
-93.9
n93
15
-100.0



n94
15
-100.0
-96.8
-95.0
-93.7

30

-97.2
-95.2
-93.9

For a RedCap UE equipped with 1 Rx antenna ports and operating in HD-FDD mode, reference sensitivity for 1Rx antenna ports in Table 7.3I.2-4 shall be met with uplink transmission bandwidth less than or equal to that specified in Table 7.3I.2-5.  
Table 7.3I.2-4: HD-FDD RedCap UE with 1 Rx antenna port reference sensitivity 
Operating band / SCS / Channel bandwidth
Operating Band
SCS kHz
5 MHz
(dBm)
10 MHz
(dBm)
15 MHz
(dBm)
20 MHz
(dBm)
n1
15
-97.5
-94.3
-92.5
-91.2

30

-94.7
-92.7
-91.4

60

-95.0
-92.9
-91.7
n2
15
-96.3
-93.1
-91.3
-90.0

30

-93.5
-91.5
-90.2

60

-93.8
-91.7
-90.5
n3
15
-95.3
-92.1
-90.3
-89.0

30

-92.5
-90.5
-89.2

60

-92.8
-90.7
-89.5
n5
15
-96.3
-93.1
-91.3
-90.0

30

-93.5
-91.5
-90.2
…
…
…
…
…
…
n91
15
-97.5



n92
15
-97.5
-94.3
-92.5
-91.2

30

-94.7
-92.7
-91.4
n93
15
-97.5



n94
15
-97.5
-94.3
-92.5
-91.2

30

-94.7
-92.7
-91.4

 


Based on the REFSENS requirements in the section 7.3I.2, our understanding is that a RedCap UE with 1Rx and 2Rx antennas in the unlicensed bands (e.g., bands n46 and n47) can be supported if the UE reports the n46 and n47 as the supported bands except a RedCap UE in HD-FDD mode. Hence, it is sufficient that RAN4 defines only ΔR1R for the 1Rx RedCap UE in the V2X and NR-U operating bands as follow:
Reference [4] for Single antenna port REFSENS allowance ΔR1R
Table 7.3I.2-1: Single antenna port reference sensitivity allowance ΔR1R
Operating band
Channel bandwidth (MHz)
ΔR1R (dB)
TDD band 
5, 10, 15, 20
2,5
FDD band 
5 
2.5
FDD band 
10, 15, 20
3



One remarkable point is when RAN4 supports the REFSENS requirements of RedCap UE in the SL operating bands, it is also required to add the explicit RMC channels for the REFSENS requirements in the SL operating bands.

Observation #3: For the Rx requirements for RedCap UE in unlicensed bands, it is required to add the detail reference of the REFSENS requirements for NR-U and V2X operations and to add related uplink configurations and RMC channels for RedCap UE in unlicensed bands.

Based on the observation 1 to 3, we come to the following proposal:
  
Proposal #1: It is proposed to add the reference of the REFSENS requirements for NR-U and V2X operations to support RedCap UE in the unlicensed bands. Also, it is required to add RMC channels in A7.2 for RedCap UE REFSENS requirements in the SL operating bands as follow:

Proposed Correction Request for 7.3I.2 in TS 38.101-1 [6]
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For a RedCap UE equipped with 2 Rx antenna ports, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A3.2, and A.3.3 and A.7.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.2-1a, and Table 7.3.2-1b, Table 7.3E.2-1 and Table 7.3F.2-1 for the applicable operating bands. The reference sensitivity (REFSENS) requirement specified for a RedCap UE equipped with 2 Rx antenna ports shall be met with uplink transmission bandwidth less than or equal to that specified in Table 7.3.2-3, Table 7.3E.2-2 and Table 7.3F.2-3 and, for FDD bands, with the Tx-Rx separation as defined in clause 5.4.4 for the applicable band and UE channel bandwidth.

For a RedCap UE equipped with 1 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a,  and in Table 7.3.2-1b, Table 7.3E.2-1 and Table 7.3F.2-1 shall be modified by the amount given in ΔR1R in Table 7.3I.2-1 for the applicable operating bands. The reference sensitivity (REFSENS) requirement specified for a RedCap UE equipped with 1 Rx antenna ports shall be met with uplink transmission bandwidth less than or equal to that specified in Table 7.3.2-3, Table 7.3E.2-2 and Table 7.3F.2-3 and, for FDD bands, with the Tx-Rx separation as defined in clause 5.4.4 for the applicable band and UE channel bandwidth.




The proposal can be treated in other CR to cover the missing requirements to support RedCap UE in the unlicensed bands based on the RAN plenary decision. 

Proposal #2: It is proposed to merge the proposed correction in a formal CR to support RedCap UE in the unlicensed bands based on the RAN decision. 

4. Conclusions
In this contribution, we provided our views on the operating bands and open issues for RedCap UE and made the following observations:

Observation #1: There is no restriction for RedCap UE to operate any band including V2X, SUL and unlicensed bands. 
Observation #2: For the Tx requirements for RedCap UE in V2X, SUL and unlicensed bands, the detail Tx requirements in the individual suffix for V2X (suffix E), SUL (suffix C) and Unlicensed (suffix F) operations can be applicable to RedCap UE. Therefore, it is expected that there is no missing Tx requirement to support RedCap operation in the V2X, SUL and unlicensed bands.
Observation #3: For the Rx requirements for RedCap UE in unlicensed bands, it is required to add the detail reference of the REFSENS requirements for NR-U and V2X operations and to add related uplink configurations for RedCap UE in unlicensed bands.

Based on the observations 1 to 3, we made the following proposals:

Proposal #1: It is proposed to add the reference of the REFSENS requirements for NR-U and V2X operations to support RedCap UE in the unlicensed bands. Also, it is required to add RMC channels in A7.2 for RedCap UE REFSENS requirements in the SL operating bands as follow:

Proposed Correction Request for 7.3I.2 in TS 38.101-1 [6]

7.3I.2	Reference sensitivity power level
For a RedCap UE equipped with 2 Rx antenna ports, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2.2, A3.2, and A.3.3 and A.7.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.2-1a, and Table 7.3.2-1b, Table 7.3E.2-1 and Table 7.3F.2-1 for the applicable operating bands. The reference sensitivity (REFSENS) requirement specified for a RedCap UE equipped with 2 Rx antenna ports shall be met with uplink transmission bandwidth less than or equal to that specified in Table 7.3.2-3, Table 7.3E.2-2 and Table 7.3F.2-3 and, for FDD bands, with the Tx-Rx separation as defined in clause 5.4.4 for the applicable band and UE channel bandwidth.

For a RedCap UE equipped with 1 Rx antenna ports, reference sensitivity for 2Rx antenna ports in Table 7.3.2-1a,  and in Table 7.3.2-1b, Table 7.3E.2-1 and Table 7.3F.2-1 shall be modified by the amount given in ΔR1R in Table 7.3I.2-1 for the applicable operating bands. The reference sensitivity (REFSENS) requirement specified for a RedCap UE equipped with 1 Rx antenna ports shall be met with uplink transmission bandwidth less than or equal to that specified in Table 7.3.2-3, Table 7.3E.2-2 and Table 7.3F.2-3 and, for FDD bands, with the Tx-Rx separation as defined in clause 5.4.4 for the applicable band and UE channel bandwidth.




Proposal #2: It is proposed to merge the proposed correction in a formal CR to support RedCap UE in the unlicensed bands based on the RAN decision. 
The companion draft CR is provided in R4-2208475.
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