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1	Introduction
For FR2-2, RAN1 intends to use 2 bits in MIB to signal up to 4 values for the parameter  (also referred to as the Q value), see R1-2112805 [1]. RAN1 plans to repurpose ‘subCarrierSpacingCommon’ and use it together with the spare bit to signal the 2 bits for Q. RAN1 wonders if RAN2 foresees any issues with using the last spare bit in the MIB.
In this contribution, we will first discuss the issue of using the spare bit and also issues with re-interpreting existing parameters and propose a new MIB including a new BCCH-BCH-Message as an alternative approach.
[bookmark: _Ref178064866]2	Discussion
2.1	Signaling of the Q value
For FR2-2, RAN1 intends to use 2 bits in MIB to signal up to 4 values for the parameter  (also referred to as the Q value), see R1-2112805 [1]. RAN1 plans to repurpose ‘subCarrierSpacingCommon’ and use it together with the spare bit to signal the 2 bits for Q. RAN1 wonders if RAN2 foresees any issues with using the last spare bit in the MIB.
We will first discuss the issue of using the spare bit and also issues with re-interpreting existing parameters and propose a new MIB including a new BCCH-BCH-Message as an alternative approach.
2.1.1	On using the last spare bit in MIB
The MIB carries the most essential parameters for a UE to perform initial access. In principle, it is preferable to reserve the last spare bit in the MIB for future enhancements that are useful for any band.
[bookmark: _Toc92794297]It is preferable to reserve the last spare bit in the MIB for future enhancements that are useful for any band.

Therefore, other alternatives should in principle be considered before using the MIB. If no other options are acceptable, it should be possible to keep the spare bit for other frequency ranges than FR2-2, which will be discussed in the next section.
2.1.2	Signaling of Q in the MIB
The current MIB in TS 38.331 is defined as follows:
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

For operation with shared spectrum channel access, the UE re-interprets subCarrierSpacingCommon (1 bit) and the LSB of ssb-SubcarrierOffset (1 bit) of the Rel-15 MIB for providing the value of Q with possible values of {1,2,4,8}.
For FR2-2, the UE would also re-interpret subCarrierSpacingCommon to derive the value of Q, while ssb-SubcarrierOffset would be interpreted in the same way as for Rel-15 MIB and instead, the last spare value would be used to derive the value of Q with another value range.
The re-interpretation of MIB parameters and the combination of different parameters to derive another parameter depending on whether the cell operates in licensed spectrum, with shared spectrum channel access or in FR2-2 reduces the readability of the ASN.1 code and increases the encoding/decoding complexity for the MIB as it requires pre-processing in the network and post-processing in the UE.
[bookmark: _Toc92794298]The re-interpretation of MIB parameters and the combination of different parameters to derive another parameter depending on different cases reduces the readability of the ASN.1 code.

By defining a new MIB including a new BCCH-BCH-Message, we can avoid adding another re-interpretation of the subCarrierSpacingCommon and combining it with the spare bit to derive the Q value. With a new MIB, an explicit ENUMERATED field for the parameter Q, ssb-PositionQCL, can be added directly, and subCarrierSpacingCommon which is an unused field is not signalled. This also improves readability of the ASN.1 code.
The changes are illustrated below. The field description for ssb-PositionQCL is based on the RAN1#107-e agreements.
Agreement
· Same  values using the same set of signaling bits are supported for 120, 480, and 960 kHz.
· Supported values of : {16, 32, 64}
· Note:
· For operation with shared spectrum channel access, any supported value of  can be indicated and value < 64 indicates DBTW enabled
· UE is expected to be configured with =64 in licensed operations
· For operation with and without shared spectrum channel access, =64 indicates that the SS/PBCH block index and the candidate SS/PBCH block index have a one-to-one mapping relationship.

[bookmark: _Toc60777102][bookmark: _Toc83740057]–	MIB
The MIB includes the system information transmitted on BCH.
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}

MIB-FR2-2 ::=                       SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    ssb-PositionQCL                     ENUMERATED (n16, n32, n64, spare)
}


	ssb-PositionQCL
For FR2-2, this field indicates the QCL relation between SSB positions for this cell as specified in TS 38.213 [13] clause 4.1. Value n16 corresponds to 16, value n32 corresponds to 32, and so on. For operation with shared spectrum channel access (see TS 37.213 [48]), value n16 and value n32 indicate that the discovery burst transmission window is enabled (TS 38.213 [13] clause 4.1). For operation in licensed spectrum, only value n64 is valid.



[bookmark: _Toc92794299]Defining a new MIB including a new BCCH-BCH-Message avoids pre-processing in the network and post-processing in the UE for ASN.1 encoding/decoding and improves readability of the ASN.1 code. 
Furthermore, we can preserve the last spare bit and keep opportunities for future extension for the legacy frequency ranges.
In order to properly define a new MIB without consuming any spare-bits or critical extension branches, we need to define a new BCCH-BCH-Message, the BCCH-BCH-Message-FR2-2, as follows:
[bookmark: _Toc12718165]–	BCCH-BCH-Message
The BCCH-BCH-Message-XX class is the set of RRC messages that may be sent from the network to the UE via BCH on the BCCH logical channel.
BCCH-BCH-Message ::=            SEQUENCE {
    message                         BCCH-BCH-MessageType
}

BCCH-BCH-MessageType ::=        CHOICE {
    mib                             MIB,
    messageClassExtension           SEQUENCE {}
}

BCCH-BCH-Message-FR2-2 ::=      SEQUENCE {
    message-r17                     BCCH-BCH-MessageType-FR2-2
}

BCCH-BCH-MessageType-FR2-2 ::=  CHOICE {
    mib-r17                         MIB-FR2-2,
    messageClassExtension           SEQUENCE {}
}

[bookmark: _Toc92797107]Define a new MIB including a new BCCH-BCH-Message for FR2-2.
2.1.3	Potential LS response to RAN1
1. Overall Description:
RAN2 would like to thank RAN1 for the incoming LS on initial access for 60 GHz where RAN1 asked whether RAN2 foresees any issues of using the ‘spare’ bit contained in MIB IE for purpose of signalling  to UEs.
In principle, RAN2 prefers to reserve the last spare bit in the MIB for future enhancements that are useful for any band. However, if no alternative alternatives can be found, the spare bit can be used for FR2-2 for the purpose of signalling , whereas we can preserve the last spare bit for other frequency ranges for potential future enhancements.
By using a new MIB for FR2-2, the parameter  can be signalled directly and there is no need for any pre-/postprocessing for ASN.1 encoding/decoding. Furthermore, it is clearly visible that the spare value for other frequency ranges is preserved.

[bookmark: _Toc92797108]RAN2 to adopt the proposed LS response for the LS R1-2112805.
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3	Other issues
PDSCH-TimeDomainResourceAllocationList
a) Whether any restriction applies to pdsch-TimeDomainAllocationListForMultiPDSCH. 
	pdsch-TimeDomainAllocationList, pdsch-TimeDomainAllocationListDCI-1-2, pdsch-TimeDomainAllocationListForMultiPDSCH
List of time-domain configurations for timing of DL assignment to DL data.
The field pdsch-TimeDomainAllocationList (with or without suffix) applies to DCI format 1_0 and DCI format 1_1 (see table 5.1.2.1.1-1 in TS 38.214 [19]), and if the field pdsch-TimeDomainAllocationListDCI-1-2 is not configured, to DCI format 1_2. If the field pdsch-TimeDomainAllocationListDCI-1-2 is configured, it applies to DCI format 1_2 (see table 5.1.2.1.1-1A in TS 38.214 [19]). The field pdsch-TimeDomainAllocationListForMultiPDSCH applies to DCI format 1_1.
The network does not configure the pdsch-TimeDomainAllocationList-r16 simultaneously with the pdsch-TimeDomainAllocationList (without suffix) in the same PDSCH-Config. [Editor’s note: FFS whether any restriction applies to pdsch-TimeDomainAllocationListForMultiPDSCH]



pdsch-TimeDomainAllocationListForMultiPDSCH only applies to DCI format 1_1, and pdsch-TimeDomainAllocationList (with or without suffix) applies to DCI format 1_0 and DCI format 1_1. If pdsch-TimeDomainAllocationListForMultiPDSCH is not allowed to be configured simultaneously with the pdsch-TimeDomainAllocationList (with or without suffix),   it would not be possible to configure a TDRA table for DCI format 1_0, in this case, it would be only possible to apply the default TDRA table for DCI format 1_0. 
If pdsch-TimeDomainAllocationListForMultiPDSCH is configured, then pdsch-TimeDomainAllocationList should not  apply to DCI format 1_1. This has been already  clarified in TS 38.214, Table 5.1.2.1.1-1, which is sufficient.
[bookmark: _Toc92797109]No restriction for  pdsch-TimeDomainAllocationListForMultiPDSCH needs to be captured in the RRC.

b) Whether to allow repetition instead of multiple PDSCH together with new k0 value range in pdsch-TimeDomainResourceAllocation-r17 and whether to add also pdsch-TimeDomainAllocationListDCI-1-2-r17 and pdsch-TimeDomainAllocationList-r17 to support the new k0 value range
The scheduling offset k0-r16 has the range 0..32 slots (for up to 120 kHz). To address SCS of 480 kHz and 960 kHz, the value range for k0-r17 was increased to 0..128 slots. If repetitions are configured for PDSCH-TimeDomainResourceAllocation for higher SCS, it will not be possible to configure the same scheduling offset in absolute time. For example, 32 slots for 120 kHz corresponds to 4 ms, while 32 slots for 960 kHz corresponds to only 0.5 ms. Using the legacy value range reduces the scheduling flexibility and also imposes some burden to UEs which need more time to decode the PDCCH. 
[bookmark: _Toc92797110]The new PDSCH-TimeDomainResourceAllocation-r17 IE can be configured with either PDSCH repetition or multiple PDSCH.
[bookmark: _Toc92797111]Introduce the field pdsch-TimeDomainAllocationListDCI-1-2-r17 and the field pdsch-TimeDomainAllocationList-r17 so that PDSCH repetitions can be used with the new k0 value range.

c) Similar arguments apply to k2 and repetition of PUSCH.
[bookmark: _Toc92797112]Introduce the field pusch-TimeDomainAllocationListDCI-1-2-r17 and the field pusch-TimeDomainAllocationList-r17 so that PUSCH repetition can be used with the new k2 value range.

PUSCH-TimeDomainResourceAllocationList-r17
d)  How many rows does the network configure at most in PUSCH-TimeDomainResourceAllocationList-r17 for pusch-TimeDomainAllocationListForMultiPUSCH-r17 
PUSCH-TimeDomainResourceAllocationList-r17 may contain maxNrofUL-Allocations-r16 = 64 list elements (same size as for Rel-16). The legacy table and pusch-TimeDomainAllocationListForMultiPUSCH-r16 may contain maxNrofUL-Allocations = 16 list elements. The same value can be adopted for pusch-TimeDomainAllocationListForMultiPUSCH-r17. 
[bookmark: _Toc92797113]Same as in R16, pusch-TimeDomainAllocationListForMultiPUSCH-r17 can be configured with up to 16 list elements.

e) In the field description of k2 in IE PUSCH-TimeDomainResourceAllocationList, whether to add a clarification how to map k2 values to PUSCHs in case each PUSCH has separate k2 value configured. In legacy where only one PUSCH is configured, the default value for different SCS is defined in the field description. This can also be assumed for the first PUSCH of multiple PUSCH. However, the subsequent k2 values need to be defined or explicitly configured.
According to the RAN1 agreement:
Agreement:
For single TRP operation, for 480/960 kHz SCS,
1. A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs.
1. A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.

It seems strange to use a default value only for the first k2, while the subsequent k2 values need to be signalled explicitly. 
The simplest scheme would be to schedule the PUSCHs in subsequent slots, i.e. the value k2(n) is set to k2(n-1)+1, where k2(0) is the default value for the corresponding SCS.
[bookmark: _Toc92797114]If multiple PUSCHs are configured per PDCCH, k2(n) corresponding to k2 of the n-th PUSCH, n>1, the value k2(n) is set to k2(n-1)+1.

PUCCH-Config
f) Whether to reuse UL-AccessConfigListDCI-1-1-r16 instead of introducing UL-AccessConfigListDCI-1-1-r17
UL-AccessConfigListDCI-1-1-r16 ::=         SEQUENCE (SIZE (1..16)) OF INTEGER (0..15)

UL-AccessConfigListDCI-1-1-r17 ::=         SEQUENCE (SIZE (1..3)) OF INTEGER (0..2)    


Option a) reuse UL-AccessConfigListDCI-1-1-r16
 The restriction on the list elements needs to be clarified in the field description.
	ul-AccessConfigListDCI-1-1
For FR1, list of the combinations of cyclic prefix extension and UL channel access type (See TS 38.212 [17], Clause 7.3.1). 
For FR2-2, the list contains at most 3 elements, and only values 0, 1 and 2 are valid and correspond to UL channel access types (see TS 38.212 [17], Table 7.3.1.2.2-6A).



Option b) introduce a new UL-AccessConfigListDCI-1-1-r17
	[bookmark: _Hlk92774951]ul-AccessConfigListDCI-1-1
List of the combinations of cyclic prefix extension and UL channel access type (See TS 38.212 [17], Clause 7.3.1). The field ul-AccessConfigListDCI-1-1-r17 indicates a list which only contains UL channel access types and is only applicable for FR2-2 (see TS 38.212 [17], Table 7.3.1.2.2-6A).



With a new IE for Rel-17, it is directly visible that only few configurations are needed resulting in slightly lower overhead. Furthermore, RAN1 defined a separate table for which a separate parameter appears more suitable. 
[bookmark: _Toc92797115]Use the new IE UL-AccessConfigListDCI-1-1-r17 which contains only list elements that would actually be used.

PUSCH-Config
g) whether to reuse UL-AccessConfigListDCI-0-1-r16 instead of introducing UL-AccessConfigListDCI-0-1-r17
[bookmark: _Hlk92776682]Similar as the issue above.
UL-AccessConfigListDCI-0-1-r16 ::= SEQUENCE (SIZE (1..64)) OF INTEGER (0..63)

UL-AccessConfigListDCI-0-1-r17 ::= SEQUENCE (SIZE (1..3)) OF INTEGER (0..2)    

Option a) reuse UL-AccessConfigListDCI-0-1-r16
	ul-AccessConfigListDCI-0-1
For FR1, a list of the combinations of cyclic prefix extension, channel access priority class (CAPC), and UL channel access type (see TS 38.212 [17], Table 7.3.1.1.2-35). 
For FR2-2, the list contains at most 3 elements, and only values 0, 1 and 2 are valid and correspond to UL channel access types (see TS 38.212 [17], Table 7.3.1.1.2-35A).



Option b) introduce new UL-AccessConfigListDCI-0-1-r17
	ul-AccessConfigListDCI-0-1
List of the combinations of cyclic prefix extension, channel access priority class (CAPC), and UL channel access type (see TS 38.212 [17], Table 7.3.1.1.2-35). 
The field ul-AccessConfigListDCI-0-1-r17 only contains a list of UL channel access types and is only applicable for FR2-2 (see TS 38.212 [17], Table 7.3.1.1.2-35A).



This issue is very similar to the previous issue, so that we conclude with the same proposal.  
[bookmark: _Toc92797116]Use the new IE UL-AccessConfigListDCI-0-1-r17 which contains only list elements that would actually be used.

ServingCellConfig and ServingCellConfigCommonSIB
h) Whether to define channelAccessMode2 as ENUMERATED {enabled, disabled} or ENUMERATED {enabled} 
ENUMERATED {enabled, disabled} can reflect 3 different states:
· enabled -> operation with shared spectrum channel access; LBT is required.
· disabled -> operation with shared spectrum channel access; no LBT is required.
· channelAccessMode2 is absent -> operation in licensed spectrum
With ENUMERATED {enabled}, the absence of the parameter would only indicate that no LBT is required, but a UE in idle mode behaves differently during cell search depending on whether the cell is operating in licensed spectrum (the UE searches only for the strongest cell on a frequency) or not (the UE may also read MIB/SIB1 from the non-strongest cell). Therefore, we think that it is beneficial to define channelAccessMode2 as ENUMERATED {enabled, disabled}.
[bookmark: _Toc92797117]Define the value range for the field channelAccessMode2 as ENUMERATED {enabled, disabled}.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is preferable to reserve the last spare bit in the MIB for future enhancements that are useful for any band.
Observation 2	The re-interpretation of MIB parameters and the combination of different parameters to derive another parameter depending on different cases reduces the readability of the ASN.1 code.
Observation 3	Defining a new MIB including a new BCCH-BCH-Message avoids pre-processing in the network and post-processing in the UE for ASN.1 encoding/decoding and improves readability of the ASN.1 code.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Define a new MIB including a new BCCH-BCH-Message for FR2-2.
Proposal 2	RAN2 to adopt the proposed LS response for the LS R1-2112805.
Proposal 3	No restriction for  pdsch-TimeDomainAllocationListForMultiPDSCH needs to be captured in the RRC.
Proposal 4	The new PDSCH-TimeDomainResourceAllocation-r17 IE can be configured with either PDSCH repetition or multiple PDSCH.
Proposal 5	Introduce the field pdsch-TimeDomainAllocationListDCI-1-2-r17 and the field pdsch-TimeDomainAllocationList-r17 so that PDSCH repetitions can be used with the new k0 value range.
Proposal 6	Introduce the field pusch-TimeDomainAllocationListDCI-1-2-r17 and the field pusch-TimeDomainAllocationList-r17 so that PUSCH repetition can be used with the new k2 value range.
Proposal 7	Same as in R16, pusch-TimeDomainAllocationListForMultiPUSCH-r17 can be configured with up to 16 list elements.
Proposal 8	If multiple PUSCHs are configured per PDCCH, k2(n) corresponding to k2 of the n-th PUSCH, n>1, the value k2(n) is set to k2(n-1)+1.
Proposal 9	Use the new IE UL-AccessConfigListDCI-1-1-r17 which contains only list elements that would actually be used.
Proposal 10	Use the new IE UL-AccessConfigListDCI-0-1-r17 which contains only list elements that would actually be used.
Proposal 11	Define the value range for the field channelAccessMode2 as ENUMERATED {enabled, disabled}.
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