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1. Introduction
In the previous RAN 2 meeting, the following agreements have been achieved on on-demand SI request following the email discussion in [1]:
	Agreements

1: Dedicated PRACH occasions for Msg1 based SI request is supported.
2: Parameters RACH-ConfigGeneric and ssb-perRACH-Occasion are signalled for dedicated PRACH occasions for Msg1 based SI request.

3: RA resources for each SI request is signalled per SSB.
4
RA resource can be provided for all SI messages or provided separately for each SI message provided on demand (signalling will not support RA resource per groups of SI messages)


In this contribution, we further discuss the changes need to be made to the current MAC specification with the above agreements. 
2. Discussion
2.1 RA resource configuraiotn for on-demand SI request
Based on the above agreement highlighted in green above in the last meeting, the ASN.1 for SI request have been updated accordingly as follows. 
–
SI-SchedulingInfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.

SI-SchedulingInfo information element

-- ASN1START

-- TAG-OTHER-SI-INFO-START

SI-SchedulingInfo ::=



SEQUENCE {

schedulingInfoList 




SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,


si-WindowLength





ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20, ms40},


si-Request-Config




SI-Request-Config












OPTIONAL,  -- Cond MSG-1

systemInformationAreaID



BIT STRING (SIZE (24)) 











OPTIONAL,


...


}

SchedulingInfo ::=




SEQUENCE {


si-BroadcastStatus




ENUMERATED { broadcast, onDemand },


si-Periodicity





ENUMERATED { rf8, rf16, rf32, rf64, rf128, rf256, rf512 },


sib-MappingInfo





SIB-Mapping

}

SIB-Mapping ::= 





SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-TypeInfo

SIB-TypeInfo ::=





SEQUENCE {


type








ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9, 











spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1, ... },


valueTag 






INTEGER (0..31),

areaScope






ENUMERATED {true}












OPTIONAL -- Cond AREA-ID

}

-- Configuration for Msg1 based SI Request

SI-Request-Config ::=



SEQUENCE  {

rach-OccasionsSI





SEQUENCE {



rach-ConfigSI





RACH-ConfigGeneric,



ssb-perRACH-Occasion




ENUMERATED {oneEighth, oneFourth, oneHalf, one, two, four, eight, sixteen}

}

























OPTIONAL,

si-RequestResources 
SEQUENCE (SIZE (1..maxSI-Message)) OF SI-RequestResources

}

SI-RequestResources ::=

SEQUENCE {


ra-PreambleStartIndex

INTEGER (0..63),


ra-ssb-OccasionMaskIndex

INTEGER (0..15)

}
-- TAG-OTHER-SI-INFO-STOP

-- ASN1STOP
The configuration of RACH resource can be considered from two aspeccts:

· RACH occasion:

Hence, when dedicated RA resource is configured for on-demand SI request, rach-OccasionSI under SI-Request-Config will be included under SIB 1.  When the dedicated RA resource is not configured, the UE will obtain the RACH resource from the common resource configured in RACH-configCommon. 
· Preamble Index:

· SSB per RACH Occasion is more than one

When the dedicated RA resource is not configured, for a certain SSB, the range of preambles from which the UE can selected based on the requested SI message is 

[i*(64/N)+ totalNumberOfRA-Preambles, (i+1)*(64/N) - 1],

where N denotes the number of SSBs associated with one RACH occasion, i denotes the selected SSB under a certain RACH occasion and totalNumberOfRa-Preambles are defined as the total number of CFRA and CBRA preambles for each SSB. 
When dedicated RA resource is configured, which means that rach-OccasionSI is configured, the range of preambles from which the UE can selected based on the requested SI message is 

[ra-preambleStartIndex, ra-PreambleStartIndex + N -1],

where ra-PreambleStartIndex is defined in SI-Request-Config per SI message and N also denotes the number of SSBs per RACH-occasion.
· SSB per RACH Occasion is less or equal than one
In this case, the range of preamble index only depends on totalNumberOfRA-Preambles and ra-PreambleStartIndex, for the case of dedicated RACH resource and shared RACH resource, respectively. 
2.2 RA resource selection for on-demand SI request
In the previous meeting, the agreement highlighted in yellow was also made. Now that the configuration of RACH resource is per SSB, it follows naturally that the selection of RACH resource should also be per SSB. Hence, the SSB selection procedure of on-demand SI request can share the same procedure as the normal RA procedure. 

Proposal 1: The selection of RACH resource for on-demand SI request should also be per SSB. 
Then, in the case of dedicated RACH resource configuration for SI and there are multiple SSBs associated with each RACH occasion, the range for the preamble selection should be  from ra-PreambleStartIndex to ra-PreambleStartIndex + ssb-perRACH-Occasion – 1 for each message. The selected index indicates the SSB on which the UE expects the gNB to tranmit the response. 
Proposal 2: When dedicated RACH resource is configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambles should be from ra-PreambleStartIndex to ra-PreambleStartIndex + ssb-perRACH-Occasion – 1 for each SI message. 
In the case of dedicated RACH resource configuration for on-demand SI and multiple RACH occasions assocaicted with on SSB, the range of preambles for a certain SI message should be from the ra-PreambleStartIndex for this SI message to the ra-PreambleStartIndex for the next message. 
Proposal 3: When dedicated RACH resource is configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambles should be from ra-PreambleStartIndex of this SI message to the ra-PreambleStartIndex of the next SI message.
Furthermore, when dedicated RACH resource is not configured and there are multiple SSBs associated with one RO, we can only use the RACH resource defined under RACH-ConfigCommon. In order to distinguish between SSBs, for each SSB, some of the preambles have to be reserved for On-demand SI request and this can be accomplished with the parameter totalNumberOfRA-Preambles. So for the preambles associated with SSB i starting with i*(64/N), the range of preambles to be selected for on-demand SI request should be from i × 64 / ssb-PerRACH-Occasion + totalNumberOfRA-Preambles to  ( i + 1 ) ×  64 / ssb-PerRACH-Occasion – 1.
Proposal 4: When dedicated RACH resource is not configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambels for SI request should be from i × 64 / ssb-PerRACH-Occasion + totalNumberOfRA-Preambles to  ( i + 1 ) ×  64 / ssb-PerRACH-Occasion – 1 for SSB i. 
Finally, when dedicated RACH resource is notconfigured for on-demand SI request and ssb-PerRACH-Occasion is less or equal than one, the UE can freely use the preamble index starting from the totalNUmberOfRA-Preambles without worrying about the SSB index, which has already been indicated by the selection of RACH-Occasion. Hence, in this case, the range of preambles can be from totalNumberOfRA-Preambles to 64
Proposal 5: When dedicated RACH resource is not configured for on-demand SI request and ssb-PerRACH-Occasion is less or equal than one, the range of preambels for SI request should be from totalNumberOfRA-Preambles to 64.  
3. Conclusion
In this contribution, we discuss the transmit operation and we have the following proposals:

Proposal 1: The selection of RACH resource for on-demand SI request is per SSB. 
Proposal 2: When dedicated RACH resource is configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambles should be from ra-PreambleStartIndex to ra-PreambleStartIndex + ssb-perRACH-Occasion – 1 for each SI message. 
Proposal 3: When dedicated RACH resource is configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambles should be from ra-PreambleStartIndex of this SI message to the ra-PreambleStartIndex of the next SI message.
Proposal 4: When dedicated RACH resource is not configured for on-demand SI request and ssb-PerRACH-Occasion is more than one, the range of preambels for SI request should be from i × 64 / ssb-PerRACH-Occasion + totalNumberOfRA-Preambles to  ( i + 1 ) ×  64 / ssb-PerRACH-Occasion – 1 for SSB i. 
Proposal 5: When dedicated RACH resource is not configured for on-demand SI request and ssb-PerRACH-Occasion is less or equal than one, the range of preambels for SI request should be from totalNumberOfRA-Preambles to 64.  
Based on the above proposals, a correction has been provided for the MAC specification in [2] and also attached in Section 5.
4. Reference
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5. Text Proposal 

================================FIRST CHANGE=================================
5.1.1
Random Access procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell shall only be initiated by a PDCCH order with ra-PreambleIndex different from 0b000000.

NOTE 1:
If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).

RRC configures the following parameters for the Random Access procedure:

-
prach-ConfigIndex: the available set of PRACH occasions for the transmission of the Random Access Preamble;
-
preambleReceivedTargetPower: initial Random Access Preamble power;

-
rsrp-ThresholdSSB: an RSRP threshold for the selection of the SSB and corresponding Random Access Preamble and/or PRACH occasion. If the Random Access procedure is initiated for beam failure recovery, rsrp-ThresholdSSB refers to rsrp-ThresholdSSB in BeamFailureRecoveryConfig IE;

-
rsrp-ThresholdCSI-RS: an RSRP threshold for the selection of CSI-RS and corresponding Random Access Preamble and/or PRACH occasion. If the Random Access procedure is initiated for beam failure recovery, rsrp-ThresholdCSI-RS shall be set to a value calculated by multiplying rsrp-ThresholdSSB in BeamFailureRecoveryConfig IE by powerControlOffset as specified in TS 38.214 [6];

-
rsrp-ThresholdSSB-SUL: an RSRP threshold for the selection between the NUL carrier and the SUL carrier;

-
powerControlOffset: a power offset between rsrp-ThresholdSSB and rsrp-ThresholdCSI-RS to be used when the Random Access procedure is initiated for beam failure recovery;
-
totalNumberOfRA-Preambles: total number of preambles used for contention-free and contention-based random access for each SSB;
-
rach-OccassionsSI: the available set of dedicated RACH occasions for on-demand SI request;
-
ra-PreambleStartIndex: the starting index of preamble for on-demand SI request for a certain SSB;
-
powerRampingStep: the power-ramping factor;

-
ra-PreambleIndex: Random Access Preamble;

-
ra-ssb-OccasionMaskIndex: defines PRACH occasion(s) associated with an SSB in which the MAC entity may transmit a Random Access Preamble (see subclause 7.4);
-
ra-OccasionList: defines PRACH occasion(s) associated with a CSI-RS in which the MAC entity may transmit a Random Access Preamble;
-
preambleTransMax: the maximum number of Random Access Preamble transmission;

-
ssb-perRACH-OccasionAndCB-PreamblesPerSSB (SpCell only): defines the number of SSBs mapped to each PRACH occasion and the number of Random Access Preambles mapped to each SSB;

-
if groupBconfigured is configured, then Random Access Preambles group B is configured.

-
The Random Access Preambles in Random Access Preamble group A are the Random Access Preambles 0 to numberOfRA-PreamblesGroupA – 1, if Random Access Preambles group B is configured; Otherwise, the Random Access Preambles in Random Access Preamble group A are the Random Access Preambles 0 to the number of Random Access Preamles per SSB configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB;

-
The Random Access Preambles in Random Access Preamble group B, if configured, are the Random Access Preambles numberOfRA-PreamblesGroupA to the number of Random Access Preamles per SSB configured by ssb-perRACH-OccasionAndCB-PreamblesPerSSB.

-
if rach-OccasionSI is configured and ssb-perRACH-Occasion is larger than one:



-
For an SI message configured with ra-PreambleStartIndex, the Random Access Preamble index corresponding to different SSB is in the range from ra-PreambleStartIndex to ra-PreambleStartIndex + ssb-perRACH-Occasion – 1;

-
if rach-OccasionSI is configured and ssb-perRACH-Occasion is less or equal than one:



-
For an SI message configured with ra-PreambleStartIndex, the Random Access Preamble index is in the range from ra-PreambleStartIndex of this message to that of the next SI message;

-
if rach-OccasionSI is not configured and ssb-perRACH-Occasion is larger than one:


-
For SSB with index i, the Random Access Preamble index corresponding to different SI messages are in the range from i × 64 / ssb-PerRACH-Occasion + totalNumberOfRA-Preambles to  ( i + 1 ) ×  64 / ssb-PerRACH-Occasion – 1;

-
if rach-OccasionSI is not configured and ssb-perRACH-Occasion is less or equal than one:



-
The Random Access Preamble index should be selected from the range from totalNumberOfRA-Preambles to 64.  
NOTE 2:
If Random Access Preambles group B is supported by the cell and SSBs are mapped to Random Access Preambles, Random Access Preambles group B is included in each SSB.

-
if Random Access Preambles group B is configured:

-
ra-Msg3SizeGroupA (per cell): the threshold to determine the groups of Random Access Preambles;

-
msg3-DeltaPreamble: ∆PREAMBLE_Msg3 in TS 38.213 [6];

-
messagePowerOffsetGroupB: the power offset for preamble selection;

-
numberOfRA-PreamblesGroupA (SpCell only): defines the number of Random Access Preambles in Random Access Preamble group A for each SSB.
-
the set of Random Access Preambles and/or PRACH occasions for SI request, if any;

-
the set of Random Access Preambles and/or PRACH occasions for beam failure recovery request, if any;

-
ra-ResponseWindow: the time window to monitor RA response(s) (SpCell only);

-
ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).

In addition, the following information for related Serving Cell is assumed to be available for UEs:

-
if Random Access Preambles group B is configured:

-
if the Serving Cell for the Random Access procedure is configured with supplementaryUplink, and SUL carrier is selected for performing Random Access Procedure:

-
PCMAX,f,c of the SUL carrier as specified in TS 38.101 [10].

-
else:

-
PCMAX,f,c of the NUL carrier as specified in TS 38.101 [10].

The following UE variables are used for the Random Access procedure:

-
PREAMBLE_INDEX;

-
PREAMBLE_TRANSMISSION_COUNTER;

-
PREAMBLE_POWER_RAMPING_COUNTER;

-
PREAMBLE_RECEIVED_TARGET_POWER;

-
PREAMBLE_BACKOFF;
-
PCMAX;

-
TEMPORARY_C-RNTI.
When the Random Access procedure is initiated on a Serving Cell, the MAC entity shall:

1>
flush the Msg3 buffer;

1>
set the PREAMBLE_TRANSMISSION_COUNTER to 1;

1>
set the PREAMBLE_POWER_RAMPING_COUNTER to 1;

1>
set the PREAMBLE_BACKOFF to 0 ms;

1>
if the carrier to use for the Random Access procedure is explicitly signalled:

2>
select the signalled carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,f,c of the signalled carrier.

1>
else if the carrier to use for the Random Access procedure is not explicitly signalled; and

1>
if the Serving Cell for the Random Access procedure is configured with supplementaryUplink; and

1>
if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:

2>
select the SUL carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,f,c of the SUL carrier.

1>
else:

2>
select the NUL carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,f,c of the NUL carrier.

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

===============================SECOND CHANGE===============================
5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the Random Access procedure was initiated for beam failure recovery (as specified in subclause 5.17); and

1>
if the contention-free Random Access Resources for beam failure recovery request associated with any of the SSBs and/or CSI-RSs have been explicitly provided by RRC; and

1>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or the CSI-RSs with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList is available:

2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the SSBs in candidateBeamRSList or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the CSI-RSs in candidateBeamRSList;
2>
if CSI-RS is selected, and there is no ra-PreambleIndex associated with the selected CSI-RS:
3>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the SSB in candidateBeamRSList which is quasi-collocated with the selected CSI-RS as specified in TS 38.214 [7].
2>
else:
3>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB or CSI-RS from the set of Random Access Preambles for beam failure recovery request.

1>
else if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC; and

1>
if the ra-PreambleIndex is not 0b000000; and

1>
if contention-free Random Access Resource associated with SSBs or CSI-RSs have not been explicitly provided by RRC:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex.

1>
else if the contention-free Random Access Resources associated with SSBs have been explicitly provided by RRC and at least one SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs is available:

2>
select an SSB with SS-RSRP above rsrp-ThresholdSSB amongst the associated SSBs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected SSB.

1>
else if the contention-free Random Access Resources associated with CSI-RSs have been explicitly provided by RRC and at least one CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs is available:

2>
select a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS amongst the associated CSI-RSs;

2>
set the PREAMBLE_INDEX to a ra-PreambleIndex corresponding to the selected CSI-RS.
1>
else:

2>
if at least one of the SSBs with SS-RSRP above rsrp-ThresholdSSB is available:

3>
select an SSB with SS-RSRP above rsrp-ThresholdSSB.

2>
else:

3>
select any SSB.
2>
if Msg3 has not yet been transmitted:

3>
if Random Access Preambles group B is configured:
4>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX (of the Serving Cell performing the Random Access Procedure) – preambleReceivedTargetPower – msg3-DeltaPreamble – messagePowerOffsetGroupB; or

4>
if the Random Access procedure was initiated for the CCCH logical channel and the CCCH SDU size plus MAC subheader is greater than ra-Msg3SizeGroupA:
5>
select the Random Access Preambles group B.
4>
else:

5>
select the Random Access Preambles group A.
3>
else:

4>
select the Random Access Preambles group A.

2>
else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the Random Access Preamble transmission attempt corresponding to the first transmission of Msg3.


2> if the Random Access procedure is initiated by on-demand SI request:



3>
select the Random Access Preamble according to the selected SSB and requsted SI message.
2>
if the association between Random Access Preambles and SSBs is configured:

3>
select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles associated with the selected SSB and the selected Random Access Preambles group.

2>
else:

3>
select a ra-PreambleIndex randomly with equal probability from the Random Access Preambles within the selected Random Access Preambles group.

2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex.

1>
if an SSB is selected above and an association between PRACH occasions and SSBs is configured:

2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SSB permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected SSB; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected SSB).

1>
else if a CSI-RS is selected above and an association between PRACH occasions and CSI-RSs is configured:

2>
determine the next available PRACH occasion from the PRACH occasions in ra-OccasionList corresponding to the selected CSI-RS (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers, corresponding to the selected CSI-RS; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the selected CSI-RS).

1>
else if Random Access procedure was initiated for beam failure recovery; and
1>
if a CSI-RS is selected above and there is no contention-free Random Access Resource associated with the selected CSI-RS:
2>
determine the next available PRACH occasion from the PRACH occasions, permitted by the restrictions given by the ra-ssb-OccasionMaskIndex if configured, corresponding to the SSB in candidateBeamRSList which is quasi-collocated with the selected CSI-RS as specified in TS 38.214 [7] (the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion corresponding to the SSB which is quasi-collacted with the selected CSI-RS).
1>
else:

2>
determine the next available PRACH occasion (the MAC entity shall select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different subcarriers; the MAC entity may take into account the possible occurrence of measurement gaps when determining the next available PRACH occasion).

1>
perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
================================END OF THE CHANGES==========================
