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1. Introduction
In the email discussion[101bis#43], the RA resource for MSG1 on demand request was discussed, and some agreements were achieved. In this paper, we propose a more efficient solution and Asn.1coding method for the SI Request and RA resource mapping. 
2. Discussion
In this session, we first analyze the problems of the current solutions in the email discussion, and then propose our solutions, at last the corresponding Asn.1 coding is also provided.
2.1. Current solutions in the email discussion
In the email discussion [101bis#43], most companies agree that “RA resource for each SI request needs to be signalled per SSB”, Besides, the option 2 with the following Asn.1coding was supported by the majority:

--List of SI Request Resources
si-Request-Resources ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SI-Request-Resources

SI-Request-Resources::=            SEQUENCE {
ra-PreambleStartIndex         INTEGER (0..63),
ra-ssb-OccasionMaskIndex      INTEGER (0..15)
}

In this case, the SI-Request-Resource was explicitly indicated for each SI request. And as claimed in the email discussion, the maximum overhead for one SI request configuration is 4+6=10 bits. In other words, maxSI-Messages*10 bis are needed for the si-Request-Resources. Then the first question is how to define themaxSi-Message if there are n Msg1-baed SIs.There are three options:
Option 1: maxSI-messages = n, the UE can request only 1 SI at each rach procedure.
Option 2: maxSI-messages = 2^n-1 , which means all of the possible SI combinations are supported. For example,if there are 3 Msg1-based SIs, such as SI1/SI2/SI3,then there would be 7 different SI request:
SI1/SI2/SI3/(SI1+SI2)/(SI2+SI3)/(SI1+SI3)/(SI1+SI2+SI3).
Option 3: maxSI-message = k, n<= k < = 2^n-1, which means that only parts of the combinations are supported, and the network shall indicate these supported SI combinations explicitly if the n< k < 2^n-1


For the option 1 if the UE want to request m (m<n) ,Msg1-based SIs, the UE shall trigger the Msg1-based SIs request procedures m times. Obviously, it will increase UE power consumption. Besides the SI acquisition delay would also be increased for that Rach procedure for the different SI request can't be executed simultaneously. Furthermore, in #98 meeting it has been agreed that.
	2. For MSG1 based SI request, one RACH preamble can be used to request for multiple SI message.



So the option 2 and option 3 shall be considered.
Proposal 1: The Asn.1 coding shall support RA resource configuration for the different Msg1-based SIs  combination.

However, one concern with using option 2 is that there will be a very large number of bits needed to signal all possible combinations of the SI requests.

Observation 1: if the SI-Request-Resource for each SI or SI combination was indicated separately, a large number of bits will be needed in RMSI.

Worse still, in the future release version, more and more SI would be added for the different features and the number of Msg1-based SI would increase significantly, which would be a potential threat to the RMSI size. Thus, we should find some method that is independent from the number of the Msg1-based SI.

Observation 2: In the future releases, more and more SIs would be added for the different features ,which would be a potential problem for RMSI size if option 2 is adopted.

Proposal 2: The Asn.1 coding of si-Request-resources shall be independent from the number of the Msg1-based SI.

2.2 A joint mapping solution 
In the current solutions si-Request-resources are defined per SI request, to make sure that Asn.1 coding of the si-Request-resources independent from the number of the SI request, a joint mapping method from SI request to RA resources shall be considered. We can first calculate how many different RA resources are needed for all the SI request, then assign these resources according to the following order, which has also been agreed for the CBRA by RAN1#ah-1801(NR)meeting.

Table 1:RA resource allocation order
	First in increasing preamble indices within a single RACH occasion
Then in increasing number of frequency multiplexed RACH occasion
Then in increasing number of time-domain RACH occasion within a RACH slot 
Then in increasing number of RACH slot



For example if there are k different SI requests, for each SSB, there shall be k different RA resources (the RA resource comprises preamble Indexes and ROs).Then these k different RA resources can be assigned to k different SI request respectively according to the order in Table 1.By this method the network only need to indicate the ra-PreambleStartIndex and ssb-perRACH-Occasion as si-Request-Resouce. For better understanding, an example is provided in the Table 2.
Table 2: An example for joint mapping solution
	We assume
-  The number of SSBs = 4
-  There are 4 Msg1 based SIs:  SI1/SI2/SI3/SI4 and all of the possible SI combinations (K= 2^4-1=15)were supported
-  msg1-FDM = 2
-  Prach configuration Index = 12 (the preamble was transmitted only at even SFN with subframe = 0,2,4,6,8)
-  ssb-perRACH-Occasion = 1/2
-  ra-PreambleStartIndex = s
The mapping from Preamble/RO to the SI combinations shall be as follow.For that ssb-perRACH-Occasion = 1/2 and msg1-FDM = 2, the ROs for the same SSB are the same slot, such as RO1 and RO2 at slot 0 are for SSB1, while the RO3 and RO4 at slot2 are for SSB2. Then there 15 different SI combinations , so there shall be 15 different RACH resource for each SSB or 8 preambles for each RO.


Figure 1: Mapping from Preamble/RO to SI request






From the above example, we can see that UE can calculate how many preambles shall be reserved for SI request based on the ssb-perRACH-Occasion and the number of the SI request. For example if ssb-perRACH-Occasion = 1/2 and k(the number of SI request) =15, then   = 8 preambles shall be reserved. Note that  shall be smaller than 64- totalnumberofRA-Preambles,in which totalnumberofRA-Preambles indicate the total preamble number that reserved for the CBRA and CFRA.

Purpose 3:A joint mapping method shall be considered, the total number of RA resources for each SSB shall be equal to the number of the SI request.
Proposal 4:The network shall indicate the ra-PreambleStartIndex and ssb-perRACH-Occasion as si-Request-resources, the UE calculates how many preambles are reserved for SI request only based on the ssb-perRACH-Occasion and the number of SI requests.
Proper 5:Assign the RA resources to the different SI request according to the same order as CBRA.

First in increasing preamble indices within a single RACH occasion
Then in increasing number of frequency multiplexed RACH occasion
Then in increasing number of time-domain RACH occasion within a RACH slot 
Then in increasing number of RACH slot.

2.3 Asn.1 coding for the joint mapping solution 
According to the above discussion, we give the following Asn.1 coding in the table 3. In the Asn.1 coding  first we give a mSG1-SI-BITMAP to indicate which SIs are Msg1-based. And then give a si-CombinationList which is used to indicate the supported SI combinations list (This as si-CombinationList is not needed if the option 1 or option 2 in the chapter 2.1was selected). Besides, prach-ConfigurationIndex, msg1-FDM and the msg1-Frequencystart are also provided and if absent, the corresponding parameters in the Rach-Configuration Generic can be reused. 
Table 3: Asn.1 coding
--Configuration for Msg1 based SI Request
SI-Request-Config ::= SEQUENCE {
--mSG BASED si BIT MAP, FOR FORWARD COMPATIBILITY, A BIT STRING WITH SIZE = 32 shall be used 
mSG1-SI-BITMAP            BIT STRING (SIZE (maxSI-Message)),
--SI combination list: Indicate which SI combination were supported.If absent, it means 
all of the possible SI combinations are supported.
Si-CombinationList          SEQUENCE (SIZE (1..maxNrosSI-Combinations)) OF SI-Combination OPTIONAL,
--Indicate SI Request Resources
Si-Request-Resources       SI-Request-Resource OPTIONAL,
--other parameters such as prach-ConfigurationIndex , msg1-FDM, msg1-FrequencyStart, 
if absent, these parameters in the Rach-Configure Generic shall be used
Prach-ConfigurationIndex             INTEGER (0..255) OPTIONAL, 
msg1-FDM                                ENUMERATED {one, two, four, eight} OPTIONAL,
Msg1-FrequencyStart                   INTEGER (0..maxNrofPhysicalResourceBlocks-1) OPTIONAL
--The SI combination indicates the Msg1-based SI combinations, if there are n Msg1-based SI, then
the size shall be equal to n.
SI-Combination ::=                        BIT STRING (SIZE (1.. maxSI-Message))
--List of SI Request Resources
si-Request-Resources ::= SEQUENCE  {
         -- The start preamble Index, if absent, it shall start from the preamble Index that equal 
TotalNumberOfRA-Preambles.
ra-PreambleStartIndex         INTEGER (0..63) OPTIONAL,
--if absent, the ssb-perRACH-Occasion in the RACH configure shall be used
Ssb-perRACH-Occasion           ENUMERATED {oneEighth, oneFourth, oneHalf, one,two, four, eight,
sixteen} OPTIONAL
}

Proposal 6: Take the Table3 as the baseline for further discussions.

3 Conclusion.
Based on all the analysis above we give our proposal as:
Observation 1: if the SI-Request-Resource for each SI or SI combination was indicated separately, a large number of bits will be needed in RMSI.
Observation 2: In the future releases, more and more SIs would be added for the different features, which would be a potential problem for RMSI size if option 2 is adopted.
Proposal 1: The Asn.1 coding shall support RA resource configuration for the different Msg1-based SIs combination.
Proposal 2: The Asn.1 coding of si-Request-resources shall be independent from the number of the Msg1-based SI.
Purpose 3: A joint mapping method shall be considered, the total number of RA resources for each SSB shall be equal to the number of the SI request.
.
Proposal 4: The network shall indicate the ra-PreambleStartIndex and ssb-perRACH-Occasion as si-Request-resources, the UE calculates how many preambles are reserved for SI request only based on the ssb-perRACH-Occasion and the number of SI requests.

Proper 5: Assign the RA resources to the different SI request according to the same order as CBRA.

Proposal 6: Take the Table3 as the baseline for further discussions.
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