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1 Introduction
In this contribution, we intend to give an explanation for the configuration of RA resources for SSB in RACH-configCommon and propose how to configure RACH for On-demand SI request.
2 Discussions
2.1 Explanation for SSB configuration in RACH-configCommon
In the previous meeting in RAN 2, it has been agreed that the ASN.1 for the SSB configuration shall follow the approach by RAN 1 and RAN 2’s agreements were reverted. However, there is still much confusion left on how the configuration is done. In this section, we give a tutorial on this.

The previous RAN1 meetings, the following agreements have been made:
	RAN1#90bis

Agreements:

· NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index
· Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 

· NR strives to minimize the number of bits needed for the RACH configuration 

· Use 8-bits as the starting point

· FFS: If SCS and formats are part of the table

RAN1#91

Agreements:
· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively
Agreements:
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
· In the order of increasing preamble indices in single RACH occasion and then
· In the order of increasing the number of frequency multiplexed RACH occasions and then
· In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
· In the order of increasing the number of RACH slots
· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain
· FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs

Agreements:

· gNB configures in RMSI the following:

· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion

· Number of CBRA preambles per SSB per RACH transmission occasion

· Maximum size for the range of values: 4 bits

· Number of SSBs per RACH occasion

· Maximum size for the range of values: 3 bits


Furthermore, in the previous RAN 1 meeting, the following agreement was made:

	Agreements:

· To add the following text in Section 8.1 of 38.213:

Actually transmitted SS/PBCH blocks are associated to RACH transmission according in the following 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 slots. 

The number of SS/PBCH blocks associated to one RACH occasion is determined by parameter SSB-per-rach-occasion. If SSB-per-rach-occasion is less than one, one SS/PBCH is mapped to 1/SSB-per-rach-occasion consecutive RACH occasions.


Based on the RAN1’s agreement, a brief summary for the RACH resource allocation in CBRA is given as follows:
· First, with RACH-configIndex, the time domain resource allocation will be fully determined;
· Then, with msg1-FrequencyStart and numberOfRO-FDM, the number of ROs for each symbol/slot (timer domain granularity for RO) will be fully determined. 
· The ordering of the ROs is: frequency domain first, and then time domain
· Finally, with numberOfSSB-RO, the number of SSBs for each RO is determined
· With more than one SSB for each RO (SSB-per-RACH-Occasion >1) , this corresponds to 
· Joint association of SSB and preamble/RO when there are multiple RO;
· Single association between SSB and preamble when there is only one RO
· With multiple ROs or single for each SSB, this corresponds to single association between SSB and RO
· Multiple time-domain RO for one SSB confirmed by agreement
· Multiple frequency-domain RO for one SSB FFS
The main idea for the configuration can be summarized and illustrated in the following figure for the case of:

· Single association between SSB and preamble association

· Single association between SSB and RACH-occasion

· Joint association between SSB and RACH-occasion/preamble 
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2.2 On-demand SI request

For the on-demand SI request, rapporteur proposed to put the related IE in RACH-configDedicated while still listed it as FSS. However, from our understanding, the configuration for On-demand SI, either associated with preamble or RA resource or both, is not UE-specific and only UE-specific configurations should be put under RACH-configDedicated. Since the configuration is cell-specific, it is more proper to put it under RACH-configCommon. While, at the same time, on-demand SI request is not contention-based random access either and may not be put under CBRA-resource. Hence, the configuration for SSB should be a separate IE from CBRA-resource
Proposal 1: The configuration for on-demand SI-request should be put under RACH-configCommon and be separate from CBRA-resource. 
From the current TS 38.331, we can find contention based random access resources and contention free random access resources are both configured per SSB for UE. When a RACH procedure is initiated, UE will first select an SSB, and then choose a PRACH preamble and an available PRACH occasion associated with the selected SSB.

Msg1-based SI request is based on contention free random access, and some PRACH preambles/resources will be reserved for SIs. From the random access procedure in the current TS 38.321 [2], it is not clear whether the reserved PRACH preambles/resources for SIs are configured per Cell or per SSB. It seems there are both some pros and cons for each configuration method, which will be further discussed below.

Case 1: random access resources for SI request are reserved per Cell.

For this case, some specific random access resources will be reserved in the Cell and the reserved resources, i.e. PRACH preambles/resources, are independent with SSBs. In such case, when RRC triggers MAC to initiate the RACH procedure for the purpose of SI-request, RRC can indicate to MAC the random access resource associated with the requested SI. UE will transmit Msg1 using the indicated random access resource.

When gNB receives Msg1 for SI request, the gNB will identify the requested SI through the used random access resource. Since the used random access resource is independent with SSBs, the gNB cannot identify on which specific DL beam the SI request response should be sent, and the SI request response can only be sent on all configured DL beams, which will cause a waste of radio resources, especially when many DL beams are configured.
Case 2: random access resources for SI request are reserved per SSB.
In case 2, when UE initiate RACH procedure for the purpose of SI-request, MAC should first select an SSB. Then from the set of reserved random access resources for SIs associated with this SSB, MAC will select the random access resource corresponding to the requested SI. The SI request will be sent using the selected random access resource, and gNB can identify both the requested SI and the associated SSB. Then the SI request response can be sent only on the specific DL beam corresponding to the SSB.

Based on the above analysis, when RRC triggers MAC to initiate RACH procedure for the purpose of SI request, RRC is unaware of which SSB will be selected by MAC later, and of course RRC cannot know which random access resource should be indicated to MAC for SI request. In this case, RRC should indicate to MAC the requested SI instead of the specific random access resource reserved for this SI. Hence, if applying this case, the agreement “For the case of msg1-based request procedure RRC indicates to MAC the PRACH preamble/resource” may need to be revisited.

Observation: If reserved random access resources for SI request are configured per SSB, for the case of msg1-based request procedure RRC should indicate to MAC the requested SI.

Besides, if random access resources for SI request are configured per SSB, more random access resources may need to be reserved when compared with case 1. For example, as shown in Fig.1, when only preambles will be reserved for SI request for simplicity, three preambles may be reserved in case 1. However, the number of reserved preambles will be multiple times in case 2 of that in case 1, and the specific timers will depend on how many SSBs are configured.
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(a) per Cell reservation                      (b) per SSB reservation

Fig.1 reserved random access resources for SI request

In summary, the pros and cons of the above two cases are concluded in Table 1.

Table 1 Pros and Cons of the above two cases

	
	Pros
	Cons

	Per SSB reservation
	Fewer radio resources will be occupied for SI request response.
	More PRACH preambles/resources should be reserved.

	Per Cell reservation
	Fewer PRACH preambles/resources will be reserved.
	More radio resources will be occupied for SI request response.


By observing the above pros and cons, we think that the resource in the air-interface is crucial and the configuration of on-demand SI request should be per SSB. 
Proposal 2: The RACH resource configuration for msg1-based on-demand SI request should be per SSB. 
Furthermore, as we have previously pointed out, there are three approaches for the association between SSB and preamble/RACH-occasion:
· Single association between SSB and preamble association

· Single association between SSB and RACH-occasion

· Joint association between SSB and RACH-occasion/preamble 

For the configuration of RA-resource for on-demand SI request, we think that it should be the same approach of association with that of SSB: they should both be one of the above approaches. 
Proposal 3: For the RACH configuration for msg1-based on-demand SI request, the method of association between on-demand SI resource and preamble/RO should be the same as that of CBRA SSB. 
3 Conclusion

Proposal 1: The configuration for on-demand SI-request should be put under RACH-configCommon and be separate from CBRA-resource. 
Proposal 2: The RACH resource configuration for msg1-based on-demand SI request should be per SSB. 

Proposal 3: For the RACH configuration for msg1-based on-demand SI request, the method of association between on-demand SI resource and preamble/RO should be the same as that of CBRA SSB. 
4 Reference

[1] RAN2 Chairman’s notes, RAN2#100;
3GPP


0
1
2
3
m
m+1
m+2
63
Preamble index
...
Reserved for SI request
...
SSB1
SSB2



RO1
RO5
RO9
RO13
RO2
RO6
RO10
RO14
RO3
RO7
RO11
RO15
RO4
RO8
RO12
RO16
RO1
RO5
RO9
RO13
RO2
RO6
RO10
RO14
RO3
RO7
RO11
RO15
RO4
RO8
RO12
RO16
RO1
RO5
RO9
RO13
RO2
RO6
RO10
RO14
RO3
RO7
RO11
RO15
RO4
RO8
RO12
RO16
SINGLE SSB ASSOCIATION
SINGLE PREAMBLE ASSOCIATION
JOINT RO AND SSB  ASSOCIATION
SSB1
SSB2
SSB3
SSB4
# OF SSB PER RO =1
# OF PREAMBLE PER SSB PER RO=0
SSB1
SSB2
SSB3
SSB4
PREAMBLE 1
PREAMBLE 2
PREAMBLE 3
PREAMBLE 4
# OF SSB PER RO =4
# OF PREAMBLE PER SSB PER RO= 1
SSB1
SSB2
PREAMBLE 1
SSB3
SSB4
PREAMBLE 1
PREAMBLE 3
# OF SSB PER RO =2
# OF PREAMBLE PER SSB PER RO= 2
PREAMBLE 2
PREAMBLE 4
PREAMBLE 2
PREAMBLE 3
PREAMBLE 4



0
1
2
3
n
n+1
n+2
63
Preamble index
...
SSB1
SSB2
Reserved for SI request
...
Reserved for SI request



