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Introduction
In RAN2#99/RAN2#AH1801/RAN2#101meetings, the following agreements are achieved on MSG1 based on-demand SI request:
Agreements
1.  RRC triggers MAC to initiate Random Access procedure for the purpose of SI-request. For the case of msg1-based request procedure RRC indicates to MAC the PRACH preamble/resource.
2.  For msg. 1-based SI request MAC indicates to RRC the reception of acknowledgement for SI request
3.  The UE is not expected to perform multiple mgs.1-based SI request RA procedures simultaneously.  A single msg.1-based SI request will be performed at a time.   
4.  For msg1-based request procedure, the RACH msg2 contains only the MAC PDU subheader for a RAR containing the Random Access Preamble ID field acknowledging the received PRACH SI preamble.

Agreements:
1:	Have a compact design on the RA resources configuration, as suggested by RAN1, and avoid a per-SSB signalling structure.
2: 	The number of preambles for group A/group B (if needed), should be the same for every SSB.
4: 	The following parameters should be adopted for the configuration of association between preambles and SSB in CBFA.
	i.	numberofSSB-Perrachoccasion
	ii.	cb-preamblesPerSSB
	iii.	numberofRA-PreamblesGroupA

Agreements:
One indicator in SIB1 indicates whether an SI message is currently broadcast or not. The indication is valid until the end of the modification period. UE cannot infer whether this is a temporary broadcast of an on demand SI or a periodic broadcast SI.

Some agreements on the association between SSB and PRACH preamble/time-frequency resource from RAN1 are reached:
	RAN1#NRAH4 meeting:
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.
RAN1#91 meeting:
Agreements:
· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.
· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.
· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI
Agreements:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion



According to the above agreements, a random access procedure is triggered for the purpose of on-demand SI-request. For the requested on-demand SI acquirement in multiple beam scenario, there are some issues need to be confirmed. 
In this contribution, we will discuss these issues about the beams determination for SI-request response transmission and for the on-demand SI transmission.
Discussion
The association between SSB and PRACH preamble/time-frequency resource
Based on the RAN1’s agreement, the association between SSB and PRACH preamble/time-frequency resource can be summarized and illustrated in the following figure 1, where PRACH time-frequency refers to PRACH occasion (abbreviated as RO):
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Time domain resource: PRACH-configIndex
· Frequency domain resource: prach-FDM, SSB-per-rach-occasion 
· SSB-per-RACH-Occasion >1: more than one SSBs mapped to each RO
· SSB-per-RACH-Occasion <= 1: multiple ROs or single RO mapped to each SSB
 [image: ]           [image: ]     
Figure1 the association bewteen SSB and preamble/RO

Number of PRACH occasions (RO) can be determined based on high layer parameters PRACH-configIndex and prach-FDM. For each RO, total 64 preambles can be used for normal RACH procedure and SI-request RACH procedure. NW can indicate the number of SSBs associated with one RO and the total number of preambles for CBRA and CFRA by high layer, these preambles are averaged by all the SSBs associated with the RO, and preamble indices for CBRA and CFRA are mapped consecutively for one SSB.
According to the association, if a UE sends a preamble in a RO, the NW can determine the corresponding DL TX beam associated with the SSB for Msg2.
Msg1 transmission for on-demand SI request
Based on the previous RAN2 agreements, if Msg1-based on-demand SI request is used, the on-demand SI is associated with reserved PRACH preamble and/or PRACH resource.
The parameter totalNumberOfRA-Preambles is captured in the ASN.1, which means the total number of preambles used for contention based and contention free random access, excluding preambles used for other purposes (e.g. for SI request). If the field is absent, the UE may use all 64 preambles for RA.
RACH-ConfigCommon ::= 				SEQUENCE {
	-- Generic RACH parameters 
	rach-ConfigGeneric			RACH-ConfigGeneric,

	-- Total number of preambles used for contention based and contention free random access, excluding	
	-- preambles used for other purposes (e.g. for SI request). If the field is absent, the UE may use all 64 preambles for RA.
	totalNumberOfRA-Preambles			INTEGER (1..63)																		OPTIONAL,	-- Need S

	-- Number of SSBs per RACH occasion (L1 parameter 'SSB-per-rach-occasion') and the number of Contention Based preambles per SSB
	-- (L1 parameter 'CB-preambles-per-SSB'). By multiplying the two values, the UE determines the total number of CB preambles.
	ssb-perRACH-OccasionAndCB-PreamblesPerSSB	CHOICE { 
It seems that the cell-level preambles are reserved for SI-request purpose, and each on-demand SI or a set of on-demand SIs is associated with one preamble.  For example, in the figure2, there are 4 on-demand SIs, 4 cell-level preambles are reserved for on-demand SI-request purpose, preamble index60/61/62/63 are associated with on-demand SI1/2/3/4, respectively. These four preambles can be used by all UEs.
[image: ]
Figure2 cell-level PRACH preambles for on-demand SI request
If the cell-level preambles are reserved for SI-request purpose, the beams determination for SI-request response transmission and for the on-demand SI transmission need to be discussed and confirmed.
Issues need to be discussed 
Issue1: Beams of SI-request response transmission
If cell-level PRACH preambles are predefined for on-demand other SI, it means that a UE who need a special on-demand SI should send the preamble associated with the special on-demand SI. If the UE sends the preamble according to the existing association between SSB and PRACH time-frequency resource for normal RACH procedure, the network can identify the RACH for on-demand SI request based on the reserved PRACH preamble, but it is impossible for the NW to determine the best DL TX beam for the SI-request response in the case of more than one SSBs associated with each RO. 
For example, in above figure2, there are two SSBs associated with each RO. SSB1 and SSB2 are associated with RO1, a UE in SSB1 or SSB2 send the preamble for on-demand SI1 on RO1, NW cannot determine the DL TX beam associated with SSB1/2 to transmit the response, because the preamble is shared between SSB1 and SSB2.
After a UE send the preamble for SI-request, the UE should receive RAR as the acknowledgement for SI-request. If the UE receives the corresponding response, it means that NW has received the SI-request, and NW will broadcast the requested SI soon or later, the UE does not need to send the same preamble for SI-request again. If the UE does not receive the corresponding response in a given interval, the UE should send the preamble again until the UE receives the corresponding response. So NW needs to determine the DL TX beams where the SI-request response should be transmitted.
In the case of one SSB is associated with one RO or multiple ROs, NW can determine the SSB according to the RO where the preamble for SI-request is transmitted, then NW sends the corresponding response on the DL TX beam associated with this SSB. However, for the case of multiple SSBs are associated with one RO, a UE sends a preamble for SI-request, NW cannot determine the best DL TX beam selected by the UE based on the existing association between SSB and PRACH time-frequency resource for normal RACH procedure. One simple solution is that the NW determines the multiple DL TX beams to transmit the SI-request response up to its implementation. However, it will cause a waste of DL radio resources when the SI-request response is transmitted on multiple DL beams, e.g. on all the DL beams for the better reception of RAR. So RAN2 should discuss the necessity of transmitting SI-request response in multiple DL TX beams.
Proposal1: Discuss that whether it is necessary to transmit the SI-request response only in the best DL TX beam. 

Issue2: Beams of requested on-demand SI broadcast 
When NW receives a preamble for SI-request on a RO, the NW can identify the requested SI and send the SI-request response, then NW will broadcast the requested SI soon or later. When NW decide to start broadcasting the requested SI, NW will update the broadcast indicator in SIB1 to indicate the requested SI message is currently broadcast. It is not clear whether the requested on-demand SI message will be broadcast on all beams or not. There are two options:
Option1: NW broadcasts the requested on-demand SI message on all beams.
As long as one UE sends a preamble for SI-request, NW broadcasts the requested SI on all beams after receiving the SI-request, the delay for on-demand SI acquirement by other UEs can be decreased due to no new SI-request procedure is needed. Meanwhile, the broadcast indicator in SIB1 corresponding to each SSB should be update to indicate the requested SI message is currently broadcast.
But transmitting an on-demand SI message on all beams will result in a high signaling overhead if only one or few UEs on corresponding beams have this requirement, especially when many beams are configured.
Option2: NW broadcasts the requested on-demand SI message on one or more beams determined based on the Msg1 reception.
This option can decrease the signaling overhead, but the delay for on-demand SI acquirement is increased, because a new SI-request procedure is needed on the beams where on-demand SI message is not broadcast. 
However, if this option is supported, another issue is raised that whether NW should also update the broadcast indicator in SIB1s corresponding to beams where the requested on-demand SI is not broadcast. If the indicator corresponding to some beams may not be updated, it conflicts with the agreement from RAN1 that RMSI information is common for all beams:
Agreements:
•       All random access configuration information is broadcasted in all beams used for RMSI within a cell
•       i.e, RMSI information is common for all beams
Table 1 Pros and Cons of the above two options
	
	Pros
	Cons

	Broadcast the requested SI on all beams
	The delay for on-demand SI acquirement by other UEs can be decreased.
Broadcast indicator update in SIB1 is same in all SSBs which complies with RAN1 agreement.
	High signaling overhead especially when many beams are configured.

	Broadcast the requested SI on one or several beams
	Low signaling overhead.
	High delay for on-demand SI acquirement in other beams.
Broadcast indicator update in SIB1 may be different in different SSBs which conflicts with the agreement from RAN1



The Pros and Cons of broadcast the requested SI on all beams or on one/several beams are provided in table1, so how to transmit the requested on-demand SI should be discussed and confirmed. 
[bookmark: _GoBack]Proposal2: Discuss that whether the requested on-demand SI should be broadcast on all the beams when NW receives an SI-request on one beam.

Conclusion
In this contribution we have discussed some issues on Msg1-based on-demand SI request. We have the following proposals based on discussions above.
Proposal1: Discuss that whether it is necessary to transmit the SI-request response only in the best DL TX beam.  
Proposal2: Discuss that whether the requested on-demand SI should be broadcast on all the beams when NW receives an SI-request on one beam.
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