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Introduction
On demand SI was discussed in CP and some agreements were reached. However, there are still some issues to be solved in UP.
The agreements in RAN2 AH NR#2 are as below:
Agreements for Msg1 based SI request method:
1:	RAPID is included in Msg2.
2: 	Fields Timing Alignment Information, UL grant and Temporary C-RNTI are not included in Msg2.
3:	RACH procedure for SI requests is considered successful when Msg2 containing a RAPID corresponding to the transmitted preamble is received.
4:	Msg2 reception uses RA-RNTI that corresponds to the Msg1 transmitted by the UE (details of RA-RNTI selection left to UP discussion)
5:	UE retransmits RACH preamble according to NR RACH power ramping 
6: 	Msg1 for SI request re-transmission is continued until reaching max preamble transmissions. Thereafter, a Random Access problem to upper layers is indicated. (depending on the NR RACH procedure design)
FFS: Upper layer actions when MAC reports Random Access problem. To be discussed in CP session.
7:	Back off is applicable for Msg1 based SI requests but no special Back off subheader/ procedure is required.

Agreements for Msg3 based SI request method:
1: 	UE determines successful Msg3 based on reception of Msg4 
FFS Details of the Msg4 content used to confirm successful Msg3. To be discussed initially CP.
2:	Preamble(s) for SI request using Msg3 based Method are not reserved.
3:	RRC signalling is used for SI request in Msg3.
FFS: RRC signalling how to indicate the requested SI/SIB details left to ASN.1 work.
5:	Temporary C-RNTI received in Msg2 is used for Msg4 reception
In RAN2#99, UP agreed that:
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.
On demand SI is only applicable to idle or inactive UEs according to TS38.300.[1]:
“For UEs in RRC_CONNECTED, dedicated RRC signalling is used for the request and delivery of the Other SI. For UEs in RRC_IDLE and RRC_INACTIVE, the request triggers a random access procedure (see subclause 9.2.6) and is carried over MSG3 unless the requested SI is associated to a subset of the PRACH resources, in which case MSG1 can be used. When MSG1 is used, the minimum granularity of the request is one SI message (i.e. a set of SIBs), one RACH preamble can be used to request multiple SI messages and the gNB acknowledges the request in MSG2. When MSG 3 is used, the gNB acknowledges the request in MSG4.”
In this contribution, we discuss the impact of on demand SI on RA procedure from the following aspects:
1. Ongoing RA procedure;
2. RA procedure stop
3. Contention resolution for Msg3 based SI request
Discussion
Generally, RA procedure for SI request should be common to RA procedures for other use cases as much as possible. The commonality could include: power ramping; back off; Msg2 reception; Random Access problem indication to upper layers, and so on. So we only discuss the specific issues which is possibly different with other RA procedures.
Ongoing RA procedure
In RAN2#97bis, we agreed that: “There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization.” 
Normally, even if there are multiple RA procedures triggered, UE needs to perform one RA procedure only. For example, if RA procedure due to DL data arrival and UL data arrival are triggered simultaneously, both DL data and UL data can be transmitted after one successful RA procedure. However, while on demand SI is introduced, on demand SI and other use cases should be resolved separately. It seems that if UE has the capability, it is possible for UE to perform RA procedures for SI request and for connection establishment during the overlapped period. Two parallel RA procedures can accelerate both the SI request and connection establishment procedures in theory. But because the latency requirement of on demand SI is not stringent, the advantage of two parallel RA procedures is small. Meanwhile, there are many questions if we allow two parallel RA procedures:
· Whether UE can send two preambles? If UE can, how to select the PRACH resources?
· How to monitor Msg2?
· Should UE send SI request or connection establishment request in Msg3 in higher priority?
Considering the minor advantage and the complexity, it is better not to introduce two ongoing RA procedures considering SI request.
Proposal 1: There is at most one Random Access procedure ongoing at any point in time in a MAC entity even considering on demand SI.

With one ongoing RA procedure at the same time, there are still four altenatives if RA procedures for SI request and for connection establishment (initial access or resumption from RRC_INACTIVE) are triggered simultaneously. For better comprehension, we call the RA procedure for SI request RACH1, and RA procedure for connection establishment  RACH2.
· Alternative 1: UE connects to gNB first, and then sends SI request via dedicated RRC signalling


Figure 1 Example of UE connecting to gNB firstly
In this alternative, UE performs RACH2 only. 
If RACH1 is ongoing when RACH2 is triggerred, UE should stop RACH1 and perform RACH2. The details are shown below:
· Msg1 based SI request:  RACH1 is stopped and UE sends a new Msg1 for RACH2.
· Msg3 based SI request: If RACH2 is triggerred before UE sending SI request in Msg3, UE sends RRC connecteion setup request or resumption request in Msg3 instead. Then the RACH1 is converted to RACH2. If RACH2 is triggerred after UE sending SI request in Msg3, UE should stop RACH1 and sends a new Msg1 for RACH2.
In alternative 1, UE stops RACH1 always and a RRC signalling of SI request should be sent after UE entering connected mode.

· Alternative 2: UE performs RA procedure for SI request first, and then performs RA procedure for connection establishment


 
Figure 2 Example of UE requesting SI first
In alternative 2, UE should perform two RA procedures consecutively.
If RACH2 is triggered when RACH1 is ongoing, UE should perform RACH2 after RACH1 procedure is completed.
If RACH1 is triggerred when RACH2 is ongoing, UE should suspend ongoing RACH2 and perform RACH1. The details are shown below:
· Msg1 based SI request: UE should stop RACH2 but stores the Msg3 buffer (for later RA procedure). And UE should restart RACH2 after RACH1 is completed successfully.
· Msg3 based SI request: If RACH1 is triggerred before sending RRC signalling for connection establishment in Msg3, UE sends SI request in Msg3 instead. Then the RACH2 is converted to RACH1. If RACH1 is triggerred after sending RRC signalling for connecteion establishment in Msg3, UE should suspend RACH2 and send a new Msg1 for RACH2. Meanwhile, UE should store Msg3 buffer for RACH2 and restart RACH2 after RACH1 is completed successfully.
In alternative 2, UE will delay to access the gNB and possibly increase UE power consumption because of the RA procedure suspension. And it incurs other questions such as the consideration of the parameters of RACH reattempt. The possible benefit of alternative 2 is saving one RRC signalling of SI request.

· Alternative 3: If one RA procedure is ongoing, UE completes this RA procedure first (no suspend). Otherwise, in case of simultaneous triggers, UE selects any of the RA procedures randomly and only starts the other one (if needed) after the first one has  completed.
The alternative 3 is a compromise of alternative 1 and alternative 2.
In alternative 3, there is no question of the parameters of RACH reattempt due to RA procedure suspension and restart. However, UE should delay the access to the gNB if RA procedure due to on demand SI is ongoing or selected first as in alternative 2.

· Alternative 4: RA procedure selection and potential suspension is all left to UE implementation
In above first 3 alternatives, UE performs RA procedure with specified rules. However, it is hard to say which RA procedure should have higher priority at a given time. For example, a given UE may prefer RA procedure for SI request while near the boundary of SI period for getting SI a period earlier. Another example is in Msg3 based SI request, if UE had sent the RRC signalling of SI request in Msg3, UE may prefer to wait Msg4 in this RA procedure.  For connection establishment, while important data or low latency data arrival, UE would like to perform the RA procedure for connection establishment first. So it seems more reasonable that UE can decide the priority of RA procedures by itself.
In alternative 4, UE can perform RA procedures with higher efficiency based on its condition and algorithm. So the alternative 4 is preferred. If UE wants to suspend an ongoing RA procedure and restart it after another RA procedure is completed, the parameters of RACH reattempt should be considered as alternative 2.

Proposal 2: In case of simultaneous SI request and RRC connection RA triggers, it is up to UE implementation which RA procedure should be performed first.
· If RA procedure for SI request is performed first, UE should store the Msg3 buffer for connection establishment and suspend any potential ongoing RA procedure for connection establishment. Then UE should perform corresponding RA procedure after the RA procedure for SI request is completed successfully.
· If RA procedure for connection establishment is performed first, RA procedure for SI request should be cancelled whether it is ongoing or not. And the SI request should be sent in dedicated RRC signalling after UE entering connected mode.
RA procedure stop
For other use cases but SI request, any RA procedure must be completed once it has been initiated. For on demand SI, if UE knows that the requested SI will be sent, it is unnecessary for UE to continue the RA procedure, as shown in Figure 3.



[bookmark: _Ref489340780]Figure 3 Example of indication of on demand SI

Proposal 3: The RA procedure for SI request could be stopped and cancelled when UE knows the requested SI will be sent.
Contention resolution for Msg3 based SI request
It was agreed that “UE determines successful Msg3 based on reception of Msg4” and “RRC signalling is used for SI request in Msg3” for Msg3 based SI request. The RRC signalling for SI request should be discussed in control plane. Regardless which kind of RRC signalling is adopted, contention resolution can be implemented by CCCH MAC CE. This CCCH MAC CE should include the contents provided in Msg3.
Proposal 4: CCCH MAC CE should be used for contention resolution for Msg3 based SI request and contain the contents provided in Msg3.
Conclusion
In this contribution, we discuss the RA procedure and give below proposals.
Proposal 1: There is at most one Random Access procedure ongoing at any point in time in a MAC entity even considering on demand SI.
Proposal 2: In case of simultaneous SI request and RRC connection RA triggers, it is up to UE implementation which RA procedure should be performed first.
· If RA procedure for SI request is performed first, UE should store the Msg3 buffer for connection establishment and suspend any potential ongoing RA procedure for connection establishment. Then UE should perform corresponding RA procedure after the RA procedure for SI request is completed successfully.
· If RA procedure for connection establishment is performed first, RA procedure for SI request should be cancelled whether it is ongoing or not. And the SI request should be sent in dedicated RRC signalling after UE entering connected mode.
Proposal 3: The RA procedure for SI request could be stopped and cancelled when UE knows the requested SI will be sent.
Proposal 4: CCCH MAC CE should be used for contention resolution for Msg3 based SI request and contain the contents provided in Msg3.
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