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1 Introduction

In RAN2#96 [1], it is agreed that
1: The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
2:
UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
3:
The SI transmission window in LTE is baseline for NR.
4: The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 
FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
The FFS indicates the necessity to evaluate procedure-wise design for on-demand other SI (OSI) (or unicast SI) delivery. Therefore, in this paper we discuss the SI unicast mechanism.
2 Discussion

2.1 Baseline Procedure for on-demand Unicast

In this subsection, we discuss the FFS in RAN2#96 agreement:

FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
As agreed in RAN2#95 bis [2], request of the other SI by idle and “new state” UE should be performed without state transition. To reduce the overhead of on-demand SI delivery as low as possible, it is expected that on-demand SI delivery procedure can be designed as simple as possible. In essence, on-demand SI delivery is a procedure for UE to make a “request” to gNB, and the simplest form of “request procedure” is RACH procedure, which is used by UE to request for UL resource and/or time alignment. Therefore, it is sensible to have on-demand SI unicast procedure similar to RACH procedure.

Observation 1. To reduce signalling overhead, SI request procedure shall be similar to RACH procedure. 

Since legacy RACH procedure is well designed and robust, we suggest applying the legacy RACH procedure as the baseline for on-demand SI unicast. Reusing legacy 4-step RACH for on-demand SI unicast is illustrated in Figure 1.
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Figure 1. 4-step RACH procedure for on-demand unicasted SI delivery
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Figure 2. 2-step RACH procedure for on-demand unicasted SI delivery

If 2-step RACH is adopted by NR, it shall also be used for on-demand unicast SI delivery, as shown in Figure 2.

Proposal 1. 4-step and 2-step RACH for SI request can be triggered for on-demand SI unicast.
2.2 Enhanced on-demand Unicast through Preamble Reservation
A drawback of apply legacy 4-step RACH is the inefficiency in transmitting Msg3. To be specific, since gNB does not know whether the RACH procedure is for SI request or normal access, gNB will provide a UL grant size used for RRC connection request, which may be too large for SI request. For example, if UE does not want to establish RRC connection, then content to be delivered in Msg3 may be only the desired SI ID, and thus the required UL grant size would be much smaller than the legacy Msg3 size.

Observation 2. Legacy RACH procedure has a problem of inefficient Msg3 transmission when used for on-demand SI unicast. 

To address the problem of inefficient Msg3 transmission, we could reserve a preamble dedicated for SI request, as illustrated in Figure 3. Then upon detecting the preamble, gNB knows that the UE who initiates the RACH procedure aims to request SI, and thus there is two advantages:

· gNB could grant a suitable UL grant size for SI request

· gNB could send some SIs in Msg2. For example, before UE tells its desired SI type in Msg3, gNB could provide some SIs proactively with network intelligence, i.e., gNB could provide those SI which are recently updated, are frequently requested at the moment, or are different from the neighbouring cells. In this way, it is possible that UE receives the desired SIs in Msg2 before it makes SI request in Msg3. In other words, if UE receives its desired SI in Msg2 (or in RAR window), UE terminates the SI update, and thus reduce SI acquisition latency and collision possibility.

Observation 3. Reserving a preamble dedicated for SI request improves Msg3 transmission efficiency, and may reduce SI acquisition latency and collision possibility. 
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Figure 3. SI request with reserved preamble for on-demand unicasted SI delivery
Notice that if we reserve a preamble dedicated for SI request, all UEs who perform SI acquisition will send preamble with the same preamble index, and thus there is a concern in RACH collision. That is, if more than one UEs send preamble to request SI, they will always have collided preamble and collided SI requests. To address the problem of RACH collision in preamble reservation, gNB may allocate more than one preamble for SI request or allocate more Msg2 to reduce collision probability.

Observation 4. Reserving a preamble dedicated for SI request has RACH collision issue.
A more aggressive way of preamble reservation is to assign each OSI type / OSI group a dedicated preamble, called SI-dedicated preamble. If there is a one-to-one association between each SI-dedicated preamble and the corresponding OSI type, there is no concern on SI request collision. This is because even when RACH collision occurs, gNB still has high probability to detect the preamble and thus identifies the requested OSI. This characteristic enables the network to support intensive on-demand SI requests. Figure 3 shows the exemplary signalling flow.
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Figure 3. Enhanced on demand unicast scheme with contention-free SI request
The advantage of SI dedicated preamble is the shorter SI acquisition latency compared to SI delivery with legacy RACH procedure. In addition, there is no RACH collision issue since SI preamble has carried the information of SI request.

Observation 5. 
Applying SI-dedicated preamble allows contention-free SI request, and thus can support the scenario of massive SI requests, e.g. when the cell updates an OSI and multiple UE updates it at the same time.

The main concern about SI-dedicated preamble is that it is costly to allocate each SI with a dedicated preamble. Firstly, the reserved SI preambles may have low resource utilization. Secondly, RACH collision probability may increase since the number of preamble for legacy RACH procedure decrease. Thirdly, the scheme of SI-dedicated preamble is not scalable because the number of preamble is quite limited and cannot grow with the increase of supported OSI.

Observation 6. 
The approach of SI-dedicated preamble has concerns on inefficient PRACH utilization, increased RACH collision probability for legacy RACH procedure, and unscalable to the number of supported OSI types.

However, we think the concerns on SI dedicated preamble mentioned above could be addressed, e.g.

· Divide OSI into several groups, and OSI in the same group shares the same dedicated preamble

· Assign dedicated preamble to only those OSI with frequent request and/or critical latency requirement. For OSI without frequent requests (e.g. upon SI update) and without critical latency requirement, the baseline RACH procedure or legacy SI broadcast is good enough for SI delivery.

Observation 7. 
The issue of RACH performance degradation and SI scalability from RACH preamble reservation can be eliminated with suitable RACH configuration.

	Table 1. Comparison of on-demand unicast methods

	Methods
	Baseline RACH
	1-preamble method
	N-preamble method

	Main difference
	No preamble reserved  for SI request
	1 preamble reserved for SI request
	N preamble reserved for SI request. Each SI /SI group has a dedicated SI preamble.

	Contention Of SI Request
	Yes (low)
	Yes (high) 
	No

	latency
	long, SI is delivered in Msg4
	medium, SI could be delivered in Msg2 or Msg3
	Short, SI is delivered in Msg2

	Msg3 transmission efficiency
	bad
	good
	good

	Scalable to the number of OSI types
	Yes
	Yes
	No

	Dedicated PRACH consumption
	N/A
	1 
	# of legacy preamble = # of OSI types/ groups

	PDCCH overhead
	2 PDCCH (Most)
	1 or 2 (Medium)
	1 PDCCH (Least)

	Suitable scenario
	An OSI / OSI group with low or medium SI request rate
	An OSI / OSI group that has low SI request rate
	· An OSI is frequently requested, e.g. just updated 

· An OSI that is served for latency-critical service


As we summarize in Table 1, the two enhancements through preamble reservation could enhance performance of on-demand unicast under suitable scenarios. To be specific, 1-preamble method has better characteristic than the baseline; in contrast, N-preamble method has better characteristic than the other two except for the scalability to support multiple OSI. Thus, a possible way to enhance on-demand unicast performance is to classify OSI. For example, for each OSI with frequent requests or critical latency requirement, UE request each of the OSI with a dedicated preamble; for OSI / OSI group with low SI request rate, UE requests any one of them with the same preamble; and for the other SIs, UE requests them following legacy RACH procedure.

Observation 8. gNB may configure OSI with different on-demand unicast approaches according to OSI’s request rate and latency requirement to reach performance enhancement.
Proposal 2. RAN2 considers preamble reservation as a candidate method for on-demand SI unicast procedure. 
Proposal 3. Reserve 1 preamble for SI request for unicast SI, if configured.
2.3 Enhanced on-demand Unicast against UL congestion

As addressed in [3], there is a concern of resulting UL congestion when many UEs initiates their on-demand SI request at the same time, e.g. in the scenario after SI change notification, or in the scenario when group mobility/handover occurs. 

To alleviate UL congestion, gNB could consider sharing SI transmission to multiple UE who are requesting for the same OSI. For example, when NW discovers many SI request and know it is for the recent updated OSI, gNB could use SI-RNTI to broadcast the OSI in the RAR window and we also request UE to monitor SI-RNTI in the RAR window. Therefore, UEs send SI request with overlapped RAR windows can receive the OSI without completing the full SI request procedure. Similar behaviour can be applied to CR window if there is multiple requests of one OSI from Msg3.
A new type of SI window can be defined or reuse RAR window or CR window, e.g. scrambled with SI-RNTI or RA-RNTI, so that UEs who needs the SI update could directly receive it in the window. 
Observation 9. By configuring SI response in a broadcasted manner, multiple UE requesting the same OSI could share the same SI update, and thus reduce the number of triggered on-demand SI delivery procedure.
Proposal 4. UE monitors SI-RNTI for requested OSI during RAR window and CR window and stop SI request procedure if requested OSI is received.
3 Conclusion

In this paper, we made the following observations and proposals:
Observation 1. To reduce signalling overhead, SI request procedure shall be similar to RACH procedure. 

Observation 2. Legacy RACH procedure has a problem of inefficient Msg3 transmission when used for on-demand SI unicast. 

Observation 3. Reserving a preamble dedicated for SI request improves Msg3 transmission efficiency, and may reduce SI acquisition latency and collision possibility. 

Observation 4. Reserving a preamble dedicated for SI request has RACH collision issue.
Observation 5. 
Applying SI-dedicated preamble allows contention-free SI request, and thus can support the scenario of massive SI requests, e.g. when the cell updates an OSI and multiple UE updates it at the same time.

Observation 6. 
The approach of SI-dedicated preamble has concerns on inefficient PRACH utilization, increased RACH collision probability for legacy RACH procedure, and unscalable to the number of supported OSI types.

Observation 7. 
The issue of RACH performance degradation and SI scalability from RACH preamble reservation can be eliminated with suitable RACH configuration.

Observation 8. gNB may configure OSI with different on-demand unicast approaches according to OSI’s request rate and latency requirement to reach performance enhancement.

Observation 9. By configuring SI response in a broadcasted manner, multiple UE requesting the same OSI could share the same SI update, and thus reduce the number of triggered on-demand SI delivery procedure.

Proposal 1. 4-step and 2-step RACH for SI request can be triggered for on-demand SI unicast.
Proposal 2. RAN2 considers preamble reservation as a candidate method for on-demand SI unicast procedure. 
Proposal 3. Reserve 1 preamble for SI request for unicast SI, if configured.
Proposal 4. UE monitors SI-RNTI for requested OSI during RAR window and CR window and stop SI request procedure if requested OSI is received.
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