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1. Introduction

On-demand system information delivery has been discussed in the recent RAN2 meetings. At RAN2#97bis, the following agreements were made [1]:
Agreements for on demand request of broadcast SI transmission.

1:
For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request.

2: 
If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is included in minimum SI then SI request is indicated using MSG 1. 

3:  If the PRACH preamble and/or PRACH resource specific to each SIB or set of SIBs which the UE needs to acquire is not included in minimum SI then SI request is included in MSG3.

FFS Error handing in case SI is not received

FFS whether the request delivered in MSG 3 can be used for unicast delivery or for delivery of SI by dedicated signalling after a transition into connected, or other options

This contribution is to discuss further details on the MSG1 solution.
2. Discussion
In RAN2, a number of contributions have been presented/proposed with regard to the Msg1 solution. Our observation shows that in those contributions there are several variations under the name of ‘Msg1 solution’. This paper is aimed to analyze and evaluate the variations.
2.1. Variation 1: Msg1 + SI Broadcast
This relatively simple solution is seen in [2] [3] [4], where the UE sends a preamble and waits for the requested SI(s) to be broadcasted, as shown in Fig. 1. 
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Fig. 1

Fig. 2 shows a further detailed view of the solution. The minimum system information (not shown) broadcasts the schedule information (periodicity, window size, etc.) of Other SIs. The UE that desires to receive some of the Other SIs may send Msg1 (preamble) at one RACH opportunity during the SI period. As previously agreed, the SI window is scheduled but the gNB may not actually transmit the Other SI in this window until it receives a request from UE(s). The UE that sent the Msg1 may start monitoring PDCCH to attempt to decode DCIs with SI-RNTI from the beginning of the window until it 
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Fig. 2

According this scheme, once the UE transmit the preamble, it does not have to monitor DL until the next SI window. In addition, due to no Msg2 there is no extra downlink resource needed besides the one used for the actual SI broadcast. Therefore, this approach is apparently resource-friendly and of low complexity, as long as everything goes well. 
Fig. 3 illustrates the case where the Msg1 gets lost. Since there is no acknowledgement, the UE will not know that the Msg1 may have been lost until the end of the SI window. The UE may retransmit the Msg1 during the next SI period. 
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Fig. 3

In the case of one Msg1 retransmission, the maximum delay from the first Msg1 transmission to the reception of the Other SI is two times of the SI period. In LTE, the SI periodicity ranges from 80 to 5120ms. Considering that SIs to be delivered by on-demand basis will tend to have relatively longer periodicity, the potential delay caused by a loss of a preamble could be significant. In addition, when the preamble is lost, the UE has to monitor the whole SI window regardless, wastefully consuming battery power. Consequently, unless Msg1 transmission is sufficiently reliable, this approach could result in potential long delay and extra battery power.
One might argue that a preamble lost may be recovered by other UEs possibly sending the same preamble during the same SI period. While this is true, in order for this recovery scheme to work, the arrival rate of the SI request in one SI period has to be high enough so that two or more requests of a same kind are highly likely to be expected. However, with this assumption the probability of at least one request present in a period is much higher
, which may lead to the situation where the SI is broadcasted at almost every SI period. Under such a case, periodic broadcast is a much better choice due to no Msg1 overhead. This tells us that in a typical operating condition the request arrival rate is expected to be considerably low and therefore the recovery method mentioned earlier will not work for most of times.
Observation 1: Msg1 without an acknowledgement is a low complexity solution but unless Msg1 is reliable it could result in potential long delay and extra UE power consumption.
2.2. Variation 2: Msg1 + Acknowledgement + SI Broadcast
It is mentioned in [5] that Msg2 should be used in order to determine whether the SI request was successful. It is also mentioned that several UEs that transmit the same Msg1 can receive the same Msg2 response. In addition, [6] suggests that an acknowledgement is important to save UE battery and to avoid increased latency.

A general form of this variation is shown in Fig. 4, where after sending the preamble (Msg1) the UE is supposed to receive an ‘acknowledgement’. 
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Fig. 4

Herein, if Msg1 is lost, the UE receives no Msg2 and chooses to retransmit the Msg1. If this retransmission is responded with the acknowledgement during the same SI period, there will be no additional delay or wasteful power consumption (Fig. 5). If there is no retransmission opportunities in this SI period and the next opportunity is in the next SI period, the UE can still save power by not monitoring the SI window (Fig. 6).
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Fig. 6

The question is whether Msg2-like signaling should be used as an acknowledgement. The purpose of LTE Msg2 (RAR) is to provide the UE information necessary to proceed to Msg3 transmission, such as Timing Advance and UL grant. Obviously, these kinds of information are unnecessary for UEs not sending Msg3. Hence, regardless of whether Msg2-like signaling is used or not, the acknowledgement will not serve as a regular Msg2/RAR for the RACH process. Further details have to be discussed, though.
Observation 2: The acknowledgement (Msg2/RAR-like or other) will reduce the latency and UE power consumption with a cost of signaling overhead.

Observation 2-1: The acknowledgement will not serve as a regular Msg2/RAR.
2.3. Variation 3: Msg1 + SI on Msg2
The third variation of the Msg1-based solution is seen in [7] [8], where Msg2 (RAR) directly carries the contents of a requested SI, as shown in Fig.7. If the preamble is lost, after monitoring the RA window the UE will simply retransmit it in the next opportunity. This approach seems to provide the minimum latency compared to the aforementioned variations. Moreover, it will introduce no wasteful UE power consumption.
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Fig. 7

In this approach, however, there are at least the following two issues that need to be addressed:
1. Whether Msg2 have an enough size to carry the whole content of a SIB or a group of SIBs requested by UEs. This is up to the NR MAC design. 
2. Since only the UE that transmits the preamble will monitor the RA window, this approach is more like a unicast, which means that the usage of the DL resources is nearly
 proportional to the number of requests. While we assume that the average arrival rate of on-demand SI requests is low enough in order for on-demand delivery to make sense over periodic broadcast, an occasional temporary burst of requests may possibly result in DL congestion. 
Observation 3: The approach of Msg2 carrying the content of a requested SI/SI group will provide minimum latency with no wasteful UE power consumption but is dependent on the NR Msg2/RAR structure and may occasionally result in DL congestion.
2.4. Summary
The table shown below summarizes the discussions above.
	
	Variation 1 

Msg1+SI broadcast
	Variation 2

Msg1+ACK+SI broadcast
	Variation 3

Msg1+SI on Msg2

	Delivery Type
	Broadcast
	Broadcast
	Unicast

	Latency
	Could be long (
	Normal (
	Short ( (

	Resource Usage
	Low (
	DL resource for ACK (
	Proportional to # of requests, possible DL congestion (

	UE Power Consumption
	High when Msg1 gets lost (
	Normal (
	Normal (

	Limitation
	
	
	Size of Msg2/RAR to carry requested SIBs (


3. Conclusion
Observation 1: Msg1 without an acknowledgement is a low complexity solution but unless Msg1 is reliable it could result in potential long delay and extra UE power consumption.
Observation 2: The acknowledgement (Msg2/RAR-like or other) will reduce the latency and UE power consumption with a cost of signaling overhead.
Observation 2-1: The acknowledgement will not serve as a regular Msg2/RAR.
Observation 3: The approach of Msg2 carrying the content of a requested SI/SI group will provide minimum latency with no wasteful UE power consumption but is dependent on the NR Msg2/RAR structure and may occasionally result in DL congestion.
Proposal: RAN2 to further study these three variations for Msg1-based solution.
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� Based on Poisson distribution. For example, if we assume 60% of SI periods having two or more requests, 86% of periods will have at least one request.


� If multiple UEs send the same preamble at the same PRACH resource, one Msg2 can be shared by those UEs. Therefore, it is not exactly proportional.
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