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1 Introduction

In the email discussion [95#29][NR] on-demand SI [1], several companies analyses technology potential achieved by on-demand SI provisioning compared with the LTE SI provisioning scheme. The technology potential is quantified by the following metrics:

· The ratio of radio resources required for on-demand SI to the ones for the conventional LTE SI;
· The gain of on-demand SI in terms of broadcast overhead on the entire channel bandwidth.
· The gain of on-demand SI from UE power consumption viewpoints.

As proposed in [2], may provide a good starting point for details and quantitative analysis of on-demand provisioning of system information. After the RAN2#95bis meeting, RAN WG2 made the following agreements regarding on demand SI in NR. 
Agreements

1: 
For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.

2
Request of the other SI by idle and “new state” UE should be performed without state transition.

3
For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 

In this discussion paper we share our analysis and we conclude that it is beneficial to have “on demand SI”. Firstly, we provide a coarse overview of the on-demand solution briefly, and then we attempts to provide evaluation results and the impact of on-demand SI operation on UE’s SI request.

2 Discussion

2.1 On-demand SI operation
Based on the email discussion [95#29][NR] on-demand SI [1], system information is divided into minimum SI and other SI. Minimum SI is periodically broadcast. The minimum SI includes basic information required for initial access to a cell and scheduling information for any broadcast SI. The other SI encompasses everything not broadcast in the minimum SI. The other SI may either be broadcast, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE. In Figure 1 below, the preemptive priorities on-demand SI operation is illustrated. Essential system information is broadcasted in NR, just as in LTE. Other system information is only broadcasted for system information update, and is provisioned in on-demand manner in other cases.
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Figure 1:  Illustration of preemptive priorities on-demand SI operation with other system information
Evaluation is performed with the following parameters [2]:
· Ti: this is the transmission periodicity of SIBs. Although different SIBs can take different values, we take a single value for simplicity. According to LTE, it can take the value from 80 ms to 5120 ms.

SchedulingInfo ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512},


sib-MappingInfo





SIB-MappingInfo

}

· UE arrival rate λ: this is the rate when the UE triggers on demand delivery of other system information. This is highly dependent on cell size, different time in the day, how the cell reselection operation is done, UE mobility etc.

First, model the gNB using an M/M/k/k queue with preemptive priorities, where the arrival rate of Ti is λi, and the service rate isμi. Let m be the number of classes for SI periodicity. Denote (i = (λi /μi) as the traffic load of Ti. The blocking probability of one class can be obtained using the Erlang B formula in the M/M/k/k queue, expressed as
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(1)
Similar to (1), the blocking probability of the superposition of the two classes with total traffic load (1 +(2 can be calculated as follows:
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(2)
where (1,2 =(1 +(2. In the multiclass case for the M/G/k/k queue, the blocking probabilities for service classes with different SI broadcasted interval values can be obtained by heuristically generalizing (3) and (4) to an arbitrary number of k classes. A conservation law can be formulated for every set of classes Ex ={0,…, x}with 0< x ( k-1
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(3)

where P((1,2,…,Ex, k) is the total blocking probability of all classes in Ex. It describes the probability that a low-priority classes(i.e. longer size of SI broadcasted interval) that started the grant time interval prior to the grant time interval of other UEs has not finished it’s SI broadcasted time interval. In general, the blocking probability of a on-demand SI can be calculated based on (1)-(3), as follows:
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(4)

where 
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Observation 1: On-demand SI operation to support preemptive priorities with difference transmission periodicity of SIBs to access network via other on-demand SI request.
2.2 Evaluation
Refer to Samsung input [3], we assume that each UE has a SI request rate following Poisson distribution λ, and N UE will request SI when they need non-essential SI. Considering that UE may need to re-acquire non-essential when they change cell, we set λ as following table:
Table 1 On-demand SI requests [N= 4 cells in SI validity area]

	 Deployment Scenario - Parameters
	M1: Dense Urban
	M2: Rural
	M3: Urban Macro
	M4: Dense Urban High Ud
	M5: Urban Macro High Ud

	# SI requests per cell per/sec
	5.833 
	4.932 
	2.333 
	32.708 
	81.667 

	# of SI requests per sq.km/sec
	185.775 
	2.094 
	11.890 
	1041.667 
	416.136 

	Cell Size (R in meters)
	100
	866
	250
	100
	250

	Active users
	20
	20
	20
	314
	1960

	User speed 1 (in KM/h)
	3
	3
	3
	3
	3

	User speed 2 (in KM/h)
	30
	120
	30
	30
	30

	% of users with UE speed 1
	80%
	50%
	80%
	100%
	100%

	% of users with UE speed 2
	20%
	50%
	20%
	0%
	0%


Figure 2 shows a comparison of the blocking probability and transmission periodicity of SIBs for the different cell sizes, users with different speeds and different user densities. Some of the parameters for deployment scenarios depicted in Table 1 are taken from TR 38.913. We validate the analytical results by evaluation. The general distribution is set according to the assumption that grant time intervals have a service time of 1. Simulation results indicate that saturation occurs when the different broadcast SI periodicity reaches 5. As long as the blocking probability value < 1, the lower the value, the more resource efficient of on-demand delivery scheme. Saturation means that all grant time intervals of on-demand SI have been blocked. However, the lower-priority grant time intervals cannot be scheduled when the number of on-demand SI request increases and the blocking probability is more than 1. To prevent the transmission of blocked on-demand SI request from wasting resource efficient, it is necessary to verify the SI-Periodicity value from the gNB.
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(b)
Figure 2: Blocking probability with respect to UE on-demand SI request arrival rate

From the above evaluation results, the gain of the on-demand SI can be observed over the conventional LTE SI (i.e. periodic broadcast SI) in terms of radio resource efficiency and blocking probability. We suggest that Broadcast SI periodicity is short in NR. The number of cells on which the received SI is valid is large in case of on-demand SI. In other words, the rate of SI request from UE is low.
Observation 2: Broadcast SI periodicity is short in NR, even with UE completed the grant for system in formation in on-demand SI request.

The number of cells on which the received SI is valid is large in case of on-demand SI. In other words, the rate of SI request from UE is low. Periodical broadcast has increased signalling overhead with the increase of SI size and the decrease of broadcast period.
In Figure 2 (a), this chart shows that the dense scenario has a higher blocking probability than the urban scenario. For the on-demand SI request, the blocking probability of difference scenarios depend on the amount of traffic load by the selected transmission periodicity of SIBs. If the number of classes for SI periodicity value > 5, more higher-priority classes have pre-empted the lower-priority classes. 
Proposal 1: In order to achieve the performance requirement for reducing signalling overhead, we think that UE operates in on-demand broadcast for preemptive priorities on-demand SI.
3 Conclusion

We summarize the contribution with the following observations:
Observation 1: On-demand SI operation to support preemptive priorities with difference transmission periodicity of SIBs to access network via other on-demand SI request.
Observation 2: Broadcast SI periodicity is short in NR, even with UE completed the grant for system information in on-demand SI request.

Based on the above observations we request RAN2 to discuss and agree on the following proposals:

Proposal 1: In order to achieve the performance requirement for reducing signalling overhead, we think that UE operates in on-demand broadcast for preemptive priorities on-demand SI.
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