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1 Introduction
In the email discussion [95#29][NR] on-demand SI [1], several companies indicated that our simple resource saving analysis, proposed in [2], may provide a good starting point for showing the benefit of the on-demand SI broadcast mechanism in NR. 
In this contribution we provide more precise resource saving quantification using detailed calculations taking into account the different sizes and periodicities of SIBs.
2 Discussion
2.1 Assumptions and Metrics 
In order to analyse the resource saving, we first describe the on-demand SI broadcast solution briefly. Then introduce the assumptions and metrics used for the performance evaluation in section 2.2.
As shown in Figure 1, similar to the periodic broadcast of SI (legacy case), the on-demand SI transmission occasions are still predefined with the periodicity of the broadcast interval T. However, the transmission of on-demand SI will depend on receiving a request from UE(s) within the interval T (before this transmission opportunity). For example, in Figure 1, system information, marked in red, will be transmitted following UE(s) request(s), while other available system transmission opportunities, marked in white, will be cancelled since no requests from UE(s) were received before the transmission opportunities. This means that resources on the cancelled transmission opportunities will be saved. Moreover, considering that the system information is still broadcasted (periodic or on-demand), irrespective of how many UEs have requested SI transmission during the interval T, there will only be one transmission and all UEs will be able to decode it. 
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Figure 1: Example of on-demand broadcast

In terms of when and how UE requests on-demand system information delivery, the following are some possible examples that can be considered:

· Cell change

· UE has interest in a particular service (e.g., MBMS, MTC) or,

· before UE cell connection  

UE will request system information using, for example:

· Common preamble 

The details on when and how UE requests system information can be discussed at a later stage. We think it will not impact the gain analysis discussed in this paper.

To try and get an idea of the possible gain due to on-demand SI broadcast, the probability of on-demand system information transmission in a particular interval T is analysed, based on Poisson arrivals of UEs requesting on-demand system information. That is, if the mean arrival rate of UEs requesting on-demand system information is λ UEs per second, then the probability of at least one UE request during an interval of T second is given by equation (1):
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Assuming T is the periodicity of broadcast SI, when there is at least one UE request of Other SI during an interval T, based on our solution, the system information will be broadcasted at the coming transmission opportunity, otherwise the transmission opportunity will be skipped. Hence, the probability of at least one UE request for SI during T (P(N>0)) is also the probability of on-demand broadcast transmission as request. This probability is termed “system information occupancy” in our previous contribution [2]. The “system information occupancy” is the ratio of transmission instances between the on-demand and normal broadcast approach, over a very long time observation window. This means that the probability of resource saving is given by 1- P(N>0). 
The periodical system information broadcast determines the upper bound of radio resources saving for the on-demand system information broadcast.
2.2 Performance evaluations 

Figure 2 shows the probability of on-demand SI broadcast for transmission interval of T = 80, 160, 320, and 640 [ms] based on the periodicity of SI message given in TS 36.331:
SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfo ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












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


sib-MappingInfo





SIB-MappingInfo }

The x-axis represents the number of UEs requesting on-demand Other SI arriving every second in the cell. The y-axis represents the probability of on-demand SI broadcast in a particular transmission interval T. Moreover, the periodic broadcast of Other SI in T = 80, 160, 320, and 640 [ms] gives the upper bound limit for the on-demand broadcast of Other SI.

In Figure 2, as expected the resource saving is reduced with increased T since the probability of UE(s) request(s) in T is increasing and this means that signalling overhead for the on-demand SI broadcast approach is going to be comparable to the normal periodic broadcast of SI with longer T. For example, while for T=80 [ms], a resource saving of 45% is to be expected in the case of 10 UEs request rate, this saving is reduced to 20% for T=160 [ms], 5% for T=320 [ms], and no saving for T=640 [ms] (i.e. both the on-demand broadcast and the periodic broadcast of SI are the same in terms of signalling overhead cost of SI delivery).

Additionally, with fixed T (e.g. 80 [ms) the saving observed in Figure 2 is reduced with increased average SI request rate from UEs (i.e. increased system load).
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Figure 2: resource saving using on-demand SI broadcast compared with periodic broadcast of SI

To understand the effect of different SIBs sizes (in RBs) on the percentage of resource saving (shown in Figure 2), we calculate the number of resource blocks required to transmit the SIBs using on-demand broadcast approach for the Other SI and the periodic broadcast approach for minimum SI.
The SIBs sizes (in required RBs) and periodicity of SIBs provided in [3] are used in this evaluation. The assumption in [3] is that SIB1-SIB5 are minimum SI while SIB6-SIB20 are Other SI. We understand that this assumption may be different to other contributions (in RAN2#95) that may consider MIB, SIB1, and SIB2 as minimum SI and SIB3-SIB20 as Other SI. Nonetheless, in this contribution and for the sake of calculation simplification, we follow the assumption in [3]. We think that the trend in resource saving should be similar with either of the two assumptions above.     
Table 1 shows the number of RBs required for SIBs transmission in interval T = 640 [ms], and the rate of RBs required for SIBs transmission per second. 

	SIBs
	number of RBs required for SIBs within SI periodicity T = 640 [ms]
	Rate of RBs required for SIBs per second (Number of RBs/T) [RBs/s] 

	SIB1-SIB20
	1706
	2666.56

	SIB1 to SIB5
	1156
	1806.20

	SIB6 to SIB20 
	550
	859.37


Table 1: number and Rate of RBs required for broadcasting SIB1 to SIB20 (based on Table 2 in [3]).

The number of RBs transmitted per second R is calculated using equation (2):
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where X is the number of RBs per second required for broadcasting SIB1-SIB5, and Y is the RBs per second required for broadcasting SIB6-SIB20. For example, as shown in Table 1, assuming that SIB1-SIB5 are always broadcasted in normal periodic broadcast, X = 1806.20 (=1156/0.640) [RBs/s], while for SIB6-SIB20 broadcasted on-demand Y = 859.37 (=550/0.640) [RBs/s] when T=640ms as assumed in [3] for other SI. Y = 3437.5 (=550/0.640) *4[RBs/s] when T=160ms.
In Figure 3, R is the number of RBs required to deliver SI using the normal periodic SI broadcast for SIB1-SIB5 and the on-demand SI broadcast for SIB6-SIB20. The broadcast interval T = 160 and 640 [ms]. From Figure 3, it is clear that for zero UE request rates, the number of RBs required is corresponding to periodical broadcast of SIB1-SIB5, as these are always broadcasted. As UE request rates grow, the total amount of SIB RBs requested increases until reaching the upper bound given by the number of RBs required to deliver all SIBs using the normal periodic broadcast approach. 
More specifically, in the case of T=640 [ms], the amount RBs required for on-demand SIBs (SIBs 6-20) quickly saturates (with the increase of UE request rates) to the upper bound. This way, total on-demand SI data rate is rather small. Also, due to the large T value, already at rather small UE request rates, in every broadcasting period it is more likely to have at least one user requesting on-demand SI, so total data rate will quickly saturate to upper value. On the other hand, in the case of T=160 [ms], the amount RBs required for on-demand (SIBs 6-20) is expected to slowly saturates. This is because for a smaller T, and for low UE request rates, there will be many broadcast periods when no UE will demand additional SIBs. However, as the UE request rates grow, more and more broadcasting periods with UE demanding additional SIBs, thus increasing the total delivered PRB rate nearly linearly. Saturation to maximum value is now at much higher RB rate , because the same amount of on-demand SIB blocks is delivered with higher frequency (every T= 160 [ms] as opposed to every T = 640 [ms]).
In conclusion, we think it may be better to bound the total data rate delivered by using larger T. Larger T will more quickly saturate, but the gain from on-demand SIB scheme will diminish. On the other hand, larger T imposes larger delay for UE to obtain SIBs. 
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Figure 3: number of RBs per second required to deliver periodic SI (SIB1-SIB5) and on-demand SI (SIB6 – SIB20) for interval T = 160 and 640 [ms].
Note that this paper does not take into account beamforming. More saving may be envisaged in the case of beamforming since system information will only be transmitted on beams where the demands were received. 
One possibility to factor in beamforming effect is to scale results obtained in Figures 2 and 3 by scaling number of resources required for unicast transmission compared to those for the broadcast case.
Observation 1: on-demand SI delivery may be more suitable in the case of low system load and/or for short broadcast intervals requirement.

Proposal 1: To capture the resource saving analysis in Figure 1 and Figure 2 in the TR. 
3 Conclusion

This contribution provides more precise evaluation of the potential gain (or saving) in resources using the on-demand broadcast of Other SI. The gain calculations take into account the different sizes and periodicities of the SIBs.   

Observation 1: on-demand SI delivery may be more suitable in the case of low system load and/or for short broadcast intervals requirement.

Proposal 1: To capture the gain analysis in Figure 1 and Figure 2 in the TR. 
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