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1 Introduction

As addressed in Email discussion [94#40][NR] System Information, on-demand system information acquisition is thought as an efficient way to reduce network signalling overhead, in particularly for the scenarios of HF NR. This paper considers two possible ways of on-demand SI delivery, i.e. on-demand broadcast and on-demand unicast, and provides evaluation results for signalling overhead. 
2 Discussion
2.1 Approaches of On-demand System Information Acquisition
In this section, we introduce three options for procedures of on-demand system information acquisition. Note that in this evaluation we aim to investigate the characteristic of on-demand broadcast and on-demand unicast, rather than to specify the detailed design of SI acquisition procedure. The three options are proposed as below and in Figure 1.

· Option 1. Periodic broadcast
· It is the baseline as in legacy LTE. eNB periodically broadcast non-essential SI.
· Option 2. On-demand broadcast.

· eNB reserves DL resources periodically for SI transmission. 
· When a UE in idle mode needs non-essential information, it sends a SI preamble to inform eNB of the intention for on-demand SI request. 
· After receiving RAR, UE sends its SI request. After receiving SI request, eNB then send the corresponding SI response in the following reserved resources for SI transmission. UE who send SI request monitor the reserved SI resources, and retrieve desired SI.
· If no UE requests for SI information, the reserved resources can be utilized for other data transmission.
· Option 3. On-demand Unicast

· When UE in idle mode needs non-essential information, it first get RRC connection, and then send SI request. eNB then sends SI response to the UE with unicast.
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Figure 1 Illustration of three options for non-essential SI delivery

2.2 Numerical Evaluation Results
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Figure 2 Signaling overhead for different UE number and SI size
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Figure 3 Signaling overhead for different broadcast period and SI size

From Figure 2 and Figure 3, we have observations as below
Observation 1. Periodical broadcast has increased signalling overhead with the increase of SI size and the decrease of broadcast period.

Observation 2. On-demand unicast has signalling overhead proportional to number of UEs and SI request rate.
Observation 3. When UE number is small, both on-demand unicast and on-demand broadcast can save much more signaing overhead than periodic broadcast.

Observation 4. On-demand broadcast always has less signalling overhead the on-demand unicast.
Based on observation 4, we have the proposal 1.
Proposal 1：On-demand broadcast is baseline NR eNB implementation
Although on-demand unicast has more signalling overhead than on-demand broadcast, on-demand unicast has advantage in SI acquisition latency. The three options has approximate average SI acquisition latency as below.

· Periodic broadcast : half the broadcast period

· On-demand broadcast : half the broadcast period added by the period length between when UE sends a preamble and when UE sends SI request

· On-demand unicast : It’s about the time to finish RRC connection establishment and the time to finish SI request/response signalling.

We can see on-demand unicast on expectation will have much less SI acquisition delay than the other two, because the latency of initial access (about 80~90 ms) is much less than the broadcast period of non-essential SI (it could be several minutes to a few hours).
Observation 5. On-demand unicast has much less SI acquisition latency than periodic broadcast and on-demand broadcast. 
From observation 5, it’s desired to investigate in what sceanrios on-demand unicast is more suitable than on-demand unicast.
Proposal 2: Study what scenarios are suitable to apply on-demand unicast more than on-demand broadcast, e.g. for the scenario when the number of UE is small or for latency sensitive scenario.

Proposal 3. Capture the evaluation results into TR for NR on-demand SI acquisition. 
3 Conclusion
From our evaluation results, we have the following observations
Observation 1. Periodical broadcast has increased signalling overhead with the increase of SI size and the decrease of broadcast period.

Observation 2. On-demand unicast has signalling overhead proportional to number of UEs and SI request rate.

Observation 3. When UE number is small, both on-demand unicast and on-demand broadcast can save much more signaing overhead than periodic broadcast.

Observation 4. On-demand broadcast always has less signalling overhead the on-demand unicast.

Observation 5. On-demand unicast has much less SI acquisition latency than periodic broadcast and on-demand broadcast. 

Based on these observations, we have two proposals.

Proposal 1：On-demand broadcast is baseline NR eNB implementation
Proposal 2: Study what scenarios are suitable to apply on-demand unicast more than on-demand broadcast, e.g. for the scenario when the number of UE is small or for latency sensitive scenario.

Proposal 3. Capture the evaluation results into TR for NR on-demand SI acquisition. 

4 Appendix

4.1 Traffic Model Assumptions and Parameter Settings 
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 3 minutes.

	Parameters
	Values

	SI request rate for each UE
	3 minutes

	SI request size
	4 bytes, because there is no need to include UE ID as RRC connection request

	SI response
	100 bytes, 200 bytes


5 Reference
[1] [94#40][NR] System Information (Samsung)
[image: image1][image: image4.png]eNB
UE 5G eNB
. . . € Periodic broadcast
time (non-essential system
UE e b information)
Broadcast period Broadcast period UE 5G eNB
Periodic broadcast
NB response
€ Request o Not used < (essential system information)
1 1 PRACH preamble transmission
UE1 UE2 time Jkandom Access Response (UL grant)
UE < < S| Request
Broadcast period Broadcast period <t Sl Response (broadcast)
network UE 5G eNB
eNB  Broadcast ~connection
essential 5| establishment Sl request Sl response Periodic broadcast
. ﬁ ﬁ Z / \\ . 1essentia| system information)
{} {} k] time Network connection

UE

UE1 UE2 UE1 UE2 UE1 UE2

Sl requ.
Sl response (unicast)

[



[image: image5.png]T =200 ms, A = 1/0.05 hr, Sl info. = 200bytes

0.7
—— periodic broadcast

"g 0.6 ——on-demand broadcast
E ——unicast
@ 0.5
<
g o4
3
+
203
]
202
©
5
201

0

0 500 1000 1500 2000

#of UE (N)




[image: image6.png]signaling overhead (RB#/ms)
e o o o o o O
SN @ B o e N

o

T =200 ms, A = 1/0.05 hr, Sl info. = 100bytes

—— periodic broadcast
——on-demand broadcast
——unicast

of

500

1000 1500 2000
#of UE (N)



[image: image7.png]0.2

o
@

g
o
&

signaling overhead (RB#/ms)
©

N =500, = 1/0.05 hr, Sl info. = 100bytes

——unicast

—— periodic broadcast
——on-demand broadcast

0

500 1000 1500
broadcast Period (T)

2000



