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1. Introduction
This paper provides a text proposal to TR 38.804 on on-demand SI provisioning for NR.
2. Text proposal
5.5.3
System information handling


System information is divided into minimum SI and other SI. Minimum SI is periodically broadcast. The minimum SI comprises basic information required for initial access to a cell and information for acquiring any other SI broadcast periodically or provisioned via on-demand basis. 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 as illustrated in Figure 5.5.3.1.2-1. For the other SI required by the UE, before the UE sends the other SI request the UE needs to know whether it is available in the cell and whether it is broadcast or not (e.g. by checking the minimum SI). The UE in RRC_IDLE or RRC_INACTIVE should be able to request the other SI without requiring a state transition. The other SI may be broadcast at configurable periodicity and for certain duration. PWS information can be classified into the other SI.
Editor’s note:
Additional stage-2 level agreements are to be captured here.
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Figure 5.5.3.1.2-1:
High level concept of on-demand SI provisioning
5.5.3.1
Dual Connectivity between LTE and NR
Editor’s note:
SI provisioning in LTE-NR DC is to be captured here.
<< skip unrelated part >>
Annex B:
Background and evaluation results on on-demand SI provisioning
B.1
Background
In LTE, system information (SI) is divided into MIB and a number of SIBs which are always broadcast periodically. The periodicity of MIB and SIB1 is fixed in the specification, while the periodicity for the other SIBs can be configured by the network from 80 ms to 5120 ms (from 640 ms to 40960 ms for NB-IoT). Up to Rel-13, 20 SIBs have been introduced into the standard [ref. TS 36.331]. System information from MIB to SIB5 consists of essential radio parameters for a UE to access a cell including cell reselection. In contrast, SIB6 and onwards, except for SIB10 to 12, are relevant to optional features which not all of the UEs are required to support, e.g. inter-RAT cell reselection, MBMS, WLAN, sidelink, etc. In light of the fact that provisioning of some SI hinges on UE capability, other mechanisms than periodic broadcast of SI are investigated.

Editor’s note:
Beam forming specific issues will be captured later once it becomes clear.
B.2
Analysis of technology potential

This sub-clause 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.
Figure 5.5.3.1.3-1 shows the probability of on-demand SI provisioning for SI periodicity of 80, 160, 320, 640, 1280, 2560 and 5120 ms as supported for LTE in TS 36.331 [x].
In Figure 5.5.3.1.3-1, the probability of on-demand Other SI broadcast in T is increasing with increased SI periodicity T, which means the relative resource saving is reduced with increased broadcast period T. Thus, the signalling overhead for the on-demand Other SI broadcast approach is comparable to that of the periodic broadcast of Other SI with longer T. For example, for T=80ms, a relative resource saving of almost 68% is to be expected in the case of 5 UEs request rate, this saving is then reduced to 45%, 20% and 5% for T=160, 320, and 640ms, respectively. No resource saving is observed for T>640ms and the resources required for broadcast of Other SI using the on-demand or the periodic broadcast approach are the same.

Additionally, with fixed T the relative resource saving observed in Figure 5.5.3.1.3-1 is reduced with increased average SI request rate from UEs (i.e. increased system load).
[image: image3.emf]0 5 10 15 20 25 30

Arrival rate of UEs requesting On-demand Other SI transmission [UEs/s]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P

r

o

b

a

b

i

l

i

t

y

 

o

f

 

O

n

-

d

e

m

a

n

d

 

O

t

h

e

r

 

S

I

 

t

r

a

n

s

m

i

s

s

i

o

n

 

i

n

 

T

T = 80[ms]

T = 160[ms]

T = 320[ms]

T = 640[ms]

T = 1280[ms]

T = 2560[ms]

T = 5120[ms]

Upper Bound - 

Periodic broadcast of Other SI in T


Figure 5.5.3.1.3-1:
Probability of on-demand SI provisioning for a given SI periodicity
In accordance with the probability of on-demand SI provisioning observed in Figure 5.5.3.1.3-1, Figure 5.5.3.1.3-2 shows the number of RBs broadcast per second for SI periodicity of 160, 320, 640 and 5120 ms. The detailed assumptions for the evaluation in Figure 5.5.3.1.3-1 and 5.5.3.1.3-2 are found in [ref. R2-166918].
Figure 5.5.3.1.3-2 shows the number of RBs per second required to deliver SI using both the periodic broadcast of SIB1-SIB5 and the on-demand broadcast of Other SI (i.e. SIB6-SIB20 in LTE). For zero UE request rates, the number of RBs required is corresponding to the periodical broadcast of SIB1-SIB5, as these are always broadcasted. As the arrival rate of UEs requesting on-demand SI grows, the total amount of SIB RBs requested increases until reaching the upper bound given by the number of RBs required to deliver SIB1-SIB20 using the periodic broadcast approach. More specifically, with larger T (e.g., T>640ms) the number of RBs required for on-demand Other SI broadcast quickly saturates to the upper bound compared to the case of a smaller T that exhibits rather nearly linear increase in the number of RBs required for on-demand Other SI broadcast. 

For example, for T=160ms, an absolute resource of saving of almost 1550 RBs/s is to be expected in the case of 5 UEs request rate, this saving is then reduced to 300 RBs/s for T=320 RBs/s. Almost no resource saving is observed for T>640ms, since the number of RBs required for the periodic broadcast of SIB1-SIB5 and the on-demand broadcast of SIB6-SIB20 is almost equal to the number of RBs required for the periodic broadcast of all SIBs (i.e. SIB1-SIB20).
As shown in Figure 5.5.3.1.3-1 and Figure 5.5.3.1.3-2, the benefit of resource saving due to on-demand broadcast of other SI is reduced with increased broadcast period T and/or increased arrival rate of UEs requesting on-demand other SI transmission. Nonetheless, the selection of broadcast period T should depend on the delay requirements of the offered services (or use case).
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Figure 5.5.3.1.3-2:
Number of RBs broadcast per second

Figure 5.5.3.1.3-3 shows the evaluation results using an efficiency metric which is defined as the ratio of radio resources required for SI delivery using the conventional LTE SI delivery mechanism to the radio resources required for on-demand SI delivery mechanism (unicast or broadcast), denoted as Efficiency in this figure. The efficiency is evaluated as a function of the triggering rate of on-demand SI request from the UE denoted as λ. ODU and ODB in Figure 5.5.3.1.3-3 denotes On-Demand provisioning by Unicast or Broadcast, respectively. In these evaluation results, beam forming operations are taken into account by considering the number of directions in beam sweeping for covering the cell area with common control channels, which depends on the carrier frequency. The beam sweeping impact is reflected to the value, γ which ranges from 1/256 to 1/3. The γ value of 1/256 reflects the largest number of sweeping beams, while 1/3 reflects the smallest number. The detailed assumptions for the evaluation in Figure 5.5.3.1.3-3 are found in [ref. R2-167041].
Editor’s note:
The assumption on the beam sweeping in terms of broadcast overhead needs to be revisited when RAN1 decides the broadcast transmission mechanism for beam forming.
As the number of beams is larger (i.e. smaller γ), the efficiency becomes larger especially if the rate of on-demand SI request (λ) is high. The efficiency hinges on the SI periodicity T3 for broadcast of Other SI. A higher efficiency is observed when the SI periodicity of Other SI is shorter. In contrast, the efficiency is getting close to 1 as the SI periodicity of Other SI becomes longer. In particular, when the SI periodicity of Other SI is long, the efficiency goes below 1 if the rate of on-demand SI request (λ) is high and in this case the periodic SI broadcast can outperform the on-demand SI by unicast for some γ values. A detailed set of observations based on the evaluation in Figure 5.5.3.1.3-3 can be found in [ref. R2-167041].
[image: image5.png]Efficiency

o~

HARQ_f=15 & T3=80ms

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
[[-e—oDU, y=1/28
oll~#-opu,y =112
~-0DU,y=1/6

1{—4—0DU, y= 1/3  |=mam= s mpmm mimmim e R PP S S =
—~—0DB

0 3 2 ‘4 :

10 10 10 10 10



[image: image6.png]Efficiency

HARQ_f=15 & T3=160ms

o~

(&)

N

=

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6
——0DU,y= 173
——0DB

3 2

10

10



[image: image7.png]HARQ_f=15 & T3=320ms

w
3]
i

25

N

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6
——0DU,y= 173
——0DB

10° 107 10" 10° 10'

A [1/s]

Efficiency

3

14




[image: image8.png]25

HARQ_f=15 & T3=640ms

3

Efficiency

=

0.50

——0DU, y = 1/256
—2-0DU, y = 1112 ===~
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6
——0DU,y= 173

—~—0DB

3

107 10"

A [1/s]

10



[image: image9.png]HARQ_f=15 & T3=1280ms

Efficiency

0.5

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6
——0DU,y= 173
——0DB

3 2

10

10
A [1/s]

10



[image: image10.png]HARQ_f=1.5 & T3=2560ms
1.5 T T T

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6
——0DU,y= 173
——0DB

10° 107 10" 10° 10'

A [1/s]

Efficiency

e
3




[image: image11.png]1.5

HARQ_f=15 & T3=5120ms

Efficiency

e
3

—~—0DB

——0DU, y = 1/256
—=-0DU, y = 1112
—<—0DU, y=1/56
——0DU, y=1/28
—5-0DU, y= 112
~-0DU,y=1/6

——0DU,y= 173

3

107 10" 10° 10'

A [1/s]




Figure 5.5.3.1.3-3:
Relative gain of on-demand SI over LTE SI provisioning
Table 5.5.3.1.3-1 shows the quantified gain in terms of broadcast on the entire channel bandwidth. As for the channel bandwidth, 20, 80 and [Max: FFS] MHz are selected for the evaluation. 20 MHz is the maximum channel bandwidth for LTE. 80 MHz is the largest component carrier bandwidth assumed for NR in this study. The other assumptions are found in [ref. R2-165305].
For the 20 MHz bandwidth case, the gain over the LTE SI provisioning is to reduce the broadcast overhead ratio from 2.67 % to 1.81 %. For the 80 MHz bandwidth, the gain is to reduce the broadcast overhead ratio from 0.67 % to 0.45 %.
Table 5.5.3.1.3-1:
Gain of on-demand SI in terms of broadcast overhead ratio

	
	Total number of RBs required for SIBs within maximum SI periodicity (640 ms) (a)
	Total number of RBs within maximum SI periodicity (640 ms) (b)
	Broadcast overhead ratio (%) [(a)/(b)]

	
	
	System BW = 20 MHz
	System BW = 80 MHz
	System BW = [Max: FFS] MHz
	System BW = 20 MHz
	System BW = 80 MHz
	System BW = [Max: FFS] MHz

	SIB1 to SIB20
	1706 RBs
	64000 RBs
	256000 RBs
	[FFS] RBs
	2.67 %
	0.67 %
	[FFS] %

	SIB1 to SIB5
	1156 RBs
	
	
	
	1.81 %
	0.45 %
	[FFS] %


Figure 5.5.3.1.3-4 and 5.5.3.1.3-5 show the gain of retrieving one SIB dedicatedly on-demand from UE power consumption viewpoints. In Figure 5.5.3.1.3-4, several power ratios between transmission and reception (i.e. PR = Tx power/Rx power) are analysed. In Figure 5.5.3.1.4-5, the UE speed of 3 and 30 km/h is analysed. In both results, the on-demand SIB retrieval results in lower UE power consumption than the periodic broadcast SIB, except for the case where the received SIB is valid only on the serving cell, which is not a likely scenario for the on-demand SIB retrieval. Therefore, the UE power saving gain can be observed by introducing the on-demand SIB retrieval. Nevertheless, the total power consumption gain hinges on how many SIBs are retrieved on-demand compared to the all required SIBs. The assumptions on the evaluation metric are found in [ref. R2-166068]. 
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Figure 5.5.3.1.3-4:
UE power consumption gain in terms of Tx/Rx power ratio
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Figure 5.5.3.1.3-5:
UE power consumption gain in terms of UE speed
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 UE power consumption for the cases where:
-
Broadcast SI periodicity is short.
-
The number of sweeping beams is large in the beam forming operation.

-
The number of cells on which the received SI is valid is large for on-demand SI. In other words, the rate of SI request from UE is low.
-
For the periodic broadcast SI, the UE discards the received SI whenever the UE leaves a cell like in LTE.
B.3
Additional evaluation results
The additional evaluation results investigating the ratio of radio resources required for on-demand SI to the ones for the conventional LTE SI are provided in this sub-clause.
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Figure B.3-1:
Signaling overhead for different UE number and SI size [XX]
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Figure B.3-2:
Signaling overhead for different broadcast period and SI size [XX]
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Figure B.3-3:
Resource efficiency with respect to UE arrival rate [YY]
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Figure B.3-4:
Normalised broadcast cost [ZZ]
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Figure B.3-5:
On-demand Cost as a function of user density and number of cells [ZZ]
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