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Introduction
In RAN2#93bis and #94 several contributions discussed the issues in periodically broadcasting all the system information in NR system. Post RAN2#94, during the email discussion [2] some companies expressed views to quantitatively analyse the pain/gain for the “On-demand SI” concept. In RAN2 #95, our contribution [3] provided the detailed quantitative analysis of the signalling overhead of on-demand SI delivery mechanism. The contribution also briefly discussed the impact of on-demand SI delivery mechanism on UE’s energy consumption. In this contribution we further analyse the impact of on-demand SI delivery mechanism on UE’s energy consumption.
Discussion
The table 1 below lists the various parameters which we use in our analysis.
Table 1
	Parameters

	Common Parameters for both Periodic Broadcast & On Demand SI delivery
	R: Cell Radius (in meters): R

	
	User Speed (in KM/h):S

	
	RX Power (in Watts)

	Parameters for On Demand SI delivery
	TX Power/RX Power Ratio: PR

	
	SI Window Length (in #subframes):LSI-Window

	
	# Cells for which received SI is valid: N

	
	# of SI request attempts: NR

	
	SI Response Window Length (in #subframes): LSI-Response



In order to compare UE energy consumption for receiving SI using periodic broadcast and for receiving SI using on demand SI delivery, following evaluation metric is used.
Evaluation Metric
= Energy consumed per hour by a UE moving at certain speed
Note: How to determine this metric is discussed in section 2.1 and 2.2


Energy consumed/hour for receiving SI using periodic broadcast
In case of periodic broadcast, SI message is transmitted in SI window. UE monitors the SI window for receiving SI message.
Energy Consumed/hour for receiving SI using periodic broadcast 

= # of cell changes per hour * RX Power * [SI Window Length*(1/1000)]

= (User Speed/2*Cell Size)* RX Power * [SI Window Length*(1/1000)]


Energy consumed/hour for receiving SI using On Demand SI Delivery
In case of on demand SI deliver UE transmits SI request. We assume that for SI request UE transmits a PRACH preamble. UE then monitors for SI response in a SI response window.Energy Consumed/hour for receiving SI using on Demand SI delivery

= (# of cell changes per hour / #Cells for which received SI is valid) * #SI request attempts* [TX Power*(1/1000) + RX Power*SI Response Window Length*(1/1000)]

= [(User Speed/2*Cell Size)* / #Cells for which received SI is valid] * #SI request attempts* [TX Power*(1/1000) + RX Power*SI Response Window Length*(1/1000)]






Evaluation Results
Energy Consumption Vs PR Vs N
In this evaluation we consider the user speed (S = 30KM/h) and cell size (R = 100m) according to parameters defined for dense urban deployment scenario in TR38.913. Other parameters are fixed as follows; LSI-Window = 10; NR = 1; LSI-Response = 10. For on demand SI, energy consumed per hour is calculated for different values of N (# Cells for which received SI is valid) and PR (TX Power/RX Power Ratio) and results are shown in Figure 1. According to [4], typical value of PR is 3. However we also consider several higher values of PR to see energy consumption trend for various UE implementations.
#Cells for which received SI is valid
Energy Consumed per hour



Figure 1#Cells for which received SI is valid
#Cells for which received SI is valid

Energy Consumption Vs NR Vs N
In this evaluation we consider the user speed (S = 30KM/h) and cell size (R = 100m) according to parameters defined for dense urban deployment scenario in TR38.913. Other parameters are fixed as follows; LSI-Window = 10; PR = 3; LSI-Response = 10. For on demand SI, energy consumed per hour is calculated for different values of N (# Cells for which received SI is valid) and NR (# of SI request attempts) and results are shown in Figure 2.
Energy Consumed per hour
#Cells for which received SI is valid


Figure 2#Cells for which received SI is valid
#Cells for which received SI is valid

Energy Consumption Vs S Vs N
In this evaluation we consider the user speed (S = 30KM/h & S = 3KM/h) and cell size (R = 100m) according to parameters defined for dense urban deployment scenario in TR38.913. Other parameters are fixed as follows: LSI-Window = 10; NR = 1; PR = 3; LSI-Response = 10. For on demand SI, energy consumed per hour is calculated for different values of N (# Cells for which received SI is valid) and S (User Speed) and results are shown in Figure 3.
Energy Consumed per hour
#Cells for which received SI is valid


Figure 3
From graphs in figure 1, figure 2 and figure 3 we can make the following observations:
Observation 1: Energy consumed in obtaining the SI using on demand SI delivery mechanism is not always greater than energy consumed in obtaining the SI using the periodic broadcast mechanism. 
Observation 2: If N is greater than a threshold (say Nthreshold) then energy consumed in obtaining the SI using on demand SI delivery mechanism can be lower than energy consumed in obtaining the SI using the periodic broadcast mechanism. Nthreshold depends on NR, PR & S.
The overhead analysis in [3] showed that overhead of on demand SI delivery mechanism is beneficial if SI obtained in response to request is applicable for several cells. This is similar to observation 2 for UE energy consumption.
Proposal#1: RAN2 is requested to capture the analysis on UE energy consumption in the RAN2 TR.
Proposal#2: On demand SI delivery approach should be considered as a candidate solution for provisioning SI in NR.
Proposal#3: It is network decision to enable the on-demand approach so that UE can initiate SI request.#Cells for which received SI is valid

Conclusion
Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Observation 1: Energy consumed in obtaining the SI using on demand SI delivery mechanism is not always greater than energy consumed in obtaining the SI using the periodic broadcast mechanism. 
Observation 2: If N is greater than a threshold (say Nthreshold) then energy consumed in obtaining the SI using on demand SI delivery mechanism can be lower than energy consumed in obtaining the SI using the periodic broadcast mechanism. Nthreshold depends on NR, PR & S.
Proposal#1: RAN2 is requested to capture the analysis on UE energy consumption in the RAN2 TR.
Proposal#2: On demand SI delivery approach should be considered as a candidate solution for provisioning SI in NR.
Proposal#3: It is network decision to enable the on-demand approach so that UE can initiate SI request.#Cells for which received SI is valid
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