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1 Introduction

RAN#71 in March approved a NR SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture and procedures. System information transmission/acquisition is an important radio protocol procedure.  In this contribution we want to make a start with this discussion by identifying whether we can reuse the LTE system information transmission/acquisition procedure in NR and if not, then what aspects needs to be improved.
2 Discussion
2.1 System Information Transmission
In LTE system information is categorised into master information block (MIB) and System information block(s) (SIBs). MIB and SIB(s) are transmitted using broadcast signalling as follows:
1) MIB: Provides most essential system information (System Frame Number (SFN), DL system bandwidth     and PHICH configuration)
a. MIB has periodicity of 40 ms; first transmission occurs in subframe#0 when SFN mod 4 = 0; Repetitions are scheduled in subframe#0 of other radio frames. See Figure 1.
b. Transmitted on Physical broadcast channel (PBCH) using central 72 subcarriers
2) SIB 1: Carries cell identity, TAC, cell barring information, value tag (common for all scheduling units), scheduling information of other SIBs
a. SIB 1 has periodicity of 80 ms, first transmission occurs in subframe#5 when SFN mod 8 = 0; Repetitions are scheduled in subframe#5 of radio frame for which SFN mod 2 = 0; See Figure 1.
b. Transmitted on Physical downlink shared channel (PDSCH). Resource indicated using Physical downlink common control channel (PDCCH) identified by SI-RNTI
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Figure 1 MIB/SIB1 Transmission in LTE
3) Other SIBs
a. Carried in system information (SI) messages. SIB 1 indicates mapping of SIBs to SI messages.
b. The SI messages are transmitted within periodically occurring time domain SI-windows (Figure 2)
i. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap
ii. SIB 1 configures the SI-window length and the transmission periodicity for the SI messages
c. Transmitted on PDSCH. Resource indicated using PDCCH identified by SI-RNTI.
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Figure 2 SI Message Transmissions in LTE
Table 1 summarises key transmission characteristics of various types of SI in LTE.
Table 1
	
	MIB
	SIB 1
	SI Message (one or more SIBs)

	Periodicity
	40ms
	80ms
	configurable

	Repetition within the period
	4 times (subframes for repetition are fixed)
	4 times (subframes for repetition are fixed)
	Multiple times within SI Window

	Physical Channel
	PBCH
	PDSCH
	PDSCH

	Physical Resources
	Central 72 subcarriers
	Indicated by PDCCH (identified by SI-RNTI)
	Indicated by PDCCH (identified by SI-RNTI)

	Information Size
	Fixed
	Variable
	Variable


According to NR SID [1], new RAT will consider frequency ranges up to 100GHz. At higher frequencies, beamforming is essential to compensate for path loss. One transmission beam cannot provide the full cell coverage. Multiple transmission beams are needed. In order to broadcast the system information, system information needs to be transmitted using multiple transmission beams by switching TX beam across multiple time slots. 

Consider for example that there are 4 TX beams. MIB transmission with same periodicity (i.e. 40ms) and repetition every radio frame as in LTE using 4 TX beams is shown in Figure 3. In a subframe MIB is transmitted using distinct TX beam in distinct set of OFDM symbols. 
SIB 1 transmission with same periodicity (i.e. 80ms) and repetition in alternate radio frame as in LTE using 4 TX beams is shown in Figure 4. In each radio frame for SIB 1 transmission, PDCCH indicating PDSCH resources for SIB1 and PDSCH carrying SIB1 is transmitted multiple times using distinct TX beams in distinct subframes.  
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Figure 3 MIB Transmission using multiple TX beams
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Figure 4 SIB 1 Transmission using multiple TX beams
SI message transmission with 160ms periodicity using 4 TX beams is shown in Figure 5. SI window consists of 4 sub windows. Each sub window corresponds to a different TX beam. SI message is (re-) transmitted in a sub window using a TX beam. 
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Figure 5 SI Message Transmission using multiple TX beams

We can see from Figure3, 4 and 5 that overhead (time/frequency resources) of transmission of MIB/SIB1/SI message using beamforming is N times more than transmission of MIB/SIB1/SI without beamforming. ‘N’ is the number of transmission beams. The transmission resources remaining after resources consumed by system information may be only used for data scheduling for a user in the direction of the DL transmission beam. Therefore if more time/frequency resources are consumed by system information then user data scheduling becomes restrictive and inflexible. In case of SIB1/SI message, PDCCH overhead also increases by N times as PDCCH is also transmitted using beamforming. The SI window size also increases by N times leading to increased UE wakeup time. Some preliminary overhead analysis of broadcasting system information in beamforming system is shown in annex.
Observation 1: In a beamformed system (typically at high frequencies), system information transmission using the current approach (i.e. periodic broadcast) leads to significant system overhead.
In a system where there is no beamforming (typically at low frequencies), the other issue is energy efficiency. According to release 13 specification, 19 SIBs are supported. Only few SIBs are needed for basic LTE operation and other SIBs are for specific feature (e.g. IWK with WLAN, D2D, etc) or specific RATs (GERAN, UTRA, CDMA2000).  These SIBs are periodically broadcasted and unnecessary in certain scenarios:
1. If all the UEs in the cell have already read the required system information and no new UE is entering the cell at periodicity at which system information is transmitted then periodic broadcast of system information in that cell is unnecessary and leads to wastage of resources and energy consumption.
2. If there is no UE in a cell interested in a specific service, then periodic broadcast of service specific system information in that cell is unnecessary and leads to wastage of resources and energy consumption. For example, if there is no UE in a cell interested in D2D service, then cell broadcasting SIB 18/SIB 19 is unnecessary. This is similar to transmitting cell specific reference signals even when there are no UEs in the cell.
Observation 2: In a non beamformed system (typically at low frequencies), system information transmission using the current approach (i.e. periodic broadcast) is unnecessary in certain scenarios.
There can be several mechanisms to reduce system overhead. For example, in order to reduce system overhead, essential system information (such as SFN, system BW, etc) can be broadcasted periodically whereas other system information can be dedicatedly signalled on demand or can be broadcasted based on UE trigger. In case of non-standalone system, system information of NR cell can be signalled via LTE cell. NR cell may only broadcast essential system information. So we propose that:
Proposal 1: RAN2 should study mechanism(s) to reduce overhead of signalling system information and improving energy efficiency of system in NR.
2.2 System Information Update

In LTE system information change only occurs in radio frames of modification period. System information change is notified through paging message (in RRC_IDLE or RRC_CONNECTED) with cause systemInfoModification to let UE know that some SI is changing in the next modification period. Notification of changes in modification period N is reflected in N+1. SIB1 also carries value tag to indicate change in SI.
There are certain drawbacks in this approach of change notification. If a SIB is updated in a cell, all the UE’s camped to that cell are notified that there is change in system information. Based on this notification, UE does not know which SIB is updated. So, UE has to discard all the acquired SIBs and has to re-acquire all of them irrespective of whether UE is interested in the SIB which is updated or not. This leads to unnecessary power consumption at UE. This drawback is partly overcome in eMTC and NB-IoT for eMTC and NB-IoT UEs. 
For eMTC there is a common value tag and there are also SIB specific value tags in SIB1. The common value tag changes only when at least one of the SIB specific value tag changes. From UE perspective when UE monitors common value tag has changed then it looks which SIB specific value tag has changed and then acquires only that updated SIB thus minimizing power consumption.

NB-IOT has gone one step further for reducing UE power consumption by introducing the common value tag in MIB and SIB specific value tags in SIB1. The common value tag in MIB changes only when at least one of the SIB specific value tag in SIB1 changes. From NB-IoT UE perspective when UE monitors common value tag in MIB has changed then it looks which SIB specific value tag in SIB1 has changed and then acquires only that updated SIB thus minimizing power consumption.

NB-IoT UE only needs to monitor MIB for system information change whereas eMTC UE needs to monitor both MIB and SIB1 for system information change. 
The SI change notification and update procedure should be designed in NR system such that SI update related to one type of system information or one service does not affect other.

Proposal 2: RAN2 should study mechanism(s) similar to eMTC/NB-IoT to enable selective notification and update of system information in NR.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: RAN2 should study mechanism(s) to reduce overhead of signalling system information and improving energy efficiency of system in NR.

Proposal 2: RAN2 should study mechanism(s) similar to eMTC/NB-IoT to enable selective notification and update of system information in NR.
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5 Annex: Overhead Analysis

Some preliminary overhead analysis of broadcasting system information in beamforming system is shown below:

We estimate the broadcast cost in terms of number of bits per second per sq. km with following assumptions 

1. Size of broadcast system information: X bits

2. Periodicity of broadcast : Y ms

3. Number of repetition: Z

4. DL beam sweeping factor: A
5. Cell radius : R km

Broadcast cost (bits/s/sq.km) = X bits * (103/Y[ms]) * Z * A * (1/3.14*R^2 [km^2])
Broadcast Duty Cycle = (Number of subframes for transmission)/Periodicity
The dominating factors for broadcast approach in beamforming system are periodicity of broadcast, DL beam sweeping factor and number of repetition. In the broadcast approach the overhead does not change if the system information is updated.
Assuming beam sweeping factor A = 4 and cell radius R = 0.5 km, the following is the broadcast cost for system information like MIB, SIB1, SIB2, and SIB3 is shown below:
	System Information Type
	Size (X bits)
	Periodicity of broadcast (Y ms)
	Number of repetition (Z)
	Broadcast cost         (bits/s/sq.km)
	Broadcast Duty Cycle

	MIB
	40 bits
	40 ms
	4 
	20.4 * 103
	4/40

	SIB1
	176 bits
	80 ms
	4 
	140.9  * 103
	16/80

	SIB2
	256 bits
	160 ms
	4
	102.4 * 103
	16/320

	SIB3
	56 bits
	320 ms
	4
	11.2 * 103
	16/320

	Total
	528 bits
	
	
	274.9 * 103
	128/320 = 0.4


Now consider an alternative approach where only the most essential system information is broadcasted while rest of the system information is provided to the UE through dedicated signalling. For such an approach the overhead would consists of broadcast cost and dedicated signalling cost based on the following assumptions:
1. Size of most essential system information broadcast: X1 bits

2. Periodicity of broadcast : Y ms

3. Number of repetition: Z

4. DL beam sweeping factor: A
5. Cell radius : R km
6. User density : Ud users (camped to cell) per sq.km
7. % of new (entering/powering ON) users in a day = P;

We assume same % of users is exiting/powering OFF in a day.
8. Size of rest of system information provided through dedicated signalling : X2 bits

9. Rate of change of system information provided through dedicated way : T s
Broadcast cost (bits/s/sq.km) = X1 bits * (103/Y[ms]) * Z * A * (1/3.14*R^2 [km^2])

Dedicated cost (bits/s/sq.km) = (X2 bits * (1/T[s]) * (Ud [per km^2])) + (X2 bits *Ud [per km^2]) * P/100 *1/ (24*3600))
Note: ‘x’ bits needed for connection setup signalling should be included in above but we have ignored is assuming X2>>x. 
Equivalent cost = Broadcast Cost + Dedicated Cost

Assuming X1+X2 = 528 bits where X1 = 100 bits are broadcasted as most essential system information with the same periodicity and repetition like MIB and remaining bits are provided through dedicated signalling. 

Assuming worst case user density Ud = 150,000 users/sq.km (e.g. crowd in a stadium), P = 50% and rate of change of SI i.e. T = 3600 s.
Essential system information Broadcast cost (bits/s/sq.km) = 50 * 103
Dedicated cost (bits/s/sq.km) = 18.17 * 103
Equivalent cost = Broadcast Cost + Dedicated Cost = 68.17 * 103
The legacy approach roughly seems to incur significantly high overhead compared with alternative approach where only the most essential system information is broadcasted.
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