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Discussion and Decision
1      Introduction
In RAN2#95 meeting, following were agreed on system information:

Agreements

1: 
RAN2 to agree on proposals 1, 4, 5, 6 and 7 from [1] to be captured as guidelines for SI design in RAN2 TR with rephrasing of some proposals if needed.

2: Other mechanisms than periodic broadcast of system information should be studied during study item.

3: Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).

4: Minimum SI needs to be broadcasted periodically.

5: Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell. 

FFS Whether all "cells"/TRPs periodically broadcast the minimum SI.

6: Agree on the terminology of Other SI where other SI comprises everything not broadcasted in minimum SI.

FFS Whether ETWS/CMAS like information would be considered as Other SI or Minimum SI

7: Both network triggered and UE initiated mechanisms for Other SI delivery shall be further studied.

8: It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.

In this contribution, we provide further details of on-demand provisioning of system information.
2      Discussion
2.1     LTE system information classification

It was agreed in RAN2#95 meeting that minimum SI at least includes information to support cell selection, for acquiring other SI, and for accessing the cell. This corresponds roughly to MIB, SIB1 and SIB2 in LTE (some IEs might not be needed but this is mainly a stage-3 issue).
It is FFS whether ETWS/CMAS like information would be considered as Other SI or Minimum SI. In RAN#73 meeting, public warning/emergency alert is deprioritized [4], nevertheless forward compatibility aspects should be considered. In current LTE, unlike other system information, PWS (Public Warning System, including ETWS/CMAS) information (SIB 10/11/12) is not periodically transmitted. As PWS information is in general event-triggered and normally has the highest priority, there is no concern for the radio resource usage as other SI. Therefore it is proposed to use LTE like approach to handle PWS information: i.e. PWS information is broadcasted without request from UE. Since broadcast of system information mechanism will be provided in NR anyway (as in RAN2#95 meeting agreement: minimum SI is broadcasted, network can decide to broadcast other SI), there is no forward compatibility issue for PWS information.
Observation 1: There is no forward compatibility issue for PWS information since broadcast mechanism is available.

In Table 1 below, we categorize LTE SIBs (note that PWS information is not categorized). There are several SIBs labeled as “Other/Service” since they are service specific and UEs may optionally acquire them based on capabilities. Note that EAB (SIB14) might be considered as minimum SI as well.
Table 1: LTE SIBs
	SIB#
	Description
	SI Type

	SIB1
	Information on whether a UE is allowed to access a cell and scheduling information of other system information
	Minimum

	SIB2
	Radio resource configuration information that is common for all UEs
	Minimum

	SIB3
	Cell re-selection information for intra-frequency, inter-frequency and/or inter-RAT cell re-selection
	Other

	SIB4
	Neighboring cell related information relevant for intra-frequency cell re-selection
	Other

	SIB5
	Neighboring cell related information relevant for inter-frequency cell re-selection
	Other

	SIB6/7/8
	Neighbor information for UTRA/GERAN/ CDMA2000/HRPD 
	Other

	SIB9
	Home eNB name
	Other

	SIB10/11/12
	ETWS primary notification/ ETWS secondary notification/CMAS notification
	-

	SIB13/15
	MBMS control information / service continuity
	Other/Service

	SIB14
	EAB parameters
	Minimum

	SIB16
	GPS time and UTC info
	Other/Service

	SIB17
	Information relevant for traffic steering between E-UTRAN and WLAN
	Other/Service

	SIB18/19
	Information related to ProSe Direct Communication/ Discovery
	Other/Service


Another aspect worth discussion is whether certain SIBs are delay tolerant. For example, cell reselection information is mainly used for load balancing, and it might be OK for UEs to use old system information for a while before using the new information. For service specific system information (e.g. MBMS related system information), it might be desirable for UEs to always use the most up-to-date system information to avoid configuration mismatch. 
2.2     System information update

In LTE, the UE can know whether the system information will change either via paging or by checking the valueTag. It is expected that in the NR, UE is also aware of whether system information will change. In case of system information update, should UE also send a request for other SI? The only benefit is that if there is no UE sending the request, network can simply skip the transmission of other SI. However, the gain from such optimization is very limited. Currently in LTE, the fasted average rate to change SI is once every 337.92 s (see discussion of Tchange in evaluation section of [1]), while MIB periodicity is 40 ms (4 transmissions within a period) and SIB1 periodicity is 80 ms (4 transmissions within a period). It is expected that for NR, the periodicity of minimum SI should not be larger than that in LTE to minimize the access latency. Then the periodicity ratio is 337.92 / 0.08 = 4224. Although the information of other SI could be much higher than that of minimum SI, it is still expected that resource saving gain by skipping other SI update is very limited. On the other hand, sending request to acquire other SI during SI update might cause congestion and impacts UE power consumption.
Proposal 1: Update of other system information is done by broadcast without request from any UE. 
2.3     Cell reselection

In LTE, UEs in RRC_IDLE need to acquire MIB, SIB1, SIB2 to SIB8 (depending on support of the concerned RATs), SIB17 (depending on support of RAN-assisted WLAN interworking), according to 36.331 section 5.2.2.3. The UE may also need to acquire other SIs depending on its capability, e.g. SIB13 for MBMS capable UEs. Therefore, after the UE in RRC_IDLE reselects a new cell, it needs to acquire related SIBs accordingly. In case of NR, since minimum SI corresponds roughly to LTE MIB, SIB1 and SIB2, if NR UE needs to acquire SIBs (described above) similar to LTE, it needs to acquire other SIBs after cell reselection. As discussed in section 2.1 above, cell-reselection information might be delay tolerant while service specific information should be up to date.
Proposal 2: After cell reselection, UE should obtain up to date system information (including both minimum and other service specific SI). For cell-reselection related SI, some delay in SI acquisition is acceptable.
It is proposed that to minimize UE power consumption during cell reselection, other system information can include cell specific information of other cells e.g. cells within the same tracking area. To save signaling overhead, system information can be categorized with area specific information and cell specific information. 

One example is that in the minimum SI, an area ID is signaled, e.g. like current trackingAreaCode in SIB1. For each SIB (categorized as other SI), both area wide information (which is common for all the cells in the area) and cell specific information is signaled. A unique identification of the cell is signaled for each cell (one example is the frequency and PCI like LTE). Note that this is just an example to illustrate the idea, and further enhancements could be considered to minimize the overhead.

	Area wide information

	Cell 1: cell specific information

	Cell 2: cell specific information

	…


After cell reselection, the UE can check area ID in the minimum SI. If the area ID is same as that of the previously camped cell, the UE can skip the acquisition of other SI; otherwise, the UE starts the procedure for SI acquisition. 
With this approach, UE power consumption can be minimized as there is no need to acquire other SIs when moving within the same area. The other benefit is that there is no latency for acquisition of other SI when moving within the same area. 
Proposal 3: System information transmitted in a cell can contain area wide information and cell specific information of other cells in the same area. 
2.4     Request to acquire system information
The basic procedure for on-demand delivery was shown in in Figure 1 below.
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Figure 1: Procedure for system information acquisition

There are several scenarios where on-demand delivery is used to request other SI: initial access, and when UE moves to an area providing different system information. For initial access, it is necessary for UE to go to RRC_CONNECTED to finish NAS related procedure (Initial Attach procedure). However, for other purposes of SI acquisition (e.g. when the UE moves to another cell), there is no need for the UE in RRC_IDLE to transit to RRC_CONNECTED for SI acquisition purposes only. The reason is that transiting from RRC_IDLE to RRC_CONNECTED and back involves two RRC procedures: RRC connection establishment and RRC connection release, which results in several RRC messages in the air interface. In addition, interaction between eNB and CN is also needed. Such heavy signalling exchange is not needed for SI acquisition purposes.

Proposal 4: The UE in RRC_IDLE should be able to acquire the other system information without transition to RRC_CONNECTED.

The request for other SI is done through RACH procedure. There could be different options on how the request is performed:

· Option A: normal RACH procedure is used, and actual request is sent in Msg3 via PUSCH. This option is more suitable for individual UEs to indicate the SIBs it want to acquire.
· Option B: request is based on reserved RACH preamble. This approach is more suitable for a group of UEs to share the RACH resources, at the cost that network cannot provide SIs based on UE’s individual requests.
Since above options are targeting for different tradeoffs, and RAN1 is still in the process of designing RACH, details on how the request is done via RACH procedure can be discussed later.

As agreed in RAN2#95 meeting, it is network decision whether other SI is broadcasted or delivered through UE-specific signalling. One possible approach is that network broadcast other SI if there are a certain number (which is up to network implementation) of UEs request other SI. However as discussed in section 2.1, some system information should be up to date, therefore long delay between UE request and SI delivery might not be desirable. On the other hand, some SI (e.g. reselection information) is delay tolerant, therefore certain delay might not be a problem. In this way, the resource usage for the delay-tolerant SI can be further minimized.  

Proposal 5: When responding to UE’s request by broadcasting, it is network decision on the timing to broadcast SI.
2.5     Switching between always-broadcast and on-demand delivery

From the evaluation in [1], it can be seen that the resource efficiency of on-demand delivery is related to the UE arrival rate λ, which is dependent on different time of the day, and UE mobility etc. For example, consider an office area in night time hours, it is expected that there will be very few UEs requesting on-demand delivery of SI due to less UE activities. On the other hand, in the day time, there might be much higher rate for on-demand triggers, where legacy broadcast operation might be more efficient. Therefore it is preferable that a mechanism is provided to facilitate the switching between legacy LTE operation and on-demand delivery. One way is that a flag is signaled in the minimum SI to indicate the mode of SIB delivery.

Regarding the agreement in RAN2#95 meeting “It is network decision whether other SI is broadcasted or delivered through UE-specific signalling”, it should be noted that the agreement is about how the network provides other SI, but not related to whether UE is allowed to request other SI. When system load is high, it is preferred to switch back to always-broadcast delivery, without allowing UE to request other SI.
Proposal 6: It should be possible for the network to disable UEs from requesting on demand delivery of other SI and to only broadcast other SI.
2.6     Evaluation of index based approach

In RAN2#95 meeting, index based approach was discussed [2]. There are different approaches on how index/table is used. 
· Option A: In [2], the UE is provided with a list of configurations for each requested other SI in response to UE’s request, while the index is broadcasted in the minimum SI. 
· Option B: In [3], both table and index are broadcasted, and it is not clear whether the table/index is applicable for minimum SI, other SI, or both.

The main benefit of index based approach is the potential reduction of the overhead. However, this may need some further analysis. For option A, a list of configurations is provided to the UE instead of a single applicable configuration. If there is less UE mobility (e.g. when UE stays in a cell for a long time) or the system information is not updated frequently, providing a list of configurations might consume more resource comparing with the approach of providing a single configuration. Some signalling optimization can be considered to reduce the signalling overhead of the table. In [3], compression is considered. Another approach is to broadcast a delta signalling between the SI configuration of different indices.
There are some drawbacks with the index based approach:
· Index based approach is not flexible. In LTE, there are 19 SIBs, with each SIB consists of many IEs. So the question is whether it is a flexible approach to only select a few configurations out of almost infinitely many combinations? Note that some SIB information might be inherently dynamic, e.g. cell reselection SIBs in considering of Rel-13 work on multi-carrier load distribution. Optimisations such as compression or the delta signalling mentioned above can mitigate this to some extent.
· There is additional access latency. For option B, the table and index are broadcasted with different periodicity, with table broadcasted less frequently. Since UE should acquire the table first, there is more latency for SIB acquisition.
· Additional storage at UE: UE needs to store a list of configuration, instead of a single configuration.
· There is also additional complexity to manage the table. Since the table itself could be updated, corresponding procedures should be defined e.g. to add or modify a configuration corresponding to an index (e.g. as discussed in [2]). 
Considering above analysis, more evaluation is needed on index based approach.
Proposal 7: The above listed drawbacks should be evaluated and addressed before adopting Index based solutions.
3      Conclusion
In this contribution, we provide further details of on-demand provisioning of system information. We have the following observation:
Observation 1: There is no forward compatibility issue for PWS information since broadcast mechanism is available.
We propose the following:

Proposal 1: Update of other system information is done by broadcast without request from any UE.
Proposal 2: After cell reselection, UE should obtain up to date system information (including both minimum and other service specific SI). For cell-reselection related SI, some delay in SI acquisition is acceptable. 
Proposal 3: System information transmitted in a cell can contain area wide information and cell specific information of other cells in the same area. 
Proposal 4: The UE in RRC_IDLE should be able to acquire the other system information without transition to RRC_CONNECTED.
Proposal 5: When responding to UE’s request by broadcasting, it is network decision on the timing to broadcast SI.
Proposal 6: It should be possible for the network to disable UEs from requesting on demand delivery of other SI and to only broadcast other SI. 
Proposal 7: The following listed drawbacks should be evaluated and addressed before adopting Index based solutions: inflexibility, additional access latency, additional storage at UE, and additional complexity to manage the table.
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