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1 Introduction

In RAN2 NR Ad Hoc [1], the following agreement for SI delivery is achieved:

Agreements related to SI provided by broadcast

1: 
UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 

2: 
One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

3: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.

FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.

4:  If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.

To realize the full benefits of on-demand SI, the key is to reduce the need of on-demand request for OSI. A possible way to reduce SI re-acquisition/ request when cell change occurs is to reuse UE stored SI as much as possible. This paper classifies and compares methods for utilizing UE stored system information proposed by companies.
2 Discussion
In legacy LTE, when a UE changes cell, it needs to re-acquire system information. With small cell deployment, frequent SI re-read and SI request limit network efficiency, and this may significantly increase UL and DL system load if on-demand SI delivery is enabled by the network, as we indicated in [2].

Observation 1. In LTE, UE needs to re-acquire system information when serving cell changes.
Observation 2. UE’s serving cell changing rate impacts SI request rate, and thus has significant impact on the performance of on-demand SI delivery.
To address the problem of frequent SI re-acquisition, many companies propose methods [2]-[8] to further utilize UE stored information across cells/beams, e.g. when UE changes cell/beam and finds that the applied SI configuration in the new cell has been stored before, UE can directly apply the stored SI without performing SI re-acquisition.

Observation 3. UE stored information could be further utilized to reduce SI re-acquisition for UE’s cell change.

According to the methodology, SI management methods for UE stored SI proposed by companies can be classified into two categories: SI ID method and configuration index method.
· SI ID method [2]-[6]: in this category of methods, each SI ID indicates a (set of) SI messages/blocks in a specific area, e.g. beam/cell/area specific. SI ID is used for spatial validity check. For each SI ID, an additional value/version tag is accompanied to identify the version of the SI configuration corresponding to the SI ID, i.e. temporal validity. Upon beam/cell change, if UE finds that the stored SI ID and accompanied value/version tag is the same as the ones broadcasted in the new beam/cell, UE passes spatial and temporal SI validity check, i.e., UE stored SI configuration is valid. 
To reduce the frequency of SI acquisition, a low frequency of value tag change is desired. To reduce the frequency of value tag change, each SI ID could include those SIs with the same applicable area (e.g. area specific SIs or cell specific SIs) or similar change frequency, as indicated in [2].

· Configuration Index method [7]

 REF _Ref473897340 \r \h 
[8]: in this category of methods, each configuration index indicates a specific configuration of a (set of) SI message/block. UE stores all possible configurations (e.g. list or table) of the SI message/block. According to [7], since there is a one-to-one mapping between index and configuration, value tag is not required. In addition, if index is SI message/block specific, i.e. the granularity of SI stored information is per SIB/ SI message, there is no need to classify SI according to their applicable area as SI ID method does, e.g. beam, cell, or area specific.
There are two concerns on the configuration index method. The first is that UE needs to store all possible configurations for each SI message, which may require additional UE memory for SI storage. The second concern is the overhead to broadcast SI index since the SI index length is proportional to the potential combinations of values of SI IEs. For example, assume that a SIB has 6 IE, and each IE has 4 possible values to be applied. If these IEs are uncorrelated with each other, there are totally 46 possible configurations, and thus 12 bits is needed for the SI index to indicate the SI configuration. From the example, we know that the overhead for SI index increases with the number of possible configurations. Since the SI configuration information should be periodically broadcasted, i.e. included in minimum SI, the additional broadcast overhead due to longer index is a concern.
From the perspective of memory management, SI ID method is much simpler than Configuration Index method. The reason is that in SI ID method, for each SI ID UE only needs to store the recently applied SI configuration along with the corresponding value tags. In contrast, in Configuration Index method UE needs to store all possible configurations.
Observation 4. SI ID method adopts spatial and temporal validity check, which enables simpler UE memory management because UE only needs to store recently applied SI configuration.

As for broadcast overhead, SI ID method is also more efficient than Configuration Index method. The reason is that the broadcast overhead for value tag depends only on the possible number of SI change in SI validity time. In contrast, the number of bits for SI index depends on the total number of possible SI configuration as we discussed above.
Observation 5. Configuration Index method has more broadcast overhead than SI ID method.
 Table 1 compares the features of SI ID method and Configuration Index method.
	Table 1. Comparison of SI management method for UE stored information

	
	SI ID method [2]-[6]
	Configuration Index method [7]

 REF _Ref473897340 \r \h 
[8]

	Definition of SI ID/ configuration index
	A SI ID map to a (set of) SI messages/blocks in a specific area
	A one-to-one mapping between each index and SI configuration of a (set of) SIB 

	The quantity of UE stored information
	Recently used SI configuration
	All possible configurations of all SIBs or per SIB

	Value tag
	Yes
	No

	SI update
	Needed if UE has no valid version for the applied SI configuration
	Not needed because all configuration has been stored.

	Broadcast overhead
	SI ID and value tag, similar order to legacy SI (
	SI index, which length proportional to number of configurations, potentially large (

	UE memory
	Only store the latest SIs (
	Need to store all configurations (


From the discussion above, we prefer SI ID method, which has no concern in broadcast overhead and UE memory capability.
Proposal 1：NR adopts System Information ID in SI distribution and management.
3 Conclusion
We have the following observations.

Observation 1. In LTE, UE needs to re-acquire system information when serving cell changes.
Observation 2. UE’s serving cell changing rate impacts SI request rate, and thus has significant impact on the performance of on-demand SI delivery.
Observation 3. Efficient utilization of UE stored information could significantly reduce the frequency of SI re-acquisition when UE change cell.

Observation 4. SI ID method adopts spatial and temporal validity check, which enables simpler UE memory management because UE only needs to store recently applied SI configuration.

Observation 5. Configuration Index method has more broadcast overhead than SI ID method.
We suggest considering the following proposals as guideline for SI distribution for NR.

Proposal 1：NR adopts System Information ID in SI distribution and management.
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