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1 Introduction

In legacy LTE, UE is always requested to re-acquire system information when cell change occurs. As agreed in RAN2#97 agreement [1], it is desired to further reduce SI re-acquisition by identifying UE stored information with specific index/identifier, which is broadcast in minimum SI.
Agreements

1: Broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one cell may be valid also in other cells.

FFS what the index/identifier is (e.g. single index or area plus value tag, etc)

However, it is not yet clear about the definition of what the index/identifier is, and also it is not clear whether value tag should be reused or whether value tag should be included/encoded as part of index. In this paper, we consider two definition of index/identifier (i.e. single index or area plus value tag), and compare their difference from the perspective of the overhead for SI configuration broadcast and SI update.
2 Discussion
In this paper, we specify the two ways of index/identifier management methods as below.
· area plus value tag [2]-[8]: in this category of methods, the index/identifier consist of two parts: SI ID and value tag. 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].

· Single Index [9]-[12]: 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 [9][10], 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.

Table 1 provides the comparison between the two SI index/identifier definitions.

	Table 1. Comparison of SI management method for UE stored information

	
	area plus value tag method
 [2]-[8] 
	Single Index method [9]-[12]

	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 a single 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

	Value tag consistency maintenance in the SI area
	Need
	No need

	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 (


We think the main difference between “single index method” and “area plus value tag” method is in the trade-off between broadcast overhead and SI request overhead. For single index method, UE store all possible configuration in SI configuration list for each SIB, and thus UE needs not request for the adopted SI configuration for a SIB if the SI configuration list does not change. The benefit of reduced SI request overhead, however, has the cost of more broadcast overhead for SI index. The reason is that for single index method, each SI configuration has a distinct index sequence no matter whether the SI configuration is recently used or not. As a result, the number of bits needs to indicate a specific SI configuration is much more significant, in particular when the OSI has many parameters and supported values.

Observation 1. The main difference between “single index” and “area plus value tag” is the tradeoff between broadcast overhead and SI request overhead from the perspective of signalling overhead.

As indicated in [10], for single index method a SI configuration list for a SIB can be valid within the PLMN or a specific geographic area. To reduce significant broadcast overhead from long single index, it is more suitable to have geographic area specific SI configuration list, which has less SI configuration and thus less number of bits for SI index compared to that of PLMN specific SI configuration list. If SI configuration list is geographic area specific, UE should be aware of the geographic area so that UE can immediately send SI request for the valid SI configuration list when entering a new part of network with different SI configuration list. The simplest way to achieve this is that gNB broadcast the identifier of geographic area in addition to the single index. In a word, to reduce the overhead of single index broadcast, an area code is needed to specify the spatial validity of SI configuration list.
Observation 2. To avoid significant overhead for SI validity check, area code should be included as part of SI index/identifier to be broadcast in minimum SI no matter what SI index/identifier is.

If single index includes area code, then the only difference between “single index” and the “area plus value tag” is the stored version of SI configuration for each SIB: for single index UE saves all possible configuration in the area, while for area plus value tag UE saves only the recently used configurations. 

Although Single index has less SI request overhead than area plus value tag, the advantage becomes prominent only when SI request rate is high. We consider the following scenarios.
· Low SI update rate
If a SI has low update rate, the frequency for UE to request SI is low, and thus area plus value tag is beneficial in reducing broadcast overhead for OSI validity check.
· High SI update rate, but SI configuration is alternatively switched among a few options, e.g., traffic adaptive parameters.
In this scenario area plus value tag is still efficient since UE needs not request SI configuration once it has stored all of those (a few) SI configuration.

· High SI update rate, and SI is frequently changed among many options.
In this situation, area plus value tag method needs more frequent SI update, however, for this kind of SI configuration gNB could deliver it by broadcast instead of on demand. Another possible way is that gNB could deliver more SI configuration to UE in advance before UE applies it. That is, it could be up to network implementation how many sets of SI configuration should be stored in UE to meet a sweet point of little broadcast overhead and little SI request overhead. In this way single index method could be though as a special case of area plus value tag.
Observation 3. Single index method could be thought as special case of area plus value tag since it stores not only the recently applied SI configuration, but also all valid SI configuration.

· High mobility UE
High-mobility UE may have frequent serving cell change rate, and thus UE may request SI more frequently. However, in this situation UE can report its mobility state (e.g., medium or high) in SI request, and gNB could accordingly provide more SI configuration of other cells UE may enter soon.

From the discussion above, we see that SI request overhead of area plus value tag could be reduced with network implementation. 
Observation 4. SI request overhead of area plus value tag could be reduced with network implementation.
And it seems that area plus value tag method provides more network configuration flexibility. To be specific, in addition to identify the version of recently used SI configuration, the framework of area plus value tag enables the network to optionally provide in advance those SI configuration that is not stored by UE but may probably be applied by UE soon. For example, gNB could provide more SI configuration of neighbouring cells for UE with higher mobility; and also gNB could provide UE with those SI configurations that may be adopted with a high probability, e.g. SI configuration applied in recent 3 hours of this cell. Since SI configuration is selectively provided, only a few number of SI configuration is stored by UE, and thus SI index will not be long; and since some SI configuration is provided in advance before usage, the frequency, overhead, and latency of SI request procedure could be reduced.
Observation 5. The framework of area plus value tag provides network with configuration flexibility to optionally provide SI configurations, which makes it possible to find the best trade-off point between SI index broadcast overhead and SI request overhead.
From the discussion above, we prefer area plus value tag method for its network configuration flexibility in reducing broadcast and SI request overhead, e.g., for SI with different SI update rate and for UE with different mobility status. 

Proposal：NR adopts area plus value tag as the format of SI index to manage UE stored SI.
3 Conclusion
We have the following observations.

Observation 1. The main difference between “single index” and “area plus value tag” is the trade-off between broadcast overhead and SI request overhead from the perspective of signalling overhead.

Observation 2. To avoid significant overhead for SI validity check, area code should be included as part of SI index/identifier to be broadcast in minimum SI no matter what SI index/identifier is.

Observation 3. Single index method could be thought as special case of area plus value tag since it stores not only the recently applied SI configuration, but also all valid SI configuration.

Observation 4. SI request overhead of area plus value tag could be reduced with network implementation.
Observation 5. The framework of area plus value tag provides network with configuration flexibility to optionally provide SI configurations, which makes it possible to find the best trade-off point between SI index broadcast overhead and SI request overhead.

We suggest considering the following proposals as guideline for SI distribution for NR.

Proposal：NR adopts area plus value tag as the format of SI index to manage UE stored SI.
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