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1   Introduction
In this document, we discuss an assisted delivery mechanism of minimum SI of small cell(s), to address the highlighted part in RAN2#96 agreements and in RAN2#97 agreements on the NR system information.
Agreements in RAN2#96
1: 
For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).
2: 
There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 
3:
If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.
4
Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.
Agreements in RAN2#97
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.

2   Assisted Delivery of Minimum SIs for small cells
2.2   Scenario
In LTE, the cell will only broadcast all contents of its own system information. The UE can camp on the LTE cell after obtaining the entire SIs irrespective of from the current cell or according to the stored valid system information. In NR system, high frequency operation is being taken into account. This will pose great challenge about the resource efficiency if NR cells operating in high frequency with amount of beams will broadcast the system information in each beam [1] [2] [3]. 
In RAN2#96 meeting, it was also agreed that “each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information” and did not preclude that “UE can apply stored system information from previously visited cell”.
A possible overview for a UE to camp on a NR cell is presented in [1] as Fig 1. Here we give detailed analysis on the method 1 marked in the Fig 1 as low frequency assisted delivery of minimum SI of small cells.

[image: image1.emf]PSS detection

SSS detection

Measurement & Reporting

RS detection

PBCH timing detection

System info access

PBCH decoding

Initial 

synchronization

Neighbour cell 

identification

Serving cell broadcasts 

nothing

Serving cell broadcasts  

some 

contents

of minimum SI

Serving cell broadcasts 

full 

contents

of minimum SI

UE has stored 

nothing

UE has 

stored the 

remaining 

contents

UE cannot camp on the cell UE can camp on the cell

1

2


Fig. 1    Minimum SI access methods
As illustrated in Fig 2, there is a coverage cell overlapping with small cells deployed in low or high frequency [2]. 
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Fig. 2 Assisted delivery of Minimum SI for non-standalone deployment 
Generally, the coverage cell, called anchor cell or macro cell, deployed in lower-band spectrum, will provide coverage service. Meanwhile, small cells deployed in low or high frequency can be considered for capacity enhancement. For small cells, especially cells deployed in high frequency, periodically broadcasting “minimum SI” and partial “other SI” may consume massive resource. This may cause interference among the cells and downgrade the performance of user data transmission especially for the dense deployment. 
Solutions
Assisted Delivery of Minimum SIs for Small Cell(s)
To achieve more efficient resource efficiency, it is desirable for UE to get minimum SIs of those small cells from an overlapping anchor cell and then camp on them by applying stored SIs. That is, the delivery of Minimum SIs for these small cells can be assisted by the overlaid anchor cell [1] [2] [3]. The UE acquires the minimum SI of these small cells from the anchor cell. This can improve the reliability in the delivery of system information for the small cells, especially deployed in high frequency bands, and it is also beneficial for the resource efficiency in high frequencies.
Proposal 1: The minimum SIs of some small cell(s), especially for high frequency cells, may be delivered through a coverage cell, e.g., an anchor cell.
For better resource efficiency of anchor cell, it is desirable to deliver the minimum SIs of small cells as other SI. In order to assist UE to associate the received minimum SIs of small cells in anchor cell with the corresponding small cells, identification index of supported small cells, e.g. cell ID or PCI, should be included in the assisted-delivery minimum SI of the small cell. In addition, possible validity information, e.g. value tag, should also be provided in the assisted-delivery minimum SI of small cell.
Proposal 2: “Minimum SI” of other cells can be delivered as “Other SI” in the anchor cell.
Proposal 3: The anchor cell can help to indicate identification information of assisted small cells and possible validity information of their system information.
Accordingly, the assisted small cell should also send some information such as identification index or validity information so that the UE can determine whether it has stored the valid minimum SI of the small cell. When UE moves into a small cell, the UE reads its identification index, e.g. cell ID or PCI, and current validity information if existing. The UE first finds the stored minimum SI of the small cell by referring to the index. Then, the UE checks its validity by comparing the validity information.  If there are valid minimum SIs of the small cell, the UE can camp or initiate initial access on the small cell.
Proposal 4: The assisted small cell(s) will deliver at least the cell identification information and possible validity information of the minimum SI.
Acquisition of Minimum SIs Applicable in more than one Cell

Furthermore, it was agreed that there will be system information which can be applicable in more than one cell and called “common system information”. To enable the UE to avoid re-acquisition of already stored common system information, the index/identifier associated with the common system information will be configured to indicate its validity. The study of content of the index/identifier for common SI is provided in document [3].
Taking the agreement into consideration, when there are common minimum SIs applicable in both anchor cell and small cell(s), it will be more beneficial to only delivery common minimum SIs in the anchor in form of minimum SI. In this way, the UE can receive and store the common minimum SIs for future application in small cell(s) with the same index/identifier, without additional request for the common minimum SI of small cell(s) in the anchor cell. As for the remaining minimum SIs of small cell(s), the UE is still expected to send corresponding request for acquisition. 

Consequently, to assist the UE to check the validity of the stored common minimum SI, the small cell(s) will also deliver the index/identifier of common minimum SIs. When the UE moves into the small cell(s), UE receives the broadcasted index/identifier info of common minimum SIs and compares it with the stored one to decide whether to update the common minimum SI or not.

Proposal 5: The assisted small cell(s) will also deliver the index/identifier associated with common minimum SI if existing.
As a small summary, it is possible to arrive at a preliminary conclusion on the whole solutions, which can be illustrated in the figure below.
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 Fig.3 Possible Content of Minimum SI in Assisted Delivery
3   Conclusion
In this paper, we discuss assisted delivery of Minimum SI, for potential non-standalone deployment of small cells on high frequency band. We have the following proposals:
Proposal 1: The minimum SIs of some small cell(s), especially for high frequency cells, may be delivered through a coverage cell, e.g., an anchor cell.
Proposal 2: “Minimum SI” of other cells can be delivered as “Other SI” in the anchor cell.
Proposal 3: The anchor cell can help to indicate identification information of assisted small cells and possible validity information of their system information.
Proposal 4: The assisted small cell(s) will deliver at least the cell identification information and possible validity information of the minimum SI.

Proposal 5: The assisted small cell(s) will also deliver the index/identifier associated with common minimum SI if existing.
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