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Introduction
The agreements on minimum SI achieved in RAN2#95bis meeting are listed below [1]:
1: 	In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs/
2: 	PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp
FFS Whether there are cells in the system where the UE cannot camp.
In this contribution, we will discuss the provisioning of minimum SI. 
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Provisioning of minimum SI
System information distribution should target a single technical framework, which can be used in various deployments. The following two typical scenarios should be considered when designing system information delivery mechanism:
-	Homogeneous deployment where all of cells provide the similar coverage, e.g. macro or small cell only;
- Heterogeneous deployment where cells of different size are overlapped, e.g. macro and small cells.


    
Figure 1   Homogeneous & Heterogeneous deployments
In the left figure, all NR macro cells (operate at low frequency) or NR small cells (operate at high frequency) should be able to broadcast minimum SI for UE accessing network anywhere under the coverage.
In the right figure, at least the NR macro cell is required to broadcast the minimum SI for UE accessing. If beam sweeping operation is applied for NR small cell, signalling overhead for system information broadcast may increase significantly. In addition, time/frequency resources consumed for periodic broadcast of system information according to beam sweeping would result in restrictions for data scheduling during beamformed timeslots. Therefore, broadcasting minimum system information in NR small cell which operating in high frequency is not a wise method. For heterogeneous scenario, if the small cell is in the coverage of macro cell, we propose that the macro cell can provide the minimum SI of the small cell for UEs for the sake of saving signalling overhead and avoiding beamforming restriction in small cell. But in some special scenarios, e.g., small cells at the edge of macro cell, minimum SI would still need to be broadcasted by the NR small cell itself.
Proposal 1  Not all cells are required to periodically broadcast the minimum SI.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the overlapping heterogeneous network, macro cell broadcasts both its minimum SI and minimum SI table of all its covered small cells. UE scans the whole frequency and find out suitable cells. Some of the cells are in lower frequency with minimum SI broadcasted, which are actually the macro cells. And other cells are on higher frequency with no minimum SI broadcasted, which are the small cells. UE first acquires minimum SI and SI table from the macro cell. Then UE may either camp on the macro cell or camp on the small cell. UE can relate stored minimum SI table with small cell by comparing cell id.
Proposal 2  The minimum SI of one cell can be provided to UE by another cell.
Non-standalone cell
In RAN2#95bis meeting, we have discussed on standalone cell / non-standalone cell, camp-able cell / non-camp-able cell in the heterogeneous network.[2] But neither ‘standalone’ nor ‘camp’ has been clearly defined in RAN2. We assume the cells that do not broadcast minimum SI are non-standalone cells. 
In the heterogeneous network, macro cell broadcast both macro cell minimum SI and covered non-standalone small cells minimum SI. For the non-standalone small cells, whether RACH and paging are supported is still not clear. We classify the combination into 4 options, as discussed below.
Option 1: Support RACH and paging 
Behaviour: Considering both macro cell and non-standalone small cell support RACH and paging and they probably belong to the same tracking area, they all need to perform paging upon downlink data arrival. Upon small cell SI change, the small cell performs SI update notification. For the UE in non-standalone small cell range, UE monitors SI in macro cell, while monitor paging and SI update in small cell. Upon uplink data or downlink data arrive, UE can perform RACH in the non-standalone small cell.
Pros: As for RACH channel, load balancing benefit is achieved between macro cell and small cell.  Macro cell don’t need to perform SI change notification for the covered non-standalone small cell, which saves paging resources of the macro cell.
Cons: All the macro cells and non-standalone small cells in the same tracking area should broadcast paging message, which is not power and resource efficiency especially in the overlapping scenario. 
Option 2: support RACH, not support paging 
Behaviour: The paging message is broadcasted in macro cell, not broadcasted in non-standalone small cell. Small cell support RACH. Therefore, macro cell should perform all the paging for covered small cells, i.e. SI update notification and paging from MME. For the UE in small cell range, UE monitors paging in macro cell and perform RACH in small cell. 
Pros: Since all the paging messages are performed by macro cell, small cell radio resource is saved. UE only need to monitor paging and SI channel in macro cell, and perform RACH either in macro cell or small cell based on idle mode measurement. Therefore, the UE’s behaviour is simplified.
Cons: Macro cell has to perform SI update notification for all the covered small cells. If there are too many small cell deployed in the macro cell range, the notification probably take up much radio resource in macro cell.
Option 3: Support paging, not support RACH
[bookmark: _GoBack]Behaviour: Since RACH is not supported in the non-standalone small cell, this cell can either work as a downlink only cell or supporting uplink with RACH-less enhancement. For the former downlink only cell, UE can monitor paging in the small cell and receive downlink data, just like MBMS service. For the latter case, additional inter-cell coordination between macro cell and small cell is needed, in order to support RACH-less uplink transmission.
Pros: Small cell can support MBMS service. And the latter case can achieve load balancing for macro cell.
Cons: For the former case, function limited as only downlink data supported. For the latter case, additional coordination between macro cell and small cell to support RACH-less uplink cause much complexity.
Option 4: Don’t support RACH and paging
Behaviour: This option is similar with option 3, except that the paging is performed in macro cell. This cell can either work as a downlink only cell or supporting uplink with RACH-less enhancement. For the former case, UE monitor paging in macro cell and receive downlink data in small cell. The latter case also need coordination between macro cell and small cell.
Pros: Same with option 3. 
Cons: Same with option 3. In addition, all the SI, RACH and paging are performed in macro cell which has limited benefit on load balancing. 
Taking load balancing benefit, radio resource efficiency and energy efficiency into consideration, we think option 1 and option 2 are better.
Proposal 3  Non-standalone cells don’t broadcast minimum SI.
Proposal 4  Non-standalone cells should support RACH.
Conclusions
In this paper, we have discussed minimum SI related issues and have the following recommendations:
Proposal 1  Not all cells are required to periodically broadcast the minimum SI.
Proposal 2  The minimum SI of one cell can be provided to UE by another cell.
Proposal 3  Non-standalone cells don’t broadcast minimum SI.
Proposal 4  Non-standalone cells should support RACH.
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