Page 4
Draft prETS300 ???: Month YYYY


3GPP TSG-RAN WG2 Meeting #95bis
R2-166484
Kaohsiung, Taiwan, 10th- 14th October, 2016
Agenda Item:

9.2.2.2
Source:


ITRI
Title:  


Including cell reselection information in the Minimum SI
Document for:

Discussion & Decision
Introduction
For NR system information, RAN2#95 meeting has reached the agreements that UEs are supposed to camp on the best cell. Two types of SI are the Minimum SI and Other SI. The content of Minimum SI at least include information to support cell selection, for acquiring other SI, and for accessing the cell.
Detail RAN2#95 agreements on the system information of NR [2] are shown in bellow:
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.

The design of Minimum SI shall consider the efficiency of distribution and the power consumption for access networks and the UEs.
This contribution propose to include information to support cell reselection in the Minimum SI. Analysis of the overhead with/without including cell reselection information in Minimum SI is provided. 
Discussion
Periodically broadcasted system information possesses the beneficial for UEs in IDLE state to obtain all the information for cell selection, cell reselection, cell accessing, services supported by the cell and how to access the supported services, system information updates, etc. However, without knowing whether the SI is needed by UEs (e.g., only a few UEs in the cell or the SI change seldom or some of the information is not utilized by the UEs visiting the cell), the radio resource consumed for periodically broadcasting may be inefficient.
For NR revolution the overhead of legacy system information delivery could be reduced by dividing the system information into Minimum SI and Other SI. The Minimum SI would be broadcasted periodically and the Other SI is delivered on demand [2].

· For cell selection

In LTE system, a UE in IDLE state performs carrier frequency search and L1 measurement to find a cell. The IDLE state UE receives system information from the cell and forward the system information to NAS layer to determine whether the cell is allowed to be selected. Similarly, some part of SI is needed for an IDLE UE to select a NR cell, e.g., PLMN ID, cell ID, signal quality level. The scheduling information of other SI may or may not be included in the Minimum SI.
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Fig. 1

In Fig. 1, Cell A is a macro cell broadcasting Minimum SI, Cell X and Cell Y are micro cells only distributing Other SI. UE in the coverage of Cell A and Cell X is moving toward the coverage of Cell Y.

If a UE in IDLE state is allowed to camp on Cell X which only distributes Other SI, though the IDLE mode UE can find and synchronize with Cell X by L1 procedure, the information to select Cell X shall be obtained from other cell (e.g., Cell A). 

· Case 1: Cell A broadcasts the information of other cells
Cell A broadcasts cell selection information for one or more other cells (e.g., Cell A is a macro cell which broadcasts SI for neighbouring micro cells). Cell A may collect and schedule cell selection information of other/neighbour cells.
A UE obtains from Cell A the information to select other cells. Then the UE performs L1 procedure with referring to the cell selection information provided by Cell A to determine which cell to camp on. In this case the UE selects Cell X as the camped cell.
The UE may obtain the Other SI of Cell X by monitoring the broadcast channel of Cell X or by request.
Once the UE moves away from the coverage of the camped Cell X, the UE may need to check the update of cell selection information (e.g., from Cell A or Cell X) before selecting another cell to camp on. 
· Case 2: Cell A provide the information of other cells by unicast
In this case Cell A provides the cell selection information of neighbour/other cells when a UE is in CONNECTED state. UE can store and use the cell selection information when the state of the UE translated to IDLE. The IDLE state UE camps on Cell X based on the stored information.
The cell selection information of other cells provided by Cell A may become obsolete when a UE is in IDLE state. The UE may need to translate to CONNECTED to obtain the updated cell selection information.

Fig. 2 shows the concept of the two cases.
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Fig. 2
The two exemplary cases showed that camping on a cell without broadcasting Minimum SI may increase UE power consumption and bring about more signalling overhead. Though it is FFS whether all cells/TRPs periodically broadcast the Minimum SI, a UE in IDLE state shall camp on a cell providing SI for cell selection to reduce power consumption. 
Observation 1: If a UE is allowed to camp on a cell without broadcasting Minimum SI, UE power consumption and signalling overhead will be increased.
Proposal 1: A UE in IDLE state shall camp on a cell broadcasting Minimum SI.
· For cell reselection

The scenarios as shown in Fig. 3 may happen in the progress of 5G deployment. A UE in IDLE state shall be able to search for more suitable cell. For example, NR cells may be preferable for a UE which has a subscription to eMBB centric services. The UE fell back to LTE when there was no NR cell around (t1 in Fig. 3) and reselects NR cell when moving into NR coverage even if the UE is in the coverage of a LTE cell (t2 in Fig. 3). 
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Fig. 3

Observation 2: UEs needs to reselect other cell (e.g., a better cell) in IDLE state.
· Including cell reselection information in Minimum SI
Including the cell reselection information in the Minimum SI would increase the broadcast overhead. We investigate the broadcast overhead with assuming the content of cell reselection information including intra-frequency, inter-frequency, and inter-RAT cell reselection information (similar to LTE SIB3) has the size of 35 octets with a 320 ms SI periodicity. System bandwidth is 20 MHz, maximum SI window to derive resource blocks = 640 ms [3]. 
The broadcast overhead ratio of with/without cell reselection information:

·  With cell reselection information: 1.53%

·  Without cell reselection information: 1.43%

There is no signalling overhead for obtaining the cell reselection information.

Observation 3: The overhead to include cell reselection information in Minimum SI is not significant. 
· On demand cell reselection information 
If the cell reselection information is obtained on demand, an IDLE state UE would obtain the information either by UE initiation (e.g., the UE sends a request to the camped cell) or by network triggering (e.g., the UE monitors the Other SI to check if the information is available in the DL). 
UE initiated 

When a UE in IDLE state needs to reselect a cell (e.g., when moving away from the camped cell), the UE needs to send a request to trigger the camped cell to deliver the cell reselection information. The request may be send during random access procedure, by L2 message, or by RRC message. 
The cell reselection information may be broadcasted to all UEs in the coverage of the cell or be delivered to specific UE(s) by unicast. The broadcast overhead can be negligible compared with the signalling overhead.

Network triggered 

The network may trigger the delivery of Other SI when the neighbour topology or the neighbour configurations change, or when a registration or area update is received, 

Mechanisms (e.g., value tag or version number) could be adapted to indicate the change of Other SI and accordingly UEs could decide to receive the changed SI or not.  
If the cell reselection information is delivered by broadcast, the broadcast overhead is similar to including the information in Minimum SI. However, this requires additional SI change notification mechanism to update the information to UEs.

It is not an efficient way for an IDLE state UE to consume battery power to send request or to keep on monitoring the Other SI to check the available of cell reselection information. From the perspective of power efficiency for UEs and the access nodes, it is preferable to include cell reselection information in the periodically broadcasted Minimum SI.

Observation 4: Including cell reselection information in Minimum SI is more efficient than obtaining on demand.

Proposal 2: The Information of cell reselection shall be included in the Minimum SI for a UE to perform intra-frequency, inter-frequency, and inter-RAT cell reselection.
Conclusion

Based on the discussion and analysis, the observations and the proposals from our side can be summarized as the following:

Observation 1: If a UE is allowed to camp on a cell without broadcasting Minimum SI, UE power consumption and signalling overhead will be increased.
Proposal 1: A UE in IDLE state shall camp on a cell broadcasting Minimum SI.
Observation 2: UEs needs to reselect other cell (e.g., a better cell) in IDLE stat.
Observation 3: The overhead to include cell reselection information in Minimum SI is not significant.
Observation 4: Including cell reselection information in Minimum SI is more efficient than obtaining on demand.
Proposal 2: The Information of cell reselection shall be included in the Minimum SI for a UE to perform intra-frequency, inter-frequency, and inter-RAT cell reselection.
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