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Introduction

In RAN2 previous meeting, the mechanism for system information delivery was extensively discussed and some agreement were concluded. There are two FFS are left at last meeting. The intention of this paper tries to address 1st  FFS and conclude that minimum SIs is broadcasted periodically in every cell on which a UE can camp i.e. not to acquire in another cell. 2nd FFS is actually not the discussion scope because it is network’s implementation issue. 

Agreements in RAN2 #95

1: 
Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).
2: 
Minimum SI needs to be broadcasted periodically. 

3: 
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.) 

Agreements in RAN2 #95bis
1: 
In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs

2: 
FFS Whether the minimum SIs is broadcasted periodically in every cell on which a UE can camp

3: 
FFS Whether there are cells in the system where the UE can not camp.

Discussion
The solution on the table addressing the 2 FFS in agreement in RAN2#95bis could be referred to paper [R2-166772].  The Figure 1 in the paper is cited here:
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Figure 1. Broadcast of table and indices.

The basic idea is that the full set minimum SI of the pico node is broadcasted in macro cell. There are index of entries of the pico node which is broadcasted in pico node e.g. in MIB. So when UE enters the pico node, UE can figure out the corresponding minimum SI by comparing the index within MIB and stored sets of minimum SI from macro. Additionally there will be a value tag also broadcasted in pico node to help UE to identify the validity of minimum SI.

Issue1: Index ambiguity issue

The typical case for such scheme is that a few small nodes are covered by one macro node. Because there is no full set of minimum SI in the small node the very first version of minimum SI UE will get from macro cell. Afterwards UE can camp one of the small nodes according to stored minimum SI. When UE is then moving around and UE’s speed is not such high e.g. it is a pedestrian user, then most likely UE will reselect to other small node under other macro cell. Because the number of the small nodes is limited that’s why the index of the minimum SI table is also limited. In the example of Figure 2 it is assumed that 20 small nodes are covered by one macro cell. When UE reselect to another small node it is possible that the index of the target small nodes has the same index of one of the serving cells in the past. Then the question is how can UE interpret the index?
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Figure 2 Index ambiguity issue

In order to resolve the problem UE is forced to reselect to macro cell when it enters the coverage of another macro cell’s coverage to acquire another set of SI and then reselect to small node under that macro cell. It could be realized e.g. by setting proper neighbouring cell list of small node 5 of the first macro cell or vice versa. But obviously it causes more cell reselection and complexity of network. Plus if UE does reselect to the small node first e.g. by going through of coverage hole of macro cell, then UE will interpret the index with wrong way.

Assuming UE reselect small node3 via 2nd macro cell, then UE will flash stored sets of minimum SI from 1st macro cell and store the minimum SI from 2nd macro cell in order to avoid any ambiguity. And once UE moves back to the first macro cell, it will take same behaviour. That would mean every time when UE enters such macro cell UE has to acquire those sets of minimum SI even they are not changed. 

Observation1:Index based scheme will introduce more complexity in both UE and network regarding cell reselection.

Observation2: Index based scheme will cause more frequent acquisition of SI in macro cell

Issue2: how to maintain the index

It seems very difficult to assume that the full sets of minimum SI in the macro cell will be stable i.e. from time to time the table itself will be updated. It includes the case that the mapping between index and set of minimum SI will be changed also. In this case macro cell should update small node via network interface. More important all the concerned UE should be updated too. Since both small nodes and UEs should be updated there are some duration UE and network is not synchronized regarding the meaning of index and may cause abnormal behaviour of UE. For example if the index of small cell is updated first, then UE camping on the cell will be confused what the current cell is.

Observation3: Maintaining index will cause more signalling within network and radio and may cause asynchronization between network and UE regarding system parameter

Issue3: Inter-frequency issue

The observation 3 in [1] is:

The index can point to a parameter set provided on the same or different carrier frequency. 

Assuming serving frequency of macro cell is f1 and serving frequency of small node could be f2 and f3. In order to differentiate minimum SI between f2 and f3, there are basically two alternatives regarding index:

Alt1: Independent index between f2 and f3 i.e. there are two tables containing minimum SI for f2 and f3 respectively

Alt2: global index between f2 and f3 i.e. there is only one table containing minimum SI for both f2 and f3 small nodes

Assuming alt1 is taken, when UE enters a small node and what UE can get after cell search procedure are:

Physical frequency

PCI

Information in MIB e.g. index for minimum SI in macro cell

In order to identify one set of minimum SI in the two tables UE need further information to differentiate physical frequency. Normal such information is freqBandIndicator. But freqBandIndicator is included within SIB1 in LTE it suppose to be in the minimum SI of corresponding cell. That’s why freqBandIndicator should be contained e.g. in MIB. In LTE freqBandIndicator has 8 bits. In addition same cell could belong to different frequency bands. That’s why it is quite expansive to include such information in MIB of small node.

Alt2 can work without such problem. But it will introduce quite long index because logically the length of index equals to Nf*Ncell under the macro cell. Assuming Nf=8 and Ncell=32 index will also contain 8 bits.

Observation 4: Long size of index has to be introduced in order to support inter-frequency case
Issue4: Update of minimum SI

When any parameter in minimum of one small node need be updated, UE camping on small node should be notified to update in corresponding macro cell. Figure 3 illustrate the procedure:
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Figure 3 update of minimum SI in small node

Macro node and small node should exchange information to update minimum SI of small nodes at first. And then small nodes start to UEs in the small node is notified that minimum SI need be updated by paging message. Since there is no such minimum SI in the small node, UE will be forced to reselect to macro to update minimum SI. After UE acquire minimum SI of small node it will decide whether it will stay in macro node or reselect back to small node. In order to trigger such cell reselection some new cell reselection rules will be introduced. And frequent cell reselection may result in loss of paging message in small node. 

If UE is in RRC CONNECTED state it is obvious that handover procedure should be avoided to only update of minimum SI. So dedicated signalling seems the only choice for UE in RRC CONNECTED state. The drawback of such scheme is that every UE need be notified via dedicated signalling. As discussed before dedicated signalling may cause asynchronization issue between UE and network.

It should be noted such procedure should be also applied when Other SI is updated. This is because scheduling information of Other SI will be most likely allocated within minimum SI. While Other SI is acquired on demand i.e. they are scheduled temporarily when UE request it. The solution to avoid such problem is that Other SI in small node is always sent by dedicated signalling when UE request it even many UEs are requesting same Other SI. This will cause waste of resource and energy.

Observation 5: More cell reselection is caused by update of minimum SI and other SI of small node for UE in IDLE and more dedicated signalling overhead for UE in RRC CONNECTED state. 

Issue6: Power consumption of gNB

Although the detail of the minimum SI is not very clear yet, we can still take MIB/SIB1/SIB2 as example for discussion. Some of the parameters could be common among small nodes and small of them are not. Following is one example:

	
	SIB1
	Size(bit)
	SIB2
	Size (bit)

	Common parameters
	PLMN-IdentityList, (2*24)

TrackingAreaCode; (16)

freqBandIndicator(6)

tdd-Config (7)

intraFreqReselection(1)

cellBarred(1)
	79
	ue-TimersAndConstants(18)

freqInfo(24)

timeAlignmentTimerCommon(3)

radioResourceConfigCommon(100/165)
	145

	Cell specific parameters
	q-RxLevMin  (6)

q-RxLevMinOffset(3)
p-Max(6)

si-WindowLength(3)

cellIdentity(28)

schedulingInfoList(3*8)

systemInfoValueTag(5)
	75
	ac-BarringInfo(25)

radioResourceConfigCommon(65/165)
	80


Table 1

So the total size of common parameter is roughly 224 bits;

The cell specific parameters are roughly 155 bits;

Network can save energy by only transmitting 1 copy of the common parameters instead of N (N>1) copies. But for those cell specific parameters macro node also has to transmit every copy of them for every single small node. Since transmitting power of macro node is much higher than small node e.g. power class of macro node could be 43dbm (MP) while power class of small node could be 33 dbm (sp) it is not very clear whether such scheme really save transmitting power. Here is one example:

Assuming there are total N small nodes covered by a macro cell:

The power consumption ratio between small nodes and macro nodes is: 

sp*N/MP*(1+(N-1)*41%)=N/(10*(1+(N-1)*41%))

If we assume there are 10 small nodes are covered by one macro node i.e. N=10, then the ratio is 21.3%

Observation7: Index based scheme is less energy efficiency from network point of view also.

Conclusion

Proposal: The minimum SIs is broadcasted periodically in every cell on which a UE can camp
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