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Introduction
RAN2#96 meeting made the following agreements regarding other SI in NR [1]:
Agreements
1:  The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
2: UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
3: The SI transmission window in LTE is baseline for NR.
4:  The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 
FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.
5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI. 
In this contribution, we would look further into the details of other SI.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Content of other SI
In LTE, cell reselection related system information helps the UE find a more suitable cell to camp. But it is unnecessary for initial access. For this system information, our further considerations are as follows:
1. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]The size of cell reselection related system information (SIB3-SIB8) could be 284 octets which is almost twice as much as the size of essential system information (MIB/SIB1/SIB2). It also means twice the time/frequency resources would be consumed if cell reselection related system information is included in minimum SI. 
2. [bookmark: OLE_LINK9][bookmark: OLE_LINK10]As agreed in the previous meeting, minimum SI would always be periodically broadcasted, while it is network decision whether other SI is broadcasted or delivered through UE-specific signalling. From delivery method point of view, it would be more suitable to classify cell reselection related system information as other SI to achieve flexible delivery method. Take an example. NR macro “cell” with heavy load could be configured to broadcast cell reselection related system information so that the resource efficiency, UE power consumption as well as network energy efficiency can be guaranteed. While for NR small “cell” with light load, on demand unicast may be optimal since only a few UEs stay in this “cell” and require such information. 
Proposal 1  Cell reselection related system information should be classified as other SI.
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 would result in restrictions for data scheduling during beamformed timeslots. Therefore, broadcast minimum SI in NR small cell which operating in high frequency is not a wise method. 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. Considering not all UEs need other cells’ minimum SI, it is reasonable for UE to acquire such kind of system information using on demand method. Correspondingly we propose:
Proposal 2  [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Other cells’ minimum SI could be considered as Other SI of serving cell.
Scheduling information for other SI in minimum SI
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Sib-MappingInfo carried in LTE SIB1 lists the mapping of the SIBs to the SI messages. With this information, UE would know in which SI message/SI-window it could obtain the requested SIBs. To help UE learn of this, sib-MappingInfo should be included in the scheduling information of other SI in the minimum SI. 
Proposal 3  The scheduling information in the minimum SI also includes sib-MappingInfo of other SI.
Delivery methods
On demand request


Figure 1   Potential RACH alternatives
UE could request SIs using Msg1 or Msg3 in RACH procedure. Normally the gNB may respond in Msg2 or Msg4 using UE-specific signalling. When the gNB realizes a large number of UEs are requesting for a specific SIB, it may respond in a broadcast manner.
In alternative 1, UE requests a SIB or set of SIBs using a specific preamble. To assist SI request, these preambles would be indicated in minimum SI. It would burden minimum SI transmission and limit the size of preambles used for random access. But alternative 2 does not have these problems.
Proposal 4  Four-step procedure is baseline for on demand procedure.
On demand broadcast
The characteristics of LTE SI-window are listed below [2]:
· Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. 
· The length of the SI-window is common for all SI messages. 
· Within the SI-window, the corresponding SI message can be transmitted a number of times.
· The UE acquires the detailed time-domain scheduling from decoding SI-RNTI on PDCCH.
· Each SIB is contained only in a single SI message, and at most once in that message.
· Only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message
According to the last bullet, if the requested SIBs have different periodicities, they would have to be mapped to different SI messages. Currently the length of the SI-window could be 1ms, 2ms, 5ms, 10ms, 15ms, 20ms and 40ms. As the length of SI-window becomes large, the latency for the UEs to obtain their requested SIBs increases. Assume the length of SI-window is 20ms as shown in Fig.2, the UEs would have to wait 20ms at least before they obtain the next SI message. In addition, there will be more and more system information defined for new features in future. Correspondingly it would take more time (consecutive SI-windows) to broadcast the system information. To help UE timely get their requested SIBs, the following two options, illustrated in Fig.2, could be considered:
Option 1: Remove the restriction in the last bullet, i.e. allowing SIBs having different scheduling requirement be mapped to the same SI message;
Option 2: Remove the restriction in the first bullet, i.e. allowing different SI messages transmitted on the same SI-window. 


Figure 2    Enhanced SI-window
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Table 1 gives the pros and cons of the above options.
Table 1   Pros and Cons of the above options
	
	Option 1
	Option 2

	Content of each SI message
	Depend on gNB scheduling; 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]SIBs having different scheduling requirement (periodicity) can be mapped to the same SI message
	Only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message

	Impact on minimum SI
	None
	minimum SI would have to provide the mapping relation between SI messages to SI-windows; 

	Impact on the existing transmission mechanism
	One-to-one mapping of SI messages to SI-window;
Legacy transmission mechanism using x = (n – 1)*w can be reused. 
	Many-to-one mapping of SI messages to SI-window;
In the existing transmission mechanism, UE could infer the start of the SI-window for the concerned SI message from x = (n – 1)*w. But it cannot be reused in the case many SIs are mapped to the same SI-window 

	SI-RNTI
	A common SI-RNTI is enough. 
	With several SI messages in the same SI-window, UE could not identify which SI message is what it required until it successfully decoded the SI message. To solve this problem, it is reasonable to allocate SI specific SI-RNTI for each SI message. According to LTE spec, at least 7 SI-RNTIs should be reserved. 


[bookmark: OLE_LINK19][bookmark: OLE_LINK20]From Table 1 we can see, the most essential difference between the two options is whether SIBs having different scheduling requirement (periodicity) could be mapped to the same SI message. If we remove the restriction by allowing SIBs having different scheduling requirement be mapped to the same SI message, the impact on minimum SI/the existing transmission mechanism/SI-RNTI emerged in option 2 could be avoided. Moreover, the gNB scheduling would be more flexible without the mapping restriction. But above all, we think it may be unnecessary to keep this restriction when on demand method is applied.
Proposal 5  SIBs having different scheduling requirement (periodicity) can be mapped to the same SI message.
From design complexity, reliability, signalling overhead and resource efficiency point of view, we think the following characteristics of LTE SI-window should be reused for NR SI.
Proposal 6  The following characteristics of LTE SI-window should be reused for NR SI:
· Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. 
· The length of the SI-window is common for all SI messages. 
· Within the SI-window, the corresponding SI message can be transmitted a number of times.
· The UE acquires the detailed time-domain scheduling from decoding SI-RNTI on PDCCH.
· Each SIB is contained only in a single SI message, and at most once in that message.
System information validity and notification of changes
It has been agreed that validity information for other SI is indicated in scheduling information. But it is unclear whether the validity information is common for all SIBs or SI message/SIB specific. In legacy LTE system, the following two value tags are used where systemInfoValueTagSI is used for BL/CE/NB IoT UEs and systemInfoValueTag is used for normal UEs.
	systemInfoValueTagSI
SI message specific value tag as specified in subclause 5.2.1.3. Common for all SIBs within the SI message other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14.

	systemInfoValueTag
Common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14. Change of MIB and SIB1 is detected by acquisition of the corresponding message.


If systemInfoValueTag is used, the UE could not know whether the stored SIBs are still valid or not when they receive this value tag. Thus UE has to receive all SIBs before it know the result. Unfortunately the UE may find its stored SIBs are unchanged with a great probability. This would increase UE power consumption and be a disaster for the low power UEs.
Compared with systemInfoValueTag, you may think it is better to use systemInfoValueTagSI together with sib-MappingInfo to help UE find the changes of the SIBs. But this is not always the case. Take some examples. 
1) [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Assume a specific SIB is not broadcasted in the first modification period but would have to be updated in the second modification period. In this case, the cell would have no idea on which systemInfoValueTagSI can be used to notify UEs the changes. 


Figure 3    Example of change notification
2) The serial number of a specific SI message is determined by the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1. Assume the specific SIB is mapped to SI-2 in the first period. While it may be mapped to SI-1 in the second period since the previous SI-1 may not be required to broadcast when no UEs request for it. Obviously it is inappropriate to use the systemInfoValueTagSI corresponding to SI-2 to notify UE the change of the specific SIB. But using systemInfoValueTagSI corresponding to SI-1 is also inappropriate because the cell would not know whether to broadcast the previous SI-1 in the second period or not until the last millisecond of the first period.


Figure 4     Example of change notification
According to the above analysis, we have the following observation:
Observation 1  systemInfoValueTagSI is applicable for the case when there is a fixed mapping relation between SIBs and SI messages.
With on demand method, SIBs may be mapped to different SI messages in different time periods. In other words, the fixed SIB mapping relation could not be guaranteed when on demand method is applied.
Observation 2  systemInfoValueTagSI is not applicable if on demand method is applied.
Another solution is to introduce SIB specific value tags. With this accurate information, UEs would quickly find whether its stored system information is still valid or not.
Proposal 7  [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Validity information of other SI broadcasted in minimum SI is SIB specific.
In legacy LTE, change of system information (other than for ETWS, CMAS and EAB parameters and other than for AB parameters for NB-IoT) only occurs at specific radio frames, i.e. the concept of a modification period is used. System information may be transmitted a number of times with the same content within a modification period. 
In our understanding, the concept of modification period is also beneficial in NR to inform UEs to update their stored system information. During a modification period, the contents of the SIBs should not be changed.
Proposal 8  [bookmark: _MON_1139213781][bookmark: _MON_1139213889][bookmark: _MON_1139213938][bookmark: _MON_1139214046][bookmark: _MON_1139214582][bookmark: _MON_1139214621][bookmark: _MON_1139214679][bookmark: _MON_1139214726][bookmark: _MON_1139214809][bookmark: _MON_1139216975][bookmark: _MON_1141455217][bookmark: _MON_1142250178][bookmark: _MON_1142250267][bookmark: _MON_1142250278][bookmark: _MON_1142250289][bookmark: _MON_1142250316][bookmark: _MON_1142250323][bookmark: _MON_1144579870][bookmark: _MON_1256375447][bookmark: _MON_1256466064][bookmark: _MON_1266527591]Reuse the concept of modification period in NR.
The following two methods are used in legacy LTE to notify UE the change of system information:
1) The Paging message including the systemInfoModification is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. Actual modification period is expressed in number of radio frames= modificationPeriodCoeff * defaultPagingCycle.
2) [bookmark: OLE_LINK23][bookmark: OLE_LINK24]SystemInformationBlockType1 (or MasterInformationBlock-NB in NB-IoT) includes a value tag that indicates if a change has occurred in the SI messages. UEs may use the value tag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid.
In our view, both methods should be supported in NR and other new notification mechanisms are not precluded. 
Proposal 9  The existing notification mechanism in LTE (indicating in paging message or system information) is baseline for NR.
Conclusions
In this work, we have discussed other SI related issues and have the following recommendations:
Proposal 1  Cell reselection related system information should be classified as other SI.
Proposal 2  Other cells’ minimum SI could be considered as Other SI of serving cell.
Proposal 3  The scheduling information in the minimum SI also includes sib-MappingInfo of other SI.
Proposal 4  Four-step procedure is baseline for on demand procedure.
Proposal 5  SIBs having different scheduling requirement (periodicity) can be mapped to the same SI message.
Proposal 6  The following characteristics of LTE SI-window should be reused for NR SI:
· Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. 
· The length of the SI-window is common for all SI messages. 
· Within the SI-window, the corresponding SI message can be transmitted a number of times.
· The UE acquires the detailed time-domain scheduling from decoding SI-RNTI on PDCCH.
· Each SIB is contained only in a single SI message, and at most once in that message.
Observation 1  systemInfoValueTagSI is applicable for the case when there is a fixed mapping relation between SIBs and SI messages.
Observation 2  systemInfoValueTagSI is not applicable if on demand method is applied.
Proposal 7  Validity information of other SI broadcasted in minimum SI is SIB specific.
Proposal 8  Reuse the concept of modification period in NR.
Proposal 9  The existing notification mechanism in LTE (indicating in paging message or system information) is baseline for NR.
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