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Introduction
The agreements related to other SI achieved in RAN2#95bis meeting are listed below [1]:
Agreements
1: 	For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.
2	Request of the other SI by idle and “new state” UE should be performed without state transition.
3	For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 

1: 	In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs
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.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In legacy LTE, system information is divided into MIB and a number of SIBs which contain diverse information and have different periodicities. In our view it is reasonable to follow the same division way of system information in NR. That is, other SI consists of a number of SIBs that are divided based on their contents. And the specialities of the SIB contents make them have different scheduling requirements (periodicities).
Proposal 2  Other SI is divided into a number of SIBs which contain different contents.
Delivery methods
The delivery methods of other SI could be periodic broadcast, on demand broadcast, on demand unicast and network triggered unicast. Periodic broadcast triggered by the network may be used when ETWS/CMAS like system information need to be sent. To ensure resource efficiency, on demand broadcast method can be applied when a number of UEs request at the same time period. If there are only a few UEs requesting for a specific SIB, on demand unicast may be selected. Network triggered unicast may prove advantageous when some specific SIBs are required by a few connected UEs especially in high frequency scenario.


Figure 1   Delivery methods of Other SIs
Proposal 3  Delivery methods of other SI could be periodic broadcast, on demand broadcast, on demand unicast and network triggered unicast.
Principle for on demand method
If an SI request is triggered in low frequency scenario, one-shot broadcast (or broadcast for a certain duration) would be the optimal solution assuming there may be some other UEs are about to request for this SI (e.g. UE1 in Fig.2). In other words, one-shot response in a broadcast manner (e.g. using transmission occasions or PDCCH scrambled by SI-RNTI) is more resource efficient than unicast in low frequency scenario. While in high frequency case, most of the companies concern that beam sweeping might impact the performance of broadcast due to the time domain sweeping, e.g. the resource efficiency may decrease and SI acquisition latency may increase. But this does not mean that on demand unicast would be the only solution. One-shot broadcast on concurrent high gain beams or sector beams to cover only part of the cell area would be more resource efficient and not be impacted by time domain sweeping.


Figure 2   Examples of one-shot broadcast
Observation 1  [bookmark: OLE_LINK15][bookmark: OLE_LINK16]One-shot broadcast is more resource efficient than unicast either in low frequency scenario or in high frequency scenario. 
Proposal 4  One-shot broadcast should also be considered for other SI.
As we all known, broadcast has advantage in resource efficiency, but it may behind unicast in latency aspect. Weighing the pros and cons of on demand broadcast and on demand unicast, we propose the following principle.
Proposal 5  Principle for on demand method:
· On demand unicast is only used for urgent SI request. For non-urgent SI requests, on demand broadcast should be applied.
On demand procedure


Figure 3   Potential RACH alternatives
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]On demand procedure is much related with the RACH procedure which is being discussed in RAN1. The potential RACH alternatives are LTE-like RACH procedure and simplified procedure, described in Fig.3. Normally the gNB may respond in Msg2 or Msg4 using UE-specific signalling. However when the gNB realizes a large number of UEs are requesting for a specific SIB, it may respond in a broadcast manner (e.g., using reserved occasions) and thus dedicated SI response may not be signalled. 
Observation 2  [bookmark: OLE_LINK13][bookmark: OLE_LINK14]SI request may be responded in different ways, i.e., broadcasted or using UE-specific signalling.
Along with the principle proposed above, the gNB may select its response method based on the latency requirement of SI acquisition and the number of requests. To help the gNB pick out a more reasonable method, some information about latency requirement should be carried/indicated in UL messages (Msg1 or Msg3). 
Proposal 6  The SI acquisition latency requirement should be indicated in UL messages (Msg1 or Msg3) to help the gNB select a more effective response method.
On demand broadcast
Scheduling information 
As agreed in RAN2#95bis meeting, the minimum SIs should include the scheduling information for broadcasted SIs. For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration. For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). Taking all these agreements into account, it is reasonable to broadcast in minimum SI the configurable periodicity and broadcast duration for on demand other SI.
Proposal 7  The configurable periodicity and broadcast duration for on demand SI should be broadcasted in the minimum SI.
Delivery methods
Several methods can be used for on demand broadcast:
Option 1: Reuse SI-window in LTE
The SI messages are transmitted within periodically occurring time domain windows (SI-windows) using dynamic scheduling. In this case, minimum SI might need to broadcast the mapping information of SIBs to SI message. 
Option 2: Reserve occasions for each SI/SIB
In this case, other SI is transmitted at pre-allocated resources (transmission occasions). Therefore it is unnecessary to respond UEs the detailed time-domain scheduling information. But the locations of the occasions need to be broadcasted in minimum SI.
Option 3: Separate responses to different UEs 
The gNB would respond separately to the UEs the locations of broadcast resources using UE-specific signalling. 
Table 1 gives the pros & cons of different on demand broadcast methods.


Figure 4   Different on-demand broadcast methods
Table 1   Pros & Cons of different on-demand broadcast methods
	
	Pros
	Cons

	Reuse SI-window in LTE
	· highly reliable since the corresponding SI message can be transmitted a number of times within an SI-window;
· scheduling flexible since dynamic scheduling is used in each SI window;
· limited signalling overhead since only  a per SI response is required;
	· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]SI mapping info need to be included in minimum SI;

	Reserve occasions for each SI/SIB
	· limited signalling overhead for scheduling information is not needed;
	· scheduling inflexible since SI messages would only be transmitted at pre-configured occasions;
· locations of the occasions need to be included in minimum SI;

	Separate responses to different UEs
	· scheduling flexible since dynamic scheduling is used;
· no need to include additional information in minimum SI;
	· more signalling overhead since each UE request requires a corresponding response;


Proposal 8  From reliability, signalling overhead and resource efficiency point of view, SI-window method should be considered as a baseline for on demand broadcast. 
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]If LTE SI-window is considered as the optimal scheme, we should review the characteristics of LTE SI-window listed below [2] and analyze whether they could also be applied to other 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; 
· only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message
Different from always periodically broadcast, on demand broadcast aims at timely responding UE’s request. Noticing this, we think some optimization could be done with the last bullet.
If the requested SIBs have different periodicities, they would have to be mapped to different SIs according to the last bullet. 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 10ms as shown in Fig.5, the UEs would have to wait 10ms in average before they obtain the next SI message. But if we remove the restriction in the last bullet, i.e. allowing SIBs having different periodicities be mapped to the same SI message, the UEs would be able to get their requested SIBs in time. 


Figure 5   Enhanced SI-window
Proposal 9  The SIBs mapped to the same SI message could have different periodicities.
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 SI is divided into a number of SIBs which contain different contents.
Proposal 3  Delivery methods of other SI could be periodic broadcast, on demand broadcast, on demand unicast and network triggered unicast.
Observation 1  One-shot broadcast is more resource efficient than unicast either in low frequency scenario or in high frequency scenario. 
Proposal 4  One-shot broadcast should also be considered for other SI.
Proposal 5  Principle for on demand method:
· On demand unicast is only used for urgent SI request. For non-urgent SI requests, on demand broadcast should be applied.
Observation 2  SI requests may be responded in different ways, i.e., broadcasted or using UE-specific signalling.
Proposal 6  The latency requirement of SI acquisition should be indicated in UL messages (Msg1 or Msg3) to help the gNB select a more effective response method.
Proposal 7  The configurable periodicity and broadcast duration for on demand SI should be broadcasted in the minimum SI.
Proposal 8  From reliability, signalling overhead and resource efficiency point of view, SI-window method should be considered as a baseline for on demand broadcast. 
Proposal 9  The SIBs mapped to the same SI message could have different periodicities.
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