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1 Introduction

In RAN2 previous meeting, the mechanism for system information delivery was extensively discussed and some agreements were concluded. In this document we will further discuss the mechanism for Other SI delivery based on those agreements.
Agreements on RAN2 #95

1: 
Other mechanisms than periodic broadcast of system information should be studied during study item.

2:
Agree on the terminology of Other SI where other SI comprises everything not broadcasted in minimum SI.

3:
Both network triggered and UE initiated mechanisms for Other SI delivery shall be further studied.

4:
It is network decision whether other SI is broadcasted or delivered through UE-specific signalling.

Agreements on RAN2 #95bis

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). 
4
PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements.
Agreements on RAN2 #96
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.

5
FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.

6
For UEs in connected, dedicated RRC signaling can be used for the request and delivery of other SI.
2 Discussion
2.1 How to broadcast other SI

As well known, beam forming technology would be necessary to guarantee the coverage and SI broadcast is usually based on beam sweeping technology at high frequency scenario as shown in figure 1a. However, as discussed in RAN1, beam sweeping would impose serious limitation on the flexibility of the radio resource, i.e. the radio resources used during the transmission of a beam can only be scheduled to the UEs which locate in the sweeping beam direction. Some radio resources would be wasted if no enough UEs in those beams request all those radio resource. In addition, broadcasting by beam sweeping may also imply useless broadcasting since there may be no UEs in some sweeping beam which would result in the waste of the network power consumption and radio resources.
Therefore from the radio resource efficiency point of view, selective beam transmission could be used to broadcast Other SI: gNB only transmits beams based on the UE or network request. For the UE initiated case, the requested Other SI would only be broadcasted in the beams where some UEs have requested them as demonstrated in figure 1b. So broadcasting Other SI by selective beam transmission can help reduce the network useless power consumption greatly and increase the radio resource efficiency.
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For selective beam transmission solution, one potential issue is how to indicate which bean is broadcasting and which SIBs of Other SI are broadcasting on the broadcasting beam. As the agreement on Other SI delivery: whether a specific SIB is being broadcasted or not should be notified to UE in minimum SI, so the indication solution is dependent on the transmission mechanism of minimum SI. Basically we can assume that the mode of beam sweeping for minimum SI and other SI is the same and relies on the capability of the gNB, and then two potential solutions could be considered as following:

· Solution 1: different the indications of which SIBs of other SI are broadcasting are broadcasted in different beams for minimum SI broadcast; correspondingly different SIBs of other SI are broadcast in different beam for other SI broadcast. In this solution, indications of none of SIBs of other SI is broadcasting in some beams for minimum SI broadcast indicate the corresponding beams for other SI broadcast would not be transmitted.
· Solution 2: the same indication of which SIBs of other SI are broadcasting is broadcasted in all the beams for minimum SI broadcast; correspondingly the same SIBs of other SI are broadcast in all the beam for other SI broadcast. In this solution, additional indication of which bean is broadcasting for other SI broadcast could be needed.
 Proposal1: to reduce network useless power consumption and increase the radio resource efficiency, selective beam transmission should be used to broadcast other SI and the selection indication would be needed.
2.2 Delivery by UE-specific signaling
From UE point of view, the UE initiated broadcasting mechanism for Other SI delivery could result in some latency to acquire the requested Other SI since the broadcasting is always carried out in the preconfigured transmission window. Therefore for the latency sensitive case, for example for the ULRCC service, the mechanism based on UE-specific signalling for Other SI delivery could be preferred. According to the agreement that two-step RACH will be deprioritized, four-step RACH based solution would be the basic potential solution as shown in figure 3.
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Figure 3
In this solution, UE can send Other SI request in MSG3 with its particular requirement on some SIBs of Other SI. Contention could happen in MSG3 and the requests from some UEs could fail. However the winner of the contention can acquire the requested Other SI in UE-specific MSG4.

Furthermore, in this solution, the RRC connection setup request message can be combined with Other SI request in MSG3, if RRC connection establishment is also requested by UE at the same time. And the requested Other SI and RRC connection setup message would be combined in MSG4 if the network decides to establish RRC connection for a UE. By this, the UE can acquire Other SI during the RRC connection establishment and limited signaling and shorted latency could be achieved.

Proposal2: four-step RACH based solution and the optional combination of RRC connection establishment should be used to deliver Other SI by UE-specific signalling.
2.3 Whether are MSG1 and/or MSG3 used to carry other SI request.
As discussed in 2.2, MSG3 will be used to carry other SI request for Other SI delivery by UE-specific signaling. However for Other SI delivery by broadcast, compared with MGS3 which could suffer the risk of contention and failure, MSG1 seems more suitable since it is contention-free and more than one UE could request the same SIBs of Other SI simultaneously. To enable to differentiate request on different SIB(s), more than one RACH resources could be reserved in time/frequency/code domain or any combination of them. One example solution is to combine a reserved preamble with the resource in time domain as shown in figure 5. In this solution a detect window is defined for each SI window, the other SI requests by the reserved preamble in the detect window imply the requests on the SIB(s) of other SI which are mapped in this SI window.
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Proposal3: MSG3 should be used to carry other SI request for delivery by UE-specific signaling and MSG1 should be used to carry other SI request for delivery by broadcast.
3 Conclusion

Based on the deep and extensive analysis on Other SI delivery, we have the following proposals:
Proposal1: to reduce network useless power consumption and increase the radio resource efficiency, selective beam transmission should be used to broadcast other SI and the selection indication would be needed.
Proposal2: four-step RACH based solution and the optional combination of RRC connection establishment should be use to deliver Other SI by UE-specific signalling.
Proposal3: MSG3 should be used to carry other SI request for delivery by UE-specific signaling and MSG1 should be used to carry other SI request for delivery by broadcast.
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