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1 Introduction

In RAN2 #95 meeting, the mechanism for system information delivery was extensively discussed and some agreement was concluded. In this document we will further discuss the Other SI delivery mechanism in NR.
2 Discussion
2.1 Agreement
In RAN2 #95 meeting, some agreement about Other SI delivery was concluded as following:
· Other mechanisms than periodic broadcast of system information should be studied during study item.

·  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) 

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

·  It is network decision whether other SI is broadcasted or delivered through UE-specific signalling. 
 In this contribution we will further discuss the mechanism for Other SI delivery based on those agreements.
2.2 Solutions for
UE initiated Other SI delivery
Basically, idle/inactive UE shall acquire the Other SI based on the random access procedure and potentially there two kind of mechanism for idle/inactive UE to acquire Other SI:

· Acquiring Other SI while remaining idle/inactive state;

· acquiring Other SI by establishing RRC connection;

More detail, there are 3 solutions (solution1a/1b/1c) for idle/inactive UE to acquire the Other SI while remaining idle/inactive state as illustrated in figure 1. 
· Solution 1a: special preamble (other SI request) + special MSG2 (other SI)
In this solution, special preamble resources should be reserved for the Other SI request and more than one preamble resources should be reserved if there is more than one SIB in Other SI and each SIB can be request separately. The response for Other SI in MSG2 can be signaled in broadcast or multi-cast manner. Even if more than one UE request the Other SI or the same SIB of Other SI simultaneously, there is no contention issue since UEs can acquire the same Other SI in the sequent response.
· Solution 1b: preamble + MSG 2 + special MSG3 (other SI request) + special MSG4 (other SI)
In this solution, there is no need to reserve special preamble resources for Other SI acquisition and UE send Other SI request in MSG3 with its particular requirement on some SIBs. There is contention issue since different UE may request different particular SIBs of Other SI at the same time and dedicated signaling is more suitable for the Other SI in MSG4.
· Solution 1c: special preamble (other SI request) + special MSG2 (part of other SI + grant for MSG3) + MSG3 for further request + special MSG4 (the rest of other SI)
In this solution, special preamble resources should be reserved for the first Other SI request. The first part of Other SI can be signaled by multi-cast manner and there is no contention issue for the first part of Other SI acquisition. The second part of Other SI acquisition and MSG3/4 depends on the UE’s requirement and there is contention issue with it.
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     Figure1:   Solution 1a                                             Solution 1b                                                    Solution 1c
There are also 3 solutions (solution2a/2b/2c) for idle/inactive UE to acquire the Other SI by establishing RRC connection as illustrated in figure 2.

· Solution 2a: preamble + MSG 2 + MSG3 (RRC connection setup request + other SI request) + MSG4 (RRC connection setup + other SI)

In this solution, idle/inactive UE can send the Other SI request and RRC connection setup request into MSG3 and then acquire the Other SI in the sequent RRC connection setup complete message. So UE can acquire the Other SI during the RRC connection setup procedure without any additional procedure..
· Solution 2b: preamble + MSG 2 + MSG3 (RRC connection setup request) + MSG4 (RRC connection setup) + (RRC connection setup complete + other SI request) + Other SI response

This solution is almost the same as solution 2a in principle with an additional message.
· Solution 2c: Solution 5: preamble + MSG 2 + MSG3 (RRC connection setup request) + MSG4 (RRC connection setup) + RRC connection setup complete + other SI request + Other SI response

This solution is almost the same as solution 2a in principle with two additional messages.
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     Figure 2:   Solution 2a                                               Solution 2b                                             Solution 2c

The following table provides the comparison between those different solutions.

Table 1. comparison between different solutions
	Solution
	RRC state
	Total message
	Additional message (note 1)
	Preamble resources reservation (note 2)
	Potential transmission mode
	Collision risk

	Solution 1a
	Idle/inactive
	2
	2
	Yes
	Broadcast or multi-cast
	No

	Solution 1b
	
	2 or 4
	2 or 4
	Yes
	unicast
	Yes

	Solution 1c
	
	4
	4
	No
	multi-cast for first part and unicast for second part
	No for first part and yes for second part.

	Solution 2a
	connected
	5
	0
	No
	unicast
	No

	Solution 2b
	
	6
	1
	No
	unicast
	No

	Solution 2c
	
	7
	2
	No
	unicast
	No

	Note 1: additional message means the total messages minus the potential share message with other procedure.
Note 2: Preamble resources include preamble code and/or PRACH resources in time and/or frequency domain.


2.2.1 Considerations for solution selection

Latency and signalling overhead are the two main aspects when considering solution(s) selection for UE initiated Other SI acquisition.
We believe Latency is not a very critical for idle/inactive UE to acquire Other SI since UE can access a cell for service based on Minimum SI, in other words, whether UE acquires the Other SI does not impact a UE to carry out service in a cell immediately. However more signalling mostly means more latency, so we will take signalling overhead into account together with and its related latency.
From the signalling overhead point of view, based on the analysis in table 1, solution 1 including 1a/1b/1c seems more profitable for idle/inactive UE only to acquire Other SI since the total messages are less than that of solution2. Among solution 1a/1b/1c, solution 1a is the one with least message. Moreover, if more than one UE request Other SI at same time, solution 1a can still work well without collision risk and the broadcast mode can be used for Other SI delivery with much higher resource efficiency.
Observation 1: Solution 1a is the most efficient for UE only to acquire Other SI.
However, there is some cases in which idle/inactive UE have to establish RRC connection for some particular event, for example, NAS attachment after powering on in a cell, TAU and paging area update after cell reselection, and even for services. In those cases UE can request Other SI by establishing RRC connection. And compared with the solution 1 with a separate procedure to acquire Other SI, solution 2 including 2a/2b/2c are apparently more efficient since less additional messages/signalling are introduced in those solutions. Solution 2a is the best one with no additional message/ signalling.
Observation 2: Solution 2a is the most efficient for UE to request Other SI by establishing RRC connection.

To decrease the signalling overhead as much as possible, in some cases in which it’s not delay sensitive to acquire Other SI, an idle/inactive UE can even wait for the chance to acquire and update the Other SI using solution 2a.
2.2.2 Potential enhancement solution

As mentioned above, solution 1a can support multiple UE to acquire Other SI by broadcasting the Other SI in MSG2 after transmitting MSG1 with special preamble. A UE can also acquire the Other SI in the broadcasting MSG2 even if it didn’t transmit MSG1. However, the possibility is very little for UE without transmitting MSG1 to acquire the Other SI in the broadcasting MSG2 since the time interval is very limited between MSG1 and MSG2 in normal random access procedure. So a potential enhanced solution is to split the relationship between MSG2 from MSG1, i.e. using a sequent broadcasting procedure to replace MSG2.
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Figure 3
As illustrated in figure 3, from UE point of view, an idle/inactive UE transmits the Other SI request in MSG1 with special preamble and then receive the broadcasting Other SI according to predefined rules. From GNB point of view, GNB would broadcast Other SI after receiving one or more Other SI request in MSG1 according to the same predefined rules. Regarding the predefined rules, mechanism used in LTE can be referred and following is three potential solutions:
· Solution3a: UE can receive Other SI according to its need in a predefined window after transmitting the Other SI request in MSG1 with special preamble. UEs without transmitting Other SI request can also try to receive Other SI according to its need in the predefined window. The predefined window is configured in time domain and broadcasted in Minimum SI for UEs to receive Other SI or a certain SIB(s) of Other SI. 
· Solution 3b: After GNB receive one or more Other SI request in MSG1, GNG pages for Other SI reception to all UE and then broadcast the Other SI in the predefined window. UEs can receive Other SI in the predefined window according to its need. The predefined window is configured in time domain and broadcasted in Minimum SI for UEs to receive Other SI or a certain SIB(s) of Other SI..
· Solution 3c: After GNB receive one or more Other SI request in MSG1, GNG broadcast Other SI at each paging occasion. UEs can receive Other SI according to its need.
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Solution 3a

[image: image9.emf]t Paging period

Other SI window

Other SI period

Broadcasting Other SI

Paging for Other SI

Other SI request


Solution 3b
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Figure 4
Solution 3a is the most signalling overhead efficiency but can’t make sure UEs without transmitting Other SI request to receive the Other SI even if they really need Other SI. Solution 3b and 3c can overcome the drawback of solution 3a with more signalling overhead. Solution 3b is more radio resource efficiency than solution 3b since multiple Other SI transmission would consume much more radio resource. So solution 3b would be preferable with the balance of reliability, signalling overhead and radio resource efficiency.
Proposal 1: solutions 3b and 2a should be both supported in NR for idle/inactive UE to acquire Other SI for different cases.

Proposal 2: solution 3b should be the baseline for idle/inactive UE to acquire Other SI while maintain in idle/inactive state.
Proposal 3: solution 2a should be the baseline for idle/inactive UE to acquire Other SI by establishing RRC connection.
2.3 Solutions for
GNB initiated Other SI delivery
In fact, the principle of the above solutions for UE initiated Other SI delivery can be reused for GNB initiated Other SI delivery with elimination of the request message and minor modification. 
For idle/inactive UE, GNB can use solution 3b to deliver Other SI to UE with elimination of the Other SI request in MSG1.

For connected UE, GNB can deliver Other SI to UE in some appropriate downlink RRC messages. 
3 Conclusion

In this paper, we analyse the potential solutions for Other SI delivery and we have the following observations:
Observation 1: Solution 1a is the most efficient for UE only to request Other SI.
Observation 2: Solution 2a is the most efficient for UE to request Other SI by establishing RRC connection.
Based on the observations, we have the following proposals:
Proposal 1: solutions 3b and 2a should be both supported in NR for idle/inactive UE to acquire Other SI for different cases.

Proposal 2: solution 3b should be the baseline for idle/inactive UE to acquire Other SI while maintain in idle/inactive state.
Proposal 3: solution 2a should be the baseline for idle/inactive UE to acquire Other SI by establishing RRC connection.
4 Reference

[1] R2-164693, System Information Signalling Design in NR, Samsung Electronics Co., Ltd
[2] R2-164811, On-demand System Information Delivery Mechanism, CATT
[3] R2-164948, On-demand System Information Acquisition, MediaTek Inc.






_1535977648.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: preamble


MSG2: RAR


MSG3: RRC connection setup request 


MSG4: RRC connection setup 


RRC connection setup complete + Other SI request with the indication


response for the indicated other SI



_1535979392.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: preamble


MSG2: RAR


MSG3: RRC connection setup request + Other SI request with the indication


MSG4: RRC connection setup + response for the indicated other SI 


RRC connection setup complete



_1536061369.vsd
￼

t


her SI window
�


_1536061388.vsd
￼

t


Broadcasting Other SI


ging period
�


_1536061668.vsd
￼

t


ging period
�


_1536059585.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: Other SI request by 
other SI special preamble


Broadcasting Other SI


Paging for Other SI



_1535977682.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: preamble


MSG2: RAR


MSG3: RRC connection setup request 


MSG4: RRC connection setup 


RRC connection setup complete


response for the indicated other SI


 Other SI request with the indication



_1535977395.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: Other SI request by 
other SI special preamble


MSG2: Part of other SI + grant for potential further other SI request


MSG3: Further other SI request with the indication


MSG4: response for the indicated other SI 



_1535977419.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: preamble


MSG2: RAR


MSG3: Other SI request with the indication


MSG4: response for the indicated other SI 



_1535977375.vsd
UE


GNB


Minimum SI
Periodic broadcast


MSG1: Other SI request by 
other SI special preamble


MSG2: Other SI response



