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1 Introduction

RAN#71 in March approved a NR SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture and procedures. System information transmission/acquisition is an important radio protocol procedure.  In RAN2 #93bis, our contribution [2] discussed the issues in reusing the LTE approach (i.e. periodic broadcast of all system information) in NR for both beamformed and non beamformed system. It was shown that broadcasting multiple system information blocks using the LTE approach leads to significant system overhead and poor energy efficiency. During RAN2#94 due to lack of time there was no discussion on the system information provisioning design but an email discussion [3] was agreed to develop the common understanding. During the email discussion [3] majority of the companies acknowledged the issue of resource inefficiency in reusing the LTE like SI provisioning approach for NR.
In this contribution we discuss how the system information can be signalled in NR and clarification on some of the design aspects raised during email discussion [3].

2 Discussion
In order to overcome the issues in periodic broadcast of all system information (SI), we propose that for the standalone NR operation the minimum SI required by the UE for camping on detected cell and subsequently accessing the camped cell is autonomously broadcasted periodically while rest of the SI is provided to the UE(s) on demand, as shown in Figure 1. In our contribution [2] [4] we have compared this approach with LTE approach of periodic broadcasting of all SI. This approach reduces the overhead significantly. The contents of the minimum SI are discussed in companion contribution [5]. All other SI blocks or SI parts apart from the minimum SI is considered as Other SI.
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Figure 1
Proposal 1:  Minimum system information required by the UE for camping on detected cell and accessing the camped cell is periodically broadcasted. 
Proposal 2: UE initiated mechanism to request other system information is supported.
2.1 Provisioning of On Demand System Information

2.1.1 Signaling Approaches
After acquiring the minimum SI if UE needs other SI then there are two approaches:

1. UE can request and obtain the other SI. 
2. UE can acquire the other SI from broadcast.
In the email discussion [3] majority of companies think that both the approaches should be supported. However, there is little discussion on the detailed mechanism used by the UE to request the other SI. In the following the approaches for requesting other SI are discussed. One straight forward approach to obtain the other SI is that UE in idle state performs the connection setup procedure, enters the RRC connected state and then request other SI. However, this leads to unnecessary signaling and increased latency to acquire the SI. Alternate approaches which allow UE to request and obtain the desired SI without entering RRC connected state should be considered.
Approach 1 (Figure 2): 

In this approach in order to obtain the other SI, UE initiates the random access procedure as shown in Figure 2A. In the UL grant received in the random access response corresponding to the PRACH preamble transmitted by UE, UE sends system information request message. UE indicates the one or more SI it needs in system information request message. 5G NB sends the requested SI(s) in system information response message. System information response message can be signaled in broadcast or dedicated manner. With broadcast other UEs which are interested in same SI need not perform preamble transmission thus saving battery power and less resource.
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Figure 2A                                                                                  Figure 2B
This approach can be further enhanced as shown in Figure 2B. PRACH preamble can be reserved for requesting SI. PRACH preamble(s) for requesting SI can be indicated in periodically broadcasted minimum SI. UE transmits PRACH preamble reserved for requesting SI. 5G NB sends the common SI which is not broadcasted in minimum SI in random access response message. Common SI may include non-service specific information such as inter frequency/RAT cell reselection info which are needed for each UE. 5G NB may also include UL grant in random access response message. If UE needs additional SI, it sends system information request message in the UL grant. UE indicates the one or more SI it needs in system information request message. 5G NB sends the requested SI(s) in system information response message.
Approach 2 (Figure 3):

In this approach, UE transmits PRACH preamble specific to SI or set of SI which the UE wants to obtain. It is assumed that PRACH preamble specific to each SI or set of SIs are reserved and indicated in periodically broadcasted minimum SI. 5G NB sends the requested SI to UE in random access response message. 
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Figure 3
In the above approaches if other SI is broadcasted based on UE request, then before initiating system information request UE can look for other SI in broadcast signalling for a pre-defined time. If desired SI is not received during this pre-defined time then UE initiate system information request. Whether a particular SI is broadcasted or not can also be indicated in periodically broadcasted minimum SI. 
Table 1 compares the various approaches. Approach 2 has the lowest signalling overhead. However, it requires reservation of PRACH preambles to indicate the type of SI. It may not be easy to reserve additional preambles every time new SI is added in the future. Approach 1B has similar overhead as approach 2 depending on whether UE needs additional SI or not. However, approach 1B does not need require reservation of preambles for each type of SI. Approach 1A does not require any PRACH preamble reservation. So we prefer to use approach 1A or 1B, for on demand signalling of system information.

Table -1
	
	Approach 0

(SI Request in Connected)
	Approach 1A (Fig. 2A)
	Approach 1B (Fig. 2B)
	Approach 2

	Signaling Overhead
	High
	Low
	Lowest/Low
	Lowest

	PRACH Preamble Reservation
	Not Needed
	Not Needed
	Not Needed for each SI 
	Needed for specific SI

	Future Extensibility
	High
	High
	High
	Low

	Access Latency
	High
	Low
	Lowest/Low
	Lowest


Proposal 3:  RAN2 should consider and discuss the proposed UE initiated signalling approaches for requesting system information.
2.1.2 Mobility Aspects

In [6] [7], issue related to acquiring other SI upon “cell” re-selection is raised. Upon every “cell” re-selection if UE has to explicitly request other SI then it is not desirable from UE power consumption point of view. 

Frequent request of SI due to UE mobility can be avoided as follows: In a typical deployment, different configurations of each SI may be used in different parts of network. The list of these configurations for requested SI applicable in different parts of the network can be provided to UE in response to UE’s request. Each configuration in the configuration list of a SI is identified by the index of that configuration in the configuration list. Upon acquiring the other SI UE stores the list of configurations. The index of configuration of a SI used in the “cell” is broadcasted in the minimum SI. When the UE moves to a “cell” and UE has the configuration corresponding to index of a SI broadcasted in that “cell”, UE do not request for that SI. UE request for a SI only when it does not have the configuration corresponding to the index of that SI broadcasted in the “cell”.
Observation 1: UE mobility does not trigger frequent SI requests.
Proposal 4: UE is provided with a list of configurations for each requested SI in response to UE’s request. 

Proposal 5: Each configuration in the configuration list of a SI is identified by the index of that configuration in the configuration list. The index of the SI applicable in the “cell” is broadcasted in the minimum system information.

2.1.3 System Information Update
The index of SI applicable in the “cell” is broadcasted in the minimum SI. The index corresponds to an entry in the configuration list signaled to UE(s). SI used in a “cell” can be updated over time similar to LTE. 

Scenario1: New configuration is there in the configuration list signaled to UE(s). 
If 5G NB wants to apply a different configuration for a SI from the configuration list of that SI, it simply broadcasts the index associated with the configuration for that SI in the minimum SI. In this scenario, UE sees that there is a change in index for a SI in the periodically broadcasted minimum SI and the new index corresponds to one of the configurations in the stored configuration list. So UE starts using the new configuration from the configuration list.
Scenario 2: New Configuration is added in the configuration list. This newly added configuration is not present in the configuration list stored by the UE(s).
If 5G NB wants to use a new configuration for a SI which is not present in the configuration list signaled to UE(s), it broadcasts the new index associated with the newly added configuration for that SI in the minimum SI. It may also broadcast the updated configuration list or new configuration and indicate the same in minimum SI. This can avoid requests from several UEs when SI is updated.
In this scenario, UE sees that there is a change in index for a SI in the periodically broadcasted minimum SI and the new index does not corresponds to one of the configurations in the stored configuration list. So UE request the configuration corresponding to the new index. If there is an indication in periodically broadcasted minimum SI, that the updated configuration list or new configuration is broadcasted then UE does not have to request for configuration corresponding to new index. 

Observation 2: SI update does not trigger frequent SI requests.
The configuration list of each requested SI can be valid within the PLMN or a specific geographic area. This aspect needs further discussion.
2.2 Provisioning of Minimum System Information
Minimum SI can be periodically broadcasted using broadcast channel (similar to PBCH in LTE) in so called “Master Information Block” i.e. MIB. However if size of minimum SI cannot fit in the MIB then it can be transmitted using both broadcast and data channel. It is proposed in [8] that a Single Frequency Network (SFN) transmission can be used for broadcasting the SI. Such approach relies on the fact that many parts of SI may be same over a large coverage area. SFN-type transmission can improve reception of SI at cell edges. However as pointed out in [8], SFN-type of transmission requires tight network synchronization and longer cyclic prefix. Having such requirements right from the beginning of system design seems restrictive from future proof point of view. Further, network operators would require sufficient flexibility in building their network so having a restriction of tight network synchronization from the beginning seems not an attractive approach. SFN-type transmission or other mechanisms to improve reception of SI are physical layer aspects and should be first discussed in RAN1. 
Observation 3: SFN-type transmission or other mechanisms to improve reception of system information are physical layer aspects and should be first discussed in RAN1.
As proposed in [9] some cells such as small cells do not periodically broadcast the minimum SI. Instead the minimum SI for such small cells is infrequently broadcasted by an overlaid macro cell. A UE powering ON in such a small cell not broadcasting the minimum SI will have to detect the macro cell, acquire the minimum SI applicable for the underlying small cell(s) from the macro cell. UE then try to camp on the small cell and access the small cell based on the minimum SI acquired from the macro cell. We believe this imposes additional requirement on the UE to acquire the minimum SI for camping on a cell from another cell, complicates UE behavior and has impacts to UE power consumption and access latency. Therefore, we propose to introduce a guideline or design principle as follows: For standalone scenario where a cell/frequency is considered for camping by UE then UE should not be required to acquire minimum system information from other cell/frequency layer.
Proposal 6: RAN2 to agree the following guideline or design principle: For standalone scenario where a cell/frequency is considered for camping by UE then UE should not be required to acquire minimum system information from other cell/frequency layer.
Proposal 7: RAN2 is further requested to adopt the text proposal in annexure in the TR.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:

Proposal 1:  Minimum system information required by the UE for camping on detected cell and accessing the camped cell is periodically broadcasted. 
Proposal 2: UE initiated mechanism to request other system information is supported.
Proposal 3:  RAN2 should consider and discuss the proposed UE initiated signalling approaches for requesting system information.
Proposal 4: UE is provided with a list of configurations for each requested SI in response to UE’s request. 

Proposal 5: Each configuration in the configuration list of a SI is identified by the index of that configuration in the configuration list. The index of the SI applicable in the “cell” is broadcasted in the minimum system information.
Proposal 6: RAN2 to agree the following guideline or design principle: For standalone scenario where a cell/frequency is considered for camping by UE then UE should not be required to acquire minimum system information from other cell/frequency layer.
Proposal 7: RAN2 is further requested to adopt the text proposal in annexure in the TR.
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5 Annex A: Text Proposal for TR

X. Provisioning System Information
Minimum system information required by the UE for camping on detected cell and accessing the camped cell is periodically broadcasted. UE initiated mechanism to request other system information is supported. Contents of the minimum system information are FFS. 
UE is provided with a list of configurations for each SI based on UE request. Each configuration in the configuration list of a SI is identified by the index of that configuration in the configuration list. The index of the SI applicable in the “cell” is broadcasted in the minimum system information. 
Details of UE initiated signalling approaches for requesting system information is FFS.
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