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1 Introduction

This contribution discusses how minimum SI and other SI are delivered to the UE for both sub 6 GHz and mmW deployments. The following related agreements in previous RAN2 meetings were captured:

Agreements in RAN2 #95 [1]
1: 
Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).
2: 
Minimum SI needs to be broadcasted periodically. 

Agreements in RAN2 #95bis [2]
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).  

Agreements in RAN2 #96 [3]

1:   UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
2: 
The SI transmission window in LTE is baseline for NR.
3: 
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.)

4:   For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
Agreements in RAN2 #NR-AH [12]

1:  UE can request one or more SIs or all SIs (e.g. SIBs) in single request. 

2:  One or more SIBs requested by UE are provided using approach 2 i.e. using SI scheduling frame work.

3:  The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.

FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.

4:  If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.
Based on the above agreements, we propose further details on the delivery of SI.
2 Delivery of SI
According to current agreements, the minimum SI is broadcast. The remaining SI that is not included in minimum SI is the Other SI, which is on-demand delivered to the UEs. 

2.1 Delivery of minimum SI

Similar to LTE, the minimum SI of NR may be broadcast in NR-PBCH like MIB and may potentially be transmitted over PDSCH like SIB-1. Currently, RAN1 is discussing the size estimation of NR-PBCH and its detection [5]. There are two alternatives for transmission of minimum SI. One is that NR-PBCH carries a part of minimum SI and remaining minimum SI is transmitted via other channels. The other one is that NR-PBCH carries all minimum SI. Since the delivery of minimum SI procedure highly depends on the final design of NR-PBCH in RAN1, RAN2 should wait for the process of RAN1 on NR-PBCH.  
2.2 Delivery of Other SI

The Other SI is on-demand to carry SI which is not included in minimum SI. It may contain diverse service information in NR, and a UE may only be interested in part of them. Therefore, the Other-SI could be divided into multiple system information blocks (SIBs) similar to LTE. After getting minimum SI, a UE could request all Other SI or only a subset of it.
In RAN2#96, it was agreed that “For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.” However, when UEs are in RRC-IDLE or RRC-INACTIVE, it still needs some further study. Overall, two options for Other SI request were discussed [6-9]. One is to carry SI request in msg3, and the other one is to carry SI request in msg1. Pros and cons of these two options are analysed below.
Option 1: Carry SI request in msg3
The legacy 4-step RACH procedure could be reused for Other-SI acquisition. Specifically, a UE could start the RACH procedure by sending PRACH preamble in both RRC-IDLE and RRC-INACTIVE. After receiving RAR, UE could indicate specific SIB groups UE is interested in msg3, and acquire requested SIBs in msg4. Note that for mmW deployment, both UE and gNB could refine their beams during such 4-step RACH procedure, even if weak DL-UL reciprocity is assumed [10]. Therefore, Other SI could be delivered in UE dedicated manner, which will significantly reduce the overhead caused by beam sweeping in mmW. A drawback of option 1 is that there will be serious request collision when a large group of UEs enters a new cell and they may all start the SI-request simultaneously.
Option 2: Carry SI request in msg1
For this design option, 2-step RACH procedure is needed to be introduced for Other-SI acquisition. Specifically, a dedicated single PRACH signature sequence is used to request Other SI. After receiving msg1, gNB will broadcast the requested SI with all the beams on which the dedicated PRACH signature sequence was detected. Therefore, msg2 could be delivered to multiple UEs if they request Other SI simultaneously, i.e. the delivery of Other SI in option 2 is not UE dedicated manner. An example is illustrated in Figure 1. Clearly, option 2 could resolve the request collision issue since no contention happens even more than one UE request the Other SI simultaneously. 
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Figure 1: An example of 2-step RACH for Other-SIB
More studies are required for option 2. Firstly, it may be difficult to indicate what part of SI is desired in msg1 because resource of PRACH signature sequence would be precise and the overhead of broadcast Other-SI is large in mmW. It is for FFS to study whether multiple signature sequences could be reserved for different SIB groups. Secondly, the preamble may be miss detected in gNB, and the preamble retransmission procedure is required to be defined. Finally, the impact of slot/mini-slot configurations for different SIBs carried in msg2 needs to be considered. According to LTE, the transport block size (TBS) of different SIB groups may be significantly variable. For example, TBS of SIB2 is typically 256 bit and TBS of SIB14 is just 16 bit in LTE [11]. gNB should be able to concatenate multiple SIBs are transmit them in a single message. Even after the concatenation, the size of system information may vary significantly as depending on the deployment, some SIBs may not be transmitted. If the same slot/mini-slot duration is always utilized the result could be significant waste of spectrum efficiency. Moreover, it may also cause potential long acquisition latency in mmW deployment, due to beam sweeping procedure. Therefore, the slot/mini-slot configuration for msg2 should be included in minimum SI.
Proposal 1: When SI request is carried in msg1, whether multiple PRACH signature sequences may be reserved for different SIB groups is FFS.

Proposal 2: When SI request is carried in msg1, preamble retransmission procedure may be required to be defined. 
Proposal 3: Slot/mini-slot configuration for msg2 may be included in minimum SI.  
Compared with option 1, option 2 has benefit of low latency and no issue of request collision, at the cost of less flexibility. In addition, it is difficult for option 2 to apply UE-specific beamforming in mmW. However, it is worth noting that the two design options are not mutually exclusive. For example, option 1 could be used for groups of non-urgent Other-SI, and option 2 is used for groups of urgent Other-SI.           
Proposal 4: Further study both solutions to carry SI request in msg1 and in msg3 for delivery of Other SI.
Based on the above discussion, we could summarize the SI delivery in Figure 2.
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Figure 2: Summary of SI delivery
3 Conclusions

This contribution discusses how minimum SI and other SI are delivered to the UE for both sub 6 GHz and mmW deployments. We have the following proposals:
Proposal 1: When SI request is carried in msg1, whether multiple PRACH signature sequences may be reserved for different SIB groups is FFS.

Proposal 2: When SI request is carried in msg1, preamble retransmission procedure may be required to be defined. 

Proposal 3: The slot/mini-slot configuration for msg2 may be included in minimum SI.  
Proposal 4: Further study both solutions to carry SI request in msg1 and in msg3 for delivery of Other SI.
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