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1 Introduction

During the NR study item RAN2 has discussed system information transmission/acquisition procedure and following agreements were made for broadcasting the other SI:

According to the above agreements other SI is broadcasted using the SI transmission window. In this contribution we discuss additional details for broadcasting Other SI using SI transmission window considering both beamformed and non beamformed system.
2 Discussion
2.1 SI Message in NR

In LTE SIBs (other than SIB 1) are carried in SI messages. SIB 1 indicates mapping of SIBs to SI messages. Each SIB is contained in only a single SI message. Only SIBs having the same periodicity can be mapped to the same SI message. This approach of mapping SIBs to SI messages is efficient (less PDCCH/protocol headers/CRC overhead) compared to transmitting each SIB independently. So we propose to follow this for broadcasting Other SI in NR.

Proposal 1:  Other SI is divided into a number of SIBs. These SIBs are broadcasted using SI messages. 

Proposal 2: Scheduling information in minimum SI indicates the mapping of SIBs to SI messages. 
Proposal 3:  Each SIB is contained in only a single SI message. 
Proposal 4: Only SIBs having the same periodicity can be mapped to the same SI message.

2.2 Mapping between SI Message & SI Window in NR

The SI messages are transmitted within periodically occurring time domain SI-windows (see Figure 1 below). Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. Same SI message can be transmitted multiple times within a SI window. SIB 1 configures the SI-window length and the transmission periodicity for the SI messages. The SI-window length is same for all SI messages.
Observation 1: In LTE, each SI message is associated with a SI-Window. SI-windows of different SI messages do not overlap. 
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SI Window 1 for SI message 1; periodicity 160ms; SI message 1 is scheduled in one or more subframes in SI Window 1.

Note : SI Window is 10 subframes in this example

Note : SI Window is 10 subframes in this example
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SI Window 2 for SI message 2; periodicity 320ms; SI message 2 is scheduled in one or more subframes in SI Window 2.


Figure 1 SI Message TX in LTE

According to NR SID [2], new RAT will consider frequency ranges up to 100GHz. At higher frequencies, beamforming is essential to compensate for path loss. One transmission beam cannot provide the full cell coverage. Multiple transmission beams are needed. Figure 2 below shows SI message transmission in SI transmission window in a beamformed system. Like in LTE, each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. 
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Figure 2 Beamformed SI Message TX: One to one mapping between SI window & SI message

We can observe that, larger SI window size is needed because of TX beamforming if gNB does not have enough hardware (i.e. antenna array) to transmit all the beams concurrently. One of the issues of broadcasting SI in beamformed system is that the transmission resources remaining after resources consumed by SI message transmission in each transmit time interval (e.g. subframe), may be only used for data scheduling for a user in the direction of the transmission beam used for SI message. Therefore user data scheduling becomes restrictive and inflexible in the transmit time intervals in which SI message is transmitted. 
Non overlapping SI window for SI message requires TX beam sweeping in each SI window. This leads to restrictive and inflexible scheduling in several transmit time intervals. UE power consumption in acquiring the SI is also increased as UE has to monitor larger size SI window and hence more number of transmit time intervals. This also leads to increased latency if there are several SI windows back to back and UE has to acquire all SI. 
Observation 2:  Non overlapping SI window for SI messages require TX beam sweeping in each SI window. This leads to restrictive and inflexible scheduling in several transmit time intervals, increased UE power consumption and increased latency to acquire SI.
The abovementioned problem can be resolved by mapping multiple SI messages to same SI window as shown in Figure 3. Depending on available carrier bandwidth and size of SI messages, it may or may not be possible to map all SI messages to one SI window. Network can indicate in minimum SI which SI messages are mapped to same SI window. If multiple SI messages are transmitted in same SI window, then SI messages can be transmitted as separate transmissions (i.e. TBs) with independent success/failure. Alternately, SI messages can be multiplexed in MAC PDU and transmitted in a single TB.
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Figure 3 Beamformed SI Message TX: One to many mapping between SI window & SI message
Based on above discussion we propose the following,

Proposal 5: Multiple SI messages can be mapped to same SI window. 

Proposal 6: Scheduling information in minimum SI indicates which SI messages are mapped to same SI window.
Proposal 7: SI messages mapped to same SI window can be transmitted as separate transmissions (i.e. TBs) with independent success/failure or can be multiplexed in MAC PDU and transmitted in a single TB.
2.3 SI Message Reception in SI Window

In case of beamformed system, SI message is transmitted using one or more beams in each transmit time interval of corresponding SI Window. If UE is not aware of the DL TX beam(s) used to transmit SI message in a transmit time interval then UE has to monitor all the transmit time intervals of SI window. Given that SI window in case of beamformed system can be larger than in case of non beamformed system monitoring all the transmit time intervals of SI window is not desirable from point of view of UE’s power consumption. 

Observation 4:  Monitoring all transmit time intervals of a SI Window may lead to increased UE power consumption.
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Figure 4
UE power consumption can be reduced if UE can determine the best/suitable DL TX beam using the broadcast signals such NR-PSS/SSS/PBCH and then monitors the transmit time interval(s) in SI window corresponding to the best/suitable DL TX beams. This approach requires that UE knows the mapping between one or more DL TX beams and transmit time intervals in SI Window. The mapping between one or more DL TX beams and transmit time intervals in SI-Window can be implicit. The order in which TX beams are used for transmission of NR-PSS/SSS/BCH is same as order in which TX beams are used for transmission of SI message in SI Window. This is shown in Figure 4. For example, if best/suitable DL TX beam is TX5, then UE monitors only SF4 for receiving SI message in SI window. The mapping between one or more DL TX beams and transmit time intervals in SI-Window in PO can be explicit signaled in system information.
Proposal 8:  UE does not need to monitor all the transmit time intervals in SI window for receiving SI message. UE may only monitor the transmit time interval in SI window corresponding to its best/suitable DL TX beam. Determination of best/suitable DL TX beam using the broadcast signals such as NR-PSS/SSS/BCH can be left to UE implementation.
Proposal 9:  Mapping between the transmit time intervals in SI window and DL TX beams can be explicitly or implicitly signaled to UE. The details are FFS.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: Other SI is divided into a number of SIBs. These SIBs are broadcasted using SI messages. 

Proposal 2: Scheduling information in minimum SI indicates the mapping of SIBs to SI messages. 
Proposal 3: Each SIB is contained in only a single SI message. 
Proposal 4: Only SIBs having the same periodicity can be mapped to the same SI message.
Proposal 5: Multiple SI messages can be mapped to same SI window. 

Proposal 6: Scheduling information in minimum SI indicates which SI messages are mapped to same SI window.

Proposal 7: SI messages mapped to same SI window can be transmitted as separate transmissions (i.e. TBs) with independent success/failure or can be multiplexed in MAC PDU and transmitted in a single TB.
Proposal 8: UE does not need to monitor all the transmit time intervals in SI window for receiving SI message. UE may only monitor the transmit time interval in SI window corresponding to its best/suitable DL TX beam. Determination of best/suitable DL TX beam using the broadcast signals such as NR-PSS/SSS/BCH can be left to UE implementation.

Proposal 9: Mapping between the transmit time intervals in SI window and DL TX beams can be explicitly or implicitly signaled to UE. The details are FFS.
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RAN2 Agreements [1]


The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.


UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.


The SI transmission window in LTE is baseline for NR.


The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 


For UEs in connected, dedicated RRC signaling can be used for the request and delivery of other SI 5: For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
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