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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
In the RAN1 #90bis meeting [1], the following agreements on other system information (OSI) were made.
	Agreements:
· The following parameters for broadcast OSI CORESET are explicitly signaled in the corresponding RMSI.
· SI window configuration, e.g., time offset, duration, and periodicity
· The following parameters for broadcast OSI CORESET are the same as those for the corresponding RMSI CORESET.
· frequency location, bandwidth, and numerology
· FFS: whether above parameters are identical for RMSI CORESETs configured by PBCH in all SS/PBCH blocks which defines a cell from UE perspective.
· FFS: other parameters
Agreement:
· For connected mode UEs, non-broadcast on-demand (i.e. dedicated) OSI transmission is up to gNB scheduling, i.e., no specific handling for non-broadcast on-demand (i.e. dedicated) OSI CORESET


In this contribution, we will discuss the mechanism of other system information, including time window for different Other SIs, QCL association between other SIs and SS block/RMSI and request and delivery for on-demand other SIs.
1. Time window for other SIs
In this section, we will discuss on time window for different other SIs. Perhaps we can reuse the design of SI message window in LTE? More specifically, different SI messages are located in different time window. However, if the design of time window for other SIs reuses such a mechanism, there will be some disadvantages. More specifically, such a mechanism used in LTE means that transmission of different other SIs will occupy different slots or mini slots. Due to the introduction of beamforming, the transmission for other SIs will affect other traffics in many slots or mini slots. Therefore, taking into account the impact of transmission for other SIs on other traffic, the number of slots or mini slots for the transmission of other SIs should be as few as possible. Therefore, the new mechanism different from LTE need be considered to design the time window for different other SIs. More specifically, we should allow different other SIs to be located in one common time window. After that, different other SIs can be transmitted in the same slot or mini slot. According to the number of other SIs to be transmitted and available frequency resources, the network will decide which other SIs will be transmitted in the current slot or mini slot. Therefore, the number of slots or mini slots for the transmission of other SIs can be reduced, and thus the impact of other SI transmission caused by beamforming can be reduced.
As shown in figure 1, OSI1~OSI3 are located in the common OSI-window 1, and OSI4~OSI6 belong to the common OSI-window 2. In the OSI-window 1, the base station schedule the OSI2 and OSI3 corresponding to the same beam direction on the same slot, and thus slot number used by OSIs can be reduced. Therefore, the transmission for other SIs will affect other traffics in less slots or mini slots.


Figure 1: Multiple OSI messages are multiplexed in one slot
Proposal 1:Multiple other SIs can be transmitted in the same time window.
Proposal 2:Multiple other SIs can be transmitted in the same slot/minislot, in order to reduce the negative impact of beam sweeping of other SIs. 
1. QCL association between other SIs and SS block/RMSI
In this section, we will discuss the QCL association between other SI and SS block/RMSI. In case that QCL association is not supported, without knowing the beam information, one UE may perform the PDCCH blind detection of OSI in all beam directions, and the complexity of PDCCH blind detection is very high. On the contrary, when QCL association between SS blocks and OSI is applied, one UE will know a suitable subset of Tx beams. Therefore, lower power consumption and complexity of PDCCH blind detection can be achieved.
In figure 2, there are three different QCL association relationships between other SI and RMSI. For transmission of OSIs in certain beam, according to the QCL association relationships between other SI and RMSI, the network decides which QCL window the OSI should be located in. After that, the network will schedule the OSI in one of the slots in the QCL window. At the UE side, one UE determines the QCL window according to the QCL association, and then blindly detect the PDCCH in the QCL window. 
Compared with figure 2-b, the QCL window is shorter in figure 2-a. Therefore, for transmission of one OSI in certain beam, the network will schedule the OSI in the one of slots in the QCL window containing the beam. Because the QCL window in figure 2-a is shorter, and thus the flexibility of scheduling the OSI is lower. However, from the point of view of UEs who want to receive the OSI in the corresponding beam, one UE only needs to blindly detect PDCCH in the shorter QCL window, and thus the complexity of OSI PDCCH detecting is lower.
On the contrary, for the QCL association relationships between other SIs and RMSI in figure 2-b, the flexibility of scheduling the OSI is higher, but the complexity of OSI PDCCH detecting is higher. As for the third kind QCL relationship, it is a tradeoff between figure 2-a and figure 2-b.
According the above discussion, both the scheduling flexibility and the complexity of OSI PDCCH detecting should be considered for the determination of the QCL association relationships between other SIs and RMSI. In order to determine QCL association relationships according to the actual application scenarios, we should allow the network to configure the QCL association relationships between other SI and RMSI.


(a) One QCL window contains one beam direction


(b) One QCL window contains all beam directions


(c) One QCL window contains multiple beam directions
Figure 2: QCL relationship between other SIs and RMSI
Proposal 3: In order to determine QCL association relationships according to the actual application scenarios, we should allow the network to configure the QCL association relationships between other SI and RMSI.
1. [bookmark: OLE_LINK25][bookmark: OLE_LINK24]Request and delivery for on-demand other SIs
According to the conclusion from RAN2, other SIs may be requested by both NR-PRACH MSG 1 and MSG 3. In this section, we will mainly discuss how other SIs are requested by NR-PRACH MSG 1.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK12][bookmark: OLE_LINK9][bookmark: OLE_LINK8][bookmark: OLE_LINK14][bookmark: OLE_LINK29][bookmark: OLE_LINK17][bookmark: OLE_LINK27][bookmark: OLE_LINK23][bookmark: OLE_LINK22][bookmark: OLE_LINK30]In order to support the on-demand transmission of different parts of the other SIs, different parts of the other SIs should be triggered independently by different PRACHMSG1 sequences or different PRACH MSG1 resources. Next, we will discuss whether different PRACH MSG1 sequences or different PRACH MSG1 resources are used to trigger the request for the other SIs.
[bookmark: OLE_LINK26]When different PRACH MSG1 sequences are used to trigger different parts of the other SIs, no additional time-frequency resources are needed, and thus the resource overhead is much smaller. However, there are also one drawback for this kind of trigger mode. More specifically, when different PRACH sequences are used to trigger the request for other SIs, PRACH sequences used for random access will be reduced, and thus conflicts among different random access UEs will increase when regular PRACH load is relatively large. 
On the contrary, if different resources are used to trigger different parts of the other SIs, random access will not be affected. However, additional time-frequency resources will be needed. Especially in multi-beam scenarios, large amounts of resources will be needed to trigger the request for the other SIs.
According to the above discussion, the above two methods have their respective advantages and disadvantages. Therefore, we suggest that the above two methods can be applied in different application scenarios. For example, when regular PRACH load is low, the number of PRACH sequences used for random access is enough. Therefore, some of PRACH MSG1 used for random access are assigned as dedicated preamble to trigger the request for the other SIs, and the random access will not be significantly affected. On the contrary, if regular PRACH load is relatively large, PRACH MSG1 resources are used to trigger the request for the other SIs in order not to affect random access.
[bookmark: OLE_LINK21]Proposal 4: Different PRACH MSG1 sequences or different PRACH MSG1 resources can be used to trigger the request for the other SIs, if configured by the network.
When one UE needs to receive a certain on-demand SI message, the UE may need to request the on-demand transmission of a certain on-demand SI message. However, if the on-demand SI message requested by the UE is currently being transmitting, in fact, the UE does not need to request the on-demand SI message. Therefore, the network may indicate to the UE that this on-demand SI message is currently being transmitting, and thus the UE does not need to request the on-demand SI message. Whether the OSI is broadcasted in all beam directions or is transmitted in a sub-set of the beams, it is beneficial for the network to indicate that a certain on-demand SI message is currently being transmitting. In order to indicate that a certain on-demand OSI is being transmitted in a sub-set of the beams, the indication of transmitting flag for on-demand OSI should be beam-specific. With beam-specific transmitting flag for on-demand OSI, the process of indicating transmitting flag is shown in figure 3 and figure 4.
As shown in figure 3, a certain on-demand OSI is being transmitted in all beams, and thus the RMSI in all beams indicate that on-demand OSI is being transmitted in current beam. After receiving transmitting flag, one UE does not need to request the SI message, and receive it in the corresponding beams. 
In figure 4, one SI message is being transmitted in certain beam. Therefore, RMSI corresponding to the beam indicate that on-demand OSI is being transmitted, and other RMSI indicate that the message is not being transmitted. If one UE receive the transmitting flag in the beam, the UE will not request the on-demand OSI, and receive it in the beam direction. Otherwise, the UE will request the transmission of the on-demand SI message.


Figure 3: Transmitting indication for OSI transmitted in all beams


Figure 4: Transmitting indication for OSI transmitted in a sub-set of the beams
Observation 1: It is beneficial if RMSI indicates a beam-specific flag for on-demand OSI transmission.
1. Conclusions
In this contribution, some contents on the mechanism of other system information are discussed. Based on the discussion, we have the following proposals and observations:
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Observation 1: It is beneficial if RMSI indicates a beam-specific flag for on-demand OSI transmission.
Proposal 1: We suggest that different Other SIs can be located in one common time window.
Proposal 2: To reduce the impact of beamforming for other SIs, different other SIs can be transmitted in the same slot or mini slot. 
Proposal 3: In order to determine QCL association relationships according to the actual application scenarios, we should allow the network to configure the QCL association relationships between other SI and RMSI.

Proposal 4: Different PRACH MSG1 sequences or different PRACH MSG1 resources can be used to trigger the request for the other SIs, if configured by the network.
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