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1. Introduction
In this paper, we discuss the scheduling mechanism for other SI. 

2. Discussion
2.1. SI message and transmission window

In LTE, SIBs other than SIB1 are carried in System Information (SI) messages and the mapping of SIBs to SI messages is flexibly configurable by SIB1. The SI messages are transmitted within periodically occurring time domain windows (referred to as SI-windows) using dynamic scheduling. Each SI message is associated with only one SI-window.

It seems RAN2 has the common understanding that some of the LTE SI scheduling mechanisms can be reused in NR. We’d like RAN2 to confirm the following LTE SI scheduling mechanisms are reused. 

Proposal 1: confirm NR other SI reuses the following LTE SI scheduling mechanisms: 

A. each SIB is contained only in a single SI message and at most once in that message;

B. only SIBs having the same scheduling periodicity can be mapped to the same SI message; 

C. the mapping of SIBs other than SIB1 to SI message is flexibly configurable by the scheduling information in SIB1;

D. each SI message is associated with a SI-window and the SI message can only be broadcasted within the corresponding SI-window(no matter the SI broadcasting is triggered by UE request or not);

E. the length of the SI-window is common for all SI messages, and is configured by SIB1;

F. the detailed time-domain scheduling and other information, e.g. frequency-domain scheduling, used transport format is indicated via PDCCH.

2.2. Impact of SI-window extend

In LTE, one SI-window is associated with only one SI message, and there is no overlap between different SI-windows in time domain. The main intention of this design is to ensure only one HARQ process is needed for SI message reception and avoid additional UE complexity.

However, the 1-to-1 mapping between SI message and SI-window may not work well in NR beamforming case [1]

 REF _Ref494353309 \r \h 
[2]. In this case, each SI message needs to be transmitted on N beams serially to ensure every UE in the cell can receive it, i.e. a beamformed cell needs to perform N-1 times more transmission than non beamformed cell.  As a result, longer SI window is required by beamformed cell than non beamformed cell. Then SI-window overlapping may unavoidable. It is illustrated in the following figure.
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Figure 1
In the above figure, there are 12 SI-messages in one cell.  Each message is associated with one SI-window. The repetition interval of SI-message 1 is 160ms. When no beamforming is used for SI broadcasting, 10ms SI-window is used. No overlapping between SI-window occurs.  When beamforming is used for SI broadcasting, 20ms SI-window is used to ensure enough repetition times of each SI-message in each beam. Overlapping between SI-window 9 and SI-window 1 occurs.  
Therefore, for SI messages with short repetition periodicity, e.g. 160ms, it is hard to ensure no SI-window overlapping.  
Proposal 2: confirm that with the longer SI-window required by beamformed cell, legacy LTE mechanism can’t work, i.e. it is hard to accommodate all the SI-windows serially in a short SI period, e.g. 160ms.

If the above issue is confirmed, the following 3 solutions can be considered:

· Solution1: multiple SI messages can be mapped to a single SI-window, overlapping between different SI-windows is not allowed

· Solution2: 1-to-1 mapping between SI message and SI-window, overlapping between different SI-windows is allowed

· Solution3: multiple SI messages can be mapped to a single SI-window, overlapping between different SI-windows is allowed

In our understanding, the solutions have different impact on RAN2 specification. Solution2 and 3 require introducing new formula for SI-windows position calculation, while solution 1 can reuse the LTE SI-window position formula and only needs to introduce explicit indicate for SI messages and SI-window mapping. Solution1 seems the simplest solution and leads to the least standardization work. Hence, we slightly prefer solution1.

Proposal 2a: more than one SI messages can be associated with one SI-window. And overlapping between different SI-windows is not allowed.

In all the above 3 solutions, network needs to send more than one SI message simultaneously. Whether the SI messages should be transferred in a single TB (i.e. multiple SI messages in one TB) or in different TBs (i.e. each SI messages in one TB)? 

The benefit of single TB solution is it requires only one HARQ process, like LTE. But given the physical layer imposes a limit to the maximum size a TB can take, single TB solution limits the flexible of SI message scheduling. What’s more, it requires SI messages are multiplexed before transmission, leading to a lot of issues to be specified, e.g. which layer to perform multiplexing?
Each SI messages in one TB solution requires no SI messages multiplex, hence it can reuse most of LTE mechanisms. The drawback is for UEs with only one HARQ process for SI reception, SI messages associated with the same SI-window has to be decoded serially, i.e. UE starts to read a new SI message only after the previous one in the same SI window has been decoded correctly. As a result, it may take UE longer time to decode all the SI messages transferred in the same SI-window, since UE has to wait for the window repetition if it failures to decode all the SI messages associated with the window. 
But we assume smart UEs will always start to decode the more urgent/critical ones among all the SI messages transmitted simultaneously. Therefore, we think the delay for SI reception is not a big issue. 

Take the above analysis into account, we propose:

Proposal 2b: The SI messages transferred within a single SI-window are transmitted in different TBs, i.e. multiplexing of SI messages is not supported.
3. Conclusion
In this contribution, we discussed the scheduling mechanism for other SI and propose the following:
Proposal 1: confirm NR other SI reuses the following LTE SI scheduling mechanisms: 

A. each SIB is contained only in a single SI message and at most once in that message;

B. only SIBs having the same scheduling requirement (periodicity) can be mapped to the same SI message; 

C. the mapping of SIBs to SI message is flexibly configurable by the scheduling information in NR-SIB1;

D. each SI message is associated with a SI-window and the SI message can only be broadcasted within the corresponding SI-window(no matter the SI broadcasting is triggered by UE request or not);

E. The length of the SI-window is common for all SI messages, and is configured by NR-SIB1;

F. the detailed time-domain scheduling and other information, e.g. frequency-domain scheduling, used transport format is indicated via NR-PDCCH.

Proposal 2: confirm that with the longer SI-window required by beamformed cell, legacy LTE mechanism can’t work, i.e. it is hard to accommodate all the SI-windows serially in a short SI period, e.g. 160ms.

If proposal2 is confirmed, we further propose:

Proposal 2a: more than one SI messages can be associated with one SI-window. And overlapping between different SI-windows is not allowed.

Proposal 2b: The SI messages transferred within a single SI-window are transmitted in different TBs, i.e. multiplexing of SI messages is not supported.
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