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1. Introduction
In previous meetings, agreements for RMSI and OSI monitoring were made [1]
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 as follows:
	Agreements:

· The agreements from RAN1#90b is updated as follows:

· The following parameters for broadcast OSI are explicitly signaled in the corresponding RMSI.

· SI monitoring window configuration, e.g., time offset, duration, and periodicity

· It is up to RAN2 how to configure the SI window.

· PDCCH configuration which gives search space configuration includes monitoring occasions within the SI monitoring window 

· PDCCH configuration is common for all SIs in Rel-15

· For broadcast OSI CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH


This contribution is revised from R1-1800175. In this contribution, we discuss on SI-PDCCH ambiguity issue for SI messages monitoring and corresponding solutions.
2. Discussion
2.1. SI-PDCCH ambiguity
In LTE, the time instance scheduling of SIB1 is fixed, it is always mapped into subframe#5 of radio frames with SFN mod 2=0. The scheduling of other SI message is more flexible that each SI can be transmitted in any subframe within the corresponding SI-window except ones occupied by SIB1. In other words, SIB1 PDCCH is not multiplexed with PDCCH of any other SIBs. For SIBs other than SIB1, 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, as mentioned in [2]. In this case, each SI message needs to be transmitted on N beams serially, i.e. in beam sweeping way, 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, beamformed cell requires a longer SI message monitoring window than non beamformed cell. Then SI-window overlapping may be unavoidable.  An example of overlapping issues between different SI message monitoring windows is illustrated in Figure 1.
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Figure 1. Overlapping between different SI message monitoring windows
In the above figure, 12 SI-messages are broadcasted with different transmission strategies and the repetition interval of SI-message 1 is 160ms. For a cell in which beamforming is not used, the SI-windows used to transfer 12 SI messages are consecutive mapped in time domain with a length of 10ms. Neither overlaps nor gaps between different SI message monitoring windows exist. When SI message is broadcasted in beam sweeping manner, 20ms SI-window is used to ensure enough repetition times of each SI-message in each beam. Overlapping between SI-window9 and SI-window1 occurs.  
Therefore, for SI messages with short repetition periodicity, e.g. 160ms, it is hard to ensure no SI-window overlapping.  For the same reason, RMSI (SIB1) monitoring window and OSI monitoring window may also be fully or partially overlapped in NR, if no slots or monitoring windows are particular reserved for SIB1 transmission, which is up to RAN2.
If different SI message monitoring windows are overlapped, as illustrated in Figure 1, UE would not be able to distinguish different SI messages when they are transmitted in the overlapping region and scrambled with a single SI-RNTI. 

Observation 1: Overlapping of different SI message monitoring windows may occur in NR system, which will lead to ambiguity for UE to identify PDCCHs of different SI messages.
2.2. Proposed solutions
To eliminate the SI-PDCCH ambiguity, we can consider the following alternatives:
· Alt.1: SI identifier indicated in DCI explicitly
· Alt.2: SI identifier indicated in CRC bits of PDCCH implicitly
The details of these two alternatives are discussed below.

· SI identifier indicated in DCI explicitly
One simple method is to indicate the SI index in the already defined fields in DCI contents, such as HARQ process number, which is defined for most of DCI formats. Besides, there are fields in some DCI formats maybe useless for system information scheduling, such as TPC, DAI, aperiodic CSI-RS, aperiodic SRS, number of code block number, PRB bundling size, etc., which could be reused to transmit SI index. In this case, UE can identify the different SI scheduling directly through reading the reused fields with no extra processing and performance loss.
· SI identifier indicated in CRC bits of PDCCH implicitly
The SI PDSCH transmission may be scheduled by very compact DCI format, like DCI format 1C in LTE, where only MCS and RB allocation fields are included in the DCI, no spare bits could be reused for SI index indication. In this case, the SI index could be delivered through the CRC bits of SI-PDCCH, which means the CRC bits are masked by a bit sequence related to SI-RNTI and SI index both.

Two methods to generate the CRC mask are given:

· Different cyclic shifted SI-RNTI used as the scrambling bits

· SI-RNTI scrambled by additional CRC mask, similar to the CRC mask indicating the number of antenna port for PBCH transmission in LTE.
After PDCCH decoding, different cyclic shift or additional CRC mask hypothesis should be tested in CRC check to get the SI indication. Since complexity of CRC check is relatively low, the extra processing complexity would be acceptable.

The SI index is derived from PDCCH by Alt.1 or Alt.2, and as discussed in Alt.1, the SI index can also function as HARQ process number, i.e. only SI-PDSCH scheduled by the SI-PDCCH with same SI index could be combined.
Note that the SI index can be predefined for each SI message, so UE is able to identify the SI message quickly through PDCCH reception in physical layer. 

Proposal 1: The SI identifier could be indicated explicitly or implicitly in PDCCH. Two alternatives are proposed,

· Alt.1: SI identifier is indicated in DCI explicitly in
· HARQ process number
· Already defined but useless fields for SI scheduling
· Alt.2: SI identifier is indicated implicitly in PDCCH CRC bits scrambled with
· Cyclic shifted SI-RNTI
· Additional CRC mask
3. Conclusion

In this contribution, we focus on SI-PDCCH ambiguity issue for SI messages monitoring. Based on the discussion, we have the following observation and proposal: 
Observation 1: Overlapping of different SI message monitoring windows may occur in NR system, which will lead to ambiguity for UE to identify PDCCHs of different SI messages.

Proposal 1: The SI identifier could be indicated explicitly or implicitly in PDCCH. Two alternatives are proposed,

· Alt.1: SI identifier is indicated in DCI explicitly in
· HARQ process number
· Already defined but useless fields for SI scheduling
· Alt.2: SI identifier is indicated implicitly in PDCCH CRC bits scrambled with

· Cyclic shifted SI-RNTI
· Additional CRC mask
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