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1 Introduction

There are some open issues with the SI scheduling and this contribution aims to address the open issues.
2 Discussion
2.1 Type of PHY channel to be monitored in SI window
Currently the latest draft 38.331 spec under the ASN.1 review specifies that UE receives DL-SCH in the SI window (see subclause 5.2.2.3.2) and this is copy and pasted from 36.331.

In LTE, receiving PDCCH containing the scheduling RNTI and receiving the corresponding DL-SCH always take place simultaneously. However, that’s not the case for NR as DL-SCH may be sent 1 slot later than the PDCCH.

Observation 1: Timings of PDCCH and the corresponding DL-SCH receptions may be different in NR
Thus, we propose:

Proposal 1: 38.331 mentions "PDCCH containing the scheduling RNTI" instead of "DL-SCH" where the spec specifies what UE receives in the SI-window
2.2 Unit of SI-WindowLength
In the latest draft 38.331 spec under ASN.1 review, SI-windowLength is defined as follows:
si-WindowLength 
The length of the SI scheduling window. s5 corresponds to 5 slots, s10 to 10 slots and so on.
On other hands, si-Periodicity’s unit is radio frame.

si-Periodicity





ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},


Thus, SI-window length is dependent on numerology while SI periodicity is independent from numerology.

Observation 2: Time unit difference between si-WindowLength and si-Periodicity may complicate UE implementation
That complicates the UE implementation as the time relation between them is changed based on numerology. Thus, we propose:

Proposal 2: The unit of si-WindowLength is changed from slot to sub-frame
2.3 OSI scheduling
RAN1#AH1801 made the following agreements:

	Agreements (Jan. 2018)

· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)

· The default association between SSB index and monitoring window of PDCCH containing a Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.


The above agreements imply that an SI window contains K PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block.
Observation 3: An SI window contains K PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block 
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Figure 1: PDCCH monitoring duration for all actually transmitted SSBs
TS 38.331 provides a baseline design for SI acquisition which is typical to LTE’s SI acquisition. In particular, UE first determines the starting of SI window and then search for SI message over SI-window as illustrated in Figure 1. However, the SI window might need to be sufficiently large for beam-sweeping an SI message. Such a large SI window duration leads to a longer PDCCH monitoring duration and consequently higher UE power consumption (than LTE counterpart design). To reduce the PDCCH monitoring duration and hence UE power, we should follow the same design principles as RMSI PDCCH monitoring occasion (PMO) design for SSB/RMSI multiplexing pattern 1. In particular, for a given SSB, UE should know the timing within SI window to start searching for PDCCH and how long UE should search for it, which could be much shorter than SI window duration as illustrated in Figure 2.
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Figure 2: Beam specific PDCCH monitoring duration

Besides, RAN2#AH1807 sent an LS to RAN1 [1] and LS shows the RAN2 assumption for paging PMO as follow:
As captured in agreement 2, RAN2 assumes that paging messages in a PO will be transmitted in the same sequential time order as the SSBs for beam sweeping, which will allow the UE to determine the PDCCH monitoring location corresponding to the selected beam for message reception. RAN2 would also like to remind that, per TS 38.304 section 7.1, UE can assume that the same paging message is repeated in all beams.
In other words, RAN2 has already assumed that the paging PMO should be corresponded to the selected beam for the power saving.
Observation 4: For UE power savings, OSI PDCCH monitoring occasion and duration design should follow the same design principles used for SSB/RMSI multiplexing pattern 1
Proposal 3: Request RAN1 to define the starting time and the duration for PDCCH monitoring occasion for an SI message within SI window for an actually transmitted SS/PBCH block
An association between an actually transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI is to be known at the UE. A concern in transmitted SSB is that for above-6GHz, when UE might know two different SSB bitmaps (compressed bitmap in SIB1 and full bitmap in RRC), which bitmap UE should use for a PDCCH monitoring window. Note that the compressed bitmap is superset of the full bitmap. Hence, it is preferable to use the compressed bitmap in SIB1.
Proposal 4: Use the SSB bitmap transmitted in SIB1 for determining the association between an actually transmitted SSB and SI PDCCH monitoring occasion
Similar to LTE, SI message transmission should allow re-transmission for achieving some desired link budget (the number of actual SI-message transmissions within an SI window is upto the network.)
Proposal 5: NR supports re-transmission for SI message within an SI window
3 Summary
Observation 1: Timings of DCI and the corresponding DL-SCH receptions may be different in NR
Proposal 1: 38.331 mentions "PDCCH containing the scheduling RNTI" instead of "DL-SCH" where the spec specifies what UE receives in the SI-window
Observation 2: Time unit difference between si-WindowLength and si-Periodicity may complicate UE implementation

Proposal 2: The unit of si-WindowLength is changed from slot to sub-frame

Observation 3: An SI window contains K PDCCH monitoring occasions (PMO) and each PMO corresponds to one actually transmitted SS/PBCH block
Observation 4: For UE power savings, OSI PDCCH monitoring occasion and duration design should follow the same design principles used for SSB/RMSI multiplexing pattern 1

Proposal 3: Request RAN1 to define the starting time and the duration for PDCCH monitoring occasion for an SI message within SI window for an actually transmitted SS/PBCH block

Proposal 4: Use the SSB bitmap transmitted in SIB1 for determining the association between an actually transmitted SSB and SI PDCCH monitoring occasion

Proposal 5: NR supports re-transmission for SI message within an SI window
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