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1 Introduction

RAN2 has not yet discussed how the UE determines the SI window for receiving an SI message. In this contribution we discuss this aspect. 
2 Discussion
2.1 SI Window Determination in LTE

In LTE [1], for acquiring an SI message the UE determines the start of the SI-window for the concerned SI message as follows:

· For the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;
· determine the integer value x = (n – 1)*w, where w is the si-WindowLength;
· the SI-window starts at the subframe #a, where a = x mod 10, in the radio frame for which SFN mod T = FLOOR(x/10), where T is the si-Periodicity of the concerned SI message;
Figure 1 illustrates an example for scheduling SI messages. In the example, there are two SI messages, SI Msg1 and SI Msg2 with si-Periodicity of 40ms and 80ms respectively.
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Figure 1

From the above procedure we can observe the following:

Observation 1: SI-windows of different SI messages are consecutive (i.e. there are neither overlaps nor gaps between them).
Observation 2: The SI-Window 1 starts at SFN 0.

2.2 PDCCH Monitoring Occasions for SI Messages
RAN1 has discussed the PDCCH monitoring ocassions for receiving OSI (i.e. SI messages) and following has been captured in TS 38.213 (see annexure 1 for details):

· UE monitors a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
· A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace.
· If a UE is not provided higher layer parameter osi-SearchSpace for Type0A-PDCCH common search space, the association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13 of 38.213. 
From the above description we can observe that UE follows the default association (i.e. PDCCH monitoring occasions for OSI are same as those configured for RMSI) when osi-SearchSpace is not configured.
Observation 3: Default association (i.e. PDCCH monitoring occasions for OSI are same as those configured for RMSI) is used when osi-SearchSpace is not configured.
2.3 SI Window Determination in NR
For default association (see annexure 2 for details) a set of PDCCH monitoring occasions for RMSI is located at every 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. This set of PDCCH monitoring occasions consists of PDCCH monitoring ocassions for all SSBs. One SI window should consist of PDCCH monitoring ocassions for all SSBs. So a SI window can only be located at every 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms for default association.

Figure 2 and Figure 3 are example illustration of SI-windows for the default association. The number of slots in radio frame are assumed to be 10 in the examples. Figure 2 is the example for pattern 1 where the set of PDCCH monitoring occasions for RMSI are located at every 20ms starting from SFN 0. In this case network will configure a si-WindowLength of 20 slots. During the SI window UE only monitors the slots/symbols corresponding to the PDCCH monitoring occasions for SI messages.
Figure 3 is the example for pattern 2/3 where the set of PDCCH monitoring occasions for RMSI are located every SS burst set period. The SS burst set period can start from SFN 0 or at an offset from SFN 0. In the example SS burst set period is 20ms and offset is 1 radio frame. In this case network will configure a si-WindowLength of 20 slots and offset equal to one radio frame. During the SI window UE only monitors the slots/symbols corresponding to the PDCCH monitoring occasions for SI messages.
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Figure 2
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Figure 3

Figure 4 is an example illustration of SI-windows for the non-default association. In the example, osi-SearchSpace configuration is as follows: Periodicity: 5 slots; Offset: 0; duration: 2 slots; monitoringSymbolsWithinSlot: 00100000100000; CORESET-time-duration: 4 OFDM symbols. The number of slots in radio frame are assumed to be 10 in the example. The number of SSBs are 12. In this case network will configure a si-WindowLength of 15 slots so that there is PDCCH monitoring occasion for each SSB.
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Figure 4
The procedure for determining the start of SI-window for the concerned SI message is similar to LTE as explained below except that si-WindowLength is in unit of slots and a parameter offset is additionally signalled:
· For the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;
· determine the integer value x = Offset + (n – 1)*w, where w is the si-WindowLength;
· the SI-window starts at the slot #a, where a = x mod (number of slots in a radio frame), in the radio frame for which SFN mod T = FLOOR(x/ number of slots in a radio frame), where T is the si-Periodicity of the concerned SI message;
· during the SI window UE only monitors the slots/symbols corresponding to the PDCCH monitoring occasions for SI messages. The PDCCH monitoring occasions for SI messages are determined according to osi-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for SI messages are same as for RMSI as defined in section 13 of 38.213) otherwise.
Proposal 1: Offset and si-WindowLength are signaled in SystemInformationBlockType1 for determining SI-Windows.

Proposal 2: UE shall determine the start of SI-window for the concerned SI message as follows:

· For the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;

· determine the integer value x = Offset + (n – 1)*w, where w is the si-WindowLength;

· the SI-window starts at the slot #a, where a = x mod (number of slots in a radio frame), in the radio frame for which SFN mod T = FLOOR(x/ number of slots in a radio frame), where T is the si-Periodicity of the concerned SI message;

Proposal 3: During the SI window UE only monitors the slots/symbols corresponding to the PDCCH monitoring occasions for SI messages. The PDCCH monitoring occasions for SI messages are determined according to osi-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for SI messages are same as for RMSI as defined in section 13 of 38.213) otherwise.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:
Proposal 1: Offset and si-WindowLength are signaled in SystemInformationBlockType1 for determining SI-Windows.

Proposal 2: UE shall determine the start of SI-window for the concerned SI message as follows:

· For the concerned SI message, determine the number n which corresponds to the order of entry in the list of SI messages configured by schedulingInfoList in SystemInformationBlockType1;

· determine the integer value x = Offset + (n – 1)*w, where w is the si-WindowLength;

· the SI-window starts at the slot #a, where a = x mod (number of slots in a radio frame), in the radio frame for which SFN mod T = FLOOR(x/ number of slots in a radio frame), where T is the si-Periodicity of the concerned SI message;

Proposal 3: During the SI window UE only monitors the slots/symbols corresponding to the PDCCH monitoring occasions for SI messages. The PDCCH monitoring occasions for SI messages are determined according to osi-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for SI messages are same as for RMSI as defined in section 13 of 38.213) otherwise.
4 References
[1] TS 36.331, RRC Protocol Specification
5 Annexure 1
10.1 UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in one or more of the following search spaces

-
a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-
a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-
a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;

-
a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-
a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and

-
a UE-specific search space for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.

A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level given in Table 10.1-1. The control resource set configured for Type0-PDCCH common search space has control resource set index 0. The Type0-PDCCH common search space has search space index 0. 
For Type0A-PDCCH common search space or for Type2-PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace and the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level is given in Table 10.1-1. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace and the CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level are given in Table 10.1-1.
For Type1-PDCCH common search space, a UE can be provided a configuration for a control resource set by higher layer parameter rach-coreset-configuration and a configuration for a search space by higher layer parameter ra-SearchSpace. If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space. 

If a UE is not provided higher layer parameter osi-SearchSpace for Type0A-PDCCH common search space, the association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.
If a UE is not provided higher layer parameter paging-SearchSpace for Type2-PDCCH common search space, the association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13. 

6 Annexure 2

6.1 PDCCH Monitoring Occasions for SI Messages based on Default Association

RAN1 has defined three patterns for multiplexing RMSI with SSB shown in Figure X below.
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Figure X
· “Pattern 1” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET overlap

· “Pattern 2” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in different time instances, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap

· “Pattern 3” refers to the multiplexing pattern that SS/PBCH block and RMSI CORESET occur in the same time instance, and SS/PBCH block TX BW and the initial active DL BWP containing RMSI CORESET do not overlap
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Figure X1 RMSI is FDMed with SSB
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Figure X2 RMSI is not FDMed with SSB
Figure X1 and Figure X2 shows the PDCCH monitoring occasions for RMSI for pattern 3 and pattern 1 respectively. It is to be noted that for pattern 1 SS burst set period is not always 20ms. It can be 5, 10, 20, 40, 80, and 160ms. Table 1 provides further details of RMSI PDCCH monitoring occasions for various patterns. Depending on the pattern, a set of PDCCH monitoring occasions for RMSI are located at in interval of 20ms or SS burst set period. Note that there is one PDCCH monitoring occasion for RMSI corresponding to each TX beam (i.e. SSB). The length of one PDCCH monitoring occasion corresponding to a SSB can be one or 2 slots depending on the pattern. The SFN(s) in which PDCCH monitoring occasions are located also depends on the pattern. All the patterns are not supported on all the carrier frequencies. The pattern used is configured using parameter PDCCHConfigSIB1.
Table 1
	Patterns
	PDCCH Monitoring Ocassions Interval
	Length of PDCCH Monitoring Occasion per SSB
	SFN in which PDCCH Monitoring Occasions are located
	Carrier Frequency

	Pattern 1
	Every 20ms
	2 consecutive slots
	a) SFN mod 2 = 0 for all SSBs OR

b) SFN mod 2 = 0 for some SSBs and SFN mod 2 = 1 for others.
	FR1, FR2

	Pattern 2/3
	SS burst set period
(5, 10, 20, 40, 80, 160) ms
	1 slot
	SFN in which SS burst set is transmitted. (Note: SS burst set can be transmitted in any radio frame of SS burst set period. 

In case of SS burst set period of 5 ms, PDCCH monitoring occasions are located in both half frames of every radio frame
	FR2


6.2 PDCCH Monitoring Occasions for SI messages based on osi-SearchSpace
The following parameters in osi-SearchSpace configures the PDCCH monitoring occasions for SI messages:

· periodicity (1, 2, 4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640, 1280, 2560 slots)
· offset (0 to periodicity-1)
· duration: Number of consecutive slots having PDCCH monitoring occasions every period given by periodicity. The maximum valid duration is periodicity-1.
· monitoringSymbolsWithinSlot (1 bitmap of size 14, one bit corresponding to a OFDM symbol)
· CORESET-time-duration: Number of consecutive OFDM symbols in a PDCCH monitoring occasion
Figure Y is an illustration of PDCCH monitoring occasions for OSI based on osi-SearchSpace configuration (Periodicity: 5 slots; Offset: 0; duration: 2 slots; monitoringSymbolsWithinSlot: 00100000100000; CORESET-time-duration: 4 OFDM symbols). The number of slots in radio frame are assumed to be 10 in the example.
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Figure Y
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