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1 Introduction
In NR each SI message is transmitted within periodically occurring time domain SI-windows. In this contribution we discuss the mapping between SI messages and SI Windows in NR-U.
2 Discussion
In NR [1], SIBs other than SIB 1 are carried in SI messages, which are transmitted on the DL-SCH. Each SI message is transmitted within periodically occurring time domain SI-windows. There is one to one mapping between SI message and SI-window. The SI-windows of the different SI messages are consecutive (i.e. there are neither overlaps not gaps between them) and have a common length that is configurable. A cluster of SI-windows repeats at an interval of shortest SI periodicity. Figure 1 is an example illustration of transmitting/receiving two SI messages with SI periodicity of 80ms and 160ms respectively. A cluster of two SI-windows repeats every 80ms. As SI periodicities are different for SI message 1 and SI message 2, the two SI windows are not used every 80ms.

Observation 1: A cluster of SI-windows repeats at an interval ‘T’ where ‘T’ equals to the shortest SI periodicity amongst the SI periodicities of  SI messages. T > (Number of SI messages)* SI-Window Length.
Observation 2: All SI-windows are not used in every interval ‘T’.
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Figure 1
As shown in Figure 1, the issue with the current design is that if channel is not free in SI-Window 1, SI message 1 can’t be transmitted in adjacent SI-window 2 where the channel is free. Similarly if channel is not free in SI-Window 2, SI message 2 can’t be transmitted in adjacent SI-window 1 where the channel is free. 
Observation 3: An unused SI-window in interval ‘T’ cannot be used for transmitting other SI message.
One can argue that network can map SIBs of SI message 1 and SI message 2 in a single SI message. However this is not possible as SIBs mapped to SI message 1 and SI message 2 have different periodicity. Even if they had the same periodicity, it may not be always possible to map SIBs of SI message 1 and SI message 2 in a single SI message because of maximum supported TB size of a SI message.
Observation 4: All SIBs cannot be always mapped to a single SI message.
One can also argue that a large SI window can be configured for each SI message, so that network will get at least one opportunity to transmit SI message in its SI window. However, if multiple SI messages are transmitted by gNB, configuring a larger SI-window for each SI message would require gNB to configure large periodicity of SI message which may delay the acquisition of SI message. The smallest SI periodicity that can be configured is equal to x*Si-window length. 

Observation 5: If multiple SI messages are transmitted by gNB, configuring a larger SI-window for each SI message would require gNB to configure large periodicity of SI message which may delay the acquisition of SI message.

 The mapping between SI messages and SI-windows can be enhanced to provide additional flexibility in transmitting the SI messages in SI-windows. To overcome the abovementioned issue, SI window of larger size can be configured and multiple SI messages can be mapped to an SI-window. Note that one SI message is mapped to only one SI-window. It may not be always possible to transmit all SI messages in a single SI-Window. So the mapping between SI messages and SI-Windows can be flexibly configured. 
· One approach of flexible configuration could be to signal the parameter 'n' where 'n' is used in determining the start of SI-window (as defined in section 5.2.2.3.2 of TS 38.331, see appendix for quick reference) for each SI message. Multiple SI messages can be assigned the same value of 'n'.
Figure 2 is an example illustration of mapping multiple SI messages to a SI-window. As shown in the Figure 2, SI message 1 and SI message 2 is mapped to a same SI-Window. The periodicity of SI message 1 and SI message 2 are 80ms and 160ms respectively. The SI-window is configured large enough to allow multiple transmission opportunities. When the channel is available, either or both SI messages can be transmitted in SI-window depending on SI periodicities of these SI messages. SI window of larger size and mapped to multiple SI messages is more flexible in handling the channel availability then having multiple small sized SI windows mapped to one SI message.
Observation 6: SI window of larger size and mapped to multiple SI messages is more flexible in handling the channel availability then having multiple small sized SI windows mapped to one SI message.
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Figure 3
In [2] it is proposed to support overlapping SI-windows. If SI-windows of multiple SI messages fully overlap then this approach is same as mapping multiple SI messages to same SI-window. We do not see any advantage of supporting partial overlapping of SI-windows. Additionally, the partial overlapping will affect mapping of SSBs to PDCCH monitoring occasions. Each PDCCH monitoring occasions should be mapped to only one SSB. But in case of partial overlapping of multiple SI-windows, a PDCCH monitoring occasion will get mapped to multiple SSBs which is not the desired behavior.
Observation 7: There is no advantage of supporting partial overlapping of SI-Windows.

In order to avoid UE to decode an SI message which UE does not want to acquire, the transmission of SI messages mapped to same SI window can be distinguished by configuring different coresets or SI-RNTIs for these SI messages. Alternately, SI-index can be included in DCI.

Observation 8: Transmission of SI messages mapped to same SI window can be distinguished by using different coresets or SI-RNTIs or SI-index in DCI.
Based on above discussion we propose that:
Proposal  : Transmission of multiple SI messages in an SI-Window is supported in NR-U. Mapping between SI messages and SI-Windows is configured in SIB1. Signaling details are FFS.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Observation 1: A cluster of SI-windows repeats at an interval ‘T’ where ‘T’ equals to the shortest SI periodicity amongst the SI periodicities of  SI messages. T > (Number of SI messages)* SI-Window Length.

Observation 2: All SI-windows are not used in every interval ‘T’.

Observation 3: An unused SI-window in interval ‘T’ cannot be used for transmitting other SI message.
Observation 4: All SIBs cannot be always mapped to a single SI message.
Observation 5: If multiple SI messages are transmitted by gNB, configuring a larger SI-window for each SI message would require gNB to configure large periodicity of SI message which may delay the acquisition of SI message.

Observation 6: SI window of larger size and mapped to multiple SI messages is more flexible in handling the channel availability then having multiple small sized SI windows mapped to one SI message.

Observation 7: There is no advantage of supporting partial overlapping of SI-Windows.

Observation 8: Transmission of SI messages mapped to same SI window can be distinguished by using different coresets or SI-RNTIs or SI-index in DCI.
Proposal:  Transmission of multiple SI messages in an SI-Window is supported in NR-U. Mapping between SI messages and SI-Windows is configured in SIB1. Signaling details are FFS.
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5 Appendix

5.2.2.3.2
Acquisition of an SI message

For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1 where the mapping between PDCCH monitoring occasions and SSBs is specified in TS 38.213[13]. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x*N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to ′CEIL(number of PDCCH monitoring occasions in SI-window/N).

When acquiring an SI message, the UE shall:
1>
determine the start of the SI-window for the concerned SI message as follows:

2>
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 si-SchedulingInfo in SIB1;

2>
determine the integer value x = (n – 1) * w, where w is the si-WindowLength;

2>
the SI-window starts at the slot #a, where a = x mod N, in the radio frame for which SFN mod T = FLOOR(x/N), where T is the si-Periodicity of the concerned SI message and N is the number of slots in a radio frame as specified in TS 38.213 [13];

1>
receive the PDCCH containing the scheduling RNTI, i.e. SI-RNTI in the PDCCH monitoring occasion(s) for SI message acquisition, from the start of the SI-window and continue until the end of the SI-window whose absolute length in time is given by si-WindowLength, or until the SI message was received;

1>
if the SI message was not received by the end of the SI-window, repeat reception at the next SI-window occasion for the concerned SI message in the current modification period;
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