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1 Introduction
One of the objective of SID [1] is to study NR-based initial access and idle mode operation in unlicensed spectrum. SI message acquisition is one of the essential operation which UE needs to perform before it can access the cell. 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, 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.

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


[image: image1.emf]W1 W2 W1 W2 W1 W2

SI Period 1 = 80ms SI Period 1 = 80ms

W1 SI message 1 is transmitted in SI window W1 every 80ms

SI Period 2 = 160ms

W2 SI message 2 is transmitted in SI window W2 every 160ms

W

W = SI Window Length

W

Channel is not free

Channel is free but SI message 1 

can͛t be transmitted here

Channel is not free

Channel is free but SI message 

1 can͛t be transmitted here

Channel is not free

Channel is free but SI message 

2 can͛t be transmitted here


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. 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 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.
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, the following enhancements can be considered:
A. One SI message can be mapped to multiple SI-windows. 
Figure 2 is an example illustration of this approach. The periodicity of SI message 1 and SI message 2 are 80ms and 160ms respectively. SI message 1 is mapped to SI-Window 1 and SI-Window 2. SI-Window 1 is the primary SI-window associated with SI message 1. SI-Window 2 is the primary SI-window associated with SI message 2. SI-Window 2 is also the secondary SI-Window for SI message 1 and can be used for transmission of SI message 1 when it is not used to transmit SI message 2. Every 160ms, SI-Window 2 occurs twice every 80ms and used for transmission of SI message 2 only once.
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Figure 2
B. One SI message is mapped to only one SI window. Multiple SI messages can be mapped to same SI-window.
Figure 3 is an example illustration of this approach. As shown in the Figure 3, 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 5: 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 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 6: Transmission of SI messages mapped to same SI window can be distinguished by using different coresets or SI-RNTIs or SI-index in DCI.
In NR [2], UE is required to decode up to two PDSCH TBs simultaneously. So if multiple SI messages are mapped to same SI window, these can be transmitted using combination of time and frequency multiplexing where up to two SI messages can be scheduled in same slot. Whether UE can decode more than two PDSCH TBs simultaneously in NR-U can be further discussed based on input from RAN1.

In [3] 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. 
Based on the above discussion we propose the following:

Proposal  :   In unlicensed spectrum, mapping of multiple SI messages to same SI-Window may be needed to relieve LBT impact.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1:  In unlicensed spectrum, mapping of multiple SI messages to same SI-Window may be needed to relieve LBT impact.

Proposal 2: Agree to the TP in annexure.
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5 Annexure: Text Proposal for TR 38.889

2.1 Inactive and Idle procedures 

For Inactive and Idle mode procedures, Rel-15 NR design is considered as the baseline. As such,  NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams) is also used as the baseline.
The UE measurements in Idle/Inactive mode will assume recurring transmissions of SSB/PBCH and RMSI but possibly with reduced opportunities due to LBT. The impact of LBT on Idle/Inactive measurement is not captured in RAN2 specifications.

In unlicensed bands, multiple PLMNs can use the same carriers without any coordination. Therefore, the best cell found by a UE on a frequency may not belong the registered PLMN. In this case, the UE should be enabled to camp on a non-best cell on a carrier if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN.
For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. The additional locations can be provided for example in time domain or frequency domain.

For SI acquisition, it may be beneficial to introduce many to one mapping of SI messages to SI-Windows.
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