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1 Introduction
RAN2 agreed to enhance scheduling of SI transmission during the NR-U study phase, and the following was captured in the NR-U TR [1] .
Since System Information (SI) transmissions will be subject to LBT, it is beneficial to add more transmission opportunities in time domain for SI transmission, e.g. by configuring a longer SI window. 
If there is need to have multiple SI messages then with existing NR design, different SI messages require separate LBT procedures. It may be beneficial not to require multiple LBTs for different SI messages to increase the success probability of the transmission. 
Apart from scheduling aspects of SI transmission, a number of other questions were raised during the NR-U study phase but not discussed due to lack of time. A few of the questions are listed below.
How to make SI update more robust?
Should both msg1 and msg3 based on-demand SI request be allowed?
Should UE be allowed to request on-demand SI in RRC CONNECTED?
How do we handle interference at the receiver?
In this document, we provide our views on the above topics.
2 SI scheduling: Transmission aspects
In the NR-U study phase, there were many proposals to enhance time domain scheduling of SI to provide more transmission opportunities. In (Release 15) NR, SI messages are sent within periodically occurring time domain windows called SI windows. Each SI message is mapped to an SI window and consists of 1 or more SIBs. SI windows of different SI messages do not overlap. The transmission schedule of SI messages is provided by SIB1. However the network may not always transmit an SI message carrying on-demand SI. The SI window length is numerology dependent and can range from 5 to 1280 slots. For example, with 30 KHz SCS, this corresponds to a range of 2.5ms – 640ms. 
The current mechanism is based on LTE, where it has worked well for many years. Hence, a straightforward enhancement that has been proposed [4], [5] is to extend SI window length to provide more opportunities for SI transmission. 
Proposal 1: SI window length extension should be considered to support LBT operation for NR-U.
Extending the SI window length does not mean just increasing the maximum possible value. The RRC specification [2] currently only allows for a limited number of code points. The SI window length can be configured to be 5, 10, 20, 40, 80, 160, 320, 640, and 1280 slots. So for example, it is not possible to configure a window length of 30ms or 240ms with 15 KHz SCS numerology. Apart from just increasing the maximum possible SI length, it may also be beneficial in NR-U to provide more choices to the network.
Proposal 2: The current set of allowable SI window lengths could be enhanced by allowing additional intermediate values.
If proposals 1 and 2 are agreed, then the details can be worked out later in consultation with RAN1.
Extending the SI window length, though straightforward from a specification perspective brings forth a few challenges. The allowed periodicity for an SI message is fundamentally limited by the number of SI messages and the SI window length. We have,
Minimum periodicity > Number of SI messages X SI window length
We provide some examples of this limitation in Figure 1 and Figure 2, for different combination of SI messages and periodicity requirements.
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This means the network cannot configure SI window length independently of SI transmission considerations, limiting the number of potential transmission opportunities.
Configuring larger SI windows also requires the UE to remain awake longer, increasing the UE’s energy cost of SI acquisition.
One might argue that these challenges can be mitigated by using fewer SI messages (i.e. by mapping more SIBs in the same SI message) but this approach also is troublesome. 
1. Broadcast TB size and reliability: We have a limitation of 2976 bits on the maximum TB size for broadcast transmission [5]. Fewer SI messages means larger SI messages leading to reliability concerns, and potentially requiring more (blind) retransmissions which may result in increased LBT attempts.

2. Network energy: Bunching SIBs together means that the periodicity requirement of the SI message is governed by the most stringent periodicity requirement of the constituent SIBs, resulting in unnecessary transmission which has a negative impact on network energy performance.
Observation 1: Arbitrary extension of SI window length is not feasible due to SI transmission requirements (number and periodicity of SI messages), SI reliability, and UE and network energy performance.
If extension of SI window length is not considered a feasible option, then the principle of one-to-one mapping between SI message and SI window may need to be reconsidered. Different ideas have been expressed about how SI messages can be mapped to SI windows including mapping the same SI to multiple SI windows [6] [8], mapping multiple SIs to the same SI window [6] [9], and allowing for overlapping SI windows [7]. 
These proposals also introduce new challenges. First,  a common theme for all these schemes is a need to distinguish between different SI messages transmitted in the same SI window using some means such as using multiple SI-RNTIs or coresets. This requirement has implications for UE processing as well as the size of UE buffer (since HARQ retransmissions for multiple SIs will need to be supported simultaneously). Second, specifying SI scheduling becomes more complex potentially increasing the size of the SI-SchedulingInfo IE in SIB1. For these reasons, we should exercise caution before we perform major surgery on something that works.
Observation 2: Any new SI transmission scheme for NR-U should take into consideration UE complexity, buffer requirements, and scheduling information size.
To ensure that UE implementation complexity is not increased, we should not abandon the NR/LTE principle of periodic, non-overlapping SI windows and not require the UE to distinguish between different SI messages received in the same window for purposes of soft-combining.
Proposal 3: The existing principle of periodic and non-overlapping SI windows is retained for NR-U. The UE is not required to distinguish between different SI messages prior to decoding the contents of the message.
A simple way of ensuring that the UE does not need to distinguish between different SI messages is to ensure that the network only broadcasts a single SI message in any SI window. 
Observation 3: Proposal 3 can be satisfied by requiring the network to only broadcast a single SI message in a particular SI window.
If RAN2 decides that multiple SI messages need to be broadcast, then we think that Proposal 3 can be satisfied by using an approach similar to NDI toggling. Using the NDI bit, the network can indicate if the current SI message transmission is different from the previous SI message transmission. By either requiring the network to transmit only a single SI message in an SI window, or using the concept of NDI toggling, only a single SI-RNTI value is needed, and the UE maintains a single soft buffer for SI messages. Note that, for the DCI format 1_0 with scrambled by SI-RNTI, there are currently 15 reserved bits available for future use [3]. 
Proposal 4: If the network transmits multiple SI messages in the same SI window, then the concept of NDI toggling is used to support soft decoding. 

2.1 Backup SI windows 
One possibility of making up for missed (SI) transmissions is to provide “backup” SI windows, where the network can transmit SI messages that could not be transmitted due to LBT failure. The network can configure one of more backup SI windows, and configure how SI messages are mapped to these backup SI windows. In general, the mapping between SI message and backup window could be one-to-one, one-to-many, many-to-one, and many-to-one.  Since it is unlikely that all SI messages are lost, it is not necessary to define a backup window for each SI message. Also, it should not be necessary to define more than a single backup window for each SI, since missing SI transmission during its scheduled SI window should be rare. The number of backup windows should also be minimized so as not to unnecessarily restrict the SI window length as described earlier. So we think that the one-to-one and one-to-many mapping ideas should not be pursued.
Proposal 5: The network configures one of more backup SI windows to make up for missed transmissions. The network configures a many-to-one mapping between SI messages and backup SI windows. 
If Proposal 5 is agreed, then we need to decide how backup windows are configured. There are three possible options as follows. 
Option 1: Each SI is assigned to the SI window of another SI that is being broadcasted.
Option 2: Each SI is assigned to the SI window of another SI that is not being broadcasted (i.e., an on-demand SI).
Option 3: New SI windows are defined for backup purposes.
Note that the options described above are not mutually exclusive. 
Based on the periodicity requirements of different SI messages, it is indeed possible that multiple backup SI windows need to be configured. At the same time, the SI window length should also be made as long as possible to ensure sufficient transmission opportunities, which in turn implies using fewer SI windows. A possible enhancement to mitigate these conflicting requirements would be to use the SI windows used for on-demand SI as backup SI windows. The network does not transmit on-demand all the time. Nevertheless, SI windows scheduled for on-demand SI can currently not be used to transmit any other SI message, and are wasted opportunities that can be put to good use.
Proposal 6: SI windows configured for on-demand SI could be used by the network as backup SI windows.
One issue that needs to be addressed is what happens in the situation when the network misses an SI transmission due to LBT, and one or more UEs request for on-demand SI whose SI window is configured as a backup SI window. In this case, it should be up to the network to either transmit the missed SI, or the on-demand SI, or both (if multiple SI messages are allowed to be broadcast in the same SI window) in the backup SI window. If the network decides to transmit only the missed SI in the backup window, then the UE must continue monitoring this window to receive the on-demand SI in a future window. The network should continue to transmit acknowledgement of on-demand SI request (either via msg2 or msg4 as the case may be). 
Proposal 7: As baseline, if a UE that requested on-demand SI receives an SI other than the requested on-demand SI in the configured SI window, then it should continue monitoring SI transmission in order to acquire the on-demand SI in a future (next) SI window.

3 SI scheduling: Reception aspects
In NR-U, the receiver may occasionally experience interference from sources that are not controlled by the network such as WLAN devices or even other NR-U devices. Even if the channel conditions are generally good, the UE may still fail to receive SI transmissions. In practice, the UE may not receive a subset of the SI messages that are broadcast by the network. In order to minimize the latency in SI reception, the UE may be allowed to request the network for missed SI transmissions, in a manner similar to request for on-demand SI. The network then has the option of transmitting the requested SI in a backup SI window which may occur sooner than the regularly scheduled transmission of the missed SI.
Proposal 8: The UE can request SI messages that are broadcast by the network, but missed due to interference, using the on-demand SI request mechanism.
The network should be able to configure whether this mechanism can be used at all and which SI messages can be requested in this fashion.

4 Miscellaneous considerations
In this section, we provide out views on a couple of questions that were raised during the SI phase but not concluded yet.
In NR, UEs can only request for on-demand SI in RRC IDLE or RRC INACTIVE state. Some companies have argued that this principle be retained in NR-U, while others have proposed that the UE should also be allowed to request on-demand SI in RRC CONNECTED. We do not have a strong preference on this topic at this point. We think this is not really specific to NR-U, and can be considered as a general enhancement for NR.
Proposal 9: Whether or not the UE can request on-demand SI in RRC_CONNECTED mode should not be discussed in the NR-U WI. Instead it can be considered as a general enhancement for NR.
Many companies have considered how to make the SI modification procedure more robust to LBT failures, e.g., by repeating SI change indication and allowing for “immediate” SI change [10] [11]. In online discussion, it was pointed out that this problem is not significant since SI modification intervals are quite long, and also paging itself is likely to be enhanced to account for LBT failure.
Proposal 10: Enhancements for improving SI update robustness are not needed, as SI modification intervals are quite long, and paging is likely to be enhanced to account for LBT failure.
5 Conclusion
In this contribution, we discuss enhancements to SI delivery in NR-U. Our proposals and observations are summarized below.
Proposal 1: SI window length extension should be considered to support LBT operation for NR-U.
Proposal 2: The current set of allowable SI window lengths could be enhanced by allowing additional intermediate values.
Observation 1: Arbitrary extension of SI window length is not feasible due to SI transmission requirements (number and periodicity of SI messages), SI reliability, and UE and network energy performance.
Observation 2: Any new SI transmission scheme for NR-U should take into consideration UE complexity, buffer requirements, and scheduling information size.
Proposal 3: The existing principle of periodic and non-overlapping SI windows is retained for NR-U. The UE is not required to distinguish between different SI messages prior to decoding the contents of the message.
Observation 3: Proposal 3 can be satisfied by requiring the network to broadcast only a single SI message in a particular SI window.
Proposal 4: If network transmits multiple SI messages in the same SI window, then the concept of NDI toggling is used to support soft decoding. 
Proposal 5: The network configures one of more backup SI windows to make up for missed transmissions. A many-to-one mapping between SI messages and backup SI windows can be configured.
Proposal 6: SI windows configured for on-demand SI can be used by the network as backup SI windows.
Proposal 7: As baseline, if a UE that requested on-demand SI, receives SI other than the requested on-demand SI in the configured SI window, then it should continue monitoring SI transmission in order to acquire the on-demand SI in a future (next) SI window.
Proposal 8: The UE can request SI messages that are broadcast by the network, but missed due to interference, using the on-demand SI request mechanism.
Proposal 9: Whether or not the UE can request on-demand SI in RRC_CONNECTED mode should not be discussed in the NR-U WI. Instead it can be considered as a general enhancement for NR.
Proposal 10: Enhancements for improving SI update robustness are not needed, as SI modification intervals are quite long, and paging is likely to be enhanced to account for LBT failure.
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System Information parameters
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System Information parameters
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