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Introduction
This document addresses an unresolved issue regarding delivery of requested on-demand system information (SI). It is proposed enable configurable duration of the broadcast of a requested SI message, a mechanism that would be particularly beneficial in NR-U, where the conditions for delivery can be unstable and flexibility is desirable.
[bookmark: _Ref178064866]Discussion
The concept of on-demand System Information (SI) was introduced in NR, enabling the network to reduce the periodically broadcast SI by letting some of the SI messages containing SIBs of the “other SI” be available only on request (i.e. the minimum SI is excluded and will always be periodically broadcast). Whether an SI message is periodically broadcast or provided on-demand is indicated in the scheduling information in SIB1. In response to a request from a UE, the network broadcasts a requested SI message in accordance with its associated scheduling information in SIB1. In the RRC specification TS 38.331 it is still not specified exactly when the UE should start monitoring the PDSCH for an SI message it sent a request for and for how long it should keep monitoring (if the requested SI message is not received).
One alternative would be to leave the duration of the on-demand SI broadcast to network implementation, but that would have the disadvantage that the UE would not know in advance for how long it would be useful to try to receive the requested SI message (in case it does not receive it immediately) before retransmitting the request.
Observation 1	After having sent a Msg1 or Msg3 based request for on-demand SI, the UE does not know for how long the network will periodically broadcast the requested SI and thus nor for how long it would be useful to try to receive the requested SI before retransmitting the request (if needed).
To handle this uncertainty, it has been discussed that a UE that does not receive a requested SI message could check the broadcast indication in the scheduling information prior to each subsequent attempt to receive the requested SI message. This would however add overhead and be wasteful for a UE and may also delay a potential retransmission of the request.
Observation 2	Checking the broadcast indication in the scheduling information prior to each subsequent attempt to receive a requested SI message would add overhead and be wasteful for a UE and may delay a potential retransmission of the request.
Better would be to standardize this in a way that gives the UE the means to know for how long to try to receive a requested SI message. Standardizing the broadcast duration would eliminate the UE’s uncertainty, but unfortunately it would also eliminate the flexibility for the operator/network to adapt the broadcast duration to the current conditions. 
Observation 3	Standardizing the duration of the broadcast of requested SI would limit the flexibility for a network/operator to tune the network’s transmission properties and adapt the periodic broadcast duration accordingly.
Flexibility to adapt the broadcast duration could be used to take various aspects into account, such as the current DL load, the broadcast periodicity of the requested SI message (which impacts how many times an SI message is broadcast during a certain time period) or the expected share of the UEs that may be interested in the requested SI message or to trade off the broadcast duration against the modulation and coding of the transmission or to select the broadcast duration based on the cell edge coverage.
Clearly, enabling such flexibility to adapt the duration of broadcast of a requested SI message would be beneficial in NR, but even more so in NR-U, where the current conditions, including the potential failure to deliver the message due to LBT failure or interference, may impact the appropriate broadcast duration even (far) more than in NR. Because of the inherent uncertainty of delivery success in unlicensed spectrum due to potential LBT failure at the transmitter or interference at the receiver, a requested on-demand SI message should preferably be broadcast during a longer period of time in NR-U than in NR. The appropriate length of this period may depend on the same conditions as in NR, but also on additional NR-U specific situational aspects, including the current channel occupancy situation and statistics of the channel quality in the cell.
Observation 4	Flexibility to adapt the broadcast duration for requested on-demand SI would be beneficial to NR in general, but even more so for NR-U, where the inherent uncertainty of the channel quality and its ability to successfully deliver a message imply a need for greater flexibility.
Letting the network explicitly indicate for how long time a requested SI message will be broadcast (in accordance with its associated scheduling information in SIB1) would eliminate the UE’s uncertainty of how long it is useful to monitor for a requested SI message, while keeping the network’s/operator’s freedom to trade off transmission properties against broadcast duration or adapt the broadcast duration to the current conditions. An alternative to indicating the time period of the broadcast could be to indicate the number of times the SI message will be broadcast (or more precisely, the number of SI-windows according to the scheduling information in SIB1).
Observation 5	Explicit indication of the broadcast duration or number of SI-windows (with broadcast attempts) of requested on-demand SI both removes the UE’s uncertainty and keeps the network’s/operator’s freedom to trade off transmission properties against broadcast duration or adapt the broadcast duration to the current conditions. 
[bookmark: _Toc525026316][bookmark: _Toc525856945]The network should be able to explicitly indicate for how long a requested SI message will be broadcast or the number of SI-windows the network will attempt to broadcast it in.
Explicit indications could be provided in different ways. A straightforward way would be to include such indications with the scheduling information in SIB1 (lack of which could indicate some default duration). There could be one and the same indication for all on-demand SI messages or one for each on-demand SI message. Another, more dynamic way would be that the network indicates the broadcast duration in the message confirming the request, i.e. in Msg2 for the Msg1 based request method and Msg4 for the Msg3 based request method. This would allow the network to choose on a case by case basis and react quite fast to the current conditions. Setting the broadcast duration to zero would essentially be equivalent to rejecting the request. The two indication means could also be used in parallel, where an optional indication in Msg2 or Msg4 would be used to temporarily (on a case by case basis) override the corresponding indication in SIB1.
Observation 6	Explicit indication of the periodic broadcast duration, or the number of SI-windows the network will attempt to broadcast a requested SI message in, could be provided in SIB1 or in the message confirming the request (Msg2 or Msg4) or in both, in which case an optional indication in Msg2 or Msg4 would be used to override the corresponding indication in SIB1. Indication in Msg2 or Msg4 allows more dynamic choices for the network, enabling adaptation to current conditions on a case by case basis. 
Any indication of the broadcast duration, or the number of SI-windows the network will attempt to broadcast a requested SI message in, should be optional. Absence of an explicit indication should imply use of a default duration. This default duration for periodic broadcast of a requested SI message could be from the first full SI window following the request of the SI message until the end of the subsequent SI modification period. That is, the default broadcast duration could vary between 1 and 2 SI modification period(s), depending on when in an SI modification period the UE transmits the request. 
[bookmark: _Toc525026317][bookmark: _Toc525856946]The network should be able to optionally indicate in the confirmation message (i.e. Msg2 or Msg4) or in SIB1 for how long a requested SI message will be broadcast or in how many SI-windows the network will attempt to broadcast a requested SI message. Absence of an explicit indication should imply a default broadcast duration, which could be from the reception of the request until the end of the subsequent SI modification period.
The indication of whether an SI message is broadcast or available on-demand, i.e. the si-BroadcastStatus parameter in the SchedulingInfo IE in SIB1, has the following field description in TS 38.331:
	SchedulingInfo field descriptions

	si-BroadcastStatus
Indicates if the SI message is being broadcasted or not. Change of si-BroadcastStatus should not result in system information change notifications in Short Message transmitted with P-RNTI over DCI (see section 6.5). The value of the indication is valid until the end of the BCCH modification period when set to broadcasting.



The highlighted part implies that if the network starts to broadcast a requested SI message and sets the si-BroadcastStatus in SIB1 accordingly, the network commits to broadcasting the concerned SI message at least until the end of the SI modification period. This in turn implies that the indication of broadcast duration in Msg2 and Msg4 or in SIB1 could be expressed in terms of, or be aligned with, SI modification periods or SI modification period boundaries. 
However, this may not always be preferable, depending on the on-demand SI strategies of the network/operator. The network may for instance schedule an on-demand SI message with the shortest possible periodicity to be able to respond fast to a request and may then not want to broadcast the SI message for an entire SI modification period. Furthermore, with this configuration strategy, the network may want to refrain from setting the SIB1 si-BroadcastStatus to “broadcast”, but could instead beamform the SI message transmission in the direction of the requesting UE. In such a scenario, transmitting the SI message during an entire modification period may be wasteful. Hence, the network would then rather indicate a shorter time (or fewer SI-windows) than can be expressed in terms of modification periods.
Observation 7	In some scenarios, the network may benefit from indicating a shorter broadcast duration (or fewer SI-windows) for a requested SI message than can be expressed in terms of modification periods. 
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Conclusion
In section 2 we made the following observations: 
Observation 1	After having sent a Msg1 or Msg3 based request for on-demand SI, the UE does not know for how long the network will periodically broadcast the requested SI and thus nor for how long it would be useful to try to receive the requested SI before retransmitting the request (if needed).
Observation 2	Checking the broadcast indication in the scheduling information prior to each subsequent attempt to receive a requested SI message would add overhead and be wasteful for a UE and may delay a potential retransmission of the request.
Observation 3	Standardizing the duration of the broadcast of requested SI would limit the flexibility for a network/operator to tune the network’s transmission properties and adapt the periodic broadcast duration accordingly.
Observation 4	Flexibility to adapt the broadcast duration for requested on-demand SI would be beneficial to NR in general, but even more so for NR-U, where the inherent uncertainty of the channel quality and its ability to successfully deliver a message imply a need for greater flexibility.
Observation 5	Explicit indication of the broadcast duration or number of SI-windows (with broadcast attempts) of requested on-demand SI both removes the UE’s uncertainty and keeps the network’s/operator’s freedom to trade off transmission properties against broadcast duration or adapt the broadcast duration to the current conditions. 
Observation 6	Explicit indication of the periodic broadcast duration, or the number of SI-windows the network will attempt to broadcast a requested SI message in, could be provided in SIB1 or in the message confirming the request (Msg2 or Msg4) or in both, in which case an optional indication in Msg2 or Msg4 would be used to override the corresponding indication in SIB1. Indication in Msg2 or Msg4 allows more dynamic choices for the network, enabling adaptation to current conditions on a case by case basis. 
Observation 7	In some scenarios, the network may benefit from indicating a shorter broadcast duration (or fewer SI-windows) for a requested SI message than can be expressed in terms of modification periods. 

Based on the discussion in section 2 we propose the following:
Proposal 1	The network should be able to explicitly indicate for how long a requested SI message will be broadcast or the number of SI-windows the network will attempt to broadcast it in.
Proposal 2	The network should be able to optionally indicate in the confirmation message (i.e. Msg2 or Msg4) or in SIB1 for how long a requested SI message will be broadcast or in how many SI-windows the network will attempt to broadcast a requested SI message. Absence of an explicit indication should imply a default broadcast duration, which could be from the reception of the request until the end of the subsequent SI modification period.
Proposal 3	The specification of the indication of the broadcast duration, or number of SI-windows, for a requested SI message should allow indication of shorter durations, or fewer SI-windows, than an SI modification period.
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