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Discussion and Decision
1      Introduction
In RAN2#95bis meeting, following was agreed regarding system information provisioning:
Agreements

1: 
For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.

2
Request of the other SI by idle and “new state” UE should be performed without state transition.

3
For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI). 
…

1: 
In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs

In this contribution, we discuss the detailed procedure for system information acquisition.
2      Discussion
2.1     SIB provisining in downlink

Switching between always-broadcast and on-demand delivery

From the evaluation in [1], it can be seen that the resource efficiency of on-demand delivery is related to the UE arrival rate λ, which is dependent on different time of the day, and UE mobility etc. For example, consider an office area in night time hours, it is expected that there will be very few UEs requesting on-demand delivery of SI due to less UE activities. On the other hand, in the day time, there might be much higher rate for on-demand triggers, where legacy broadcast operation might be more efficient. Therefore it is preferable that a mechanism is provided to facilitate the switching between legacy LTE operation and on-demand delivery. 

Regarding the agreement in RAN2#95 meeting “It is network decision whether other SI is broadcasted or delivered through UE-specific signalling”, it should be noted that the agreement is about how the network provides other SI, but not related to whether UE is allowed to request other SI. When system load is high, it is preferred to switch back to always-broadcast delivery, without allowing UE to request other SI.
Proposal 1: The network can disable UEs from requesting on demand delivery of SI. In this case the network only uses broadcast SI.
Duration for on-demand broadcast SI
In LTE, MIB and SIB1 are transmitted in a periodical manner. Other SIBs are scheduled by SIB1 (in IE schedulingInfoList). Each SIB can be mapped into one SI message, which has its own periodicity. For each SI message, the SI transmitted within the SI window can be soft-combined. This further increases the reliability of the SI message thanks to lower code rate and additional time diversity. 
In RAN2#95bis meeting, it was agreed that “For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.” One unclear aspect for “a certain duration” is that whether it refers to the SI windows in LTE, or several SI windows. From SI acquisition latency perspective, a single SI window is better than several SI windows. Taking two SI window as an example. Suppose the SI transmission period is p when there is one SI window within the period. To maintain the same overhead for SI, the SI transmission period for two SI window approach should be 2p. The average SI acquisition latency is approximately p and p/2 for one and two SI window approaches, respectively, therefore the there is less latency for single SI window.
Proposal 2: Each other SI that is broadcast upon UE request, is broadcast within one SI window within a period following the request.
Periodicity of on-demand broadcast SI
One aspect worth discussion is whether certain SIBs are delay tolerant. For example, cell reselection information is mainly used for load balancing, and it might be OK for UEs to use old system information for a while before using the new information. For service specific system information (e.g. MBMS related system information), it might be desirable for UEs to always use the most up-to-date system information to avoid configuration mismatch. 
As agreed in RAN2#95 meeting, it is network decision whether other SI is broadcasted or delivered through UE-specific signalling. One possible approach is that network broadcast other SI if there are a certain number (which is up to network implementation) of UEs request other SI. As discussed above, some system information should be up to date, therefore long delay between UE request and SI delivery might not be desirable. On the other hand, some SI (e.g. reselection information) is delay tolerant, therefore certain delay might not be a problem. In this way, the resource usage for the delay-tolerant SI can be further minimized. This implies that the periodicity for other SI could be configured independently, just like LTE.
Proposal 3: For each other SI delivered via broadcast, the periodicity can be configured independently.
2.2     Request to acquire system information
The basic procedure for on-demand delivery was shown in in Figure 1 below.
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Figure 1: Procedure for system information acquisition

In current LTE, some SIBs are service specific (e.g. SIB 13/15 for MBMS, SIB18/19 for D2D) and RAT specific (e.g. SIB 6/7/8 contains neighbor information for UTRA/GERAN/ CDMA2000/HRPD), and UEs may optionally acquire them based on capabilities. To save the signalling overhead of providing every SIB upon request, it is proposed that when requesting for SIB delivery, UE can ask in the granularity of a SIB.

Proposal 4: Request for on-demand SIB delivery is in the granularity of a SIB.
The request for other SI is done through RACH procedure. There could be different options on how the request is performed:

· PUSCH based option: normal RACH procedure is used, and actual request is sent in Msg3 via PUSCH. This option is more suitable for individual UEs to indicate the SIBs it want to acquire.
· RACH preamble based option: request is based on reserved RACH preamble. This approach is more suitable for a group of UEs to share the RACH resources, at the cost that network cannot provide SIs based on UE’s individual requests.
For the request for on-demand unicast SIs, it is preferable that all the on-demand unicast SIs are provided to UE in the same RRC signalling (if capacity allows) to minimize the latency and potential UE power consumption. Consequently it is preferable that UE sends the request in one shot. RACH preamble based option might not be flexible for such request since there might be tens of bits needed for the request (noting that LTE has already 20 SIBs, so on-demand unicast might have more than 10 SIBs). Therefore, for on-demand unicast SI, it is preferable that the request is sent in PUSCH during RACH procedure.

Observation 1: Request for on-demand unicast delivery is transmitted in PUSCH during RACH procedure.
As to the request for on-demand broadcast, it might be possible that UE sends RACH preamble in a shared resource before the broadcast window. Given that UE might also send request for on-demand unicast, there are two options when considering both on-demand broadcast and on-demand unicast SI provisioning:

· Option A: UE uses PUSCH approach to request on-demand unicast SI, and RACH approach to request on-demand broadcast SI.

· Option B: PUSCH approach is always used to request all the other SI (including both on-demand broadcast and on-demand unicast SI).
· Option C: As long as UE needs to acquire on-demand unicast SI, UE uses PUSCH approach to request all the other SI (including both on-demand broadcast and on-demand unicast SI). If UE only needs to acquire on-demand broadcast SI, UE uses preamble based approach.
Option A is not preferable since if there is not much overhead to add a few bits (related to on-demand broadcast) to PUSCH when PUSCH approach is used anyway. Transmitting additional RACH preamble might incur more UE power consumption.
When comparing option B vs. option C, option B is simpler, while option C requires less resources since UE only uses shared RACH preamble. In addition, Option B provides the flexibility that gNB can flexibly choose between unicast and broadcast delivery based on the request received from the UE. Option C may consume more UE power if there are many SIBs delivered via on-demand broadcast since more RACH preambles should be sent. Considering that for high load case, it is preferable to switch to always-broadcast mechanism as discussed in Proposal 1, the benefit of resource saving using Option C might not be significant. Therefore it is proposed to consider option B only. 
Proposal 5: Request for on-demand (unicast and broadcast) delivery is transmitted in PUSCH during RACH procedure. Network can decide to deliver other SIs either in unicast or broadcast or both.
2.3     System information update

In LTE, the UE can know whether the system information will change either via paging or by checking the valueTag. It is expected that in the NR, UE is also aware of whether system information will change. In case of system information update, should UE also send a request for other SI? The only benefit is that if there is no UE sending the request, network can simply skip the transmission of other SI. However, the gain from such optimization is very limited. Currently in LTE, the fasted average rate to change SI is once every 337.92 s (see discussion of Tchange in evaluation section of [1]), while MIB periodicity is 40 ms (4 transmissions within a period) and SIB1 periodicity is 80 ms (4 transmissions within a period). It is expected that for NR, the periodicity of minimum SI should not be larger than that in LTE to minimize the access latency. Then the periodicity ratio is 337.92 / 0.08 = 4224. Although the information of other SI could be much higher than that of minimum SI, it is still expected that resource saving gain by skipping other SI update is very limited. On the other hand, sending request to acquire other SI during SI update might cause congestion and impacts UE power consumption.
Proposal 6: Update of other SI is done by broadcast without request from any UE. 
3      Conclusion
In this contribution, we we discuss the detailed procedure for system information acquisition. We have the following observations:
Observation 1: Request for on-demand unicast delivery is transmitted in PUSCH during RACH procedure.

We propose the following:

Proposal 1: The network can disable UEs from requesting on demand delivery of SI. In this case the network only uses broadcast SI.
Proposal 2: Each other SI that is broadcast upon UE request, is broadcast within one SI window within a period following the request.
Proposal 3: For each other SI delivered via broadcast, the periodicity can be configured independently.
Proposal 4: Request for on-demand SIB delivery is in the granularity of a SIB.
Proposal 5: Request for on-demand (unicast and broadcast) delivery is transmitted in PUSCH during RACH procedure. Network can decide to deliver other SIs either in unicast or broadcast or both.
Proposal 6: Update of other SI is done by broadcast without request from any UE.
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