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Introduction
During the NR study item, the principle of delivering some system information (SI) “on-demand” rather than permanently broadcasted was adopted but no agreement could be made on the procedure for requesting such SI. Two options have been discussed: “MSG1-based” where the SI request is performed in one-step via a set of dedicated preambles associated with SIBs or group of SIBs, and “MSG3-based” following a regular random access procedure where the request is conveyed in MSG3. An LS [1] was sent to RAN1 asking about performance aspects of the “MSG1-based” approach and the the reply LS [2] relieved the initial RAN2 concerns regarding the detection performance of such approach [3]. During the last RAN2 meeting of the study item (#97), no conclusion could be reached but a good discussion (both online and offline) allowed identifying the follow-up issues for each option. In this contribution we further address these issues and provide our analysis accordingly.
Discussion
Solutions based on MSG1 and MSG3


                         
Figure 1: MSG1 based SI request (Option 1)	                Figure 2: MSG3 based SI request (Option 2)
· Option 1: MSG1 based SI request (Figure 1)
Multiple preambles are reserved for on-demand SI request, one to one mapping between preamble and SIB index/SIB group. UE transmits the SI-preamble-x to gNB (Msg1); gNB broadcasts the requested SI in its SI window.
· Option 2: MSG3 based SI request (Figure 2)
UE transmits the preamble to gNB (Msg1); gNB gives the UL grant via RAR to UE (Msg2); UE indicates the requested SIB index in SI request to gNB (Msg3); gNB performs contention resolution and delivers the requested SI in unicast manner in Msg4.
[bookmark: _Ref477855893]Typical scenarios for on-demand SI request
Before going into respective pros/cons of each option, we think it is important to clarify what is the expected typical usecase of an on-demand SI request in NR. Indeed, during the offline discussion in RAN2#97, some companies expressed the opinion that on-demand broadcast of a SIB or SIB group following a given UE request is necessarily short, and the likelihood of UEs needing a SIB in the same group in this time interval is very low. We have a different analysis as follows:
We think the most likely scenario for UE requesting on-demand SIB(s) is when an Idle UE reselects a cell which is configured with different SIBs than the previous one. Such usecase can be quite frequent depending on UE mobility and cell sizes. Furthermore it might not precluded either that some SIBs may be heterogeneous across TRPs of the same cell. As a result, a typical use-cases where multiple UEs need the same SIB(s) within a short time interval is when multiple UEs re-select the same cell at about the same time, which includes: UEs on a bus, UEs on a train (e.g. subway), UEs on a car, cars on a highway in high traffic hours, UEs on an elevator, UEs in malls’ escalators, etc.
From the above it results that in dense urban areas, cell reselection by multiple UEs within a short period of time can be common and frequent case. As a result, concurrent on-demand requests of same SI (or group of) within a short period of time can also be quite common and frequent.
Observation 1: In dense urban areas concurrent on-demand requests of same SI (or group of) within a short period of time can be quite common and frequent.
[bookmark: _Ref477867794]Issues raised for MSG1-based approach
Essentially, two main issues where raised by MSG3 proponents:
Issue #1:
Unicast SIB delivery is not supported for idle/inactive UEs hence always broadcasting requested SIBs in all beams in a beam sweeping configuration takes a lot of overhead.
This issue addresses the possibility to deliver on-demand SI to Idle UEs via unicast. Given we don’t see any particular usecase where an SI would need to be delivered to one specific idle UE only, we therefore understand the only motivation is the broadcasting overhead during beam sweeping operations. Our view on this issue is as follows:
Delivering on-demand SI via broadcast is more appropriate to the scenario where multiple UEs request the same SI (or group of), in the same time-frame. On the contrary, in such scenario, a unicast approach will require the network to provide several concurrent unicast deliveries to multiple requesting UEs. Based on above Observation 1, a single idle UE requesting on-demand SI is not a typical scenario, therefore the on-demand SI request design should not be optimized for this scenario.
Observation 2: A single idle UE requesting on-demand SI is not a typical scenario, therefore the on-demand SI request design should not be optimized for this scenario.
In addition, issue #1 is only valid for beam sweeping operations. NR will also cover a large variety of LF deployments, including multi-TRP deployments. For those deployments, the broadcast approach is the favored solution since the network can choose to broadcast the requested SI only in the single beam TRP that received the preamble. It is simpler and comes with no additional overhead.
Observation 3: Unicast delivery of on-demand SI to Idle UEs is inappropriate in LF deployments as it is more complex and does not provide overhead gains.
Furthermore, in beam-sweeping configuration, there will still be cases where the network can choose to broadcast the requested SI in selected beams based on MSG1 only, thus saving the associated overhead in other beams. These cases include:
· TDD with UL/DL reciprocity when one or multiple UEs send the preamble in the same beam. This might again be common in cell-reselection scenarios discussed in Section 2.2.
· In FDD, same as RACH, different preambles could be used to distinguish different DL beams, or groups of DL beams
Observation 4: In TDD (reciprocity) or FDD when preambles can also indentify a selected DL beam, the network can choose to broadcast the requested SI in selected beams based on MSG1 only, thus addressing the overhead issue.
Issue #2:
A large number of preambles might be needed to allow a UE requesting any combination of missing SIBs via a single request. This gets further worse if different preambles could be used to distinguish different DL beams.
First, the intent of MSG1 proposal is not to link one preamble with one SIB, but rather to configure SI(B) groups similar to how SIBs are grouped in SI-messages in LTE. For example, grouping 20 SIBs in N=5, 4 or 3 groups requires 2N-1 = 31, 15 or 7 preambles respectively. As a result, a flexible grouping allows allocating more or less preambles for SI request, depending e.g. on the total available preambles.
Observation 5: A flexible grouping of SIBs with preambles allows scalable allocation of the number of preambles dedicated to SI requests.
An alternate approach consists in allocating the RACH and SI-request resources at different time/frequency resources, so that the preambles used for SI request and RACH do not reduce each other preamble pool. This could actually be well justified from different requirement for RACH and SI requests in terms of density of opportunities.
Observation 6: Allocating RACH and SI-request resources at different time/frequency resources allows independent provisioning of RACH and SI-request preambles as well as independent densities.
Note that grouping SIBs together also increases the probability that once a UE, needing a given SIB, requests the belonging SIB group, another UE needing any SIB in the same group does not need to request it if additional indicator mechanism is used [4].
Issues raised for MSG3-based approach
In [3] we highlighted some of the key issues of MSG3-based approach which essentially is the larger failure rate (and resulting latency, system overhead and UE power consumption) due to collisions. We list below additional issues:
Issue #1:
As mentioned in Section 2.2, the number of on-demand requests can be significant depending on the cell size and UE mobility across cells. In addition, simultaneous requests can be common in high density areas. As a result using the RACH procedure for requesting SIBs (MSG3 option) will significantly increase the number of RA attempts and consequently will also call for higher number of preambles.
Observation 7: Requesting SIBs with MSG3-based approach will significantly increase the number of RA attempts and consequently will call for higher number of preambles.
Issue #2:
The benefit of MSG3 solution is to allow for unicast delivery of SIBs thus saving the broadcasting overhead across beams. However, as discussed in Section 2.3:
· This benefit is only valid in HF deployments
· In case of simultaneous requests (which may not be marginal case), the network will deliver same SI message to multiple UEs via unicast, which is not efficient.
Observation 8: MSG3-based request is optimized for single UE request in beam sweeping configuration, which is not necessarily the most common usecase.
Issue #3:
MSG3 solution is more power hungry from UE perspective. Indeed, in its simplest form, MSG1-based approach only consists in transmitting a preamble and monitoring the requested SIB in its SI window. For MSG3-based request, the UE transmits a preamble, monitors and receives the RAR (MSG2), adjusts its UL timing accordingly, sends the request in MSG3 and monitors the requested SIB in MSG4. We leave out of the comparison the monitoring and reception of the requested SIBs which is common power consumption in both cases. Assuming an UL transmission is X (X>1) times more power consuming than receiving a DL transmission, we can express the power cost in the unit of a DL reception for both options:
· MSG1: X
· MSG3: 2X + 1
As expected, requesting SI with MSG3 approach is at least twice as much power consuming than with MSG1 approach.
Observation 9: Requesting SI with MSG3 approach is at least twice as much power consuming than with MSG1 approach.

From the above analysis and observations, we conclude:
 
Proposal: MSG1 based SI request should be adopted. 
Conclusion
According to the analysis in section 2, we obtain the following observations:
Observation 1: In dense urban areas concurrent on-demand requests of same SI (or group of) within a short period of time can be quite common and frequent.
Observation 2: A single idle UE requesting on-demand SI is not a typical scenario, therefore the on-demand SI request design should not be optimized for this scenario.
Observation 3: Unicast delivery of on-demand SI to Idle UEs is inappropriate in LF deployments as it is more complex and does not provide overhead gains.
Observation 4: In TDD (reciprocity) or FDD when preambles can also indentify a selected DL beam, the network can choose to broadcast the requested SI in selected beams based on MSG1 only, thus addressing the overhead issue.
Observation 5: A flexible grouping of SIBs with preambles allows scalable allocation of the number of preambles dedicated to SI requests.
Observation 6: Allocating RACH and SI-request resources at different time/frequency resources allows independent provisioning of RACH and SI-request preambles as well as independent densities.
Observation 7: Requesting SIBs with MSG3-based approach will significantly increase the number of RA attempts and consequently will call for higher number of preambles.
Observation 8: MSG3-based request is optimized for single UE request in beam sweeping configuration, which is not necessarily the most common usecase.
Observation 9: Requesting SI with MSG3 approach is at least twice as much power consuming than with MSG1 approach.
Therefore, we propose:
Proposal: MSG1 based SI request should be adopted. 
References
1. R2-1700653 “LS on PRACH preambles for on demand SI requests”; RAN2
1. R2-1700701 “Reply LS on PRACH preambles for on demand SI requests”; RAN1
1. [bookmark: _Ref477850315]R2-1701490 “On-demand SI Request Transmission” CATT
1. [bookmark: _Ref477861693]R2-1703108 “Additional indicator in support of on-demand SI Request” CATT


4
R2-1703107
image2.emf
UE gNB

Preamble

Random Access Response

SI Request

SI (unicast)


oleObject2.bin
UE


gNB


Preamble


Random Access Response


SI Request


SI (unicast)



image1.emf
UE gNB

Preamble(SI Request)

SI (broadcast)


oleObject1.bin
UE


gNB


Preamble(SI Request)


SI (broadcast)



