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Introduction
The topic of SI request and delivery over the F1 interface has been extensively discussed in the previous meetings. Different views emerged, with the only agreement that: “SI exchange over F1-C shall be supported; support for exchange of encoded RRC message, parameters, or both, is FFS”.
Some companies argue that SI should be “compiled” by the CU, while others prefer the DU to do this job, with information provided by the DU. Clearly, both options work. Therefore, in our view, the best method should be selected based on considerations of performance (if any) and simplicity. We believe that simplicity is key to success RAN interfaces, as it was often argued in the past that over-specification results in non-deployable interfaces. 

In the present paper we provide our views on the subject, while also taking into account on-demand SI, which we believe has not been sufficiently discussed in RAN3 till now.

2

Discussion
2.1

Background

RAN2 are in the process of defining the SI content and signaling, with agreements so far to support minimum and other SI, whereas minimum SI is always present and broadcast periodically, while other SI may be broadcast periodically. Additionally, RAN2 have agreed to support on-demand SI, which may be broadcast for Idle Us and to support dedicated signalling of SI for connected UEs. This is illustrated in the following figure from TS 38.300 [1]:
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Figure 1:  System Information Provisioning
Observation 1: in the context of the SI support on F1 interface, RAN3 need to consider: minimum and other SI, on-demand SI and both broadcast and dedicated.

Additionally, RAN2 have agreed that both msg1 and msg3 can be used to request SI, as illustrated below:
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Figure 2: Procedure of on demand SI delivery with MSG1 based SI request (SI broadcast)
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Figure 3: Procedure of on demand SI delivery with MSG3 based SI request (SI broadcast)


For the purpose of RAN3 discussion it is important to clarify whether msg1 and msg3 are terminated in a DU or a CU. In accordance with the agreement on protocol stack distribution between DU and CU, it is rather obvious that msg1 and msg3 shall be terminated in the DU. This might be important not only for the purpose of the SI discussion, but perhaps for other F1 related discussions as well (i.e. overall RACH functionality) and therefore worth capturing as an agreement:

Proposal 1: to agree that msg1 and msg3 are terminated in the DU.

In particular, this means that both periodic and on-demand SI broadcast is triggered by the DU, rather than the CU. Another consequence is that a DU may need to have ASN.1 capabilities, as msg3 may contain ASN.1 encoded message. The content of the msg3 can then be delivered, if needed, from the DU to the CU as a RRC message transfer on F1. That being said, we acknowledge that the question of termination of msg1 and msg3 is wider than the SI discussion and may benefit from additional elaboration and perhaps confirmation from RAN2.
We further note that the RAN2 discussion is ongoing and future decisions may affect F1 requirements. For example, RAN1, RAN2 and SA3 discuss potential use cryptographically signed on-demand SI. Even though RAN2 have concerns with this approach (see e.g. R2-1709980 [2]), it cannot be ruled out completely at the moment. Therefore, until this and other discussions on SI are settled, RAN3 should design our functionality with these potential features in mind (or wait till the discussion is resolved).

Observation 2: the SI discussion in RAN2 and other groups is ongoing and some future enhancements may affect RAN3 design.

The issue of security is of particular importance for the question which node compiles SI, as it is unlikely that the DU will have the security keys. Even though the security question of broadcast signaling is still open, at least for dedicated signaling it is clear that SI shall be ciphered and therefore must be encoded by the CU.

Observation 3: at least for dedicated signaling, SI must be encoded by the CU, as it has to be ciphered and generally is just yet another RRC message (transferred from CU to DU using F1-AP RRC Transfer message.
2.2

SIB scheduling

Revisiting RAN3 agreements on this topic, we note that the current WA “SFN info resides in the DU” is a bit unclear and perhaps deserves some elaboration. One of the questions to be addressed in this context is which node (DU or CU) is responsible for SIB broadcast scheduling. It is reasonable to assume that like in LTE, MIB and SIB1 will be scheduled periodically, while the rest can be scheduled more flexibly. Two options can be considered:

1. CU makes SIB scheduling decisions and informs the DU
2. DU makes SIB scheduling decisions
While both options work, we believe that option 2 (DU makes SIB scheduling decisions) is preferable. This is because the scheduler is assumed to be implemented in the DU and having distributed schedulers (in both CU and DU) will make the system unnecessary complex.
Proposal 3: DU makes SIB scheduling decisions. 

If proposal 3 above is agreed, the next question becomes whether DU also encodes the scheduling information in SIB1. While in theory it is possible to design the system so that the DU communicates scheduling decisions to the CU, which in its turn encodes it, sends back to the DU which sends it to the UE, this will make the system unnecessary complex and prone to race conditions. Therefore, the consequence of the proposal 3 above is that the DU must support ASN.1 encoding functionality. 

Observation 2: if it is agreed that the DU makes SIB scheduling decision, the DU must support ASN.1 encoding functionality to encode at least SIB1.

NOTE: it may be worth confirming with RAN2 that the SI scheduling information decided by the DU does not need to be signalling via dedicated signalling to UE, so that the DU does not have to convey SI scheduling information to the CU.

2.3

SI over F1

As was pointed out in previous discussions, some parts of SI should reside in the DU (configured by OAM) and some parts of SI should reside in the CU. Therefore, some F1 message exchange is necessary to support SI transmission functionality. Below we summarize possible options suggested so far.

Option a) (CU always encodes SI RRC message)
1. DU-related SI parameters and CU-related SI parameters are available in DU and CU respectively (e.g. configured by respective OAMs)

2. DU sends DU-related SI parameters, including scheduling information, (in the form of F1-AP IEs, i.e. not as encoded RRC ASN.1) to CU via F1
3. CU encodes SI RRC message and sends it to DU via F1(in the form of encoded ASN.1 in transparent container)
4. When SI is triggered, DU transmits it over the air interface

Option b) (DU always encodes SI RRC message)
1. DU-related SI parameters and CU-related SI parameters are available in DU and CU respectively (e.g. configured by respective OAMs)

2. CU sends CU-related SI parameters (in the form of F1-AP IEs, i.e. not as encoded RRC ASN.1) via F1 to DU

3. DU encodes SI RRC message and, when SI is triggered, transmits it over the air interface

Note: this assumes that DU has the capability to compile ASN.1.
Option c) (CU encodes parameters owned by CU, DU encodes parameters owned by DU)
1. DU-related SI parameters and CU-related SI parameters are available in DU and CU respectively (e.g. configured by respective OAMs)

2. CU encodes CU-related SI parameters and sends them to DU via F1
3. DU encodes DU-related SI parameters, encodes the final SI RRC message and when SI is triggered, sends it over the air interface

Options d) and e) ((combined for simplicity) (DU encodes minimum SI, CU encodes everything else)
1. DU-related SI parameters and CU-related SI parameters are available in DU and CU respectively (e.g. configured by respective OAMs)

2. CU encodes other SI and sends them to DU via the F1 interface

3. DU encodes minimum SI, encodes the final RRC messages and when SI is triggered, transmits it over the air interface

NOTE: it may be worth confirming with RAN2 and RAN1 the content of minimum SI.

Analysis of the options outlined above

The first conclusion to make is that in all of the options proposed so far, the DU either compiles or stores the compiled SI and transmits it, when triggered. We believe this can be easily agreeable.
Proposal 4: to agree that DU stores (or compiles and stores) SI and transmits it when triggered.

The main differences (in terms of F1-AP signaling) of these options are visualized in the figure below:
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Figure 4: Option a
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Figure 5: Option b
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Figure 6: Options c, d and e


Based on our analysis, option a) is the most flexible, but also the least efficient. This is because scheduling decision is done by the DU, but the SI content is sent back and forth between DU and CU. That being said, if we want to be on the safe said in terms of future decisions on SI design in RAN2, option a) has some merits.

Option b), while is valid from technical point of view, has some undesirable properties in terms of standardization. The number of SI IEs to be transferred over F1 may be large and will require constant coordination between RAN3 and RAN2. Therefore, in our view, option b) is less desirable.
Proposal 4: to rule out option b), as it will require constant coordination between RAN2 and RAN3 and therefore will impose substantial standardization burden.

Option c) requires double ASN.1 encoding and therefore in our view should be ruled out.

Proposal 5: to rule out option c), as it requires double ASN.1 encoding.

Options d) and e), on the other hand, may strike the right balance between flexibility and efficiency, as DU will encode SIBs belonging to DU and CU will encode SIBs belonging to CU. There is no back and forth information transfer on the F1 interface and other undesirable properties. That being said, since this option may have some implications on SI design in RAN2, we should seek confirmation from them before adopting this option.
Proposal 6: to seek RAN2 inputs on options d) and e) and, if RAN2 confirm, select either of these options.

Regardless of which options RAN3 select, we believe that before finally adopting such decision, it should be confirmed by RAN2.

3

Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: in the context of the SI support on F1 interface, RAN3 need to consider: minimum and other SI, on-demand SI and both broadcast and dedicated.

Observation 2: the SI discussion in RAN2 and other groups is ongoing and some future enhancements may affect RAN3 design.

Observation 3: at least for dedicated signaling, SI must be encoded by the CU, as it has to be ciphered and generally is just yet another RRC message (transferred from CU to DU using F1-AP RRC Transfer message.

Observation 2: if it is agreed that the DU makes SIB scheduling decision, the DU must support ASN.1 encoding functionality to encode at least SIB1.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: to agree that msg1 and msg3 are terminated in the DU.

Proposal 3: DU makes SIB scheduling decisions. 

Proposal 4: to rule out option b), as it will require constant coordination between RAN2 and RAN3 and therefore will impose substantial standardization burden.

Proposal 5: to rule out option c), as it requires double ASN.1 encoding.

Proposal 6: to seek RAN2 inputs on options d) and e) and, if RAN2 confirm, select either of these options.
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