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Introduction
The issue of transfer of RRC messages over the F1 interface has been discussed in RAN3#95-bis, with the following agreement captured in TS 38.801 [1]: 

	10.2.2.2.4
System Information management function

Scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the system information according to the scheduling parameters available.

Editor’s note: How to support this function is FFS.

10.2.2.2.7
Paging function (FFS)

The gNB-DU is responsible for transmitting the paging information according to the scheduling parameters available.
10.2.2.2.10
Transfer of RRC message

This function allows to transfer RRC messages between gNB-CU and gNB-DU.

Editor’s note: Whether RRC message is transferred over F1-C or F1-U or both is FFS.


In this paper we provide further considerations on how RAN3 shall proceed to address this topic.
2

Discussion
F1-C vs. F1-U

In the functional split option 2, which is the option being standardized in NR, RRC and PDCP layers are in the CU, with the rest of the protocol stack and the PHY in the DU. The trivial conclusion is that, unless specified otherwise, all RRC functionality is implemented in the CU. There are, of course, some exceptions to this general rule, as discussed below. These “exceptions” are perhaps the most important issue to discuss in this topic. 
Proposal 1: all RRC functions are in the CU, unless there is a justification to move certain RRC functionality to the DU.

The next question to address is whether to transfer RRC signalling from the CU to the DU via F1-U or F1-C. In RAN3#95-bis, different arguments have been used for both options. Generally, transferring RRC via F1-U seems simpler, as in this case RRC signalling is transparent to the DU, thus reducing F1 interface and DU complexity (NOTE: in the study item the complexity of such interface has been shown as the major obstacle to standardization). On the other hand, it has been argued that using F1-C is a) more reliable (as the transport protocol is SCTP) and b) allows for control/user plane separation. The benefits of increased reliability using SCTP is probably negligible, as the F1 interface is likely to be provided using reliable transport network (in some cases even using single-hop network) . As for the control/user plane separation argument, we believe it is also possible to support even if F1-U is used – this can be achieved by using separate F1-U bearers for DRB and SRB, which can be potentially terminated in separate nodes.

Observation 1: it is possible to support control/user plane separation with RRC transferred over F1-U.

Therefore, unless there is a need to move certain RRC functions to the DU or split certain RRC functionalities between CU and DU, all RRC signalling is transferred over F1-U.

NOTE: it has been shown already that there is a benefit in implementing at least paging and SI in the DU, in which case some F1-C configuration for these functions is needed and the signalling itself is of course not transferred over F1-U.

Proposal 2: all RRC signalling is transferred in F1-U (i.e. transparent to the DU), with the exception of cases where at least part of the RRC functionality is in the DU.

2.1     Paging and SI

As discussed and agreed in RAN#95-bis, it is more efficient to support cell-specific functions such as paging and SI functions in the DU. Even though this partially violates the split, we agree that the benefits justify this. One important observation to make is that once RAN3 have agreed to support at least the paging function in the DU, the consequence of this agreement is that some parts of RRC functionality should be implemented in the DU (or both in the CU and the DU, as some RRC functions may end up split across CU and DU), therefore effectively with this agreement RAN3 have agreed to split the RRC functionality between CU and DU, at least in some cases.
Observation 2: with the agreement to support the paging function in the DU, RAN3 effectively have agreed to split the RRC functionality between the CU and the DU, at least in some cases.
According to the latest RAN2 discussions, at least the following information may need to be provided using SI:

· Basic access information and common configuration (similar to LTE SIB1/SIB2).
· Cell reselection information for intra-frequency, inter-frequency and inter-RAT E-UTRA (similar to LTE SIB3 to 8).

· PWS information (similar to LTE SIB10/11/12).

· GPS time and UTC (similar to LTE SIB16).
We don’t see any obstacle to providing this information from the DU, however it is clear that the information to be sent in SI needs to be configured by the CU. Naturally, this will require either a specific F1-AP procedure (e.g. SI configuration procedure) or, alternatively, a generic (e.g. DU configuration) procedure can be used. Obviously, both options work, however the former approach seems cleaner. This is essentially similar to the Iub SYSTEM INFORMATION UPDATE REQUEST.
Proposal 3: to define a SI configuration F1-AP procedure.
NOTE: the above SI configuration procedure is needed regardless of the on-demand SI topic discussed below.

That being said, additional considerations may be needed regarding the on-demand SI, which is currently under discussion in RAN2. Assuming SI is handled in the DU, we need to discuss whether on-demand SI is handled in the DU or the CU.  
According to RAN2#97-bis agreements:
Agreements for on demand request of broadcast SI transmission.

1:
For idle and inactive mode, there will be network control whether MSG1 or MSG3 can be used to transmit SI request .

As elaborated in [4], UE in idle and “new state” can request other SI without state transition using MSG1 and/or MSG3 as shown below:
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On one hand, it is easier to implement the whole of SI functionality in the same node (i.e. DU). However, this works well if msg1 is used for SI request (as it is assumed to be part of MAC functionality), however if msg3 is used, this may mean that additional RRC functionality may need to be moved to the DU. While this is not precluded, as we’ve already established above, this does somewhat increase the complexity. The question whether SI request can be easily processed in the DU depends on RAN2 decisions, specifically: weather MAC CE or an RRC message is used in msg3 to request SI and weather msg3 is encrypted. These topics are currently under discussion in RAN2 and therefore it is probably hard to make an agreement in RAN3 regarding weather on-demand SI is implemented in the CU or the DU – the most we can probably do is list it as an open issue. RAN3 may also consider to liaise RAN2 to make them aware of the implications of their decisions on SI for the functional split.
Observation 3: if RRC message is used in msg3 to request SI or if msg3 is encrypted, it may make it harder to implement on-demand SI in the DU.

Once the above issue of SI request is resolved, RAN3 can discuss the next step – SI delivery, which may also have impacts on the split and F1 interface. 
In summary, we believe that while RAN3 can make agreements related to minimum SI and its impacts on the functional split, the issue of on-demand SI needs further progress in RAN2. That being said, once on-demand SI procedure is defined, it will have an impact on the functional split and F1, therefore it is important to keep it in the list of open issues and to continue this discussion.
Proposal 4: to add on-demand SI to the list of open issues for the F1 interface and to continue this discussion, while monitoring RAN2 progress; it may also be beneficial to let RAN2 know about potential impacts of the on-demand SI on the functional split.
2.2     Random Access Procesure

The Random Access Procedure is used for:

1. Initial access from RRC_IDLE;

2. RRC Connection Re-establishment procedure;

3. Handover;

4. DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

5. UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

6. Transition from RRC_INACTIVE to RRC_CONNECTED
Conceptually, it is split between the MAC and the RRC layers, with msg1 and msg2 handled by MAC and msg3 handled by RRC. The trivial way is to split (at least some of the RA) procedures between the CU and the DU, however this will introduce additional complexity of the F1 interface. Therefore, we believe there is a benefit at least to try to define the whole of RA in the DU.
However, there are also benefits in centralized RACH in the CU, in particular it can easily allow RACH-less inter-DU mobility. Therefore, it may actually be beneficial to support RACH in the CU, thus potentially moving some of the MAC functionality to the CU. Moreover, implementing all of RA procedures in the DU will require moving even more RRC functionality from the CU to the DU.
Proposal 5: to discuss whether random access procedure is in the CU or the DU or both; as it may be hard to finalize this question in the current meeting it may need to be added to the list of open issues.
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Conclusions and proposals

Based on the discussion above we conclude that while certain topics can progress in RAN3 (proposals 1, 2 and 3 below), some others require additional discussions (in both RAN3 and RAN2) and therefore for the time being should be listed as open issues.
Proposal 1: all RRC functions are in the CU, unless there is a justification to move certain RRC functionality to the DU.

Observation 1: it is possible to support control/user plane separation with RRC transferred over F1-U.

Proposal 2: all RRC signalling is transferred in F1-U (i.e. transparent to the DU), with the exception of cases where at least part of the RRC functionality is in the DU.

Observation 2: with the agreement to support the paging function in the DU, RAN3 effectively have agreed to split the RRC functionality between the CU and the DU, at least in some cases.
Proposal 3: to define a SI configuration F1-AP procedure.
Observation 3: if RRC message is used in msg3 to request SI or if msg3 is encrypted, it may make it harder to implement on-demand SI in the DU.

Proposal 4: to add on-demand SI to the list of open issues for the F1 interface and to continue this discussion, while monitoring RAN2 progress; it may also be beneficial to let RAN2 know about potential impacts of the on-demand SI on the functional split.

Proposal 5: to discuss whether random access procedure is in the CU or the DU or both; as it may be hard to finalize this question in the current meeting it may need to be added to the list of open issues.
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TP for TS 38.401

10.2.2.2.4
System Information management function

Scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the system information according to the scheduling parameters available. The gNB-CU is responsible configuration the SI information in the gNB-DU.
Editor’s note: How to support this function is FFS.

Editor’s note: How to support on-demand SI is FFS.
10.2.2.2.x
Random Access function (FFS)
Editor’s note: How to support this function is FFS.
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