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1	Introduction
The ASN.1 review for NR RRC was started as per the review plan R2-1714172. In this document, we present an overview of the overall RRC structure to better ensure everyone can have the same understanding of how the structure has been designed.
2	Overall NR RRC structure for EN-DC
The main structure for EN-DC can be summarized easily: RRCReconfiguration and the contained fields form the entirety of the EN-DC configuration that is performed by SgNB, with only MIB being outside it and broadcast to allow SFN reading from the NSA gNB cell. This is depicted in Figure 1 below.

Figure 1. The high-level message structure of EN-DC in NR RRC
We can see that only MIB is really included in the structure, even though SIB1 is also defined (but might be removed from the March 2018 version of RRC – see also R2-1801519 for discussion on SIB1 specifics).
Observation 1: The high-level message structure of EN-DC in NR RRC is very simple and centered around RRCReconfiguration.
We inspect the mode detailed sub-structure of the IEs within the RRCReconfiguration more closely in the next chapter.
3	RRCReconfiguration
3.1	Overview of RRCReconfiguration
The structure of RRCReconfiguration remains (so far) very simple: It may contain radio bearer configuration (for configuring SRBs and DRBs and corresponding SDAP/PDCP entities), CellGroupConfig (for lower layer configurations, i.e. RLC/MAC/L1 configuration per serving cell) and measurement configuration (for measurements on NR (serving) carriers). This is shown in Figure 2 below. 
Observation 2: The higher layer configurations (which are not per serving cell) are located in RadioBearerConfig, whereas the lower layer configurations (which are at least partly per serving cell) are located in CellGroupConfig.
Observation 3: The IE ServingCellConfigDedicated contains the most important cell-specific L1/L2 configurations.
Observation 4: The IE ServingCellConfigCommon is only used for SCells (i.e. never for SpCell since the same information is obtained via SSB and PBCH reading).

[bookmark: _GoBack]Figure 2. Main structure of RRCReconfiguration
3.2	Dedicated serving cell and BWP configurations
The Figure 3 below shows how the serving cell dedicated configuration (ServingCellConfigDedicated) also contains the BWP configurations for all NR serving cells: Each serving cell may have a M uplink BWPs and N downlink BWPs, but it is not currently clear how the UL/DL BWPs are linked: There is currently no relation between the number of UL and DL BWPs, and if there are multiple BWPs with the same center frequency, they are just considered as belonging to the set. 
Observation 5: It is possible to have different number of UL and DL BWPs within serving cell RRC configuration.
We would note that this is mainly due to the design of BWP handling: RRC only needs to indicate the initial BWP and the possible BWPs, and the rest is handled via MAC/L1 as part of the Bandwidth Adaptation (BA) procedures. However, it seems also possible that the UL and DL bandwidth could be set as different, e.g. use larger UL BW than DL BW or vice versa. It also seems that the UL/DL BWP IDs are independent, i.e. UL BWP id = 1 and DL BWP id = 1 are not (necessarily) correlated in any way.
Observation 6: The UL/DL BWP ids are set independently and BWPs with the same ID need not be linked to each other via the same center frequency.
We also note that the BWP configurations are mostly decoupled for UL/DL (DL-BWP and UL-BWP are in different IEs, with different content). The L1 parameters relevant to UL are in UL BWP and L1 parameters relevant to DL are in DL BWP. However, UL BWP has also a split to Common/non-common parts for PUSCH and PUCCH, whereas DL BWP only contains PDCCH-ConfigCommon. However, ServingCellConfigDedicated also contains PDSCH and PUSCH configurations, which seems strange since PUSCH-Config IE type can then be included per serving cell and also per BWP. This is also noted in the comments to ASN.1, and is something to resolve: Should there be a per-cell part and per-BWP part of PxxCH-Config IEs?
Observation 7: The configuration of PxxCH-Config are not consistent and there are still FFSs as to where PxxCH-Config elements should be configured.


 Figure 3. ServingCellConfigDedicated and BandwidthPart-Config

3.3	L1 UP configuration within ServingCellconfigDedicated 
Looking further into the L1 configurations defined within ServingCellConfigDedicated (but see also previous section), as Figure 4 below shows, there are some small inconsistencies:
· SPS-Config is divided to UL and DL parts, which are not BWP-specific, even though it might be possible that the SPS resources could differ according to the used BWP.
· The TCI-RS-Sets are configured as part of PDSCH, but are then referred to within CORESETs, which are per BWP. Presumably the intent is that TCI-RS-Sets are common to all BWPs, and can then be configured just one and each CORESET then refers to those by ID. But it is very difficult to see this linkage without searching how these are setup.
· The cell-specific TDD configuration is different for Dedicated and Common parts, as well as compared to SIB1 TDD configuration. 
· SRS resources are organized into M SRS-ResourceSets and N SRS-Resources. Each SRS-ResourceSet then consists of K SRS-Resources, linked via IDs to the set (to avoid configuring those resources more than once).
Observation 8: SPS configurations are per UE, i.e. applied for all configured BWPs.
Observation 9: The configuration of TCI-RS-Set is done within PDSCH-Config, but used within CORESET, which is part of PDCCH configuration, which is currently not included anywhere (see section 3.9).

 Figure 4. ServingCellConfigDedicated and L1 configurations

3.4	L2 configuration within CellGroupConfig
The L2 configurations are mostly within the CellGroupConfig, since they are (by nature) mostly cell-specific parameters. The structure for those is shown in figure 5 below.


 Figure 5. CellGroupConfig and L2 configuration
The L2 configuration is mostly rather simple and related to the DU part of the RRC configuration. There aren't many list elements, with perhaps the most complex ones being the LCH-Config which consist of the RLC bearer parts of the configuration (for which the PDCP/SDAP parts that are configured by CU are within RadioBearerConfig, as discussed in section 3.5).
We would note that there are some IEs that do not have many elements (notably, BSR and PHR configurations) but are unlikely to change, and the extendibility of the IEs has not always been considered. Only Tag-ToAddMod allows direction non-critical extensions, and even the CellGroupConfig is not (yet) possible to be extended.
Observation 10: The extendibility of L2 IEs has not been considered very well.
3.5	Radio bearer configuration
The radio bearer configuration consists of the (CU-configured parts of) the bearers, i.e. SDAP/PDCP configurations for SRBs and DRBs. These are also used with EN-DC configurations of bearers using NR PDCP. The structure for these is well-aligned with the LTE RRC equivalent, and is shown in Figure 6 below.

 Figure 6. Radio bearer configuration
Observation 11: The SRB/DRB structure in NR RRC is almost the same as in LTE RRC.
3.6	CSI measurement configuration
The CSI-MeasConfig IE is perhaps one of the most complex structures in the whole NR RRC: It consists of multiple lists (none of which are releasable, for some reason!), with each list partitioning into multiple levels of parameters, and being linked together via a set of IDs, as shown in Figure 7.

 Figure 7. CSI measurement configuration
As can be seen, the NR CQI/CSI measurement framework looks to be just as complex as the LTE CQI/CSI measurement framework (as discussed in e.g. R2-1707806), with the addition of beam management angle. There are several slightly unclear issues that might need clarifications:
· The CSI-ResourceConfig, CSI-ReportConfig and CSI-MeasIds need be releaseable since we only have one CSI-MeasConfig per serving cell
· The contents of the CSI-SSB-Resource are currently FFS and are completely undefined in ASN.1
· The procedural text for handling the CSI measurements is lacking in RRC, and it is not clear if something further is needed (apart from obvious corrections). The Stage-2 specification is also missing the descriptions, which makes it very difficult to read the RRC specification on these.
· It's not clear what NW should configure for UE to do CQI measurements since everything is put together as just "one" over-arching framework – this makes it more difficult to read the configuration from just RRC.
· The CSI-MeasConfig links to the TCI-RS-Sets (configured within PDSCH-Config) via an ID, but only for periodic measurements. 
Observation 12: The CSI measurement structure would benefit from further clarifications from RAN1 as to how it is intended to be used. 
Observation 13: It is currently not clear how the CSI resources should be released.
3.7	RRM measurement configuration
The RRM measurement configuration is used for both SA and NSA, but basic structure will have to be frozen already for March 2018. The current structure is shown in Figure 8 (basic RRM measurement framework) and Figure 9 (RS configuration for measurement object) below.

 Figure 8. RRM measurement configuration 


 Figure 9. ReferenceSignal configuration within MeasObjectNR
The basic RRM framework is almost one-to-one the same as LTE RRM framework, with one difference: The configurability of which reference signals are used is clearly different than the CRS/CSI-RS configurations in LTE RRC. This makes the configuration bigger in many places, as does the amount of measurement quantities (RSRP, RSRQ, RS-SINR), but these are rather minor parts. the biggest difficult is with the linkage of the CSI-RS resources for mobility with those for CSI measurements: There are some commonalities but both configurations are fully separated at the moment (which seems sensible given that RRM measurements address also cases where the timing of the CSI-RS is not as well-known as for serving cells).
Still, there are some oddities:
· Two different SMTC configurations exist, with both possible to be configured at the same time. SMTC1 can be used for both intra- and inter-frequency measurements, whereas SMTC2 is only for intra-frequency measurements. However, procedural text has zero mentions of either one (or even of SMTC in general), leading the reader to wonder just how the measurement configuration should be applied
· The QCL assumptions for SSB should be clarified – right now they have just FFS references, making them difficult to interpret.
Observation 14: The usage of SMTCs are very unclear in NR RRC.
3.8	System information broadcast
Apart from MIB, the SI broadcast Is not relevant for EN-DC (except for ANR purposes, but we will not discuss that here). As discussed in R2-1801519, MIB is transmitted over PBCH and SIB1 over DL-SCH. This, along with size estimate for MIB and SIB1, is shown in Figure 10 below. 

 
Figure 10. System information broadcast
As discussed in R2-1801519, it seems that the size of SIB1 could grow to be quite large, so something should be done to optimize that, especially for FR2 (i.e. frequencies above 6 GHz).
Observation 15: The SIB1 size may present problems to NR standalone operation with FR2.
3.9	"Orphaned" IEs (that are not used anywhere)
Finally, we would also note that there are some IEs that are not currently used at all in RRC despite being defined. The biggest of these are shown in Figure 11 below, and as can be seen, e.g. PDCCH-Config is rather important one as without that the system simply cannot work. Hence, it is quite imperative that how these IEs are supposed to be used is clarified – Figure 11 shows some possible ways, but needs clarification.

 Figure 11. Orphaned IEs within NR RRC
Observation 16: Not defining at least the PDCCH-Config location prevents RRC from being usable for radio configuration.
Proposal 1: Clarify where PDCCH-Config, SRS-CarrierSwitching and BeamManagement IEs should be used within NR RRC.
3.10	General remarks about RRC
Given the schedule of NR RRC creation, it has all the time been quite obvious that there would be quite some errors and inaccuracies to correct during the ASN.1 review (as always). Hence, we would also note some general observations about inconsistencies within the NR RRC below.
Observation 17: For naming of lists, both "ElementList" and "Elements" are currently used, depending on location.
Observation 18: Not all lists can be released.
Observation 19: The use of IE names like "ElementConfigCommon" and "ElementConfigDedicated" is not consistent – for example, we have PUCCH-Config and PUCCH-ConfigCommon, but no PUCCH-ConfigDedicated.
Observation 20: Many IEs cannot be extended at all, and many fields are missing need codes.
Proposal 2: Discuss how to harmonize practices concerning Observations 17-20.
Further, given the structure of NR RRC may be rather difficult to discern, we have been considering it might be good to have (at least until September 2018) an informative Annex within RRC that shows the structure of the ASN.1 in similar manner as we have shown it here. The problem of having such an annex after September 2018 would of course be the burden of maintaining the structure with every release, but only the major elements might need to be included. Still, additional maintenance burden is often not good, so we would like to hear companies' opinions on the matter.
Proposal 3: Add an informative annex to RRC with figures about the main ASN.1 structure.
4	Conclusions
We have discussed the general structure of NR RRC and observed the following: 
Observation 1: The high-level message structure of EN-DC in NR RRC is very simple and centered around RRCReconfiguration.
Observation 2: The higher layer configurations (which are not per serving cell) are located in RadioBearerConfig, whereas the lower layer configurations (which are at least partly per serving cell) are located in CellGroupConfig.
Observation 3: The IE ServingCellConfigDedicated contains the most important cell-specific L1/L2 configurations.
Observation 4: The IE ServingCellConfigCommon is only used for SCells (i.e. never for SpCell).
Observation 5: It is possible to have different number of UL and DL BWPs within serving cell RRC configuration.
Observation 6: The UL/DL BWP ids are set independently and BWPs with the same ID need not be linked to each other via the same center frequency.
Observation 7: The configuration of PxxCH-Config are not consistent and there are still FFSs as to where PxxCH-Config elements should be configured.
Observation 8: SPS configurations are per UE, i.e. applied for all configured BWPs.
Observation 9: The configuration of TCI-RS-Set is done within PDSCH-Config, but used within CORESET, which is part of PDCCH configuration, which is currently not included anywhere (see section 3.9).
Observation 10: The extendibility of L2 IEs has not been considered very well.
Observation 11: The SRB/DRB structure in NR RRC is almost the same as in LTE RRC.
Observation 12: The CSI measurement structure would benefit from further clarifications from RAN1 as to how it is intended to be used. 
Observation 13: It is currently not clear how the CSI resources should be released.
Observation 14: The usage of SMTCs are very unclear in NR RRC.
Observation 15: The SIB1 size may present problems to NR standalone operation with FR2.
Observation 16: Not defining at least the PDCCH-Config location prevents RRC from being usable for radio configuration.
Observation 17: For naming of lists, both "ElementList" and "Elements" are currently used, depending on location.
Observation 18: Not all lists can be released.
Observation 19: The use of IE names like "ElementConfigCommon" and "ElementConfigDedicated" is not consistent – for example, we have PUCCH-Config and PUCCH-ConfigCommon, but no PUCCH-ConfigDedicated.
Observation 20: Many IEs cannot be extended at all, and many fields are missing need codes.
Based on these and the discussion, we propose the following:
Proposal 1: Clarify where PDCCH-Config, SRS-CarrierSwitching and BeamManagement IEs should be used within NR RRC.
Proposal 2: Discuss how to harmonize practices concerning Observations 17-20.
Proposal 3: Add an informative annex to RRC with figures about the main ASN.1 structure.
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