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Introduction
For uplink UE radio capability signalling, RAN2 agreed to introduce segmentation of RRC messages to overcome the restriction due to the maximum PDCP limit of 9000 bytes. 
RRC segmentation was discussed in RAN2 #105bis and the following was agreed; 

Agreements
1	The segmentation mechanism should be defined in ASN.1 in a generic manner so that it could in principle be applied in future to any uplink and downlink RRC message.
2	RAN2 will decides explicitly which RRC messages may be segmented. 
2a	Within this WI, segmentation of UE capability information message will be specified. 
3	A transmitter (UE or NW) may only use segmentation if it knows that the receiver (NR or UE) comprehends it.
3a	The network indicates in the UECapabilityEnquiry message whether the UE may apply RRC segmentation to its UECapabilityInformation
4	The transmitting entity (UE or NW) uses segmentation only if the unsegmented message exceeds the size limit of PDCP

In this contribution we explain that there is a need already in Release 16 for allowing reconfiguration and resume messages in excess of the current PDCP limit and propose to introduce the RRC segmentation functionality also for those messages.
Discussion
In preparations for RAN2-103bis (Chengdu), there was an e-mail-discussion summarizing configuration sizes in connection to RRC buffer size in the UE [1] and in the meeting, the following was agreed: 
Agreement
1: 	The reference for the RRC buffer size (size of the overall configuration in the UE as if the configuration was represented in a single RRC message) is defined in 38.306 as an absolute size in Kbytes
2	Starting point is that RRC buffer size is 45 Kbytes (implication of this value to be analysed and the number finalised at RAN2#104)
3	Support of larger than 9kbyte RRC messages can be considered in a future release.

The limit of 45 Kbyte was chosen at RAN2-103bis since it was already anticipated that 9 KByte would not suffice for long. Obviously, the network cannot provide an RRC configuration of 45 Kbyte if PDCP limits the RRC message size to 9 Kbyte. It was discussed that the NW could provide e.g. the configuration of the LTE MCG in a first RRCReconfiguration and then the configuration for the NR SCG in a subsequent delta-configuration. Furthermore, the “over-dimensioning” to 45 KByte avoids that the NW must pay attention to the effective size of the UE’s RRC configuration when applying e.g. delta configuration upon handover. And finally, the RRC buffer size was set to 45 KByte since companies already anticipated that typical RRC reconfiguration messages would exceed 9 KByte soon and hence require introduction of an RRC segmentation mechanism (see agreement 3). Adding segmentation was expected to be easy provided that the memory requirements don’t need to be changed. 
Since we approach already now (based on Rel-15 functionality) the limit of 9 KByte, we consider it urgent to introduce RRC segmentation already in Rel-16. 
In previous meetings, one commonly raised argument against introducing RRC segmentation for DL (reconfiguration/resume) was that delta-signaling is already supported, i.e. it is possible to sequentially send several reconfiguration messages to the UE if the complete configuration is too big. As mentioned above, we do acknowledge that this is possible, and in some scenarios even feasible. For example, the gNB may anyway configure only the PCell in a first RRCReconfiguration and the SCells subsequently. The configuration of an SCG may occur even later. However, even the size of a delta configuration that adds 7 SCells to an existing PCell is in the ballpark of the PDCP limit. Once more advanced L1 features are to be configured for those cells (more TCI states, more CSI-RS resources, ...) the limit will soon be exceeded. 
One could argue that the gNB could chop up the configuration even further, i.e., configure SCell by SCell in subsequent delta-configurations. Such an approach would significantly increase the control plane latency since each addition of an SCell requires typically also a re-configuration of the PCell’s PUCCH and CSI measurement configuration. While the gNB could send all those messages back-to-back to the UE, the UE would be allowed to spend up to 16 ms on processing each of those messages. As essential PCell configuration are impacted, the gNB should certainly refrain from scheduling the UE during the sequence of reconfiguration. A interruption of (7 cells => 7*16 ms => ) ~100 ms shortly after the establishment of an RRCConnection is certainly not acceptable. 
[bookmark: _Toc23346637][bookmark: _Toc23425460]Configuring SCells one-by-one would add a significant interruption during a performance-critical period of the RRC connection. 
[bookmark: _Hlk23410531]Besides the impact on latency, the step-wise configuration would have significant impact on the gNB implementation. The gNB chooses a configuration that is compatible with the network configuration (carriers, bands, width, MIMO layers, CSI-RS, ...) and with the UE capabilities. In this process it should not (and actually cannot) consider the size of the resulting RRC message. But if there is a message size constraint, the gNB cannot generate a CellGroupConfig that corresponds to the chosen UE configuration. It must break it up into several “configuration steps” of which each must still be compatible with the UE capabilities and consistent in itself (PUCCH resources, CSI-RS measurement and reporting configurations...). 
[bookmark: _Hlk23410508][bookmark: _Toc23346638][bookmark: _Toc23425461][bookmark: _Hlk23410860]Splitting an intended target configuration  (involving multiple BWP, MIMO layer. Carriers and CSI resources) into several delta-configuration steps adds significant complexity to the network implementation.
If the network implements the split RAN architecture (DU and CU), another issue arises: The DU decides, based on its L1 configuration and based on the UE capabilities, which of the candidate SCells given by the CU can actually be configured for this UE. If the resulting CellGroupConfig (CGC) would grow too large (which is difficult to guess for the DU since the CU generates the RRC message), it would have to generate several CGC and send them one-by-one to the CU. To do this, the CU would also have to get updated lists of candidate cells accordingly (where it is unclear whether the F1AP protocol support this at all). Not only the DU but also the CU must then generate updates of the RRCReconfiguration (including updated MeasConfig (MeasObjects for SCells), RadioBearerConfig (PDCP restrictions)) for each of the steps.
One might think that the gNB could attempt to minimize the number of delta configuration. However, this is not feasible as the ASN.1 encoder is separated from the logic that chooses the UE configuration. Hence, the latter has no estimate about the resulting RRC message size until it asks the ASN.1 encoder to produce the ASN.1 bit stream. Doing the latter repeatedly until the size exceeds the allowed maximum and then rolling back to the previous step (e.g. one SCell less) would make things even more complex and consume processing load and time on the gNB side. As discussed in the email discussion [1], with multiple CSI-RS resources and BWPs, the configuration of even a single cell can be larger than the PDCP limit. And to configure a first part of a cell in one message, a second part of the same cell in another message, and so on, it would no longer be feasible at all. The gNB would need to first construct the complete/wanted configuration for the cell, then do some type of “soft split segmentation” which is very complicated, and by the way already ruled out by RAN2 for UL segmentation. Note that each individual message must results in a valid configuration, including that different identities in the sequential configurations are not resulting in any “hanging” configurations.
[bookmark: _Toc20737170][bookmark: _Toc23339617][bookmark: _Toc23346639][bookmark: _Toc23425462]With multiple CSI-RS resources and BWPs, the configuration of even a single cell can be larger than the PDCP limit. Using delta signaling to configure a first part of a cell in one message, a second part of the same cell in another message, and so on, would no longer be feasible then.
[bookmark: _Toc7075381][bookmark: _Toc7123173][bookmark: _Toc7706007][bookmark: _Toc16583053][bookmark: _Toc16752984][bookmark: _Toc20737171][bookmark: _Toc23339618][bookmark: _Toc23346640][bookmark: _Toc23425463]Making it necessary to consider the 9k limitation for large reconfiguration messages, in particular for large (re)configurations of a particular cell, adds complexity to the reconfiguration procedure that could be avoided with RRC segmentation.

Additional UE complexity has been raised as an argument against specifying DL segmentation. However, the receiver side functionality (for the UE) is basically the same as for the ETWS/CMAS SIBs. And furthermore, the maximum buffer size of 45 kB will still be respected.

[bookmark: _Toc7075383][bookmark: _Toc7123175][bookmark: _Toc7706009][bookmark: _Toc16583055][bookmark: _Toc16752986][bookmark: _Toc20737173][bookmark: _Toc23339620][bookmark: _Toc23346642][bookmark: _Toc23425464][bookmark: _Hlk23411308]Since the current RRC buffer size limit of 45 KByte is kept and since the actual UE-side functionality is already specified due to ETWS/CMAS and in many cases already implemented due to regulatory requirements, there should be very limited added complexity in introducing DL segmentation.

[bookmark: _Toc16085082][bookmark: _Toc16454398][bookmark: _Toc6922798][bookmark: _Toc6922799][bookmark: _Toc6922800][bookmark: _Toc6922801][bookmark: _Toc6922802][bookmark: _Toc6922803][bookmark: _Toc6922804][bookmark: _Toc16085083][bookmark: _Toc16454399][bookmark: _Toc3841567][bookmark: _Toc16085084][bookmark: _Toc16454400][bookmark: _Toc16583056][bookmark: _Toc16583072][bookmark: _Toc16752994][bookmark: _Toc20737181][bookmark: _Toc23339621][bookmark: _Toc23425465][bookmark: _Toc3841613][bookmark: _Toc3841655][bookmark: _Toc4512599][bookmark: _Toc4512624][bookmark: _Toc4515115][bookmark: _Toc7099560][bookmark: _Toc7123166][bookmark: _Toc7123279][bookmark: _Toc7161709][bookmark: _Toc7706010][bookmark: _Toc3841526]Introduce mechanisms for RRC segmentation in DL, similar to that introduced in UL with the RACS feature (hard segmentation and a new DL DCCH message type)
[bookmark: _Toc16085085][bookmark: _Toc16454401][bookmark: _Toc16583057][bookmark: _Toc16583073][bookmark: _Toc16752995][bookmark: _Toc20737182][bookmark: _Toc23339622][bookmark: _Toc23425466][bookmark: _Toc6922808][bookmark: _Toc7075387][bookmark: _Toc7099561][bookmark: _Toc7123167][bookmark: _Toc7123280]Add segmentation of RRCReconfiguration and RRCResume as an optional feature in Rel-16.

We propose to mimic the introduction of DL segmentation in NR also in E-UTRAN.
[bookmark: _Toc16583058][bookmark: _Toc16583074][bookmark: _Toc16752996][bookmark: _Toc16454403][bookmark: _Toc20737183][bookmark: _Toc23339623][bookmark: _Toc23425467]Introduce the same segmentation possibilities in DL for both E-UTRAN & NR.

[bookmark: _Toc16583059]Corresponding CR’s are found in [2]-[5].
[bookmark: _Toc3841527][bookmark: _Toc3841569][bookmark: _Toc3841615][bookmark: _Toc3841528][bookmark: _Toc3841570][bookmark: _Toc3841616][bookmark: _Toc3841529][bookmark: _Toc3841571][bookmark: _Toc3841617][bookmark: _Toc3841530][bookmark: _Toc3841572][bookmark: _Toc3841618][bookmark: _Toc3841531][bookmark: _Toc3841573][bookmark: _Toc3841619][bookmark: _Toc3841532][bookmark: _Toc3841574][bookmark: _Toc3841620][bookmark: _Toc3841533][bookmark: _Toc3841575][bookmark: _Toc3841621][bookmark: _Toc3841534][bookmark: _Toc3841576][bookmark: _Toc3841622][bookmark: _Toc3841535][bookmark: _Toc3841577][bookmark: _Toc3841623][bookmark: _Toc3841536][bookmark: _Toc3841578][bookmark: _Toc3841624][bookmark: _Toc3841537][bookmark: _Toc3841579][bookmark: _Toc3841625][bookmark: _Toc3841538][bookmark: _Toc3841580][bookmark: _Toc3841626][bookmark: _Toc3810125][bookmark: _Toc3810167][bookmark: _Toc3841539][bookmark: _Toc3841581][bookmark: _Toc3841627][bookmark: _Toc1060724][bookmark: _Toc1061846][bookmark: _Toc3841540][bookmark: _Toc3841582][bookmark: _Toc3841628][bookmark: _Toc3841541][bookmark: _Toc3841583][bookmark: _Toc3841629][bookmark: _Toc3841542][bookmark: _Toc3841584][bookmark: _Toc3841630][bookmark: _Toc3841543][bookmark: _Toc3841585][bookmark: _Toc3841631][bookmark: _Toc3841544][bookmark: _Toc3841586][bookmark: _Toc3841632][bookmark: _Toc3841545][bookmark: _Toc3841587][bookmark: _Toc3841633][bookmark: _Toc3841546][bookmark: _Toc3841588][bookmark: _Toc3841634][bookmark: _Toc3841547][bookmark: _Toc3841589][bookmark: _Toc3841635][bookmark: _Toc3841548][bookmark: _Toc3841590][bookmark: _Toc3841636][bookmark: _Toc3841549][bookmark: _Toc3841591][bookmark: _Toc3841637][bookmark: _Toc3841550][bookmark: _Toc3841592][bookmark: _Toc3841638][bookmark: _Toc3841551][bookmark: _Toc3841593][bookmark: _Toc3841639][bookmark: _Toc3841552][bookmark: _Toc3841594][bookmark: _Toc3841640][bookmark: _Toc3841553][bookmark: _Toc3841595][bookmark: _Toc3841641][bookmark: _Toc3841554][bookmark: _Toc3841596][bookmark: _Toc3841642][bookmark: _Toc3841555][bookmark: _Toc3841597][bookmark: _Toc3841643][bookmark: _Toc3841556][bookmark: _Toc3841598][bookmark: _Toc3841644][bookmark: _Toc3841557][bookmark: _Toc3841599][bookmark: _Toc3841645][bookmark: _Toc3841558][bookmark: _Toc3841600][bookmark: _Toc3841646][bookmark: _Toc3841559][bookmark: _Toc3841601][bookmark: _Toc3841647][bookmark: _Toc3841560][bookmark: _Toc3841602][bookmark: _Toc3841648][bookmark: _Toc3841561][bookmark: _Toc3841603][bookmark: _Toc3841649][bookmark: _Toc3841562][bookmark: _Toc3841604][bookmark: _Toc3841650][bookmark: _Toc3841563][bookmark: _Toc3841605][bookmark: _Toc3841651][bookmark: _Toc3841564][bookmark: _Toc3841606][bookmark: _Toc3841652][bookmark: _Toc3841565][bookmark: _Toc3841607][bookmark: _Toc3841653][bookmark: _Toc3841566][bookmark: _Toc3841608][bookmark: _Toc3841654][bookmark: _Toc1061850][bookmark: _Toc3810130][bookmark: _Toc3810131]Conclusion
In the previous sections we made the following observations: 
Observation 1	Configuring SCells one-by-one would add a significant interruption during a performance-critical period of the RRC connection.
Observation 2	Splitting an intended target configuration into several delta-configuration steps is not feasible from a network point of view.
Observation 3	With multiple CSI-RS resources and BWPs, the configuration of even a single cell can be larger than the PDCP limit. Using delta signaling to configure a first part of a cell in one message, a second part of the same cell in another message, and so on, would no longer be feasible then.
Observation 4	Making it necessary to consider the 9k limitation for large reconfiguration messages, in particular for large (re)configurations of a particular cell, adds complexity to the reconfiguration procedure that could be avoided with RRC segmentation.
Observation 5	Since the current RRC buffer size limit of 45 KByte is kept and since the actual UE-side functionality is already specified due to ETWS/CMAS and in many cases already implemented due to regulatory requirements, there should be very limited added complexity in introducing DL segmentation.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce mechanisms for RRC segmentation in DL, similar to that introduced in UL with the RACS feature (hard segmentation and a new DL DCCH message type)
Proposal 2	Add segmentation of RRCReconfiguration and RRCResume as an optional feature in Rel-16.
Proposal 3	Introduce the same segmentation possibilities in DL for both E-UTRAN & NR.
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