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1 Introduction

As stated within [1] the sourcing Companies would like to propose for CIoT Clean Slate a preferable solution, based upon maximum reuse of LTE, in order to provide the most efficient way forward and to enable timely completion of the work; this contribution provides more details about the way LTE L2/L3 layers should be reused for CIoT, for both user and control planes.

2 Discussion
2.1 Control plane

The proposal is to reuse to the maximum extent possible the L2/L3 layers of the LTE control plane protocol stack:
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Figure 1: LTE control plane protocol stack
RRC is a control protocol responsible for (amongst others):

1) Broadcast parameters for (at least) cell (re)selection and initial access to the cell

2) Control of the Initial access phase and release including security set up

3) Configuration of the L1 and L2 for data transfer and other RRC functions

4) Paging (terminating call handling)

These functions are relevant for any typical cellular systems, including CIoT, and we discuss here the applicability of each of these functions for CIoT. The list of 3GPP TS 36.331 ([4]) sections applicable to CIoT is provided in the Appendix.

2.1.1 System Information Broadcast for cell (re)selection and initial access
Seamless mobility may not be required for most CIoT applications and hence, network controlled mobility based on UE-provided radio measurements is likely not needed. However, cell selection and re-selection are still essential functions as they determine the criteria for use of the cell for camping and access and also to ensure UE uses the best cell to make the initial access. The parameters to control cell selection and reselection have to be broadcast (additional provisioning of reselection parameters via dedicated signalling could be considered). LTE
Besides cell selection and re-selection, access control by way of Access Class Barring is also necessary to handle periods of overload.  Various access control schemes are supported by LTE including some specifically addressing massive MTC use cases. 

Configuration of parameters for the initial access should be either specified (i.e, hard coded in the specs), pre-configured in the device or based on broadcast signalling. LTE uses a mixture of specified parameters (called default configuration) and broadcast (e.g., the radio resources). This mixture provides an efficient mechanism in terms of radio resources and battery usage for SIB reading.  

RRC provides a flexible and efficient solution for system information broadcast with a wide range of repetition periods with the possibility to repeat different SIBs at different intervals. Battery saving features like Paging to indicate change of SIBs, the modification period concept, and use of Value tag allows UEs to avoid reading SIBs unnecessarily. For systems where SIB changes are even less frequent, the periodicity of these can be further extended. There are also mechanisms to allow for faster update of parameters, if necessary, that cannot wait for the next modification period. 
Many of the SIBs (e.g., 1,2,3,4,5) of LTE are expected to be directly applicable for CIoT , while many others (such 6,7,8 related to inter-RAT mobility) are not needed. SIBs that are not needed do not need to be sent over the radio.
In the scope of the ongoing Rel-13 WI on “Further LTE Physical Layer Enhancements for MTC”, a number of enhancements and simplifications have been discussed and agreed. The modular design of the System Information Blocks already allows omitting information that is not needed in a certain deployment and thereby to minimize the amount of system information broadcast. RAN2 already agreed that it is desirable to maintain this flexibility in SIB configuration considering that it does not impose much overhead. However, it was found that the very dynamic ways of scheduling SIB using PDCCH is difficult and inefficient in a system supporting extreme coverage scenarios. Therefore, means to make the SIB broadcast semi-static and thereby more efficient have been agreed. The sourcing companies think that these principles can equally be applied for a narrowband LTE solution.
Observation: LTE RRC provides a flexible framework that not only supports many battery saving mechanisms for SIB reading but also allows control of the resources that are used for SIB.

2.1.2 Configuration of the L1 and L2 for data transfer and other RRC functions
Access to the radio access network can be either connectionless or connection oriented. A connection oriented system like LTE is generally signalling intensive for the establishment of the initial connection but more efficient once the connection is established.  LTE establishes SRBs
 during the initial connection establishment phase, followed by security and DRBs
 in the remainder of the procedure.  

While security for CIoT is still under discussion in SA3, use of DRBs is necessary to allow for larger volume of data transfer such as software update. This is expected to be needed even though SRB1 is used for transfer of some small data and SRB2 is used for transfer of lower priority NAS messages. Configuration of the bearers requires some signalling during each connection establishment but such configurations can take UE capability and UE radio conditions (based on information previously held) into account to allow efficient configurations. UE capability is stored in the CN in LTE, thereby avoiding the need to transfer them for every connection to the network.  LTE also supports an efficient “delta configuration” mechanism where any subsequent reconfigurations only provide the difference to the previous configuration. All of these together make LTE very efficient in terms of the number of signalling bits, hence saving battery.

Further simple enhancements are considered useful to reduce the amount of signalling needed for subsequent connections by, for example, re-using the configurations from the previous connection for devices that are not subject to frequent mobility outside the coverage of the eNB of the last used cell. Such optimisations can reduce the signalling required to less than that needed for a connectionless service while maintaining optimal UE configurations for efficient data transfer.
Also, it can be possible to reduce the number of messages exchanged over the air, with some combination and optimization of procedures to set up DRBs and their security mechanisms.
The applicability and feasibility of such enhancements of the radio connection depend of course on corresponding enhancements to the S1 connection towards the CN (which is already being discussed by SA2) as well as on the chosen security schemes. Therefore, the details will have to be discussed in the WI phase. 

While some of the L1 parameters of CIoT may be different from LTE, the framework allows for easy modification of the L1 configuration parameters into the existing signalling procedure.
Observation: LTE provides efficient signalling mechanisms for larger volume of data transfer. This can easily be enhanced to allow support for efficient short data transfer.

2.1.3 Paging (terminating call handling)

Paging is expected to be needed for CIoT (i.e. we do not expect Mobile originated polling only as this also may not be battery efficient). The LTE DRX mechanism allows UEs to monitor a single subframe Paging occasion in a Paging cycle. While the current maximum Paging cycle is 2.56s, ongoing work will further extend it to much larger values (e.g. to the order of some minutes to an hour). This and other optimisations are available not only for CIoT, but also for other LTE devices once they are standardised (work is in progress in RAN and SA WGs on Extended idle mode DRX). A Power Saving Mode is also available since Rel-12.

Observations: Extended Idle DRX and PSM in LTE allow for battery saving.

2.1.4 ASN.1
LTE ASN.1 supports non-critical and critical extensions. Critical extensions essentially redefine a message when a non-critical extension cannot support the required extensions or when it is not efficient to use it.  A critical extension can also remove the inefficiencies of the containers from the existing non-critical extensions. Thus, LTE ASN.1 can generate efficient encoding for CIoT.
2.1.5 Functionalities not relevant for CIoT

Several features provided by LTE are not relevant for CIoT such as inter-RAT mobility, Voice bearers, Carrier Aggregation (CA), MBMS, Relay, D2D, WLAN interworking, Dual Connectivity (DC).  These are optional features in LTE and they are not required to be implemented for CIoT nor is there signalling associated with them when these features are not used.
2.1.6 Control Plane - Conclusion
LTE RRC is fundamentally designed to work with LTE CN and provides native support to re-use LTE CN nodes.  Interaction between S1, RRC and NAS procedures are part of the overall system design. Re-using LTE RRC avoids re-design of the overall system and S1 and NAS protocols.

Conclusion on Control plane: RRC protocol needed for CIoT can be efficiently supported by LTE RRC, both in terms of battery requirements and radio efficiency. It also allows faster standardisation.

2.2 User plane

The proposal is to reuse to the maximum extent possible the L2/L3 layers of the LTE user plane protocol stack:
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Figure 2: LTE user plane protocol stack
PDCP in LTE provides for encryption and header compression. Security for CIoT is still under discussion in SA3, header compression will (at least) be essential for the transfer of larger volume of data such as software update. PDCP already supports short and long SN (Sequence Number) PDU formats for data transfer for efficient data transfer. New PDU structure can easily be added (as was done for Relay node) if, for example, it is agreed that Integrity protection is necessary for CIoT, or for the potential support of non IP data. 

Need for RLC functions depends very much on the functionality provided by the lower layers.  RLC can provide additional retransmission mechanism if the lower layer cannot guarantee sufficient reliability of transmission. It can also provide mechanisms for concatenation of data to make efficient use of the all the bits available in a physical block for transmission. LTE RLC is a light weight protocol that provides these basic functions and with the provision to turn off the re-transmission function if not needed.
As discussed in the control plane section above, the following logical channels will be required for CIoT: BCCH, PCCH for downlink only, and CCCH, DCCH, DTCH for Downlink and Uplink.
While many aspects of MAC are quite physical layer specific and will depend on what is agreed for CIoT, the functionality provided can be expected to be very similar to LTE MAC. The following transport channels are expected to be needed: Broadcast Channel (BCH), Downlink Shared Channel(s) (DL-SCH), Paging Channel (PCH), Uplink Shared Channel(s) (UL-SCH), Random Access Channel(s) (RACH). Depending on the physical layer, the functions provided by these MAC entities could be re-used. Other battery and resource saving features of MAC such as connected DRX and SPS could also be considered for CIoT.
The figures 1 and 2 below depicts the mapping between logical channels and transport channel for LTE that can be reused for CIoT:
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Figure 3: Mapping between downlink logical channels and downlink transport channels
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Figure 4: Mapping between uplink logical channels and uplink transport channels
It is important to verify whether the L2 user plane protocols (PDCP, RLC, MAC) generate an acceptable protocol overhead when operating at the low data rates expected for a narrowband LTE system. The figures provided in the Appendix show as such a goal can be reached.
Conclusion on user plane: LTE User plane protocols are configurable and well adapted to support CIoT requirements for efficient data transmission. Existing functionality of the LTE PDCP, RLC and MAC layers can be reused with minimal changes. They are also further extendable as needed for CIoT needs. 

The L1/2 design for a narrowband LTE solution as well as for the ongoing Rel-13 track should support TTI bundling or similar schemes enabling large transport blocks even at low L1 data rates. This will reduce the protocol overhead much more significantly than L2 header optimizations. 
3 Conclusion

As per the above conclusions on:

- Control plane: RRC protocol needed for CIoT can be efficiently supported by LTE RRC, both in terms of battery requirements and radio efficiency. It also allows faster standardisation.
- User plane: LTE User plane protocols are configurable and well adapted to support CIoT requirements for efficient data transmission. Existing funtionality of the LTE PDCP, RLC and MAC layers can be reused with minimal changes. They are also further extendable as needed for CIoT needs.
and after having reviewed the LTE protocols, the sourcing Companies conclude that it is not only feasible to reuse them, but that they are efficient for this purpose.

An accompanying pCR to introduce these clarifications to the CIoT TR is provided in [3].

4 References 

[1] GP-150801 – Proposed way forward for CIoT Clean Slate normative phase; Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, Ericsson LM, Mediatek Inc, Panasonic, Sierra Wireless SA, ZTE Corporation, AT&T, Nokia Networks, Marvell, Intel Corporation, Verizon Wireless, Sequans, Sharp Corporation, Gemalto N.V., Sprint Corporation; GERAN#67; August 10th to 14th, 2015; Yin Chuan, China
[2] 3GPP TR 45.820 v1.4.0 - Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things - June 2015

[3] GP-150804 - pCR Reuse of LTE L2/L3 layers for Cellular IoT; Alcatel-Lucent; GERAN#67; August 10th to 14th, 2015; Yin Chuan, China
[4] 3GPP TS 36.331 – Evolved Universal Terrestrial Radio Access (E-UTRA) – Radio Resource Protocol (RRC) – Protocol specification

5 Appendix 

5.1 L1/L2 protocol overhead evaluation

In the following we make a simple calculation to get an understanding of the relation between …

1) the size of the higher layer packet SDU (IP, UDP, …, payload), 

2) the overhead of PDCP, RLC, MAC and CRC and 

3) the L1 data rate and transport block size

In accordance with TR 45.820 we take as an example the so-called “exception report application payload” of 20 bytes with an additional overhead due to COAP/DTLS/UDP/IP of 65 bytes.

Narrowband CIoT applications discussed in this context will operate at very low data rates. Therefore, it is possible to use the PDCP and RLC headers with short sequence numbers originally designed for VoIP. The PDCP overhead per PDCP SDU is 1 byte (PDCP Data PDU with 7 bits SN, see 36.323). We assume furthermore that RLC UM is sufficient and hence the overhead per RLC PDU is also 1 byte
 (UMD PDU with 5 bits SN, see 36.322). 

The MAC header accounts for 1 byte if there is no padding and no multiplexing. In practice there may be e.g. MAC buffer status reports (1 byte MAC CE + 1 byte header) whereas we consider multiplexing of RLC Data PDUs into one MAC PDU less likely to happen. 

The following figure depicts a calculation for the header overhead when transmitting one of the above-mentioned data packets (86 byte) in the worst radio conditions supported by narrowband LTE. In such conditions the data rate is expected to be in the order of 2 kbps. 
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Figure 1: L1/2 overhead depending on chosed TB size 
left: 2 kbps, 728 bit TBS ( 1 TB per IP packet ( 5,88% L1/2 overhead
right: 2 kbps, 104 bit TBS ( 11 TBs per IP packet ( 64,71% L1/2 overhead
As can be seen from the comparison in Figure 1, the chosen transport block size has a significant overhead on the L1/2 protocol overhead. Since the L1 channel rate is so low (2 kbps = 2 bit/ms) it is necessary to apply a bundling scheme and transmit a transport block for much more than 1 subframe. On the left, the TB size was chosen so that the higher layer SDU including L2 headers and CRC fits exactly into one TB. With the given L1 rate of 2kbps, the TB would need to be transmitted for 364 ms (subframes) for successful reception. RLC/MAC and CRC cause 5,88% overhead which we consider as very good (compared e.g. with IP/UDP… overhead). 

If, as shown on the right side of Figure 1, the TB size is chosen to be only 104 bit (still 2 kbps L1 rate), the header overhead increases significantly. Since an RLC/MAC header and CRC are required for each TB, 11 such transport blocks are required in order to transfer the higher layer SDU. The transmission of the same SDU therefore takes 572 instead of 364 ms. RLC/MAC and CRC account for 65% of overhead which is certainly undesirable. 
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Figure 2: L1/2 overhead depending on assumed header- and CRC size 
left: LTE RLC UM, MAC and 3 Byte CRC ( 5,88% L1/2 overhead ( 364 ms TX
right: 1 Byte L2 header, 2 Byte CRC ( 3,53% L1/2 overhead ( 358 ms TX

Figure 2 makes a similar comparison for two different L2 header sizes and CRCs. On the left side the LTE headers and CRCs as described above are assumed. The TB size is chose sufficiently large (same as left side of Figure 1). On the right side of Figure 2 we assume for a moment that it would be possible to reduce the RLC/MAC header to 1 byte in total and to use just 2 byte CRC. We consider this as “best case header optimization”. As can be seen, the benefit from the “header optimization” is negligible compared to the impact of a large TB. The transmission time (and hence the channel occupancy) shrinks from 364 to 358 ms, i.e., by 1.6%. 

Therefore, we conclude that support of sufficiently large transport blocks is essential even in low data rate conditions. Otherwise, the L1/2 overhead will be unacceptably high. Optimizations of the L2 header (and possibly CRC) within each TB has a relatively low effect. 

Irrespective of the chosen technology, padding in the transport blocks (MAC PDUs) reduces the system efficiency and capacity. Padding is likely to occur for CIoT applications generating only individual packets rather than a continuous data flow. Therefore, padding may easily have a lot more impact on the protocol efficiency than the L2 header formats. A careful trade-off between L1 control signalling (granularity of available TB sizes) and overhead (padding) should be done in the WI phase. 

5.2 TS 36.331 sections to be re-used

The following extract from [4] indicates which sections (or subset of sections) are expected to be reused for CIoT (greyed parts are not applicable for CIoT).
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90
5.4.3.4
Successful completion of the mobility from E-UTRA
91
5.4.3.5
Mobility from E-UTRA failure
92
5.4.4
Handover from E-UTRA preparation request (CDMA2000)
92
5.4.4.1
General
92
5.4.4.2
Initiation
93
5.4.4.3
Reception of the HandoverFromEUTRAPreparationRequest by the UE
93
5.4.5
UL handover preparation transfer (CDMA2000)
93
5.4.5.1
General
93
5.4.5.2
Initiation
93
5.4.5.3
Actions related to transmission of the ULHandoverPreparationTransfer message
94
5.4.5.4
Failure to deliver the ULHandoverPreparationTransfer message
94
5.4.6
Inter-RAT cell change order to E-UTRAN
94
5.4.6.1
General
94
5.4.6.2
Initiation
94
5.4.6.3
UE fails to complete an inter-RAT cell change order
94
5.5
Measurements
95
5.5.1
Introduction
95
5.5.2
Measurement configuration
96
5.5.2.1
General
96
5.5.2.2
Measurement identity removal
97
5.5.2.2a
Measurement identity autonomous removal
97
5.5.2.3
Measurement identity addition/ modification
98
5.5.2.4
Measurement object removal
98
5.5.2.5
Measurement object addition/ modification
99
5.5.2.6
Reporting configuration removal
101
5.5.2.7
Reporting configuration addition/ modification
101
5.5.2.8
Quantity configuration
101
5.5.2.9
Measurement gap configuration
101
5.5.2.10
Discovery signals measurement timing configuration
102
5.5.3
Performing measurements
102
5.5.3.1
General
102
5.5.3.2
Layer 3 filtering
104
5.5.4
Measurement report triggering
105
5.5.4.1
General
105
5.5.4.2
Event A1 (Serving becomes better than threshold)
108
5.5.4.3
Event A2 (Serving becomes worse than threshold)
109
5.5.4.4
Event A3 (Neighbour becomes offset better than PCell/ PSCell)
109
5.5.4.5
Event A4 (Neighbour becomes better than threshold)
110
5.5.4.6
Event A5 (PCell/ PSCell becomes worse than threshold1 and neighbour becomes better than threshold2)
110
5.5.4.6a
Event A6 (Neighbour becomes offset better than SCell)
111
5.5.4.7
Event B1 (Inter RAT neighbour becomes better than threshold)
112
5.5.4.8
Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2)
113
5.5.4.9
Event C1 (CSI-RS resource becomes better than threshold)
113
5.5.4.10
Event C2 (CSI-RS resource becomes offset better than reference CSI-RS resource)
114
5.5.5
Measurement reporting
115
5.5.6
Measurement related actions
118
5.5.6.1
Actions upon handover and re-establishment
118
5.5.6.2
Speed dependant scaling of measurement related parameters
119
5.5.7
Inter-frequency RSTD measurement indication
119
5.5.7.1
General
119
5.5.7.2
Initiation
120
5.5.7.3
Actions related to transmission of InterFreqRSTDMeasurementIndication message
120
5.6
Other
120
5.6.1
DL information transfer
120
5.6.1.1
General
120
5.6.1.2
Initiation
121
5.6.1.3
Reception of the DLInformationTransfer by the UE
121
5.6.2
UL information transfer
121
5.6.2.1
General
121
5.6.2.2
Initiation
121
5.6.2.3
Actions related to transmission of ULInformationTransfer message
121
5.6.2.4
Failure to deliver ULInformationTransfer message
122
5.6.3
UE capability transfer
122
5.6.3.1
General
122
5.6.3.2
Initiation
122
5.6.3.3
Reception of the UECapabilityEnquiry by the UE
122
5.6.4
CSFB to 1x Parameter transfer
125
5.6.4.1
General
125
5.6.4.2
Initiation
125
5.6.4.3
Actions related to transmission of CSFBParametersRequestCDMA2000 message
125
5.6.4.4
Reception of the CSFBParametersResponseCDMA2000 message
125
5.6.5
UE Information
125
5.6.5.1
General
125
5.6.5.2
Initiation
126
5.6.5.3
Reception of the UEInformationRequest message
126
5.6.6
 Logged Measurement Configuration
127
5.6.6.1
General
127
5.6.6.2
Initiation
127
5.6.6.3
Reception of the LoggedMeasurementConfiguration by the UE
127
5.6.6.4
T330 expiry
128
5.6.7
 Release of Logged Measurement Configuration
128
5.6.7.1
General
128
5.6.7.2
Initiation
128
5.6.8
 Measurements logging
128
5.6.8.1
General
128
5.6.8.2
Initiation
128
5.6.9
In-device coexistence indication
131
5.6.9.1
General
131
5.6.9.2
Initiation
131
5.6.9.3
Actions related to transmission of InDeviceCoexIndication message
131
5.6.10
UE Assistance Information
132
5.6.10.1
General
132
5.6.10.2
Initiation
132
5.6.10.3
Actions related to transmission of UEAssistanceInformation message
133
5.6.11
 Mobility history information
133
5.6.11.1
General
133
5.6.11.2
Initiation
133
5.6.12
RAN-assisted WLAN interworking
133
5.6.12.1
General
133
5.6.12.2
Dedicated WLAN offload configuration
134
5.6.12.3
WLAN offload RAN evaluation
134
5.6.12.4
T350 expiry or stop
134
5.6.12.5
Cell selection/ re-selection while T350 is running
134
5.6.13
SCG failure information
135
5.6.13.1
General
135
5.6.13.2
Initiation
135
5.6.13.3
Actions related to transmission of SCGFailureInformation message
135
5.7
Generic error handling
136
5.7.1
General
136
5.7.2
ASN.1 violation or encoding error
136
5.7.3
Field set to a not comprehended value
136
5.7.4
Mandatory field missing
137
5.7.5
Not comprehended field
138
5.8
MBMS
138
5.8.1
Introduction
138
5.8.1.1
General
138
5.8.1.2
Scheduling
138
5.8.1.3
MCCH information validity and notification of changes
139
5.8.2
MCCH information acquisition
140
5.8.2.1
General
140
5.8.2.2
Initiation
140
5.8.2.3
MCCH information acquisition by the UE
140
5.8.2.4
Actions upon reception of the MBSFNAreaConfiguration message
140
5.8.2.5
Actions upon reception of the MBMSCountingRequest message
141
5.8.3
MBMS PTM radio bearer configuration
141
5.8.3.1
General
141
5.8.3.2
Initiation
141
5.8.3.3
MRB establishment
141
5.8.3.4
MRB release
141
5.8.4
MBMS Counting Procedure
141
5.8.4.1
General
141
5.8.4.2
Initiation
142
5.8.4.3
Reception of the MBMSCountingRequest message by the UE
142
5.8.5
MBMS interest indication
143
5.8.5.1
General
143
5.8.5.2
Initiation
143
5.8.5.3
Determine MBMS frequencies of interest
144
5.8.5.4
Actions related to transmission of MBMSInterestIndication message
144
5.9
RN procedures
145
5.9.1
RN reconfiguration
145
5.9.1.1
General
145
5.9.1.2
Initiation
145
5.9.1.3
Reception of the RNReconfiguration by the RN
145
5.10
Sidelink
146
5.10.1
Introduction
146
5.10.1a
Conditions for sidelink operation
146
5.10.2
Sidelink UE information
146
5.10.2.1
General
146
5.10.2.2
Initiation
147
5.10.2.3
Actions related to transmission of SidelinkUEInformation message
148
5.10.3
Direct communication monitoring
149
5.10.4
Direct communication transmission
150
5.10.5
Direct discovery monitoring
151
5.10.6
Direct discovery announcement
151
5.10.7
Direct synchronisation information transmission
152
5.10.7.1
General
152
5.10.7.2
Initiation
153
5.10.7.3
Transmission of SLSS
154
5.10.7.4
Transmission of MasterInformationBlock-SL message
155
5.10.7.5
Actions related to reception of MasterInformationBlock-SL message
155
5.10.8
Direct synchronisation reference
156
5.10.8.1
General
156
5.10.8.2
Selection and reselection of synchronisation reference UE (SyncRef UE)
156
5.10.9
Sidelink common control information
156
5.10.9.1
General
156
5.10.9.2
Actions related to reception of MasterInformationBlock-SL message
157
6
Protocol data units, formats and parameters (tabular & ASN.1)
157
6.1
General
157
6.2
RRC messages
159
6.2.1
General message structure
159
–
EUTRA-RRC-Definitions
159
–
BCCH-BCH-Message
159
–
BCCH-DL-SCH-Message
159
–
MCCH-Message
160
–
PCCH-Message
160
–
DL-CCCH-Message
160
–
DL-DCCH-Message
161
–
UL-CCCH-Message
161
–
UL-DCCH-Message
161
6.2.2
Message definitions
162
–
CounterCheck
162
–
CounterCheckResponse
163
–
CSFBParametersRequestCDMA2000
164
–
CSFBParametersResponseCDMA2000
164
–
DLInformationTransfer
165
–
HandoverFromEUTRAPreparationRequest (CDMA2000)
165
–
InDeviceCoexIndication
167
–
InterFreqRSTDMeasurementIndication
168
–
LoggedMeasurementConfiguration
169
–
MasterInformationBlock
171
–
MBMSCountingRequest
171
–
MBMSCountingResponse
172
–
MBMSInterestIndication
173
–
MBSFNAreaConfiguration
173
–
MeasurementReport
174
–
MobilityFromEUTRACommand
175
–
Paging
178
–
ProximityIndication
179
–
RNReconfiguration
180
–
RNReconfigurationComplete
180
–
RRCConnectionReconfiguration
181
–
RRCConnectionReconfigurationComplete
185
–
RRCConnectionReestablishment
185
–
RRCConnectionReestablishmentComplete
186
–
RRCConnectionReestablishmentReject
187
–
RRCConnectionReestablishmentRequest
187
–
RRCConnectionReject
188
–
RRCConnectionRelease
189
–
RRCConnectionRequest
192
–
RRCConnectionSetup
193
–
RRCConnectionSetupComplete
194
–
SCGFailureInformation
195
–
SecurityModeCommand
196
–
SecurityModeComplete
196
–
SecurityModeFailure
197
–
SidelinkUEInformation
197
–
SystemInformation
198
–
SystemInformationBlockType1
199
–
UEAssistanceInformation
202
–
UECapabilityEnquiry
203
–
UECapabilityInformation
203
–
UEInformationRequest
204
–
UEInformationResponse
205
–
ULHandoverPreparationTransfer (CDMA2000)
210
–
ULInformationTransfer
211
6.3
RRC information elements
211
6.3.1
System information blocks
211
–
SystemInformationBlockType2
211
–
SystemInformationBlockType3
213
–
SystemInformationBlockType4
216
–
SystemInformationBlockType5
217
–
SystemInformationBlockType6
220
–
SystemInformationBlockType7
222
–
SystemInformationBlockType8
223
–
SystemInformationBlockType9
228
–
SystemInformationBlockType10
228
–
SystemInformationBlockType11
229
–
SystemInformationBlockType12
230
–
SystemInformationBlockType13
230
–
SystemInformationBlockType14
231
–
SystemInformationBlockType15
231
–
SystemInformationBlockType16
232
–
SystemInformationBlockType17
233
–
SystemInformationBlockType18
234
–
SystemInformationBlockType19
234
6.3.2
Radio resource control information elements
235
–
AntennaInfo
235
–
AntennaInfoUL
236
–
CQI-ReportConfig
237
–
CQI-ReportPeriodicProcExtId
242
–
CrossCarrierSchedulingConfig
242
–
CSI-IM-Config
243
–
CSI-IM-ConfigId
243
–
CSI-Process
243
–
CSI-ProcessId
245
–
CSI-RS-Config
245
–
CSI-RS-ConfigNZP
246
–
CSI-RS-ConfigNZPId
247
–
CSI-RS-ConfigZP
247
–
CSI-RS-ConfigZPId
248
–
DMRS-Config
248
–
DRB-Identity
248
–
EPDCCH-Config
248
–
EIMTA-MainConfig
250
–
LogicalChannelConfig
251
–
MAC-MainConfig
252
–
PDCP-Config
256
–
PDSCH-Config
258
–
PDSCH-RE-MappingQCL-ConfigId
259
–
PHICH-Config
259
–
PhysicalConfigDedicated
260
–
P-Max
263
–
PRACH-Config
263
–
PresenceAntennaPort1
264
–
PUCCH-Config
264
–
PUSCH-Config
267
–
RACH-ConfigCommon
269
–
RACH-ConfigDedicated
270
–
RadioResourceConfigCommon
271
–
RadioResourceConfigDedicated
273
–
RLC-Config
277
–
RLF-TimersAndConstants
279
–
RN-SubframeConfig
280
–
SchedulingRequestConfig
281
–
SoundingRS-UL-Config
282
–
SPS-Config
283
–
TDD-Config
285
–
TimeAlignmentTimer
286
–
TPC-PDCCH-Config
286
–
UplinkPowerControl
287
6.3.3
Security control information elements
290
–
NextHopChainingCount
290
–
SecurityAlgorithmConfig
290
–
ShortMAC-I
290
6.3.4
Mobility control information elements
291
–
AdditionalSpectrumEmission
291
–
ARFCN-ValueCDMA2000
291
–
ARFCN-ValueEUTRA
291
–
ARFCN-ValueGERAN
291
–
ARFCN-ValueUTRA
292
–
BandclassCDMA2000
292
–
BandIndicatorGERAN
292
–
CarrierFreqCDMA2000
292
–
CarrierFreqGERAN
293
–
CarrierFreqsGERAN
293
–
CarrierFreqListMBMS
294
–
CDMA2000-Type
294
–
CellIdentity
294
–
CellIndexList
294
–
CellReselectionPriority
295
–
CSFB-RegistrationParam1XRTT
295
–
CellGlobalIdEUTRA
296
–
CellGlobalIdUTRA
296
–
CellGlobalIdGERAN
297
–
CellGlobalIdCDMA2000
297
–
CSG-Identity
298
–
FreqBandIndicator
298
–
MobilityControlInfo
298
–
MobilityParametersCDMA2000 (1xRTT)
300
–
MobilityStateParameters
300
–
MultiBandInfoList
300
–
PhysCellId
301
–
PhysCellIdRange
301
–
PhysCellIdRangeUTRA-FDDList
301
–
PhysCellIdCDMA2000
302
–
PhysCellIdGERAN
302
–
PhysCellIdUTRA-FDD
302
–
PhysCellIdUTRA-TDD
303
–
PLMN-Identity
303
–
PLMN-IdentityList3
303
–
PreRegistrationInfoHRPD
304
–
Q-QualMin
304
–
Q-RxLevMin
304
–
Q-OffsetRange
305
–
Q-OffsetRangeInterRAT
305
–
ReselectionThreshold
305
–
ReselectionThresholdQ
305
–
SCellIndex
305
–
ServCellIndex
306
–
SpeedStateScaleFactors
306
–
SystemInfoListGERAN
306
–
SystemTimeInfoCDMA2000
307
–
TrackingAreaCode
307
–
T-Reselection
308
6.3.5
Measurement information elements
308
–
AllowedMeasBandwidth
308
–
CSI-RSRP-Range
308
–
Hysteresis
308
–
LocationInfo
309
–
MBSFN-RSRQ-Range
309
–
MeasConfig
310
–
MeasDS-Config
311
–
MeasGapConfig
312
–
MeasId
313
–
MeasIdToAddModList
313
–
MeasObjectCDMA2000
313
–
MeasObjectEUTRA
314
–
MeasObjectGERAN
316
–
MeasObjectId
317
–
MeasObjectToAddModList
317
–
MeasObjectUTRA
318
–
MeasResults
319
–
MeasScaleFactor
322
–
QuantityConfig
322
–
ReportConfigEUTRA
323
–
ReportConfigId
327
–
ReportConfigInterRAT
327
–
ReportConfigToAddModList
328
–
ReportInterval
329
–
RSRP-Range
329
–
RSRQ-Range
330
–
RSRQ-Type
330
–
TimeToTrigger
330
6.3.6
Other information elements
331
–
AbsoluteTimeInfo
331
–
AreaConfiguration
331
–
C-RNTI
331
–
DedicatedInfoCDMA2000
332
–
DedicatedInfoNAS
332
–
FilterCoefficient
332
–
LoggingDuration
332
–
LoggingInterval
333
–
MeasSubframePattern
333
–
MMEC
333
–
NeighCellConfig
333
–
OtherConfig
334
–
RAND-CDMA2000 (1xRTT)
335
–
RAT-Type
335
–
RRC-TransactionIdentifier
335
–
S-TMSI
336
–
TraceReference
336
–
UE-CapabilityRAT-ContainerList
336
–
UE-EUTRA-Capability
337
–
UE-RadioPagingInfo
355
–
UE-TimersAndConstants
355
–
VisitedCellInfoList
356
–
WLAN-OffloadConfig
356
6.3.7
MBMS information elements
358
–
MBMS-NotificationConfig
358
–
MBSFN-AreaId
359
–
MBSFN-AreaInfoList
359
–
MBSFN-SubframeConfig
360
–
PMCH-InfoList
361
6.3.8
Sidelink information elements
362
–
SL-CommConfig
362
–
SL-CommResourcePool
363
–
SL-CP-Len
364
–
SL-DiscConfig
364
–
SL-DiscResourcePool
365
–
SL-DiscTxPowerInfo
366
–
SL-HoppingConfig
367
–
SL-OffsetIndicator
367
–
SL-PeriodComm
368
–
SLSSID
368
–
SL-SyncConfig
368
–
SL-TF-ResourceConfig
369
–
SL-TxParameters
369
–
SL-TxPoolIdentity
370
–
SL-TxPoolToReleaseList
370
6.4
RRC multiplicity and type constraint values
370
–
Multiplicity and type constraint definitions
370
–
End of EUTRA-RRC-Definitions
372
6.5
PC5 RRC messages
372
6.5.1
General message structure
372
–
PC5-RRC-Definitions
372
–
SBCCH-SL-BCH-Message
372
6.5.2
Message definitions
373
–
MasterInformationBlock-SL
373
–
End of PC5-RRC-Definitions
373
7
Variables and constants
374
7.1
UE variables
374
–
EUTRA-UE-Variables
374
–
VarConnEstFailReport
374
–
VarLogMeasConfig
375
–
VarLogMeasReport
375
–
VarMeasConfig
376
–
VarMeasReportList
376
–
VarMobilityHistoryReport
377
–
VarRLF-Report
377
–
VarShortMAC-Input
377
–
Multiplicity and type constraint definitions
378
–
End of EUTRA-UE-Variables
378
7.2
Counters
378
7.3
Timers (Informative)
379
7.4
Constants
380
8
Protocol data unit abstract syntax
381
8.1
General
381
8.2
Structure of encoded RRC messages
381
8.3
Basic production
381
8.4
Extension
381
8.5
Padding
382
9
Specified and default radio configurations
382
9.1
Specified configurations
382
9.1.1
Logical channel configurations
382
9.1.1.1
BCCH configuration
382
9.1.1.2
CCCH configuration
383
9.1.1.3
PCCH configuration
383
9.1.1.4
MCCH and MTCH configuration
383
9.1.1.5
SBCCH configuration
383
9.1.1.6
STCH configuration
383
9.1.2
SRB configurations
384
9.1.2.1
SRB1
384
9.1.2.2
SRB2
384
9.2
Default radio configurations
384
9.2.1
SRB configurations
384
9.2.1.1
SRB1
384
9.2.1.2
SRB2
385
9.2.2
Default MAC main configuration
385
9.2.3
Default semi-persistent scheduling configuration
385
9.2.4
Default physical channel configuration
385
9.2.5
Default values timers and constants
386
9.3
Sidelink pre-configured parameters
386
9.3.1
Specified parameters
386
9.3.2
Pre-configurable parameters
387
–
SL-Preconfiguration
387
10
Radio information related interactions between network nodes
388
10.1
General
388
10.2
Inter-node RRC messages
388
10.2.1
General
388
–
EUTRA-InterNodeDefinitions
389
10.2.2
Message definitions
389
–
HandoverCommand
389
–
HandoverPreparationInformation
390
–
SCG-Config
392
–
SCG-ConfigInfo
392
–
UERadioAccessCapabilityInformation
394
–
UERadioPagingInformation
395
10.3
Inter-node RRC information element definitions
395
–
AS-Config
395
–
AS-Context
396
–
ReestablishmentInfo
397
–
RRM-Config
398
10.4
Inter-node RRC multiplicity and type constraint values
399
–
Multiplicity and type constraints definitions
399
–
End of EUTRA-InterNodeDefinitions
399
10.5
Mandatory information in AS-Config
399
11
UE capability related constraints and performance requirements
400
11.1
UE capability related constraints
400
11.2
Processing delay requirements for RRC procedures
400
11.3
Void
404
Annex A (informative):
Guidelines, mainly on use of ASN.1
404
A.1
Introduction
404
A.2
Procedural specification
404
A.2.1
General principles
404
A.2.2
More detailed aspects
404
A.3
PDU specification
405
A.3.1
General principles
405
A.3.1.1
ASN.1 sections
405
A.3.1.2
ASN.1 identifier naming conventions
405
A.3.1.3
Text references using ASN.1 identifiers
406
A.3.2
High-level message structure
407
A.3.3
Message definition
407
A.3.4
Information elements
409
A.3.5
Fields with optional presence
410
A.3.6
Fields with conditional presence
410
A.3.7
Guidelines on use of lists with elements of SEQUENCE type
411
A.4
Extension of the PDU specifications
412
A.4.1
General principles to ensure compatibility
412
A.4.2
Critical extension of messages
412
A.4.3
Non-critical extension of messages
413
A.4.3.1
General principles
413
A.4.3.2
Further guidelines
414
A.4.3.3
Typical example of evolution of IE with local extensions
414
A.4.3.4
Typical examples of non critical extension at the end of a message
415
A.4.3.5
Examples of non-critical extensions not placed at the default extension location
416
–
ParentIE-WithEM
416
–
ChildIE1-WithoutEM
416
–
ChildIE2-WithoutEM
417
A.5
Guidelines regarding inclusion of transaction identifiers in RRC messages
418
A.6
Protection of RRC messages (informative)
418
A.7
Miscellaneous
420
Annex B (normative):
Release 8 and 9 AS feature handling
420
B.1
Feature group indicators
420
B.2
CSG support
428
Annex C (normative):
Release 10 AS feature handling
429
C.1
Feature group indicators
429
Annex D (informative):
Descriptive background information
432
D.1
Signalling of Multiple Frequency Band Indicators (Multiple FBI)
432
D.1.1
Mapping between frequency band indicator and multiple frequency band indicator
432
D.1.2
Mapping between inter-frequency neighbour list and multiple frequency band indicator
432
D.1.3
Mapping between UTRA FDD frequency list and multiple frequency band indicator
433
Annex E (informative):
Change history
434


� SRB: Signalling Radio Bearer


� DRB: Data Radio Bearer


� We do herein not account for the 1.5 octets concatenation header fields in RLC that would be added for each ending PDCP PDU. One should however note that concatenation typically reduces the number of RLC/MAC headers as well as CRCs. Hence, by ignoring the possibility of concatenation in this calculation we make a worst-case assumption for the overall header overhead.
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