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1 Introduction

The purpose of this contribution is to continue the discussion of Stage-3 details for the MTC work item. The main focus is on the message and information element structures to address the problems caused by e.g. message size limitations.
2 Discussion
2.1 Message content vs message size
EUTRA RRC specification specifies message and information elements by using abstract syntax notation whereas transfer syntax and encoding rules determine the actual sequence of transferred bits. The main purpose of this distinction between abstract syntax and transfer syntax is to reduce the complexity of protocol specification work by decoupling the protocol specification from encoding rules. In general, abstract syntax is relatively simple compared to transfer syntax and encoding rules. 
It is generally possible (for relatively short and simple messages) to compute the number of bits required for the message content by analysing the abstract syntax whereas the computation of encoded octets for the message requires analysis of transfer syntax which can be very complex. E.g., every new indicator normally increases the message content with one bit but it makes a huge difference where the bit is placed. If the indicator is placed in an extension addition group, it may increase the message size roughly 3 octets because it is necessary to inform the receiver that an extension is present, indicate the number of optionality bits, add a bit map for the optionality bits, provide the number of encoded octets and finally add padding to octet-align the encoding [1]. Otherwise the receiver cannot know how to handle extensions. If the extension is further placed in a list and repeated multiple times, there can be a significant impact on the message size [2].
Observation 1 The number of bits for the message content can be obtained from the abstract syntax but the number of encoded octets requires analysis of transfer syntax.

An unfortunate downside of the aforementioned approach is that it complicates the analysis of message sizes. So far this has not been an issue (i.e. of any interest) because the main use case has been high data rate services without practically any bandwidth limitations for signalling. Now, the situation has changed due to low data rate use cases such as machine-type communication and low-complexity UEs.
A problem arises, since most of the RRC messages are relatively complex and the encodings depend on the message building. Even though some restrictions for message building are sometimes mentioned in the specification, they are only intended to prevent obvious error cases and hence message building is generally implementation specific. A thorough analysis of message sizes would require some statistics of encoded messages from real implementations but this is not feasible for development of new Releases. Therefore an alternative approach is needed.
It is often possible to see from the abstract syntax how the transfer syntax may be impacted without having to elaborate the exact details of encoding rules. Usually all extensions that are based on extension markers, extension addition groups and contained octet strings require roughly 2-3 octets auxiliary data in the transfer syntax. It is therefore proposed to consider removing that kind of auxiliary data (from the transfer syntax) whenever possible by restructuring (the abstract syntax of) messages and information elements. It should be emphasized that the abstract syntax could be improved also otherwise if deemed necessary. So the proposal should not be (mistakenly) generalized to mean that any other types of improvements are not necessarily needed.
Proposal 1 Consider extending critically all such information elements and messages that are currently extended with an extension markers and extension addition groups, e.g. by creating new branches.
In the rest of the contribution potential improvement areas are discussed. It is proposed that RAN2 discusses what kinds of improvements are necessary. One should keep in mind that this contribution presents only one set of possible improvements and further (and alternative) improvements are possible if, e.g., the proposed improvements are not deemed sufficient or there are other proposals that are perceived more efficient. The proposed improvements are captured in the running CR [3].
2.2 System Information

The previous meeting concluded a working assumption that the current SIB1 structure could be used for SIB1bis. However, the current structure includes SIB-Type information element which is already extended by using an extension marker (and where all spare values are furthermore used). If new SIBs are introduced, such extensions may cause considerable impacts on the message size depending on the SIB scheduling. If the extension marker is used e.g. 5 times and every extension marker generates roughly 3 octet auxiliary data, it may happen that 50% of the message will be encoder-generated auxiliary information. It is therefore proposed to create a new structure for SIB1bis such that a new version of the SIB-Type information element can be defined.
Proposal 2 Create a new structure for SIB1bis.
SIB1 is not the only SIB that contains extension markers. There are several SIBs that are extended with extension addition groups, e.g. SIB2, SIB3, SIB5, SIB6, SIB7, SIB8, SIB9, SIB10, SIB11 and SIB13. In order to reduce the size of these SIBs for coverage enhancements, it is proposed to create new versions of these SIBs and critically extend the system information message. The critical extension will also allow relocating the extension marker for the SIB-TypeAndInfo indication thereby reducing the size of the system information message.
Proposal 3 Create a critical extension of the system information message.
Proposal 4 Create new versions of all such system information blocks that are extended by using extension markers or extension addition groups.
2.3 Dedicated signalling

Apart from the system information, extension markers and extension addition groups have potentially non-negligible impacts on dedicated signalling as well. It has been shown that it is possible to find cases where roughly 50% of the downlink messages are composed of encoder-generated auxiliary information [2]. It is also well-known that restructuring of extensions by using critical extensions helps the problem.
2.3.1 Uplink

EUTRA RRC supports critical extensions for uplink even though such extensions have never been used. One problem with critical (uplink) extensions is that the UE should know whether or not the network supports such extensions. It is unclear how this kind of mechanism should work because it means that the network needs to advertise its supported extension versions and similarly the UE shall read the information always prior sending anything in uplink. Luckily uplink messages do not currently contain many extension addition groups or extension markers. It is therefore proposed to discuss whether it is necessary to create any new versions or branches of uplink messages.
Proposal 5 Discuss if uplink messages need to be optimized, and if so, how the network should indicate the support of e.g. new branches and how the UE should acquire these indications.
2.3.2 Downlink

As already mentioned the radio interface has so far been dimensioned for high data rate use cases and therefore existing signalling solutions do not scale very well for low data rates because for low data rates extension addition groups may create a lot of data compared to the actual content of the message. There are two options;

1. Create new branches, information elements and messages specifically for low data rate use cases. 

2. Restructure existing messages such that the protocol scales better for both low and high data rates. 

Alternative 1 is complicated but the outcome would probably be much optimized for a specific use case. The downside is that it would create two different “tracks” which would need to be independently evolved and maintained. It would also create a precedent, i.e. an example of how signalling should be tailored for very specific cases, which would increase the risk that the protocol becomes very fragmented. The introduction of new messages would also potentially require duplication of procedures, new UE variables, new inter-node RRC messages which is something that would make the protocol even more complex.
Alternative 2 is straightforward because it would need a similar kind of “clean-up” which is typically done for UTRA RRC in new Releases. So the solution is well-known and there is sufficiently evidence that it works. A problem arises, since there is 4 Releases (9, 10, 11 and 12) “clean-up” backlog and hence there would be a lot of changes but (apart from the proposal itself) nothing controversial is expected. The benefit is that the protocol would keep on evolving without fragmenting into different “tracks”.
It seems that alternative 2 has more benefits than downsides. The potentially impacted information elements and messages are outlined in the annex.
Proposal 6 Create new branches for downlink dedicated signalling in order to reduce the message sizes.
2.4 Inter-node RRC messages

Also inter-node RRC message have extension markers and extension addition groups but it is harder to motivate why they should be optimized. However, new versions of all those RRC definition information elements that are critically extended and referenced in the (inter-node RRC message) module should be imported from RRC definitions added in inter-node RRC messages as extensions, i.e. no critical extension of inter-node RRC message. 
Proposal 7 There is no need to critically extend inter-node RRC messages.
2.5 UE variables

UE variables do not have any impact on the radio interface.
Proposal 8 UE variables do not need to be restructured.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The number of bits for the message content can be obtained from the abstract syntax but the number of encoded octets requires analysis of transfer syntax.


Based on the discussion in section 2 we propose the following:
Proposal 1
Consider extending critically all such information elements and messages that are currently extended with an extension markers and extension addition groups, e.g. by creating new branches.
Proposal 2
Create a new structure for SIB1bis.
Proposal 3
Create a critical extension of the system information message.
Proposal 4
Create new versions of all such system information blocks that are extended by using extension markers or extension addition groups.
Proposal 5
Discuss if uplink messages need to be optimized, and if so, how the network should indicate the support of e.g. new branches and how the UE should acquire these indications.
Proposal 6
Create new branches for downlink dedicated signalling in order to reduce the message sizes.
Proposal 7
There is no need to critically extend inter-node RRC messages.
Proposal 8
UE variables do not need to be restructured.
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5 Annex
CSI-Process-r11 

CSI-ProcessToAddModList-r11 

CQI-ReportBoth-r11 

CQI-ReportConfig-v1130

EPDCCH-Config-r11

LogicalChannelConfig

MAC-MainConfig

PDCP-Config

PhysicalConfigDedicated

PhysicalConfigDedicatedSCell-r10 

RadioResourceConfigCommonSIB

RadioResourceConfigDedicated

RadioResourceConfigDedicatedSCell-r10

SPS-ConfigDL 

SPS-ConfigUL 

MobilityControlInfo

MeasConfig

MeasObjectEUTRA

MeasObjectUTRA

QuantityConfig

ReportConfigToAddMod-r13 

ReportConfigToAddModList

ReportConfigEUTRA

ReportConfigInterRAT

OtherConfig-r9

IDC-Config-r11 

DRB-ToAddMod 

DRB-ToAddModList 

RadioResourceConfigDedicatedSCell-r10 

DRB-ToAddModSCG-r12

DRB-ToAddModList

RRCConnectionReconfiguration-r8-IEs

PSCellToAddMod-r12 

SCG-Configuration-r12

RRCConnectionReestablishment-r8-IEs

SCellToAddMod-r10 

SCellToAddModList-r10 

SPS-Config 

RadioResourceConfigDedicatedPSCell-r12

RadioResourceConfigDedicatedSCG-r12
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