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Introduction
3GPP interfaces define messages by using Abstract Syntax Notation One (ASN:1). The main principle is to define messages at a high-level of abstraction (i.e. abstract syntax) and apply encoding rules to determine bit-patterns that represent values of these data-structures when they are transferred over the interface (i.e. transfer syntax). The purpose of this contribution is to initiate discussion on the selection of encoding rules and outline some possible solutions for 5G Radio Resource Control (RRC) protocol:
Discussion
Usually the main requirement for encodings has been encoding compactness based on the reasoning that radio channels are error prone and bandwidth is always a scarce resource. It is therefore perceived desirable to avoid large encoding sizes and hence Unaligned Packed Encoding Rules (PER) are used for both 3G and 4G RRC due to their well-known compactness [1].
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Arguably the compactness of Unaligned PER is only exploited in 3G where RRC messages are frequently restructured (or “critically” extended). Such a restructuring of messages minimizes message sizes which is motivated due to fact that low data rate dedicated channels are used for 3G RRC signalling. This is not the case for 4G and therefore it has been possible to avoid similar kind of complicated restructurings in 4G RRC. Apart from some rare exceptions, no message size optimizations have been deemed to be necessary for 4G RRC even though the encodings are found to contain non-negligible amount of encoder generated auxiliary information such as length indicators, padding etc. due to numerous extensions [2].
It is expected that 5G will not introduce low data rate circuit-switched dedicated channels and similarly RRC extensibility is expected to be based on (somehow evolved) 4G RRC solutions rather those of 3G RRC. A question therefore arises; what is the added value of using compact encoding schemes if signalling is not bandwidth limited anyway? The question is relevant because compact encoding does not only have benefits since Unaligned PER encoding rules have e.g. high encoding/decoding latency. It is therefore motivated to study possibilities to use other encoding strategies.
One possible alternative to Unaligned PER could be Aligned PER [1]. The main principle of Aligned PER is to add padding bits to ensure that octet-aligned-bit-fields always start on octet boundaries [3]. E.g. encoding of an OCTET STRING (in the middle of a message) may start at any bit position for Unaligned PER whereas Aligned PER adds padding to ensure that the encoding starts on an octet-boundary. The added padding bits improve CPU cycle efficiency and speed up encoding/decoding.
Another possible alternative is Octet Encoding Rules (OER) [4] where all fields are octet-aligned which is expected to speed up encoding/decoding even more when compared to both variants of PER. The downside of both Aligned PER and OER is that the encodings are not as compact as those of Unaligned PER but if CPU cycles are scarce, OER or Aligned PER may be more adequate choices than Unaligned PER, e.g. with respect to 5G processing delay and latency requirements.
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It can be argued that the trade-off between encoding compactness and encoding/decoding speed does not address any problems with size-critical messages and hence the requirement to limit the size of encoded messages should still be the main selection criteria. The counter-argument is that all messages do not need to be encoded by using the same encoding rules. It is possible to mix or modify or even define completely new encoding rules from scratch by using Encoding Control Notation (ECN) [5]. The possibility to use ECN is supported already since REL-99 [6] even though it is used only once in 25.331 to bypass some Unaligned PER encoding rules (and arguably the same ECN module should also be included in 36.331 because the same rules are bypassed there as well). 
The chief advantage of ECN is that it could be possible to design encodings for different use cases and e.g. differentiate between bandwidth and processing limited cases.
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[bookmark: _Toc465154353][bookmark: _Toc465154381][bookmark: _Toc465154963][bookmark: _Toc465155544]It seems that the choice of encoding rules is not necessarily completely obvious and it is difficult to come up to a reasoned conclusion with one discussion paper. As already mentioned, the purpose of this contribution is to highlight some questions and observations. It should be noted that for now the purpose is not to promote any of the possible solutions but instead trigger more discussion on this topic and encourage interested companies to study and identify requirements for 5G RRC encodings rules.
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Conclusion
In section 2 we made the following observations:
Observation 1	So far the requirement to limit the size of encoded messages has governed the selection of encoding rules and therefore Unaligned Packed Encoding Rules (PER) are used for both 3G and 4G RRC.
Observation 2	It is possible to trade-off encoding compactness to encoding/decoding speed by using e.g. Aligned PER or Octet Encoding Rules (OER).
Observation 3	It is possible to design encodings rules specifically for different use cases and mix different encoding rules by using Encoding Control Notation (ECN).

Based on the discussion in section 2 we propose the following:
Proposal 1	Study and identify requirements for 5G RRC encoding rules.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref465956056]ITU-T Recommendation X.691: "Information technology - ASN.1 encoding rules: Specification of Packed Encoding Rules (PER)".
R2-131676, Comparison of Critical and Non-Critical Extensions, Ericsson, ST-Ericsson, RAN2#82, Fukuoka, Japan, May 20-24, 2013
John Larmouth, ASN.1 Complete, Open Systems Solutions 1999
ITU-T Recommendation X.696: "Information technology - ASN.1 encoding rules: Specification of Octet Encoding Rules (OER)".
ITU-T Recommendation X.692: "Information technology - ASN.1 encoding rules: Specification of Encoding Control Notation (ECN)".
3GPP TR 25.921: "Guidelines and principles for protocol description and error handling".
[bookmark: _GoBack]
	2/2	
