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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.
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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 Unaligned Packed Encoding Rules (PER) [1] are used for both 3G and 4G RRC due to their well-known compactness [2].
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Recently, International Telecommunications Union (ITU) has evolved their encoding rules and currently there are more encoding rule alternatives than there were upon the introduction of 3G and 4G radio interface standards. The main advantage of these new encoding rules is improved Central Processing Unit (CPU) cycle efficiency which speeds up encoding/decoding. The disadvantage is that the CPU cycle efficiency is improved by adding padding bits. Consequently, encodings are not as compact as those of Unaligned PER but if CPU cycles are scarce resource, these encoding rules are useful with respect to processing delay and latency requirements.
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It is reasonable to assume that the evolution of ITU encoding rules is based on a rationale to develop new solutions that can take advantage of the above-mentioned trade-off but one should also keep in mind that encoding rules are intended for several different purposes and radio interfaces is only one possible use case. The purpose of this contribution is to initiate discussion whether this trade-off is useful for 5G RRC or not. It is therefore motivated to discuss the selection of encoding strategy.
Encoding Rules
The following encoding rules are considered; 
· Unaligned Packed Encoding Rules (PER) [1] where all fields are encoded to the minimum number of bits and padding is added in the end of the encoding to octet-align the encoded message.
· Aligned PER [1] where the encoder behaviour is like that of Unaligned PER except that the encoder adds padding bits to ensure that all octet-aligned-bit-fields start on octet boundaries to speed up encoding/decoding [2]. It means that encoding of an octet string or integer type with 256 code-points may start at any bit position for Unaligned PER whereas Aligned PER adds padding bits such that the encoding starts on an octet-boundary.
· Octet Encoding Rules (OER) [3] where all bit-fields (regardless of the number of code-points and the encoded data type) are encoded to full octets which is expected to speed up encoding/decoding even more when compared to Aligned PER. 
· Basic Encoding Rules (BER) [4] where all encodings include Type Length Value (TLV) information for each encoded field. BER is neither compact nor very CPU cycle efficient but it is generally used as a reference encoding scheme to benchmark different encodings. The main benefit of BER is that the encodings are self-describing, i.e. decoding of PER and OER encodings is not possible without ASN.1 schema whereas BER decoding can be based on TLV wrappers.
· Extended XML Encoding Rules (EXER) [5] where encodings are based on a mark-up language. EXER is neither compact nor very CPU cycle efficient but it is generally used as a reference scheme to benchmark different encodings. The main benefit of EXER is that the encodings are — not only self-describing but also — human-readable. 
It should be noted that BER and EXER are evaluated only as reference schemes and they are not proposed as realistic choices for a radio interface. 
Encoded messages
The content of 5G RRC messages is not defined yet and therefore the analysis is based on 4G messages. It means that the comparison assumes that 5G RRC messages will content-wise remind those of 4G RRC messages, i.e. the field contents and sizes are assumed to be statistically very similar between 4G and 5G RRC. 
It is expected that small size-critical messages do not thrive from these new encoding rules because the encoding/decoding is fast anyway and added padding bits mainly increase the encoding size. The following size-critical small messages are therefore studied;
· Master Information Block exemplifies a simple and small downlink message,
· RRC Connection Request exemplifies a simple and small uplink message.
In contrast, large and complex messages are expected to benefit from improved CPU cycle efficiency but it is still important to quantify the impact on the encoding size. One large and complex message is studied; System Information message including System Information Block Type 2 and System Information Block Type 3. The impact of extensions is studied by encoding the following three variants of the message;
· All optionally present fields are absent and all lists are filled to minimum size, i.e. the minimum content of the message.
· All optionally present fields are present, all lists are filled to maximum size but the content is limited to Rel-8, i.e. the maximum content without extensions.
· All optionally present fields are present, all lists are filled to maximum size, all extension addition groups are included but the late extension container is not included for the sake of simplicity, i.e. the maximum content with all extension addition groups.
Results
The encoding sizes of the messages are presented in the table below.
	Messages
	Encoding Rules

	
	Unaligned PER
	Aligned PER
	OER
	BER
	EXER

	Master Information Block
	3 bytes
	3 bytes
	6 bytes
	26 bytes
	418 bytes

	RRC Connection Request
	6 bytes
	7 bytes
	11 bytes
	29 bytes
	576 bytes

	System Information: SIB2 and SIB3 minimum content
	30 bytes
	33 bytes
	81 bytes
	252 bytes
	6177 bytes

	System Information: SIB2 and SIB3 maximum content without extensions
	70 bytes
	74 bytes
	151 bytes
	464 bytes
	11543 bytes

	System Information: SIB2 and SIB3 maximum content including all extension addition groups
	395 bytes
	404 bytes
	992 bytes
	2946 bytes
	91113 bytes


Table 1: Comparison of encoding sizes.
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Findings
It is possible to make the following observations based on the encoding sizes;
· Compared to BER and EXER, both variants of PER and OER results in relatively compact encodings for all message types and the presence (and absence) of extensions and other optional content does not influence the compactness.
· Both variants of PER seem to have nearly the same encoding sizes which is somewhat unexpected. One possible explanation is that the encoded messages do not typically contain many octet-aligned-bit-fields and therefore Aligned PER does not add padding bits very often. If that is the case, Aligned PER is probably not expected to have much benefits with respect to encoding/decoding speed when compared to Unaligned PER but that may require more investigations.
· OER encodings typically have double the size of PER encodings which could be explained by the presence of many fields that have so small number of code-points that PER can encode them with 4 bits on average whereas OER encodes them to full octets. It suggests that OER could be acceptable for large/complex messages given that there are sufficient benefits in terms of encoding/decoding speed. OER seem to be somewhat problematic for small size-critical messages such as Master Information Block and RRC Connection Request where bits are scare and encoding/decoding speed is less important than for large and complex messages. The problem partly stems from the way how the fields are defined. If the fields are defined such that they have many code-points, it should be possible to keep the encoding sizes reasonably small but that should be investigated further.
It should be noted that the analysis is very simple and further studies are needed because the contribution is
· solely limited on the comparison of encoding sizes which means that the encoding and decoding speeds are not quantified, and 
· it compares a limited set of messages and the impact of extensions and optional content is modelled by encoding three variants of the same message.
It is therefore proposed to continue the study e.g. by including analysis of encoding/decoding speed.
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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.

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