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Introduction
In RAN #103 meeting, the work item for Rel-19 Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 was approved [1]. One of the objectives of the work item, as shown below, is efficient delivery of RRCEarlyDataComplete message. 
	· Support of Capacity enhancements for uplink

· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2, RAN4]

· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account


· [bookmark: OLE_LINK26][bookmark: OLE_LINK14]Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete




This contribution discusses the objective from overhead reduction point of view.
Discussion
In this section, examples of message building with mandatory and optional contents are discussed followed by an estimation of a typical rrcEarlyDataComplete message size for NB-IoT.
Mandatory Content
The rrcEarlyDataComplete message is transferred over DL-CCCH logical channel. The top-level message dispatching is composed of 2 nested choice constructs, as shown below, and they both introduce mandatory content.

DL-CCCH-Message-NB ::= SEQUENCE {
	message					DL-CCCH-MessageType-NB
}

DL-CCCH-MessageType-NB ::= CHOICE {
	c1						CHOICE {
		rrcConnectionReestablishment-r13		RRCConnectionReestablishment-NB,
		rrcConnectionReestablishmentReject-r13	RRCConnectionReestablishmentReject,
		rrcConnectionReject-r13					RRCConnectionReject-NB,
		rrcConnectionSetup-r13					RRCConnectionSetup-NB,
		rrcEarlyDataComplete-r15				RRCEarlyDataComplete-NB-r15,
		spare3 NULL, spare2 NULL, spare1 NULL
	},
	messageClassExtension	SEQUENCE {}
}

The first choice is a selection between c1 and messageClassExtension and it requires 1 bit because there are only 2 entries. The second choice is a selection between 5 messages, and it requires 3 bits (because 22 < 5 < 23). Therefore, the dispatching of rrcEarlyDataComplete requires 4 bits as summarized in the Table 1.

Table 1: DL-CCCH encoding sizes for rrcEarlyDataComplete message dispatching.
	Value reference
	Data type
	Value
	Encoding size [bits]

	message
	CHOICE
	0
	1

	c1
	CHOICE
	5
	3



The message itself is critically extensible with a choice between different versions, as shown below. The choice has only 2 entries and therefore it requires 1 bit. The message body is composed of 5 optionally present fields, and the 5 optionality bits are always encoded in the sequence construct in the beginning of the message body regardless of the fields’ presence.

RRCEarlyDataComplete-NB-r15 ::=		SEQUENCE {
	criticalExtensions					CHOICE {
		rrcEarlyDataComplete-r15			RRCEarlyDataComplete-NB-r15-IEs,
		criticalExtensionsFuture			SEQUENCE {}
	}
}

RRCEarlyDataComplete-NB-r15-IEs ::=	SEQUENCE {
	dedicatedInfoNAS-r15				DedicatedInfoNAS				OPTIONAL,	-- Need ON
	extendedWaitTime-r15				INTEGER (1..1800)				OPTIONAL,	-- Need ON
	redirectedCarrierInfo-r15			RedirectedCarrierInfo-NB-r13	OPTIONAL,	-- Need ON
	redirectedCarrierInfoExt-r15		RedirectedCarrierInfo-NB-v1430	OPTIONAL,	-- Cond Redirection
	nonCriticalExtension				RRCEarlyDataComplete-NB-v1590-IEs	OPTIONAL
}

Therefore, even if the rrcEarlyDataComplete-NB-r15 is sent without any content, 6 bits needs to be encoded as summarized in the Table 2 below.

Table 2: Mandatory content of rrcEarlyDataComplete message.
	Value reference
	Data type
	Value
	Encoding size [bits]

	criticalExtensions
	CHOICE
	0
	1

	rrcEarlyDataComplete-r15
	SEQUENCE
	{ 0, 0, 0, 0, 0 }
	5



The total number of encoded bits is 4+6=10 but since the final encoding product is octet aligned, 6 padding bits are needed which means that the minimum message size is 16 bits or 2 octets.
[bookmark: _Toc166174508]Observation 1: The minimum encoding size of rrcEarlyDataComplete message is 2 octets composed of 10 mandatory present bits and 6 padding bits for octet alignment.
If transmission of an empty RRC message is considered useful for the sake of completion of the transmission procedure, as proposed in [2][3], it is possible to reduce the message size by avoiding the optionality bits. One possible solution is to define a new version of the message on the DL-CCCH-MessageType level but without any content at all. The new message version could then be composed of only 4 mandatory bits and either 4 padding bits for octet alignment or contain 4 spare bits, as shown below:

DL-CCCH-Message-NB ::= SEQUENCE {
	message					DL-CCCH-MessageType-NB
}

DL-CCCH-MessageType-NB ::= CHOICE {
	c1						CHOICE {
		rrcConnectionReestablishment-r13		RRCConnectionReestablishment-NB,
		rrcConnectionReestablishmentReject-r13	RRCConnectionReestablishmentReject,
		rrcConnectionReject-r13					RRCConnectionReject-NB,
		rrcConnectionSetup-r13					RRCConnectionSetup-NB,
		rrcEarlyDataComplete-r15				RRCEarlyDataComplete-NB-r15,
		rrcEarlyDataComplete-r19				RRCEarlyDataComplete-NB-r19spare3 NULL, spare2 NULL, spare1 NULL
	},
	messageClassExtension	SEQUENCE {}
}

RRCEarlyDataComplete-NB-r19 ::=		SEQUENCE {
	spare								BIT STRING (SIZE(4))
}


Another possibility is to define a critical extension in the same manner, i.e. without any content or with only spare values to fill the encoding to an octet boundary thus avoiding padding bits. Whichever way the improvement would be done, there however seems to be a small benefit because currently the smallest encoding size is already very small -- only 2 octets.
[bookmark: _Toc166174509]Observation 2: It is possible to reduce the minimum encoding size from 2 octets to 1 octet.
It should be noted that the possible reduction of the minimum encoding size is useful only for a limited use case, i.e. for mobile-originated data without sending any configurations, but not for a general case. If the only purpose of the message is to complete the early data transmission procedure, the improvement may be useful, even though it can also be argued that a lower layer control element or acknowledgement may be sufficient, but such an enhancement is outside of the work item objectives, and therefore not discussed further in this contribution.
[bookmark: _Toc166174510]Proposal 1: Introduce rrcEarlyDataComplete-r19 to support a single octet encoding. 
Optional Content
The rest of the message is solely composed of optional content whereof three optional fields are using sequences for non-critical extensions:

RRCEarlyDataComplete-NB-r15-IEs ::=	SEQUENCE {
	dedicatedInfoNAS-r15				DedicatedInfoNAS				OPTIONAL,	-- Need ON
	extendedWaitTime-r15				INTEGER (1..1800)				OPTIONAL,	-- Need ON
	redirectedCarrierInfo-r15			RedirectedCarrierInfo-NB-r13	OPTIONAL,	-- Need ON
	redirectedCarrierInfoExt-r15		RedirectedCarrierInfo-NB-v1430	OPTIONAL,	-- Cond Redirection
	nonCriticalExtension				RRCEarlyDataComplete-NB-v1590-IEs	OPTIONAL
}

RRCEarlyDataComplete-NB-v1590-IEs ::=	SEQUENCE {
	lateNonCriticalExtension					OCTET STRING					OPTIONAL,
	nonCriticalExtension						RRCEarlyDataComplete-NB-v1700-IEs	OPTIONAL
}

RRCEarlyDataComplete-NB-v1700-IEs ::=	SEQUENCE {
	cbp-Index-r17				INTEGER (1..2)				OPTIONAL,	-- Need OR
	nonCriticalExtension		SEQUENCE {}				OPTIONAL
}

In principle, it could be possible to remove a couple of optionality bits by restructuring the message body such that there is one long sequence with only one non-critical extension field, but such an improvement might be worthwhile only if, e.g. most of the content is typically present. Usually, all extensions and optional fields are not necessarily needed and therefore it is not obvious that one long sequence would always be better than multiple short ones because one long sequence needs to contain encoding of all optionality bits of the whole message which is not the case for a short sequence. Otherwise, there does not seem to be any clear overhead improvement possibilities in the optional fields because the content is mainly composed of non-extensible enumerations and fixed value ranges.
Message Size
Another important aspect to consider is the typical message size. As already discussed above, the minimum message size is easily obtained whereas the maximum size is unknown because the message is extensible. In addition, the analysis of either minimum or (current) maximum size would only represent very limited use cases but not a typical message. Therefore, the analysis is based on randomly generated messages where the optional fields are present and absent with equal probability, and the field contents are randomly and uniformly chosen from their value ranges [4]. The analysis further assumes that the NAS container and all other octet strings are empty.
The average message size from 1000 randomly generated messages is found to be 5.194 ± 0.1895 octets with 95% confidence interval. It should be noted that these randomly generated messages are not equivalent to real-life implementations and the statistics should only be seen as an estimate of a possible size of the RRC message content. 
The results indicate that a typical rrcEarlyDataComplete message without NAS container is most likely rather small. If the NAS container is present and it conveys, for example, 100 bytes data, the RRC message content is merely some percentage of the total message size. It is therefore difficult to see any significant benefits with message overhead reductions when the NAS container is present.
Summary
The analysis of the message indicates that there is very little overhead. It is possible to remove some optionality and padding bits from the mandatory content of the minimum encoding size, but it is hard to see any improvements for the optional content in a general case. The message size analysis also indicates that a typical rrcEarlyDataComplete message size may be rather small compared to expected payload sizes conveyed in the NAS container. 
This contribution considers only overhead aspects related to message size and message building but there are other possible sources of signaling overhead caused by, e.g., transmission failures. A possible area for further studies could be mechanisms for avoidance of transmission failures, i.e. to ensure that the small data can usually be transmitted in one message transaction.
[bookmark: _Toc166174511]Proposal 2: Conclude that the rrcEarlyDataComplete message does not contain more overhead, and further overhead analysis may be focused on other signalling aspects such as successful delivery of the data and avoidance of undesirable events such as transmission failures.
Conclusion
The observations and proposals of this contribution are summarized as follows:
Observation 1: The minimum encoding size of rrcEarlyDataComplete message is 2 octets composed of 10 mandatory present bits and 6 padding bits for octet alignment.
Observation 2: It is possible to reduce the minimum encoding size from 2 octets to 1 octet.

Proposal 1: Introduce rrcEarlyDataComplete-r19 to support a single octet encoding.
Proposal 2: Conclude that the rrcEarlyDataComplete message does not contain more overhead, and further overhead analysis may be focused on other signalling aspects such as successful delivery of the data and avoidance of undesirable events such as transmission failures.
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