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1. Introduction
As discussed in C1-223767, the resources of non-comprehension required type 6 IEI values are not enough for the new type 6 IE allocation in the REGISTRATION ACCEPT message. 

In addition, a new type 6 IE 'NSAG information' is introduced into the REGISTRATION ACCEPT message in the latest specification (3GPP TS 24.501 v17.7.1). However, this IE has no available non-comprehension IEI based on the current rules. 

This paper aims to introduce the potential points, analyze some existing solutions and propose a feasible solution to resolve this issue.


2. Discussion
2.1. IEI value range

According to TS 24.007 subclause 11.2.4, the IEI value of each type of IE has been ruled in a limit range.

The receiver shall assume the following rule for IEs with unknown IEI:
	Bit 8 of the IEI octet is set to "1" indicates a TV formatted type 1 standard IE or a T formatted type 2 IEs. Hence, a 1 valued bit 8 indicates that the whole IE is one octet long.
…
Furthermore, for the 5GS protocols 5GMM and 5GSM:
	Bit 8 of the IEI octet set to "0" and bits 7 to 5 set to "1" indicates a TLV-E formatted type 6 IE, i.e. the following two octets are length octets. Bit 8 of the IEI octet set to "0" and bit 7 to 5 set to any other bit combination indicates a TLV formatted type 4 IE, i.e. the following octet is a length octet.
…
Unless otherwise specified the presence of a IE of unknown IEI or of an out of sequence IE shall not lead by itself to an error. An alternative specification is the 'comprehension required' scheme. A type 4 IE is encoded as 'comprehension required' if bits 5, 6, 7 and 8 of its IEI are set to zero. A type 6 IE is encoded as 'comprehension required' if bit 8 is set to zero and bits 3, 4, 5, 6, and 7 of its IEI are set to one. The 'comprehension required' scheme is to be applied if explicitly indicated in the protocol specification. The reaction on the reception of an unknown or out of sequence IE coded as 'comprehension required' is specified in the relevant protocol specification.

Based on the above statements, the value ranges can be summarized as follows. The value range of IEI from 00 to FF is already been allocated for different IE types.

Table-1. IEI value range
	IE Categories
	IEI Value Range
	Number of IEIs
	Number of Non-Comprehension Required IEI
	Number of Comprehension Required IEI

	Type 1
	8- to F-
	8
	/

	Type 2
	80 to FF
	128
	/

	Type 4
	00 to 6F
	112
	96
	16
(00 to 0F all unused)

	Type 6
	70 to 7F
	16
	12
	4
(7C to 7F all unused)



For now, the comprehension required IEIs of type 4 and type 6 have not been used in the 5GMM messages in 3GPP TS 24.501. However, some comprehension required IEIs had ever been assigned by mistake for some IE such as 'LADN indication IE' and 'Service-level-AA container IE' and so on, they are all fixed now.

The same IEI value can be used to indicate different IE in the different messages, which ensures enough IEIs resources in one message, except for the following cases:
1) the number of the type 1 IEs in one message is over 8;
2) the number of the type 2 IEs in one message is over 128;
3) the number of the non-comprehension required type 4 IEs in one message is over 96;
4) the number of the comprehension required type 4 IEs in one message is over 16;
5) the number of the non-comprehension required type 6 IEs in one message is over 12; or
6) the number of the comprehension required type 6 IEs in one message is over 4.

In Rel-17, three type 6 IEs, 7B for Service-level-AA container IE, 70 for NSSRG information IE and 71 for extended CAG information list IE, are already introduced into the REGISTRATION ACCEPT message. With the introduction of the new type 6 IE, the NSAG information IE, there is no available new IEI of type 6 IE in the REGISTRATION ACCEPT message since the type 6 IEs in this message is over 12 now.

There are two ways forward to resolve this issue:
1. Maintain the current rules, e.g. start to use the comprehension required IEIs;
2. Modify the current rules, e.g. expand the IEI value range of the type 6 IE (either the non-comprehension required IEIs or the whole type 6 IEIs);

Observation 1: The value range of IEI from 00 to FF has already been defined for different IE types. There is no available new IEI of type 6 IE in the REGISTRATION ACCEPT message. 


[bookmark: _Hlk107855147]2.2. Blind IE type detection

The blind IE type detection rule is introduced to help the receiver (including the UE and the network) detect and skip the unknown IEs. Quote of TS 24.007 subclause 11.2.4:

Unless otherwise specified in the protocol specification, the receiver shall assume that IE with unknown IEI are TV formatted type 1, T formatted type 2, TLV formatted type 4 or TLV-E formatted type 6 standard IEs. The IEI of unknown IEs together with, when applicable, the length indicator, enable the receiver to determine the total length of the IE, and then to skip unknown IEs.…

When the IE in the message is unknown to the receiver, it is ruled to skip the total length of the IE. It means that the receiver firstly detects the bit 8 to 5. The principles of blind IE type detection can be summarized as follows:

1. If the bit 8 is set to 1, the whole IE is regarded as one octet long (can be regarded as type 1 IE). Then the receiver skips '1' octets.

2. No type 2 IE allocated for the 5GMM and 5GSM protocol:

As a design rule, it is recommended that no T formatted type 2 IE is added to the non-imperative part of a standard L3 message.
NOTE 1:	Type 2 IEs restrict the number of possible type 1 IEs which can be used in a message and type 2 IEs cannot be extended or modified once introduced.

3. For type 3 IE, there is no blind IE type detection issue because no new TV formatted type 3 is added since Rel-15:

As a design rule, it is recommended that no new TV formatted type 3 IE is added to the non-imperative part of a standard L3 message except in the first release of a protocol specification which specifies the standard L3 message.
NOTE 2:	For example, for the 5GS protocols 5GMM and 5GSM, Release 15 is the first release of a protocol specification for REGISTRATION REQUEST message.

4. If the bit 8 is set to 0 and bits 7 to 5 are set to other values than '111', this IE is considered as a type 4 IE. Then the receiver skips '1+1+ LENGTH' octets (1 is IEI part length, 1 is type 4 LI part length, and the LENGTH is indicated for the value part in the LI part).

5. If the bit 8 is set to 0 and bits 7 to 5 are set to '111', this IE is considered as a type 6 IE. Then the receiver skips '1+2+LENGTH' octets (1 is IEI part length, 2 is type 6 LI part length, and the LENGTH is indicated for the value part in the LI part).

Observation 2: The receiver (including the UE and the network) would perform the blind IE type detection to detect and skip the unknown IEs.



2.2. Analysis

Here is the analysis of the existing solutions proposed in C1-223767 during CT1#136e:

Table-2. Existing solutions
	
	Solution A
	Solution B
	Solution C
	Solution D

	General Description


	start using “comprehension required” IEs and accept the side effects of implementations.
	adjust the rules of encoding a “comprehension required” IE (see sub-clause 11.2.5 of TS 24.007) so that for UEs and AMFs supporting new versions of the specifications there is no “comprehension required” IEs of type 6 so the side effects of its use are effectively avoided.
	modify the definition of IEs of type 6 for 5GMM so that a larger value range would be available. This would require a capability negotiation to indicate the support of the larger (or extended) value range for type 6 IEs
	don’t apply the rules for blind IE type detection to known type 6 IEs for the 5GMM protocol.

	Maintain/Modify 
the current rules
	Maintain
	Maintain
	Modify
	Modify

	Advantages
	No backward compatibility issue (blind IE type detection)
	No backward compatibility issue (blind IE type detection)
	Enough extended value range for type 6 IEs.
	An auxiliary way to address the blind IE type detection issue.

	Drawbacks
	1. only extra 4 IEIs can be used;
2. the side effects exist.
	1. only extra 4 IEIs can be used;
2. the legacy UEs and AMFs will handle those IEs as “comprehension required”;
3. no type 6 “comprehension required” IE can be used in the future release.
	1. the blind IE type detection risk exists;
2. the complex negotiation on a new extended value range (non-used range).
	1. no extra IEI can be used if it is applied solely;
2. the legacy UEs and AMFs will still perform blind IE type detection.



If the comprehension required IEIs are going to be used (see solutions A and B), it will cause no forward compatibility issue. However, how to use the remaining 4 IEIs to satisfy the oncoming IEs in the current and future releases will be a huge challenge for the stage 3 designer. As to the future releases, it is unforeseen how many new type 6 IEs will be introduced. 

If the new extended value range (see solution C) is adopted, then there would be enough value range for the type 6 IE. However, a CODEC failure may happen to the legacy UEs and AMFs when applying the blind IE type detection. For example, considering a type 4 range IEI is used to assign for a new type 6 IE and this new type 6 IE is unknown to the legacy UE, then the UE would perform the blind IE type detection (i.e. detect the bit 8 to 5 of the IEI and consider it as a type 4 IE), which leads to an error that a type 6 IE is regarded to be skipped as a type 4 IE.

If the blind IE type detection is not applied for the known IEs solely (see solution D), it cannot create a new extended value range for the coming type 6 IEs, and the legacy UEs and AMFs will still perform blind IE type detection.

Observation 3: If starting to use the comprehension required IEI, then how to use the remaining 4 IEIs to satisfy the new IEs in the future is a challenge. If extending the type 6 IEI value range, it may cause the blind IE type detection issue.

Observation 4: A solution is required to address the two crucial points, the unforeseen number of the new type 6 IEs and the blind IE type detection.



2.3. New Solution



Figure 1. container IE in the N1 NAS message

The new solution – a container IE.
Based on the above analysis, a container IE is proposed in the REGISTRATION ACCEPT message (illustrated in the figure-1). The existing and incoming type 6 IEs can be encapsulated into this container IE with a type indication. In order to address the resource issue sustainably, each release can set a standalone container. This container IE is a type 6 IE and will occupy only one IEI value in each release.

What are the advantages of this container IE?
This solution has the least influence on the current rules as it maintains the current rules. For each release, there is adequate room to introduce many new IEs because the type indication range can be expanded without restriction. Most importantly, for the legacy implementation, no blind IE type detection issue exists since no change to the current IEI value range among different IE types.

Proposal 1: A container IE is proposed in the REGISTRATION ACCEPT message. The existing and incoming type 6 IEs can be encapsulated into this container IE with a type indication. 

How to choose an IEI for this container IE?
At the fairly late stage in Rel-17, there exists and is believed only one IE left (i.e., the NSAG information IE) needs to be addressed in the REGISTRATION ACCEPT message. As to future releases, the comprehension required IEI can be used. To be consistent, two options are proposed:
A. start to use comprehension required IEIs (i.e., 7C, 7D, 7E, and 7F), only encapsulate the NSAG information into the container IE in Rel-17, and choose one among these four IEIs as the IEI for the container IE in the Rel-17/18/19 respectively; or
(Impact: the comprehension required IEIs and the NSAG information procedure.)

B. reallocate the three type 6 non-comprehension required IEIs in Rel-17 (i.e., 7B for the Service-level-AA container IE, 70 for the NSSRG information IE, 71 for the extended CAG information list IE), centralize these three IEs and the NSAG information IE into a container IE in Rel-17, and choose one among these three IEIs as the IEI for the container IE in the Rel-17/18/19 respectively.
(Impact: the above four IEs with their IEIs including the feature procedures.)

Proposal 2: To assign an IEI for the container IE, two options are provided: start use the comprehension required IEIs and reallocate the non-comprehension required IEIs.


How to implement this container IE format?
The existing and incoming type 6 IEs can be encapsulated into this container IE with a type indication. Here is an example of the proposed container IE format:

	8
	7
	6
	5
	4
	3
	2
	1
	

	Type 6 IEs container IEI
	octet 1

	
Length of Type 6 IEs container contents
	octet 2

octet 3

	
Type 6 IEs container contents
	octet 4

octet n*


Figure 2: Type 6 IEs container information element

	8
	7
	6
	5
	4
	3
	2
	1
	

	Number of Type 6 IEs
	octet 4

	
Type 6 IEs container entry 1
	octet 5

octet x1*

	
Type 6 IEs container entry 2
	octet x1+1*

octet x2*

	……
	…

	
Type 6 IEs container entry n
	octet xi+1*

octet n*


Figure 3: Type 6 IEs container contents

	8
	7
	6
	5
	4
	3
	2
	1
	

	Type of entry
	octet xi+1*


	
Entry value
	octet xi+2*

octet n*


Figure 4: Type 6 IEs container entry

For Rel-17, at least the NSAG information IE should be encapsulated in the type 6 IEs container entry filed and the type of entry can be set to the indication for the NSAG information, which is shown as follows:

Table-3. Type of entry (based on option A)
	Type of entry:
Bits

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	0
	0
	0
	0
	0
	0
	0
	1
	
	NSAG information

	All other values are reserved.



Table-4. Type of entry (based on option B)
	Type of entry:
Bits

	8
	7
	6
	5
	4
	3
	2
	1
	
	

	0
	0
	0
	0
	0
	0
	0
	1
	
	Service-level-AA container

	0
	0
	0
	0
	0
	0
	1
	0
	
	NSSRG information

	0
	0
	0
	0
	0
	0
	1
	1
	
	Extended CAG information list

	0
	0
	0
	0
	0
	1
	0
	0
	
	NSAG information

	All other values are reserved.




3. Conclusion
Observation 1: The value range of IEI from 00 to FF has already been defined for different IE types. There is no available new IEI of type 6 IE in the REGISTRATION ACCEPT message. 

Observation 2: The receiver (including the UE and the network) would perform the blind IE type detection to detect and skip the unknown IEs.

Observation 3: If starting to use the comprehension required IEI, then how to use the remaining 4 IEIs to satisfy the new IEs in the future is a challenge. If extending the type 6 IEI value range, it may cause the blind IE type detection issue.

Observation 4: A solution is required to address the two crucial points, the unforeseen number of the new type 6 IEs and the blind IE type detection.

Proposal 1: A container IE is proposed in the REGISTRATION ACCEPT message. The existing and incoming type 6 IEs can be encapsulated into this container IE with a type indication.

Proposal 2: To assign an IEI for the container IE, two options are provided: start use the comprehension required IEIs and reallocate the non-comprehension required IEIs.


In this present paper, the IEI value range of different IE types and blind IE type detection concerns are introduced. In addition, some solutions proposed in CT1#136e to resolve the type 6 IEI resources issue are analyzed.

On this basis, a feasible solution is proposed. A container IE is introduced into the REGISTRATION ACCEPT message to encapsulate many type 6 IEs. The advantages of this container IE, two optional ways to assign an IEI for this container IE, and a format example for the container IE are as well stated.

[bookmark: _GoBack]Two CRs implementing the proposed options are attached as C1-224940 (option A) and C1-224942(option B).
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