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Abstract of the contribution: This contribution proposes the solution for realizing header compression for CIOT in C-SGN.
1. Introduction
1.1 Realizing header compression for CIOT in C-SGN
As discussed and proposed in S2-15xxxx, it is desirable to implement header compression for CIOT traffic at C-SGN for solution 2. Following figure shows a possible protocol stack for the header compression inside C-SGN. 
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Figure 1. Protocol stack for realizing header compression in C-SGN for CIOT
The Data over NAS Convergence Protocol implements the header compression function, based on the ROHC framework and profiles in [RFC4995][RFC4996][RFC4815]. 
In the following sections, the detail operations of the solution are described. 

1.2 Detailed operation of header compression
1.2.1 General and impacts to the UE and C-SGN

In this solution, the ROHC framework defined in RFC 4995 is realized in the "Data over NAS Convergence Protocol". 
Since the ROHC channels are unidirectional, there will be a separate channel for uplink, and another for downlink. In the operation, these two channels will be bound by UE and C-SGN to support the feedback. 

For uplink data, the "Data over NAS Convergence Protocol" at UE will implement the ROHC compressor state machine, and the "Data over NAS Convergence Protocol" at C-SGN will implement the ROHC decompressor state machine. In the reverse direction, for downlink data, C-SGN has the compressor and UE has the decompressor. 

The "Data over NAS Convergence Protocol" needs to support at least the following ROHC packet types defined in the RFC 4995: 

- Initialization and Refresh (IR) packet type;

- IR dynamic part (IR-DYN) packet type;

- Feedback (ACK, NACK, STATIC-NACK) packet type;

- Compressed (CO) packet type;

Depending on the profiles supported, there may be more packet types to be implemented, e.g. IR-CR defined in RFC4996 for replicating contexts. 
1.2.2 Impacts to the S-NAS layer  
According to RFC 4995, the following parameters must be negotiated and configured when the ROHC channel is setup:

- LARGE_CIDS: (Boolean) to indicate if small CID (0-1 octets) or large CID (1-2 octets) should be used to indicate the context. This value is not configured by upper layers, but rather it is inferred from the configured value of MAX_CID according to the following rule:


If MAX_CID > 15 then LARGE_CIDS = TRUE else LARGE_CIDS = FALSE.
- MAX_CID: (Integer) to indicate the highest CID number to be used by compressor;

- PROFILES: (Set of integers) to indicate the supported profile;

- FEEDBACK_FOR: reference to a ROHC channel for feedback support in reverse direction;

- MRRU: (Integer) to indicate the maximum reconstructed reception unit in octets that the decompressor is expected to reassemble from segments. 

Therefore, these parameters needs to be passed within the S-NAS signalling when the UE attaches to the C-SGN, i.e. when the S-NAS signalling connection is established. 

In addition, to have effective compression, the S-NAS layer need to provide certain additional information to the "Data over NAS Convergence Protocol", e.g. the packet length. 

1.2.3 Detailed operation example 
Using the small data deliver option in clause 6.2 as example, following diagram illustrated how the header compression option works. 

Figure 2 shows the initialization of the ROHC channel within the attach procedure. 

Figure 3 shows the use of the ROHC for header compression in the following transmission of the data packets. 
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Figure 2. Initializing the header compression channels in C-SGN
0. RRC connection establishment procedure. 

1. The UE performs Attach Procedure. When the Data Type indicates IP, the UE shall include the Header Compression Configuration to initialize the uplink ROHC channel. The Header Compression Configuration includes the information as listed in section 1.2.2 that is necessary for the ROHC channel setup. Optionally, the Header Compression Configuration may also include ROHC context setup parameters, if the UE already has the application traffic information, e.g. the target server IP address. 
When the Data Type indicates non-IP or SMS, the UE shall not include the Header Compression Configuration.  

NOTE: 
The definition of the Header Compression Configuration is to be defined in stage 3. When ROHC context setup parameters are included when the UE supports the optimization feature. If the C-SGN acknowledges it in step 6, UE can send compressed data directly. Otherwise, UE will fall back to normal ROHC procedure and use the IR packets to setup the ROHC context before sending compressed packets. Since the UE does not have IP address allocated at this time, the ROHC context parameter does not include the source address and the C-SGN needs to fill it in after step 4.    

2. C-SGN performs any necessary security procedures.

3. Location update and retrieval of subscription information.

4. C-SGN processes the Attach Request message and based on parameters provided decide the need for establishing IP Bearer Service. 

When Data Type = IP, PDN type indicates type of IP address (i.e. IPv4, IPv6) to be allocated. C-SGN allocates an IP address based on the PDN type in Attach Request. If the optional ROHC context setup parameters are included, C-SGN applies the IP address to the uplink ROHC context. 

5. In roaming case only, depending on Data Type, P-GW sends Create Session response (or new control message) to the C-SGN. For IP data case, it contains allocated IP address.
6. C-SGN responds by sending an Attach Accept message to the UE. For Data Type= IP, allocated IP address is sent to the UE.

When the Data Type indicated IP, C-SGN shall respond with the corresponding Header Compression Configuration to set up the downlink ROHC channel. C-SGN may bind the uplink channel and the downlink channel for the UE to support feedback. 

If the UE has included ROHC context setup parameters in Header Compression Configuration in step 1, the C-SGN may also include the corresponding downlink ROHC context setup parameters if it knows the traffic, e.g. source IP address of the downlink traffic.    
7.  The UE responds with an Attach Complete message.

8.  The RRC connection is released.
After the ROHC channel initialization and context setup, the header compression is ready to use as shown in Figure 3. 
If the context has already been setup for the uplink channel and downlink channel in step 1 and 6 of the Attach procedure, the UE and C-SGN can start to use those for delivering the data. The context will reside in the UE and C-SGN and will not be removed even when UE goes to IDLE mode.  

If the context is not yet setup, the UE will start with the ROHC IR packet to establish the context before using the compressed format for sending the data. 
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Figure 3. Context setup and data delivery with header compression for MO data 
0.
The UE performs Attach Procedure as shown in figure 2.

1.
If the UE has already setup the ROHC context, it would make use of that to perform the IP header compression of the data to send. If not, the UE will make use of the ROHC IR packet with the data embedded to setup the ROHC with C-SGN for uplink.  

The ROHC frame is carried in the NAS PDU sent to the CIoT-BS.
2.
The CIoT RAN forwards NAS PDU and the indication on whether ack/response is expected to the C-SGN in the initial UE message.

3.
If ROHC IR packet is received, the C-SGN setup the uplink ROHC context for the UE accordingly. If the ROHC CO packet is received, C-SGN reconstruct the IP headers according to the stored ROHC context. 
4.
If a (response) small data packet arrives in the P-GW, sends it to the C-SGN. 
5.
If the C-SGN has already set up corresponding ROHC context for the downlink channel, it would compress the packet accordingly. If no context is setup for the downlink, the C-SGN uses the ROHC IR packet to deliver the data and set up the ROHC context with the UE.   


The C-SGN encrypts the NAS message with the downlink small data packet and sends the downlink NAS transport message to the CIoT-RAN.  
6.
CIoT-BS sends the Downlink Information Transfer including the NAS message to UE and also releases the RRC connection after the timer monitoring the connection expires.


If ROHC IR packet is received, the UE setup the downlink ROHC context accordingly. If the ROHC CO packet is received, the UE reconstruct the IP headers according to the stored ROHC context.

Note that the UE or C-SGN may switch back to IR packet format when it needs to update the context. 
When there is no feedback sent to the UE, it is expected that the implementation may use the IR packet format for several packets before switch to CO format. Comparing to the CO format, the overhead of IR format is a few octets of the CID, Type, Profile, and CRC fields.   

The MT data delivery would be similar to the above. For the downlink data packet (MT small data), the C-SGN will similarly send the first packet using the IR format, indicating the context ID and profile, if the context is not set up during the attach procedure.  

2. Proposal

It is proposed capture in TR 23.720 the following solutions. 
>>>Start Changes<<<
6.x
Solution #: Header compression at C-SGN

6.x.1
Description

6.x.1.1
General  

In this option, the ROHC framework defined in RFC 4995 is realized in the "Data over NAS Convergence Protocol" in C-SGN as shown in figure 6.x.1.1-1.
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Figure 6.x.1.1-1. Protocol stack for header compression in C-SGN 
Since the ROHC channels are unidirectional, there will be a separate channel for uplink, and another for downlink. In the operation, these two channels will be bound by UE and C-SGN to support the feedback. 

For uplink data, the "Data over NAS Convergence Protocol" at UE will implement the ROHC compressor state machine, and the "Data over NAS Convergence Protocol" at C-SGN will implement the ROHC decompressor state machine. In the reverse direction, for downlink data, C-SGN has the compressor and UE has the decompressor. 

The "Data over NAS Convergence Protocol" needs to support at least the following ROHC packet types defined in the RFC 4995: 

- Initialization and Refresh (IR) packet type;

- IR dynamic part (IR-DYN) packet type;

- Feedback (ACK, NACK, STATIC-NACK) packet type;

- Compressed (CO) packet type;

Depending on the profiles supported, there may be more packet types to be implemented, e.g. IR-CR defined in RFC4996 for replicating contexts. 
6.x.1.2
Procedures 

6.x.1.2.1 Procedure for initial context setup 
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Figure 6.x.1.2.1-1. Initializing the header compression channels in C-SGN
0. 
RRC connection establishment procedure. 

1. 
The UE performs Attach Procedure. When the Data Type indicates IP, the UE shall include the Header Compression Configuration to initialize the uplink ROHC channel. The Header Compression Configuration includes the information as listed in section 6.x.3 that is necessary for the ROHC channel setup. Optionally, the Header Compression Configuration may also include ROHC context setup parameters, if the UE already has the application traffic information, e.g. the target server IP address. 


When the Data Type indicates non-IP or SMS, the UE shall not include the Header Compression Configuration.  

NOTE: 
The definition of the Header Compression Configuration is to be defined in stage 3. When ROHC context setup parameters are included when the UE supports the optimization feature. If the C-SGN acknowledges it in step 6, UE can send compressed data directly. Otherwise, UE will fall back to normal ROHC procedure and use the IR packets to setup the ROHC context before sending compressed packets. Since the UE does not have IP address allocated at this time, the ROHC context parameter does not include the source address and the C-SGN needs to fill it in after step 4.    

2.
C-SGN performs any necessary security procedures.

3
Location update and retrieval of subscription information.


C-SGN processes the Attach Request message and based on parameters provided decide the need for establishing IP Bearer Service. 

4.
When Data Type = IP, PDN type indicates type of IP address (i.e. IPv4, IPv6) to be allocated. C-SGN allocates an IP address based on the PDN type in Attach Request. If the optional ROHC context setup parameters are included, C-SGN applies the IP address to the uplink ROHC context. 

5.
In roaming case only, depending on Data Type, P-GW sends Create Session response (or new control message) to the C-SGN. For IP data case, it contains allocated IP address.

6.
C-SGN responds by sending an Attach Accept message to the UE. For Data Type= IP, allocated IP address is sent to the UE.


When the Data Type indicated IP, C-SGN shall respond with the corresponding Header Compression Configuration to set up the downlink ROHC channel. C-SGN may bind the uplink channel and the downlink channel for the UE to support feedback. 


If the UE has included ROHC context setup parameters in Header Compression Configuration in step 1, the C-SGN may also include the corresponding downlink ROHC context setup parameters if it knows the traffic, e.g. source IP address of the downlink traffic.    

7.
The UE responds with an Attach Complete message. 
8
The RRC connection is released.
If the ROHC context is not setup during the Attach procedure, the UE and the network need to setup the ROHC context with ROHC IR packet. 
After the ROHC channel initialization and context setup, the header compression is ready to use.
6.x.1.2.2 Procedure for packet delivery with header compression

If the context has already been setup for the uplink channel and downlink channel in step 1 and 6 of the Attach procedure in figure 6.x.1.2.1-1, the UE and C-SGN can start to use those for delivering the data. The context will reside in the UE and C-SGN and will not be removed even when UE goes to IDLE mode.  

If the context is not yet setup, the UE will start with the ROHC IR packet to establish the context before using the compressed format for sending the data. 
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Figure 6.x.1.2.2-1. Context setup and data delivery with header compression for MO data 
0.
The UE performs Attach Procedure as shown in figure 6.x.1.2.1-1.

1.
If the UE has already setup the ROHC context, it would make use of that to perform the IP header compression of the data to send. If not, the UE will make use of the ROHC IR packet with the data embedded to setup the ROHC with C-SGN for uplink.  

The ROHC frame is carried in the NAS PDU sent to the CIoT-BS.

2.
The CIoT RAN forwards NAS PDU and the indication on whether ack/response is expected to the C-SGN in the initial UE message.

3.
If ROHC IR packet is received, the C-SGN setup the uplink ROHC context for the UE accordingly. If the ROHC CO packet is received, C-SGN reconstruct the IP headers according to the stored ROHC context. 

4.
If a (response) small data packet arrives in the P-GW, sends it to the C-SGN. 

5.
If the C-SGN has already set up corresponding ROHC context for the downlink channel, it would compress the packet accordingly. If no context is setup for the downlink, the C-SGN uses the ROHC IR packet to deliver the data and set up the ROHC context with the UE.   


The C-SGN encrypts the NAS message with the downlink small data packet and sends the downlink NAS transport message to the CIoT-RAN.  

6.
CIoT-BS sends the Downlink Information Transfer including the NAS message to UE and also releases the RRC connection after the timer monitoring the connection expires.


If ROHC IR packet is received, the UE setup the downlink ROHC context accordingly. If the ROHC CO packet is received, the UE reconstruct the IP headers according to the stored ROHC context.

Note that the UE or C-SGN may switch back to IR packet format when it needs to update the context. 

When there is no feedback sent to the UE, it is expected that the implementation may use the IR packet format for several packets before switch to CO format. Comparing to the CO format, the overhead of IR format is a few octets of the CID, Type, Profile, and CRC fields.   

The MT data delivery would be similar to the above. For the downlink data packet (MT small data), the C-SGN will similarly send the first packet using the IR format, indicating the context ID and profile, if the context is not set up during the attach procedure.  
6.x.3
Impacts on existing nodes

According to RFC 4995, the following parameters must be negotiated and configured when the ROHC channel is setup:

- LARGE_CIDS: (Boolean) to indicate if small CID (0-1 octets) or large CID (1-2 octets) should be used to indicate the context. This value is not configured by upper layers, but rather it is inferred from the configured value of MAX_CID according to the following rule:


If MAX_CID > 15 then LARGE_CIDS = TRUE else LARGE_CIDS = FALSE.
- MAX_CID: (Integer) to indicate the highest CID number to be used by compressor;

- PROFILES: (Set of integers) to indicate the supported profile;

- FEEDBACK_FOR: reference to a ROHC channel for feedback support in reverse direction;

- MRRU: (Integer) to indicate the maximum reconstructed reception unit in octets that the decompressor is expected to reassemble from segments. 

Therefore, these parameters needs to be passed within the S-NAS signalling when the UE attaches to the C-SGN, i.e. when the S-NAS signalling connection is established. 

In addition, to have effective compression, the S-NAS layer need to provide certain additional information to the "Data over NAS Convergence Protocol", e.g. the packet length. 
When the UE supports the optimized header compression setup, it may also include additional ROHC context setup parameters in the Header Compression Configuration in the Attach Request message. If C-SGN supports such optimization, it shall respond with an acknowledgement, and the corresponding downlink context setup parameters in the response. 
6.x.4
Solution Evaluation

Editor's Note:
Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
>>>End of Changes<<<
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