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1. Introduction
With introduction of CIoT related features/optimizations, there are some requirements agreed in SA2 to enhance the current PGW, SGW and MME selection function.  This paper discusses the possible solutions to address those requirements. As the selection of MME is done in the eNB for the UE in idle mode, which is out of CT4 remit; the selection of the target MME for a handover procedure with a MME change, it is CT4 responsibility, but SA2 hasn't agreed the handover procedure yet. So this paper only focuses on the SGW/PGW selection function.
2. Stage 2 Requirements
As agreed in the SA2 CR2948[1] for TS 23.401, where it requires:

For the Selection of the PGW:

The PDN GW selection function allocates a PDN GW that shall provide the PDN connectivity for the 3GPP access. The function uses subscriber information provided by the HSS and possibly additional criteria such as "Non-IP" PDN connectivity support, and SIPTO/LIPA support per APN configured in the SGSN/MME. Selection of PDN GWs optimised for different RATs (e.g. NB-IoT) is not explicitly supported but can be achieved by the allocation of different APNs to subscribers using different RATs and/or using the UE Usage Type. 
The DNS procedure (3GPP  TS 29.303 [61]) shall take into account whether the APN is for "Non-IP" or "IP".

Analysis: 

As indicated in SA2 LS, S2-160910[2], using APN FQDN is sufficient to select a PGW supporting Non-IP PDN type since an APN is configured either for IP type PDN or Non-IP type PDN.
Selecting a PGW optimized for NB-IoT requires a mechanism, as specified in SA2, using the UE Usage Type is possible and it will be discussed further in the following chapter.

However, the method by "the allocation of different APNs to subscribers using different RATs " seems problematic.

For the selection of the SGW:

Selection of Serving GWs optimised for different RATs (e.g. NB-IoT) is not explicitly supported but can be achieved by using standardised UE Usage Type and/or (in the HPLMN) the allocation of different APNs to subscribers using different RATs. The DNS procedure (3GPP  TS 29.303 [61]) shall take into account whether the APN is for "Non-IP" or "IP".
Analysis:

A mechanism to select a SGW supporting Non-IP PDN type is needed. 
Since the TAI configured in WB-E-UTRAN and NB-IoT is different, a mechanism to select a SGW optimised for NB-IoT is not needed.

Using UE usage type is also possible, to be further discussed.

However, it seems not possible to use APN information, e.g. APN FQDN, to help to select a SGW. 

3. Possible solutions and analysis
There are at least three possible solutions:

1) Use of DECOR solution: 

The existing DNS procedure enhanced for DÉCOR, where the DNS NAPTR record for an EPC entity supporting DCN is provisioned with supported UE usage type, and the NAPTR procedure, initiated by the MME performing a PGW/SGW selection function, uses Service Parameter including "+ue" to find a desired EPC entity to service a certain usage type, can be further enhanced to support to select an EPC entity support Non-IP or optimized for the UEs from NB-IoT. 

As one of example, the operators may configure to map the UE Usage type received from HSS into an operator specific Usage type in their serving network policies, where such specific usage type is corresponding to a specific attribute e.g. NB-IoT support, so that a suitable EPC entity can be selected if the EPC entity is configured in the DNS NAPTR record to support this specific usage type.  

However, such approach is already allowed by the existing requirement, e.g. as specified in the chapter 4.3.25.1 of TS 23.401 [3]:

The HSS provides the "UE Usage Type" value in the subscription information of the UE to the MME/SGSN. The serving network selects the DCN based on the operator configured (UE Usage Type to DCN) mapping, other locally configured operator's policies and the UE related context information available at the serving network, e.g. information about roaming. Both standardized and operator specific values for UE Usage Type are possible.
So this alternative doesn't really require further standardization work except to document that such DNS procedure developed for DECOR can be used for such purpose. (In the accompany CR for TS 29.303, such option is documented).
In addition, considering diversities of different requirements from different operator ( based on their own interests to control ), it can have many different combinations, e.g. NB-IoT + Non-IP, WB-E-UTRAN + Non-IP, together with different UE usage type, it is quite impossible to standardize the specific usage type. So it is suggested to use operator specific usage type if such approach is used.
Pros: 
a) It matches the trend of network slicing, the UEs with different usage type, access from different RAT, are served by different network slices efficiently.

b) By using operator specific usage type, it is possible to support many different combinations, thus different EPC entities (from different vendors ) can support a subset of features. 

Cons:

a) It has dependency on the support of DECOR solutions

b) It requires a large DNS configuration and serving network configuration co-ordinations between vendors and between different node types to support every specific usage type. 
2) 
Enhance the existing DNS procedure without using DECOR:

Existing DNS solution for a SGW/PGW selection can be enhanced by introducing new Service Parameters, e.g. x-NonIP. 

As one of example, for a SGW which is upgraded to support NonIP PDN type, the corresponding NAPTR record under the TAI/eNodeB-ID FQDN shall be also provisioned with the "Service Parameters" of  "x-3gpp-sgw:x-NonIP"; and for the MME supporting CIoT optimisations to select a suitable SGW which is upgraded to support Non-IP PDN type, the S-NAPTR procedure shall be used additionally with the "Service Parameters" of "x-3gpp-sgw:x-NonIP", so if UE requests to establish non-IP PDN connection, the MME will select a suitable SGW supporting Non-IP.

Similar can be done for the PGW if needed.
Note that, by default, SGW doesn’t support Non-IP, and support only existing PDN type.
Pros:

a) No dependency to DECOR solution.

b) It requires much less provisioning of serving operator's policies and gives great flexibilities to the node performing the selection function based on the capabilities of candidates. (not be limited to the configured combinations as the first alternative)
c) It meets also network slicing scenarios.

Cons:

a) To be discovered.

3) Other alternatives:

There are also possible alternatives, e.g.:

· to use location configuration, i.e. the node performing selection function is configured with full knowledge of capability of SGW/PGW; 
· and/or together with using supported feature as specified in GTPv2, to exchange the capability of SGW/PGW by using Echo Request/Response message; 
· and/or to try and error method, i.e. the node performing selection function just blindly sends request to the peer, and stores results,  e.g. for each of SGW/PGW including for both successful cases and unsuccessful cases, thus form a database of the capability of SGW/PGW, which may be used at subsequent selection.

 Pros:
a) Not require for the DNS enhancement or support of DECOR.

Cons:

a) Huge local configuration and it is not scalable at all;

b) It is difficult to get supported features for a remote peer, e.g. the MME doesn't know PGW's supported features;

c) There is quite a lot extra signalling for try and error method and also will increase the latency;

d) Complicated implementation in the node performing selection function, it need dynamically update its database for peer's capability;

e) The normal DNS procedure to select a candidate node still in place, so much extra work load for the node perform selection function.

4. Conclusion
It is propose to document the alternative 1. The accompany CRs are provided in C4-161291. For alternative 2, it needs SA2 first to decide what parameters/features should be used to perform the selection.
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