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1.	Discussion
In another interim conclusion paper for KI#1 the authors of the present paper support (ref. Vivo, et al.) the following is proposed: 
Following two options should be supported for transporting voice packets over the NB-IoT (GEO) user plane:
a)	mechanism for IP packets using Robust Header Compression (RoHC); and
b)	mechanism for Non-IP packets using removal of parts or all of RTP/UDP/IP headers and restoration in the UE and network.
Editor's Note: Where the RTP/UDP/IP headers are removed and restored e.g. in PGW or IMS is FFS.
For KI#2 Qualcomm supports Vivo et al. proposal: 
The following interim conclusions for Key Issue #2 IMS enhancement for GEO NB-IoT NTN access are made:
-	The IMS signalling shall be transported over the NB-IoT (GEO) user plane, i.e. using DRB and S1-U.
-	The IMS signalling shall be transported using IP packets.
And proposes also additional interim conclusions: 
The following interim conclusions for Key Issue #2 IMS enhancement for GEO NB-IoT NTN access are made:
· The text-based method is selected for normative work for IMS signalling optimization, provided that strict compliance with the SIP protocol as specified by the IETF is maintained.
· The binary-based method is selected for normative work to achieve improved performance. UE and network that support the binary-based method should indicate and negotiate this capability with the IMS network prior to session establishment.
· The protocol between the UE and network for binary-based method will be decided by CT1.
· When accessing GEO NB-IoT, the UE registers with the serving IMS network using text-based SIP. The UE indicates support for text-based and/or binary-based methods and negotiates the chosen signaling method with the network during the IMS Register procedure.
· When GEO NB-IoT NTN access is provided by a PLMN different than the UE’s HPLMN and the binary-based method is used between the UE and network, an enhancement to the IMS roaming architecture is required to enable voice services over this access. To minimize the impact on the IMS network in the HPLMN, the VPLMN needs to deploy appropriate interworking capabilities to support the binary-method and interwork towards the HPLMN using SIP. 
· When interworking with IMS in the HPLMN, the capability of the interworking function uses procedures of IP-PBX as defined in Annex S of TS 23.228 [6].
In the present paper we try to put all of it together in a workable "strawman" for all the UE and network procedures across KI#1 and KI#2: 
Proposal 1: As per the proposed conclusion for KI#1 and KI#2 the "PDN type" for the PDN connection that will be used for support of IMS voice over NB-IoT NTN is "IP". 
The above assumption works fine with no modifications in either the UE or the network when the signalling protocol that is used is "text based" SIP and the transport of voice packets is "IP". The question is considering "Proposal 1" how binary encoded protocol for signalling can be used and how "non-IP" can be used for the EPS bearer that transport the voice packets. 
In order to ensure protection of signalling (either text based SIP or binary) it is proposed to retain the current security mechanism for Gm which is to use IPSec tunnel between the UE and P-CSCF. 
Proposal 2:  The UE registers with the serving IMS network using text-based SIP and uses existing IMS security. The UE indicates support for text-based and/or binary-based methods and negotiates the chosen signaling method with the network during the IMS Register procedure.
The remaining aspect is how "non-IP" can be used for the transport of voice packets considering "proposal 1" that indicates that the PDN type is "IP". In order to not impact the PGW it is suggested that that the RTP/UDP/IP headers are removed and restored in a NF e.g. AGW beyond the PGW (see Figure 1). 


Figure 1: proposed architecture for support of "non-IP" for voice traffic
This brings the question how the UE and IMS negotiate the use of "non-IP". We see the following options: 
1) PCO indication during PDN connection establishment
UE indicates its support for "non-IP" in a new indication in PCO provided during the PDN connection establishment procedure for the PDN connection that will be used for support of IMS voice over NB-IoT NTN. If PGW is configured to support "non-IP". It responds back to UE in PCO and establishes tunnel to AGW. The outcome of that is that for all IMS voice sessions over NB-IoT "non-IP" will be used for the transport of IMS voice packets. A side effect is that when the UE moves in/out of NB-IoT NTN coverage it has to tear down and re-establish the PDN connection for IMS voice in order to activate/de-activate the tunnelling.
2) Negotiation during IMS session establishment 
In this case the use of "IP" or "non-IP" for the transport of voice packets is decided by IMS (P-CSCF) during the IMS session establishment. The UE indicates whether it supports "non-IP" in some new SDP attribute that needs to is defined and exchanged in offer/answer. If support for "non-IP" is successfully negotiated the P-CSCF invokes the AGW that removes (and re-instates) the RTP/UDP/IP headers. The upside of this mechanism is that the PDN connection for IMS voice does not need to be torn down/re-established when the UE moves in/out of NB-IoT NTN.. How the tunnel can be setup between the AGW and PGW is discussed later. The downside is that in some UE IMS stack implementation there are various layers split amongst HLOS and modem. For example in some cases the SIP/IMS signalling SW is in HLOS but modem has to handle the user plane. In this case since the negotiation for "non-IP" happens in IMS signalling after the PDN connection establishment the modem will still be expecting IP packets. 
3) Negotiation during IMS session establishment and indication for "non-IP" to UE in the dedicated EPS bearer modification
In addition to IMS negotiation indicated in option 2, and under the assumption that the dedicated EPS bearer used for transport of voice packets is pre-established during Attach/PDN connection establishment as proposed by many solutions in TR 23.700-19, when the IMS call is actually setup, there will be a need for dedicated EPS bearer modification. For the dedicated EPS bearer for the voice traffic the TFT containing all the 5-tuple information cannot be decided until the IMS session is established. At the beginning i.e. at time of Attach/PDN connection establishment, a "block all" filter shall be used for both the UL and DL. At the time of the IMS call setup, the TFT needs to be updated. At the time of the call setup the PGW therefore needs to  initiate bearer modification. During this procedure either "implicitly" i.e. as part of TFT or "explicitly" i.e. new indication it can also be indicated to the modem whether "IP" or "non-IP" is to be used for the transport of voice packets effectively whether RTP/UDP/IP headers need to be removed in UL by the UE. This option still requires that the tunnel between the AGW and PGW that transports "non-IP" packets will have to be established and options how to do that are discussed later. 
Considering the pros/cons of the options above it is proposed : 
Proposal 3: the negotiation for "non-IP" mechanism for the transport of IMS voice packets is done using option 3.
In option 1 above the activation and de-activation of the tunnel cannot happen dynamically (at time of establishment of IMS call). We therefore consider that indication for tunnel establishment between the PGW and AGW is triggered as follows:  
1) P-CSCF at time of call establishment when it decides that "non-IP" is to be used during offer/answer and invokes the AGW also passes this information to PCRF in Rx signalling. This information contains the IP address of the AGW and possibly other tunnel information;
2) PCRF in turn when sends IP-CAN Session Modification to PGW together with the QoS policy and packet filters sends the IP address of AGW and the rest of tunnel information;
3) Based on the IP address of AGW and tunnel information provided by PCRF, PGW can setup the tunnel to AGW that can last the duration of IMS call. When the call is terminated and the related QoS policy is revoked in PGW, the tunnel to AGW can also be terminated.
The "type" of the tunnel i.e. whether it is L2TP, UDP/IP, GRE etc can be left up to PGW and AGW implementation.
Since it is the first time such tunnel establishment procedure is proposed, it would require further discussion and feedback from infra vendors, hence it is proposed that for time being it is left as FFS in Interim Conclusions.
Proposal 4: how the tunnel between PGW and AGW is established is FFS .
2.	Text proposal
It is proposed to agree the following changes vs. TS 23.700-19. The changes assume that other referenced interim conclusions for KI#1 and KI#2 are agreed as part of other papers: 
[bookmark: _Hlk67396857]>>>>BEGINNING OF CHANGES<<<<
[bookmark: _Toc212177228]8.1	Interim conclusions for Key Issue #1 
Editor's note:	Other interim conclusions for Key Issue#1 is FFS.
The following interim conclusions for Key Issue #1 Support of IMS voice call over NB-IoT via GEO satellite connecting to EPC are made:
-	The voice packets shall be transported over the NB-IoT (GEO) user plane, i.e. using DRB and S1-U.
…

-	The PDN connection type for support of IMS voice over NB-IoT NTN is always IP. 
-	For "non-IP" mechanism to transport, voice packets the appropriate RTP/UDP/IP headers are removed as follows: 
For downlink traffic: 
-	the appropriate RTP headers are removed in Access GW that is part of IMS;
- 	UDP/IP headers of voice traffic are removed in PDN GW;
-	UE restores the RTP/UDP/IP headers using UE internal logic.
For uplink traffic: 
-	UE removes the appropriate RTP/UDP/IP headers using UE internal logic;
- 	UDP/IP headers of voice traffic are restored in PDN GW;
-	the appropriate RTP headers are restored in Access GW that is part of IMS.
Editor's Note: Which RTP headers are removed requires feedback from SA1 and SA4 (see LS S2-2507577)-
Editor's Note: How the support and use of "non-IP" mechanism is negotiated between the UE and network is FFS.
>>>>END OF CHANGES<<<<
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