
3GPP TSG-RAN WG2 Meeting #82
R2-131708
Fukuoka, Japan, 20th – 24th May, 2013


Agenda item:
5.2.1
Source: 
ZTE Corporation
Title: 
Summary of email discussion [81bis#15] [Joint/MTCe] Initial qualitative analysis of the proposed solutions for SDDTE
Document for:
Discussion
Introduction
This document summarizes the email discussion: 
[81bis#15][Joint/MTCe] Initial qualitative analysis of the proposed solutions for SDDTE (ZTE)

-
Provide an initial qualitative analysis primarily based on papers submitted to RAN2-81bis. 

=>
Intended outcome: Email discussion summary and a TP for the TR 37.869 to be agreed at RAN2-82
1.
Discussion
This section includes an initial qualitative analysis of the proposed solutions for SDDTE, as described in TR37.869v0.2.0 [1]. The analysis is performed taking the agreed evaluation metrics into account.

1.1
Optimized RRC connection management
1.1.1
Solution 1a. Signalling reduction by RRC message combining 

This solution (described in TR37.869v0.2.0, section 5.1.1) reduces the amount of RRC signalling by combining the information exchanged between the UE and the network into fewer RRC messages.

	Applicability
	[Rapporteur/ZTE][LGE][NNSN][Samsung][CATT][ALU][Ericsson, ST-Ericsson][Renesas] [IDCC][Fujitsu][ITRI][QC][INTEL][Huawei, HiSilicon][CMCC] Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
[Renesas] addresses only efficient small data use case when coming from idle, not power saving or frequent small data.
[RIM] Likely applicable to RRC Connection Setup procedure in general (i.e. irrespective of small data applications)
[INTEL] Agree with RIM that this is General RRC optimization and not specific to small data applications

	Impacts to radio protocols
	[Rapporteur/ZTE][CATT][ALU][RIM][Fujitsu][ITRI][Huawei, HiSilicon] Additional IEs (or new messages) for RRC connection request to include the service request, and extensions to other messages combinations. 
The size limitation of RRC connection request should be considered. For LTE, increasing the size of Msg3 beyond the current limits has some impacts (e.g. the need to define RACH preamble groups, larger UL grant, etc.). Similar considerations apply for UMTS.
[LGE] There would be significant impact on RRC procedures for combining RRC connection establishment, DRB setup, SMC and measurement configuration.

For MT, we assume that ‘small data flag’ may be included in paging, in order to trigger UE to perform this new RRC connection setup procedure. {QC: the flag is not needed. The UE can decide to use the new procedure in case both network and UE support the new procedure and path loss is not too large}
For random access, message 3 accommodating RRC connection request should be increased in size to carry Service Request. And UE should indicate to eNB that this connection establishment is based on a new mechanism e.g. by using a new RACH preamble group. It means that random access procedure should be enhanced to support this solution. If we go for this solution, we expect that RAN1 as well as RAN2 should be involved to support this solution. { QC: Existing group B preamble can be used}
[NNSN] 1. Adding ServiceRequest to RRCconnectionRequest. 2. Adding SRB1, DRB configuration and security context in RRC Connection Setup. 3. Impact to MAC layer is expected to fit Service Request in Msg3. 4. For UMTS, the RRC CONNECTION SETUP message cannot be extended to carry NAS PDU data, unless advanced features like Common E-DCH are implemented.
[Samsung] RRC Connection Setup will contain SRB1 and DRB configuration. Normally, DRB configuration is encrypted, so some IEs in this message need to be partially encrypted. Since partial encryption is foreseen, there will be impact to PDCP layer.
[CATT] RRC connection setup message need to be modified to configure DRB information and AS security parameters.
[ALU] Significant changes to the overall protocol design requires re-design.  Msg 3 size increase for just these connections will need special handling at MAC.
[Ericsson, ST-Ericsson] Service Request has to be added to RRC Connection Request. Increase in Msg3 size may have an impact on the MAC layer. SRB1 and DRB configurations and security context have to be added to RRC Connection Setup. The eNB cannot know in advance whether the UE, which performs the RA, requires Msg3 with a larger size. Since it would be inefficient to schedule all Msg3 messages with a larger size, there may be a need to define RACH preamble groups.

For UMTS: When E-DCH is not available to transmit in the UL (either not supported in the cell or no resources available), a bigger RRC message will not fit in the current RACH transport formats. RRC message is transmitted in TM which means that there is no redundancy  or segmentation at RLC level. This may worsen the problem for RACH and require retransmissions of the bigger messages from the platform application layers which is not optimal for the MTC like scenarios. The size of the RRC Connection Setup message should also be considered as it is transmitted in UM which means that there will be no retransmissions at RLC level. A longer message would reduce the probability of successful reception in the UE.  
[Renesas] quite major redesign at RRC level.
[IDCC] (1)Adding ServiceRequest RRCConnRequest message will requires a bigger size of RRCConnRequest message (i.e. bigger Msg3 ) and accordingly different RACH preamble group is needed for eNB to recognize it (3) New information in RRCConnSetup message (DRB config, SMC) are to be sent without security protection (using partial encryption). Details of partial encryption are not clear.

[Fujitsu] For this solution it is assumed that this is an initial access in which the UE has no valid C-RNTI, so the contention resolution includes the UE identification in the MAC PDU transmitted using the UL CCH SDU.
For example, Msg3 size may increase to about 20 bytes and this will also has an impact on the UL CCCH SDU (e.g. a new UL CCCH SDU or a new description of the UL CCCH SDU in MAC protocol). This could be accomplished by sending a larger UL grant in message 2, but the need for this larger grant would have to be indicated in some other way.

The additional delay between Msg3 and Msg4 may have an impact on the T300 (a larger or different T300 value may be needed)
[QC] Agree with ZTE’s comment except last sentence. UMTS (at least E-DCH capable UMTS) doesn’t have the size limitation on Msg3. So, preamble grouping for UMTS is not needed.
[Intel] Significant impact to radio protocols; RAN1 would need to be involved to analyse the size increase of RRC connection request message. RRC connection setup message is sent in SRB0 which may not be suitable for larger packet transfer due to lack of segmentation support (RLC TM mode) and hence proposed inclusion of RRC connection reconfiguration for DRB establishment and Security mode command within RRC connection setup may not work. Even bigger issue in terms of backward compatibility – Does UE needs to support both optimized and existing RRC procedure or does it apply only to specific UE? Later case requires capability negotiation.
[Huawei, HiSilicon] RRC connection management procedure and security procedure will be significantly impacted.
[CMCC] (1) New mechanism should be introduced for eNB to allocate enough UL resources due to the increased size of RRCConnectioRequest. (2)It requires additional security mechanism to protect the DRB config IE. (3)The delay between RRCConnectionRequest and RRCConnectionSetup will be increased due to the interaction between MME and eNB.

	Impact on Mobility 
	[Rapporteur/ZTE][LGE][Samsung][ALU][Ericsson, ST-Ericsson][RIM][Fujitsu][ITRI][QC][Huawei, HiSilicon][CMCC] Handover could be supported
[NNSN][Renesas][QC][INTEL] No impact to the mobility
[CATT] Handover and cell reselection in idle mode are supported.

	AS Security impacts
	[LGE] AS SMC via RRC Connection Setup will have impact on RRC specifications.
[NNSN][Ericsson, ST-Ericsson][CMCC] AS security seems to be activated during the RRC Connection Setup procedure. 
Q: Will RRC Connection Setup Complete message be IPed?
{QC: This is up to SA3. Encrypting the entire RRC Connection Setup Complete message may be easy to implement. Partially encrypt this message is also fine.}
[CATT] AS security is established by RRC Connection Setup message.
[ALU][Ericsson, ST-Ericsson]: SMC should be IPed.  Same question as NNSN.
[Ericsson, ST-Ericsson] AS SMC may be compromised.
Renesas [Huawei, HiSilicon]: Impacts of modified AS level security needs to be analysed by SA3.
[IDCC] New information in RRCConnSetup message (DRB config, SMC) are to be sent using using partial encryption. Details of partial encryption are not clear, and whether RRC Connection Setup message needs to be integrity protected is not clear.
[QC] Equivalent security as existing RRC establishment procedure. Partial encryption of Msg4 may impact AS security specifications.
[Intel] Security impact due to the need for partial encryption of RRC connection setup message

	Impacts to S1/Iu signalling
	[Rapporteur/ZTE][ALU][Ericsson, ST-Ericsson][Fujitsu] Does not reduce S1/Iu signalling messages.
[NNSN][RIM] Not much impact expected.
[Samsung][CATT][QC] No impact
[IDCC] If partial encryption is needed, there will be some changes to the S1AP Initial Context Setup Request procedure
[INTEL] If partial encryption is needed, there might be some changes to the S1AP procedure

	Impact to network implementation
	[Rapporteur/ZTE][Samsung][CATT][ALU][Fujitsu][INTEL][CMCC] Support of new procedures for RRC connection setup
[LGE] The network should support this solution for paging, random access, RRC connection setup, SMC, DRB setup and measurement configuration.
[NNSN] eNB has to handle new RRC parameters during RRC Connection Setup procedure.
Q: How to prevent from UE misusing this procedure? (i.e, not a small packet or packets are generated continuously with this new procedure, what happens?)
[Samsung] In addition, the RRCConnectionRequest message may trigger the INITIAL UE MESSAGE message. The INITIAL CONTEXT SETUP REQUEST message may trigger the RRCConnectionSetup message
[ALU] Requires different message flows that impact network implementations.
[Ericsson, ST-Ericsson] RRC Connection setup procedures have to be updated. It is not clear whether the UE indicates its preference to the network to combine RRC messages or not. How does the UE decide when to combine RRC messages? Is this up to UE implementation or does the network configure the UE?
[RIM] Network may need to fetch UE context earlier or delay the establishment procedure to enable combining the messages. Needs new procedures in the network to support this.
[IDCC][Huawei, HiSilicon] eNB has to support (1) new RACH preamble groups,(2) to assign bigger UL grant, eNB needs to handle “partial encryption” ,(3) For MT applications, Paging would need to carry small data indication 

[QC] RRC connection setup procedure is updated. eNB/RNC needs to indicate the RRC message combining capability to UE by e.g. SIB for UE to decide whether to use RRC message combining. If path loss is not too large and both UE and network support, UE can use the RRC message combing for both MTC and non-MTC.
[INTEL] In addition, network needs to inform capability to handle new procedure to UE. As proposed in SA2 TR this can be done either through SIB broadcast or as part of Attach/TAU procedure. Additional impacts on MME for partial encryption of security sensitive IEs which needs to be evaluated by SA3. 

	Impact to UE implementation
	[Rapporteur/ZTE][Samsung][CATT][ALU][Fujitsu][INTEL][CMCC] Support of new procedures for RRC connection setup
[LGE] The UE should support this solution for paging, random access, RRC connection setup, SMC, DRB setup and measurement configuration.
[NNSN] Supporting new AS procedures.

Q: How UE decides whether UE should start normal RRC Connection Setup procedure or this new procedure? According to SA2, UE application layer decide but there can be multiple application and they can be independent.
[CATT] Supporting new AS procedures.
[ALU]: Requires different message flows that impact UE implementations
[Ericsson, ST-Ericsson] The UE has to support new RRC connection setup procedures. Similar questions as given above in “Impact to network implementation”.
[Renesas] quite major redesign at RRC level.
[RIM] RRC redesign necessary to support new procedures to combine the RRC messages
[IDCC][Huawei, HiSilicon] Handling of RRCConnectionSetup message and partial encryption functionality.
[QC] RRC connection setup procedure is updated. Decide whether to use RRC message combining per: eNB/RNC capability and path loss. 
[INTEL] In addition, capability negotiation. Listening to new SIB broadcast by network. Handling of updated Attach/TAU procedure. Handling of encryption and required parameters to be provided by the MME (further details needs to be defined and requires analysis from SA3)

	Impact on UE Power Consumption
	[LGE] Combining several procedures into RRC connection setup may cause more frequent connection failure due to increased size of RRC messages, which may cause UE to unnecessarily consume UE power.
[NNSN][Huawei, HiSilicon] From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure assuming that the procedure is used for infrequent small packet transmission. Main contributor for the power consumption is the DRX periodicity.
[Ericsson, ST-Ericsson][CMCC] It is not clear whether UE power consumption increases or decreases due to scheduling/ACK reduction etc. when the number of RRC messages is reduced. This requires further analysis since the solution may cause combined RRC messages to be sent multiple times (e.g. several HARQ transmissions) due to bad network coverage.
[Renesas] may increase power consumption e.g. due to uplink power control and RACH retransmission.

[RIM] Not a huge impact foreseen
[IDCC] Agree with NSN
[QC] Saves UE power due to scheduling/ACK and RLC ACK reduction. The transmission failure rate would not increase, because UE doesn’t use the RRC message combing procedure in bad network coverage.
[INTEL] Impacts to UE power consumption not clear. Agree with LGE and Renesas that it may have adverse effect to UE power and it requires further investigation.

	Impact on control plane latency
	[LGE] Combining several procedures into RRC connection setup may cause more frequent connection failure due to increased size of RRC messages, which may cause UE to unnecessarily spend more time on connection setup.
[NNSN] Can UE tolerate the delay between RRC Connection Request and RRCConnectionSetup as S1 should be setup inbetween.
[CATT] The greater sizes of Msg3 and Msg4 and the signalling interaction in S1 before sending Msg4 increase the access latency.
[Ericsson, ST-Ericsson][Huawei, HiSilicon]  Reducing the number of RRC messages may decrease the latency on the control plane, e.g. shortening the HARQ round trip return times, but it may also cause several additional HARQ transmissions due to bad network coverage. Therefore the impact on control plane latency is not clear.
[Renesas] Could increase latency due to larger messages on common channels.

[RIM] The connection establishment procedure may be delayed if the network has to wait for fetching the UE context to enable it to combine some RRC messages.
[IDCC] Agree with LG.
[QC] Reduces latency due to same reason as answer/comment to UE power.
[INTEL] Agree with Renesas.
[CMCC]Latency between Msg3 and Msg4 is increased, it is unclear whether the total latency will decrease or increase, because although the steps are reduced, the RRC message size is increased, which may cause HARQ retransmission or even connection setup failure.

	Impact on System/Spectrum efficiency
	[Rapporteur/ZTE][Samsung][CATT][ALU][Fujitsu][ITRI][Huawei, HiSilicon] Might need the introduction of RACH preamble groups.

[LGE] Increased size of RRC connection request message may result in reduced uplink coverage. Also, combining several procedures into RRC connection setup may cause more frequent connection failure due to increased size of RRC messages.
[NNSN] If case RACH is not successful, more information will lose as Service Request was included in the Msg 3.
[Ericsson, ST-Ericsson] The solution may lead to coverage issues due to selection of conservative modulation schemes (assuming no measurement reports are available at this point) and larger message sizes for Msg3.
[RIM] Combining RRC messages will result in a larger combined message which will decrease spectral efficiency when sent on SRB0 instead of SRB1 for instance.
[QC] Improves spectrum efficiency due to: larger coding gain, reduced parity check bits, reduced scheduling and ACK. The transmission failure would not increase because this solution is not used in bad coverage area.
[INTEL] Agree with RIM

	Signalling gain
	Radio messages
	[LGE] This solution reduces the number of RRC messages e.g. due to combining connection setup, AS SMC, DRB setup and measurement configuration.
[CATT][CMCC] About 50%.  Save 4 messages (2 RRC reconfiguration messages+2 security command messages).
[ALU][Ericsson, ST-Ericsson] It reduces the number of RRC messages but not the functionality or the number of bits (apart from the headers).
[Ericsson, ST-Ericsson] Limited gains with respect to radio messages (L1 control + L2 + RRC) as presented in RAN#81bis.
[Renesas] reduction in number of RRC messages
[Intel] Reduction of radio messages - medium

	
	Bits over the air
	[LGE] We wonder if this solution is able to reduce the number of bits over the air. Combining connection setup, AS SMC, DRB setup and measurement configuration into one RRC message could not significantly reduce the number of information bits signalled by RRC.
[Samsung] Even though the number of RRC messages is reduced to 3 from 7, the contents of the modified RRC messages carry the information elements of the SMC and RRC Reconfiguration exchange messages. Does this lead to reduction of bits on the air is questionable?
[ALU]  It reduces the number of RRC messages but not the functionality or the number of bits (apart from the headers).
[Ericsson, ST-Ericsson][CMCC]Limited gains with respect to the number of bits over the air as presented in RAN2#81bis.
[Renesas] [RIM] little or no bits saved
[QC] Bits are saved due to: scheduling/ACK, RLC ACK, RLC/MAC headers, parity check bits reduction.

In addition to above, more bits can be saved for UMTS due to: 

· No need to transmit UE radio capability in RRC Connection Setup complete
· No need to send Initial direct transfer
[Intel] Reduction of bits - minimal 

	
	S1/Iu interface signalling
	[LGE][QC][CMCC] This solution does not reduce the number of S1/Iu messages.
[Samsung] No gain
[CATT] None
[Ericsson, ST-Ericsson] No gain.
[Intel] Reduction of s1/Iu messages - none


1.2
Control Plane solutions
1.2.1
Solution 2a. RRC connection without U-plane radio bearer establishment
This solution (described in TR37.869v0.2.0, section 5.2.1) aims at optimizing the procedure for transfering a single higher layer message (e.g. a single IP data packet or a SMS) (and possibly its response) starting from RRC idle. The solution consists of piggybacking the IP data packet / SMS (and the response) in control messages, without establishing U-plane radio bearers. 

	Applicability
	[Rapporteur/ZTE][LGE][CATT][ALU][IDCC][Fujitsu][ITRI][INTEL][Huawei, HiSilicon] Applicable for both MT and MO cases. Probably more suited for the transmission of a single packet (pair), but it could also allow the transmission multiple (UL/DL) packets
[NNSN][QC] Applicable for both MT and MO in case of LTE. The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.
[Samsung] More suitable for MTC traffic.
CATT] More suited for large interval-time transmission of packets.
[Ericsson, ST-Ericsson] Applicable for both MT and MO cases. No description for UMTS.
[Renesas] applicable for MT/MO efficient small data, but probably not suitable to address any other cases (power consumption, frequent small data).

[RIM] Applicable for MT and MO. The entire procedure will need to be repeated for each isolated packet and therefore may not be suitable for the case of multiple (UL/DL) packets which seems to be a rather restricted use case.    
[INTEL] Applicable for MT and MO. This solution is suitable for infrequent small data transfer (e.g. for MTC application) having high inter-arrival packet gap.
[CMCC]Applicable for both MT and MO, may be not suitable for frequent small data

	Impacts to radio protocols
	[Rapporteur/ZTE][Samsung][ALU][Fujitsu][INTEL][CMCC] Additional IE in RRC connection request for ‘small data indicator’.
New NAS message in RRC Connection setup complete/RRC Connection Release
For MT, new IE to provide “small data flag” in the Paging message.

How to provide DelayTolerant cause value on top of “MO signalling” is not clear.
[LGE] RRC would have impact on paging and connection establishment including establishment cause. We assume that if multiple transmissions of multiple packets occur, additional RRC/NAS messages, e.g. via DL/UL Information Transfer messages, should be exchanged on the air. MAC would have no impact.
[NNSN] 1. Changes in RRC Connection Request to include “small data indicator” or “mo-signalling” for small data transmission. 2. Paging message includes “small data flag”. 3 UL Information transfer message includes an indication to trigger RRC Connection release. 4. RRC Connection Release message includes DedicatedInfoNAS IE to carry response IP packet.
Additionally for UMTS, impact to the CELL-UPDATE procedure requires further study.
[Samsung] IP packet from application delivered to NAS layer instead of PDCP layer. NAS layer needs to form the NAS PDU and perform encryption and then deliver to RRC. Embedding IP packet either directly or as NAS PDU into RRC message significantly increases the complexity at RRC.
[CATT] SA suggests using “mo-signalling” as establishment cause and adding a “small data indicator” in Msg3 to inhibit eNB sending measurement, DRB and AS security context configuration. This solution is TAU-like procedure, and when receiving RRCConnectionRequest with “mo-signalling” cause, DRB and AS security context configuration is not established in current TAU procedure. Normally, network will not configure measurements considering the short RRC connection for mo-signalling. If it is preferred an indicator to inhibit measurement configurations, it is more suitable to add such indicator in RRCConnectionSetupComplete message. Therefore, from this perspective, this indicator in Msg3 seems not to be needed.
A NAS PDU container in RRCConnectionRelease message

For MT, a new IE to indicate “small data flag” in the Paging message.
[Ericsson, ST-Ericsson] RRC Connection Request has to include “small data indicator” or “mo-signalling”. Paging message has to include “small data flag”. New NAS messaging has to be added in RRC Connection Setup and RRC Connection Release messages.
[RIM ] small data flag needs to be included in connection setup and paging messages. One question is whether the AS or NAS will trigger this and how this is policed at the UE.  
[IDCC] 1. Changes in RRC Connection Request to include “small data indicator” or “mo-signalling” for small data transmission. 2. Paging message includes “small data flag”. 3 New NAS PDU in RRC Connection Release
[Fujitsu] For MT, the UE needs to include a new optional IE in the UL information transfer to request the eNB to release the connection
[ITRI] Additional IE in RRC Connection Setup Complete message for “small data indicator” is preferable. The “small data indicator” can be used by eNB to detect that a short lived signalling procedure is in progress. Hence, the RRC establishment cause can be set without restriction (i.e., not mo-signalling only).

[QC] Adding “small data indicator” into RRC Connection Request voilates the 80 bit Msg3 size limitation. Similar preamble grouping may be needed.
[CMCC]putting small data in RRC message would greatly increase the RRC message size, and thereby largely increase the complexity of ASN.1 encoding/decoding

	Impact on Mobility 
	[Rapporteur/ZTE][Samsung][ALU][Fujitsu][QC][Huawei, HiSilicon] Handover is not supported
[LGE][ITRI][INTEL] Handover cannot be executed without AS security. Thus, handover is not supported in this solution, unless handover procedure is modified.
[NNSN] As UE will end up in the IDLE after the whole cycle, no connected mode mobility is expected. Anyway handover cannot be triggered during the whole cycle because AS security is not activated,
[CATT] We think Handover is not necessary considering short duration of small data. And cell reselection in idle mode is supported.
[Ericsson, ST-Ericsson][CMCC] Handover is not supported. If security is not configured for the RRC connection, UE is not configured for mobility measurements and thus mobility can not be supported.
[RIM] Handover is not supported. It is unclear how radio link failure (or failure to receive higher layer acknowledgement in time) will be handled
[IDCC] Without AS security, handover and RRC re-establishment procedures cannot be performed and would need to be modified
[INTEL] UE goes back to IDLE after small data transmission. Handover may not be needed due to short duration of small data transmission.

	AS Security impacts
	[LGE][CMCC] This solution 2a allows UE to transmit or receive packets on SRB1 only with NAS security, without AS security activation.
[NNSN][Ericsson, ST-Ericsson][RIM][QC][INTEL][Huawei, HiSilicon]AS security is not activated
[CATT] No need and no impact
[ALU] No AS security for the AS signaling.  But this is not seen as an issue.
Renesas: Impacts of missing AS level security needs to be analysed by SA3.
[IDCC] AS security not activated.

	Impacts to S1/Iu signalling
	[Rapporteur/ZTE][ALU] Mixing of data and control in the same messages leading to more complexity on the MME.
[LGE] Update of S1AP messages are expected.
[NNSN][QC][INTEL] 1. S1 NAS Transfer message includes “release command” to release the RRC Connection. 2. S1 paging includes “small data flag” for the MT case so that UE can start this new procedure. 3. In S1 Initial UE message may need some indication so that MME can act according to the new procedure.
[Samsung] The DOWNLINK NAS TRANSPORT and PAGING messages are impacted.
[CATT][CMCC]  A “small data flag” in paging message in SI (for MT case) 

A release command in S1 Downlink NAS Transport message.
[ALU] Impact on dimensioning of the S1-C interface due to additional data traffic.  Use of reliable control plane to carry delay tolerant and non-critical data is not efficient.
[Ericsson, ST-Ericsson] Mixing of data and control in the same message would cause more complexity in the eNB and the MME.
[RIM] Mixing of data and control in the same messages leading to more complexity on the MME. User data is sent over S1-AP. i.e. control plane bandwidth will limit the achieved throughput/number of supported UEs
[IDCC]Small data indication in S1 AP paging message. (2) S1 DL NAS message to include release command.
[Fujitsu] For MT, a new optional IE is needed to provide “small data flag” in the Paging message
[ITRI] A “small data flag” is needed in S1-AP paging message for MT case.

	Impact to network implementation
	[Rapporteur/ZTE][ALU][Fujitsu]“Small data ind,” in UL and “small data flag” in DL, is used by eNodeB to not configure the UE for measurement reporting.
Impact of setting RRC establishment cause to “MO signalling” when this is actually for transmitting application data. 
[LGE] The network should support this solution for paging, connection setup and connection release.
[NNSN][INTEL] 1. eNB implementation changes to deal with small data indicator and acts differently. 2. MME implementation changes to deal with small data indicator. 

Q: How to prevent from UE misusing this procedure? (i.e, not a small packet or packets are generated continuously with this new procedure, what happens?)
[Samsung][CMCC]At eNB at RRC layer, ASN.1 encoding/decoding is relatively complex and therefore requires a lot of processing power. This complexity further increases if ASN.1 encoding/decoding needs to handle NAS PDUs.

At MME new functions need to be supported like extract IP address and TEID from the EPS Bearer ID, decrypt the UL IP packet and form the GTP-U packet, and send it to the S-GW. Encrypt the DL IP packet and form the NAS PDU, and send it to the eNB. Request the eNB to fast release the RRC connection after the NAS transfer. Possibly detect “small data” abuse and direct the UE to full Service Request.
The RRC connection release by the DOWNLINK NAS TRANSPORT message. If the PAGING message informs about the small data, the Paging message also informs about it.
[CATT] This solution is TAU-based procedure, no big modification on network implementation 
[ALU] Impact on eNB scheduler to identify and de-prioritise SRB1 of these connections compared SRB1 of other connections. This can be seen necessary if there are a large number of devices generating this type of traffic.
[Ericsson, ST-Ericsson] eNB and MME implementations have to be updated due to the addition of “small data” indicator and flag in UL and DL, respectively. RRC establishment cause would be set to “MO signalling” even though user plane data is transmitted.
[RIM] S1-AP may need to be scaled-up to accommodate data over control plane
[IDCC] eNB needs to recognize this is small data RRC connection and not establish DRB, AS security, measurements, etc.
[Fujitsu] It will be more challenging for the scheduler to balance the piggybacked data, the legacy SRB signaling and legacy DRB PDUs whilst not degrading the QoS of the UEs that do not use this solution.
Support of new procedures for RRC connection setup
[ITRI] The RRC establishment cause can be set without restriction when we use “small data indicator” in UL. So the impact of using “mo-signalling” for small data transmission can be avoided.
[Huawei, HiSilicon] The scheduling procedure might be impacted, because the eNB cannot distinguish the NAS signalling piggybacking small data package from the pure NAS signalling.

	Impact to UE implementation
	[LGE][CMCC] The UE should support this solution for paging, connection setup and connection release.
[NNSN] Supporting new AS and NAS layer procedures.

Q: How UE decides whether UE should start normal RRC Connection Setup procedure or this new procedure? According to SA2, UE application layer decide but there can be multiple application and they can be independent.
[Samsung] Similar complexity at UE, as foreseen at the eNB.
[CATT] The major modification is to judge whether sends data in this way.
[ALU] Additional UE implementation impact to transfer user data over SRB1 in terms of inter-layer interactions and encapsulation.
[Ericsson, ST-Ericsson] UE has to support new RRC connection procedures with small data traffic indicators.
[RIM] UE would need to be able to handle the U-plane msg over C-plane. Also, UE would need to be able to provide/process small data indicator/flag. UE also needs a mechanism to let the AS trigger this procedure at appropriate times.
[IDCC] Insert small data in RRCConnectionSetupComplete.
[QC] It should be noted this solution has impact to UE upper layer implementation. This solution has two branches. One is EPS bearer based (5.1.1.3.1 of TR 23.887). One is SMS (or similar) based (5.1.1.3.2 of TR 23.887). Both are new procedures for UE. Intra-UE packet delivery mechanism needs to be update for upper layer to deliver user packet to SRB instead of DRB.
[INTEL] Impacts to RRC procedures with small data indicator. Small data in connection set-up complete goes in SRB1 so may get higher priority over NAS messages that goes in SRB2.
[CMCC]for MO, UE needs to decide whether to use this procedure, a potential risk is that UE may abuse it.

	Impact on UE Power Consumption
	[LGE] short-lived RRC connection would save UE power consumption by removing some message exchange such as AS SMC, DRB setup and measurement configuration. 

[NNSN] From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure assuming that the procedure is used for infrequent small packet transmission. Main contributor for the power consumption is the DRX periodicity.
[Ericsson, ST-Ericsson] [Huawei, HiSilicon] Not much impact is expected from UE power consumption point of view.
[QC] Slightly reduces power consumption due to signalling reduction
[INTEL] Since RRC connection is proposed to be released immediately after data transfer (if only 1 packet is to be transferred) the solution results in reduced power consumption
[CMCC] the increased calculation for the encoding/decoding of RRC message may increase UE power consumption

	Impact on control plane latency
	[LGE] short-lived RRC connection would reduce latency for short data transmission by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
[CATT] No impact on access latency
[Ericsson, ST-Ericsson] Small data traffic may interfere with control signalling on the control plane.
[RIM] Possibility of control plane congestion increases due to transfer of UP data on control plane. This may lead to increased latency for other control plane messages
[IDCC] Reduce latency of sending data by removing steps in AS connection establishment.
[QC] Reduces latency
[INTEL] Small data in connection set-up complete goes in SRB1 so may get higher priority over NAS messages that goes in SRB2. May introduce latency of other NAS messages.
[CMCC] removing message exchange such as SMC would reduce the total latency, but the processing time of RRC message including small data would increase

	Impact on System/Spectrum efficiency
	[Rapporteur/ZTE][ALU][Fujitsu]][QC] ]No Header Compression. Packets sent on SRB1. LTE: No UE capability available: not possible to use optimal radio bearers based on UE capability.
[NNSN] Depending on the amount of small data and frequency of transfer, the solution may interfer CP message transfer as small data are transferred in SRB1.
[ALU][Ericsson, ST-Ericsson][QC][Huawei, HiSilicon] [CMCC]If proper de-prioritisation of this SRB1 is not used, performance of other devices can suffer as resources will be diverted to serve this SRB1 even though it is actually low priority.
[Ericsson, ST-Ericsson] User plane data is transmitted via SRB1 since no data radio bearer is set up. However SRB1 can not be set up optimally as UE capabilities are not available to the eNB.
[RIM] size of messages sent on SRB1 will increase and this is likely to be spectrally in-efficient. Large payload sizes are likely to result in further RLC segmentation as poor radio conditions have to be assumed.
[QC] From implementation perspective, transmitting data over signalling requires ASN.1 encoding/decoding. From spectrum perspective, signalling has higher redundancy/protection/priority than data. Hence, per bit cost of SRB is higher than DRB. The saving in RRC Connection Reconfiguration and SMC may be insufficient to justify the additional cost due to data over SRB1.

	Signalling gain
	Radio messages
	[LGE] This solution reduces the number of RRC messages e.g. due to omission of AS SMC, DRB setup and measurement configuration.
[CATT][CMCC] About 50%. Save 4 messages (2 RRC reconfiguration messages+2 security command messages),
[ALU] It can save messages compared to today’s procedures.  The number of radio message reduction compared to connectionless depends on the RAN solution adopted for connectionless.  Compared to certain solutions, it may not save any message.
[Ericsson, ST-Ericsson][CMCC] Limited gains with respect to radio messages (L1 control + L2 + RRC) as presented in RAN2#81bis
[Intel] Reduction of radio messages - medium/high

	
	Bits over the air
	[LGE] This solution reduces the number of bits over the air e.g. due to omission of AS SMC, DRB setup and measurement configuration.
ALU] It can save messages compared to today’s procedures.  The number of signalling bits over radio compared to connectionless depends on the RAN solution adopted for connectionless.  Compared to certain solutions, it may not save any message.
[Ericsson, ST-Ericsson][CMCC] Limited gains with respect to bits over the air as presented in RAN2#81bis
[Intel] Reduction of bits - medium/high

	
	S1/Iu interface signalling
	[LGE] This solution reduces the number of S1/Iu messages, because initial context setup can be omitted.
[Samsung] Gain in the Service request procedure (UE/network-triggered) and the UE Context Release Request and UE Context Release procedures.
[CATT] [CMCC] About 67%. Save 4 messages (2 Initial context setup messages + 2 UE context release),
[ALU] It can save S1 messages compared to today’s procedures.  It has more messages compared to other solutions (such as connectionless approach)
[Intel] Reduction of s1/Iu messages -  medium/high


1.2.2
Solution 2b. Downlink small data transfer using RRC message
Similarly to Solution 2a, this proposal (described in TR37.869v0.2.0, section 5.2.2) also suggests a C-plane solution for the transfer of single higher layer messages (e.g. a single IP data packet or a SMS), but focuses on the downlink case (from the MME to the UE): the DL message is conveyed into the RRC Connection Setup message and the possible acknowledgement in the RRC Connection Setup Complete.
	Applicability
	[Rapporteur/ZTE][Samsung][ALU][Ericsson, ST-Ericsson][IDCC] [Fujitsu][ITRI][QC][INTEL] [Huawei, HiSilicon][CMCC] Applicable only for the MT transmission of a single packet (and its response).
[LGE] Applicable only for the MT transmission of a single packet (pair) or multiple (UL/DL) packets. We assume that if multiple transmissions of multiple packets occur, additional RRC/NAS messages, e.g. via DL/UL Information Transfer messages, should be exchanged on the air for this solution.
This solution is an add-on solution of solution 2a. Thus, we assume that solution 2a is used for MO case.
[NNSN] Only for MT but not for MO in case of LTE. The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.
[Ericsson, ST-Ericsson] No description for UMTS.
[Renesas] applicable for MT efficient small data, but probably not suitable to address any other cases.
[RIM] Applicable for MT data. The entire procedure will need to be repeated for each isolated packet and therefore may not be suitable for the case of multiple packets which is a rather restricted corner case.
[CMCC] RRC Connection Setup message is transmitted in TM mode rather than AM mode, therefore it is impossible for RAN to detect the NACK-to-ACK inversion error of HARQ. So the reliable transmission of small data cannot be guaranteed    

	Impacts to radio protocols
	[Rapporteur/ZTE][Samsung][ALU] [IDCC][Fujitsu][ITRI][INTEL][CMCC] New IEs to provide ‘small data flag’ in the Paging message.
New IE in RRC Connection Setup message to provide the small data.

New IE in RRC Connection Setup Complete message to provide the small data ACK.
[LGE] RRC would have impact on paging and connection establishment including establishment cause. We assume that if multiple transmissions of multiple packets occur, or if data size is increased, additional RRC/NAS messages, e.g. via DL/UL Information Transfer messages on SRB1, should be exchanged on the air. MAC would have no impact.
[NNSN][QC] 1. “small data flag” in the Paging message. 2. “mo-signalling” instead of “mt-access” in the RRC establishment case. 3. RRC Connection Setup message includes DedicatedInfoNAS IE. 4. UE has to request RRC Connection Release. 
[Ericsson, ST-Ericsson] Paging message has to include “small data flag”. RRC Connection Setup and RRC Connection Setup Complete messages are used to transmit “small data” traffic and corresponding ACKs
[RIM ] small data flag needs to be included in connection setup and paging messages. One question is whether the AS or NAS will trigger this and how this is policed at the UE.  

	Impact on Mobility 
	[Rapporteur/ZTE][Samsung][ALU][IDCC][Fujitsu][QC][INTEL][Huawei, HiSilicon][CMCC] Handover is not supported
[LGE][ITRI] Handover cannot be executed without AS security. Thus, handover is not supported in this solution, unless handover procedure is modified.
[NNSN] As UE will end up in the IDLE after the whole cycle, no connected mode mobility is expected. Anyway handover cannot be triggered during the whole cycle because AS security is not activated,
[Ericsson, ST-Ericsson] Handover is not supported. If security is not configured for the RRC connection, UE is not configured for mobility measurements and thus mobility can not be supported.
[RIM] Handover is not supported. It is unclear how radio link failure (or failure to receive higher layer acknowledgement in time) will be handled

	AS Security impacts
	[LGE][CMCC] This solution 2b allows UE to receive packets only with NAS security, without AS security activation. 

[NNSN][Ericsson, ST-Ericsson][RIM][IDCC][INTEL][Huawei, HiSilicon] AS security is not activated.
Renesas: Impacts of missing AS level security needs to be analysed by SA3.
[QC] Use NAS security for user plane. No AS security

	Impacts to S1/Iu signalling
	[Rapporteur/ZTE][ALU][CMCC] Mixing of data and control in the same messages leading to more complexity on the MME.
[LGE] Update of S1AP messages are expected.
[NNSN][Samsung][IDCC] S1 paging includes small data.
[Ericsson, ST-Ericsson] Mixing of data and control in the same message would cause more complexity in the eNB and the MME. S1-AP paging message has to be extended to transfer small data packet.
[RIM] Mixing of data and control in the same messages leading to more complexity on the MME. User data is sent over S1-AP. i.e. control plane bandwidth will limit the achieved throughput/number of supported Ues
[Fujitsu] Small data is included in the Paging message.

A new UE identity IE is used to associate the UL small data ACK to a specific UE since there is no UE associated S1 connection setup signalling.
[ITRI] Extension of S1-AP paging message to transfer small data packet.

	Impact to network implementation
	[Rapporteur/ZTE][Samsung][ALU][Fujitsu][Huawei, HiSilicon][CMCC] Buffering small data in all eNBs that receive it with the page request, then the eNB that receives the page response needs to correlate the page response with the page/buffered small data.

New functionality in eNB to correlate the Paging message with the RRC connection request.  All eNBs in the TA must store the Paging message and DL packet in anticipation of a Connection request.
[LGE] The network should support this solution for paging and connection setup. eNBs in TA need to buffer small data between paging and connection setup.
[NNSN] 1. eNB has to buffer the small data after sending the paging message until receiving paging response and has to have some logic to remove small data at some point if UE does not response to the paging. 2. MME has to include small data in the S1 paging.
[Samsung] At eNB, at RRC layer, the ASN.1 encoding/decoding complexity increases to handle NAS PDUs.
If the PAGING message includes the NAS-PDU IE, the eNB relays it via the Paging message.
[Ericsson, ST-Ericsson] eNB has to buffer the small data packets after sending the paging message until receiving the paging response from the UE. New mechanisms would be required at the eNB to correlate the paging message with the RRC connection request. MME has to include small data packets in the S1 paging. All eNBs in the TA need to store the paging messages and the corresponding small data packets for a period of time in case the UE requests a connection.

[RIM] S1-AP may need to be scaled-up to accommodate data over control plane
[IDCC] eNB needs to buffer small data and wait for acknowledgement . MME has to include small data in S1 paging and eNB has to support it.
[Fujitsu] Support of new procedures for RRC connection setup
[INTEL] From an implementation and deployment perspective, there are open areas due to limited applicability of the solution as well as the agreement that SRB0 cannot be used to transmit DL data in order of KB, due to lack of segmentation.

	Impact to UE implementation
	[LGE][INTEL] The UE should support this solution for paging and connection setup.
[NNSN] Supporting new AS and NAS layer procedures.
[Samsung][CMCC] Similar complexity at UE, as foreseen at the eNB w.r.t ASN.1 encoding/decoding complexity.
[ALU] Additional UE implementation impact to transfer user data over SRB1 in terms of inter-layer interactions and encapsulation.
[Ericsson, ST-Ericsson] UE has to support new RRC connection procedures.
[RIM] UE would need to be able to handle the U-plane msg over C-plane. 
[IDCC] The AS procedures to account for small data reception and sending acknowledgement.
[Fujitsu] Support of new procedures for RRC connection setup
[QC] New data transmission procedure.
[INTEL] Support of Small Data Indication in RRC Connection Procedure

	Impact on UE Power Consumption
	[LGE][IDCC] short-lived RRC connection would save UE power consumption by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
[NNSN] From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure assuming that the procedure is used for infrequent small packet transmission. Main contributor for the power consumption is the DRX periodicity.
[Ericsson, ST-Ericsson] [Huawei, HiSilicon] Not much impact is expected from UE power consumption point of view.

[QC] Slightly saves power due to signalling reduction
[INTEL] Since RRC connection is proposed to be released immediately after data transfer (if only 1 packet is to be transferred) the solution results in reduced power consumption
[CMCC] the increased calculation for the encoding/decoding of RRC message may increase UE power consumption

	Impact on control plane latency
	[LGE] short-lived RRC connection would reduce latency for short data transmission by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
[Ericsson, ST-Ericsson] Small data traffic may interfere with control signalling on the control plane.
[RIM] Possibility of control plane congestion increases due to transfer of UP data on control plane. This may lead to increased latency for other control plane messages
[CMCC] removing message exchange such as SMC would reduce the total latency, but the processing time of RRC message including small data would increase

	Impact on System/Spectrum efficiency
	[Rapporteur/ZTE][Fujitsu][ITRI][INTEL] With this solution, the DL packet (piggybacked into the RRC Connection Setup message) uses SRB0 /RLC TM mode, therefore no segmentation is possible. This would require that the entire IP packet needs to be transmitted in a single subframe. Transmitting a 1 Kbyte packet in one subframe would correspond to a data rate of 8 Mbit/s which seems unrealistic. 

Note: at RAN2#81bis, RAN2 agreed that SRB0 cannot be used to transmit data in the order of 1 Kbyte in DL due to lack of segmentation. 
[LGE] We assume that if data size is increased, additional RRC/NAS messages, e.g. via DL/UL Information Transfer messages on SRB1, would be exchanged on the air.
[NNSN] As the small data has to be included in the S1 paging in all TAs where the paging should be delivered, this will increase the S1 traffic. If UE does not response the paging, MME may repeat the paging with small data in all TAs again.
[Ericsson, ST-Ericsson][QC][CMCC] DL packet is piggybacked to the RRC Connection Setup message and transmitted via SRB0 with the RLC TM mode. This would mean that entire IP packet needs to be transmitted in a single subframe since segmentation is not possible. This may require an unrealistic data rate to be supported. Note that RAN2 agreed in the last meeting that SRB0 cannot be used to transmit data in the order of 1Kbyte in DL due to lack of segmentation.
[RIM] Transfer of UP data on SRB0 is not practical for larger packet sizes. If sent on SRB1, size of messages sent on SRB1 will increase and this is likely to be spectrally in-efficient. Large payload sizes are likely to result in further RLC segmentation as poor radio conditions have to be assumed.
[Fujitsu] Using SRB0 for data transmission may lead to degradation of the reliability and a waste of resources because of possible re-transmissions and the unknown physical layer channel condition.
[Huawei, HiSilicon]With this solution, the small data package piggybacked in RRC Connection Setup message has to be of TM mode, this will not only impact the delivery reliability, but also impact the scheduling flexibility since TM mode data cannot be segmented and concatenated.

	Signalling gain
	Radio messages
	[LGE][CMCC] This solution reduces the number of RRC messages e.g. due to omission of AS SMC, DRB setup and measurement configuration.
ALU] It can save messages compared to today’s procedures.  The number of signalling bits over radio compared to connectionless depends on the RAN solution adopted for connectionless.  Compared to certain solutions, it may not save any message.
[Ericsson, ST-Ericsson] Limited gains with respect to radio messages (L1 control + L2 + RRC) as presented in RAN2#81bis
[INTEL] Reduction of radio messages - medium/high

	
	Bits over the air
	[LGE] This solution reduces the number of bits over the air e.g. due to omission of AS SMC, DRB setup and measurement configuration.
ALU] It can save messages compared to today’s procedures.  The number of signalling bits over radio compared to connectionless depends on the RAN solution adopted for connectionless.  Compared to certain solutions, it may not save any message.
[Ericsson, ST-Ericsson][CMCC] Limited gains with respect to bits over the air as presented in RAN2#81bis
[INTEL] Reduction of bits -  medium/high

	
	S1/Iu interface signalling
	[LGE] This solution reduces the number of S1/Iu messages, because initial UE message and initial context setup can be omitted for MT case.
[Samsung] Gain in the Service request procedure (network-triggered)
[INTEL] Reduction of s1/Iu messages -  medium/high


1.3
Connectionless approaches
1.3.1
Solution 3a. (FFS)

The RAN details of this solution (to be captured in TR37.869v0.3.0, section 5.3.1) are being discussed in the dedicated email discussion [81bis#14][Joint/MTCe] RAN aspects of “Fast Path” and “Connectionless”. Some preliminary analysis on some specific aspects can still be performed. Further considerations are expected to be added based on the outcome of the [81bis#14] email discussion and then during RAN2#82.
[LGE] With TR23.887v0.9.0 as a reference, updated ‘Fast Path’ and ‘Connectionless’ in Solution 3a seems to be quite different from RAN perspective. It might be better to split solution 3 into solution 3a ‘Fast Path’ and solution 3b ‘connectionless’ for our evaluation.
[INTEL] Agree with LGE that fast path and connectionless are quite different and should be split.
	Applicability
	[Rapporteur/ZTE][LGE][ALU][Ericsson, ST-Ericsson][Renesas][Fujitsu][ITRI][QC][CMCC] Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
[NNSN] Applicable for both MT and MO in case of LTE. The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.
[Samsung] Can handle both MTC traffic and background mobile application traffic.
[CATT] More suited for small interval-time transmission of packets.
[Renesas] If correctly designed at RAN level this can address UE power consumption, efficient small data, and signalling overhead reduction.
[RIM] This solution is applicable both for MT and MO cases and is likely to be applicable to a wide range of applications (i.e. single and multiple UL/DL packets. From RAN perspective, this solution is not fully connectionless as security context and other UE identifiers are stored on network and UE side. The stored context can be used to further improve mobility performance for long term connected mode. 
[IDCC] Applicable to both MT and MO cases.
[INTEL] Applicable for MO and MT cases. Inefficient for infrequent small data transmission as fast path would be released as inter-arrival time will be much greater than RRC connectionless inactivity timer but context will still need to be maintained. Not a scalable solution for the huge populations of MTC devices (e.g. sensors or meters) that infrequently transfer a small amount of data due to the extra contexts to be maintained. The solution is not described for UMTS. Connectionless solution is applicable per PDN connection and doesn’t support dedicated bearers for connectionless PDN connection. 

	Impacts to radio protocols
	[Rapporteur/ZTE][ALU][Fujitsu] Additional IE in RRC connection request / RRC Connection Setup messages for ‘small data indicator’.

Addition of Bearer Resource ID / Connection ID to small data packets sent over the radio

(other impacts are still FFS depending on the detailed RAN solution)
[LGE][Fast Path] RRC would have impact on paging and connection establishment including establishment cause. How to handle default DRB during connection setup needs to be further specified. MAC would have no impact.
[LGE][Connectionless] RRC would have impact on paging, connection establishment, and SMC. MAC would have no impact.
[NNSN][INTEL][CMCC] For “Fast path”, 1. “small data indicator” in the RRC Connection Request. 2 “small data indicator” and default DRB configuration in the RRC Connection Setup. 3. DRB should be activated after RRC Connection Setup and before RRC Connection Setup Complete. 4. SGW Bearer Resource ID in the RRC Connection Setup Complete message. For “Connectionless”, 1. The TOKEN in the Security Mode Command during the full service request procedure. 2. Connection ID, TOKEN and signature in the RRC Connection Setup Complete message during service request with token.
[Samsung]. We think other technical realisations of the radio protocols is possible and several other companies have expressed similar opinion in email discussion [81bis#14][Joint/MTCe]. Needs further evaluation in RAN2.
[CATT] FFS (depends on the outcome of the [81bis#14] email discussion)
[ALU] In addition to rapporteur evaluation, TOKEN should also be provided to the UE.  
Further This can be decided based on RAN discussions.  At its simplest, current procedure can be re-used with minimal impact.  For more saving in the RRC messages/bits, other optimisations can be considered that will have some impact (not needing some messages) radio protocols.
[Ericsson, ST-Ericsson] For “Small data fast path”, RRC Connection Request has to include “small data indicator” and RRC Connection Setup Complete has to include “SGW Bearer Resource ID”. For “Connectionless”, “token” has to be included in the Security Mode Command during full service request procedure and “Connection ID, token and signature” have to be included in the RRC Connection Setup Complete message during service request with token. The data radio bearer can be established using the existing RRC connection setup mechanisms or it can be activated when RRC connection setup is completed so that RRC reconfiguration procedure to establish the data radio bearer may be omitted.
Renesas: We think that we should discuss possible RAN aspects of directions for the “Connectionless” and “Fast Path” solutions. Hence we will provide possible RAN implementation in our discussion paper. 

RAN2 can discuss if there is a need to add an additional IE in RRC connection request / RRC Connection Setup or Reconfiguration messages. There may be no need to send Bearer Resource ID / Connection ID over the air during establishment/reconfiguration if it is stored as one of the parameters of the “Connectionless” state in UE and eNB/MME. Terminals in such state could avoid RRC connection establishment procedure to perform data transmission.

The drawback: Some memory resources are required to save UE information in eNB/MME. However this might be not big issue
[IDCC] FFS (depending on the outcome of [81bis#14] email discussion). The RRC state is specified as RRC_CONNECTED and NAS state is ECM_IDLE in SA2 TR v0.9.0, which is not supported configuration at present. Modifications may be required to support this, maybe as a new state.
[QC] The connectionless approaches are not really connectionless. Both solutions require a RRC connection. The RRC connection establishment procedure is changed by adding new parameters to Msg3, Msg4 and Msg5. In “Fast Path”, the Msg3 size exceeds the 80bits restriction due to new “small data indicator”. “SGW Bearer Resource ID” is sent together with UL user packet. For “connectionless”, ConnectionID, TOKEN and Signature are added into RRC Connection Setup Complete.
[Huawei, HiSilicon] FFS. We should first discuss possible RAN solutions for the “Connectionless” and “Fast Path” solutions.
[CMCC]Other solutions not based on RRC procedure should also be considered

	Impact on Mobility 
	[Rapporteur/ZTE][ALU][Fujitsu] Handover is not supported
[LGE][Fast Path] Handover cannot be executed without AS security. Thus, handover is not supported in this solution, unless handover procedure is modified.
[NNSN][IDCC] For “Fast path”, RRC CONNECTED mode mobility is not supported as security in the AS layer will not be activated.  For “Connectionless”, RRC CONNECTED mode mobility is not required as the connectionless mode lasts for short period. If UE reselects the target cell without token, UE should perform service request procedure where MME should be involved.
[CATT] We think handover is not necessary considering short duration of small data. For “Fast Path” approach, when UE in idle mode moves to a new eNB, the new eNB has to acquire the mapping of the Bearer resource ID and SGW TEID. For “Connectionless approach”, when UE in idle mode moves to a new eNB, the new eNB has to acquire the UE’s AS security context and the mapping of the connection ID and SGW TEID.
[ALU][Ericsson, ST-Ericsson] HO is not considered essential for small data.
[Ericsson, ST-Ericsson][CMCC] Handover is not supported. If security is not configured for the RRC connection, UE is not configured for mobility measurements and thus mobility can not be supported.
Renesas: Mobility can be supported.
[RIM] Handover is not supported although security context is stored both at eNB and UE for “connectionless”. It seems logical for RAN2 to further investigate solutions to support mobility by reusing the stored security context. 
[QC] Handover is not supported. GRPS Cell Update like mobility procedure may be used for RRC connected mode mobility.
[INTEL] Handover not supported. For frequent small data from a mobile user, it may not provide the required mobility robustness if eNB changes during small data communication process. Both solutions refer to the communication being quite short, and hence communication at cell border considered not applicable and refer to MTC example, but if the solution is to be applied to mobile users, it needs to be addressed.

	AS Security impacts
	[LGE][Fast Path] ‘Fast Path’ solution allows UE to transmit or receive packets only with NAS security, without AS security activation.
[LGE][Connectionless] There would be impact on AS security e.g. for handling token.
[NNSN] [Samsung][CATT][ALU][Ericsson, ST-Ericsson][IDCC][CMCC]For “Fast Path”, the AS security is not activated. Instead IP and ciphering is activated between UE and SGW. For “Connectionless”, AS security is supported.
[Renesas] If UE remains connected then security is supported. Otherwise SA3 need to analyse missing AS level security.
[RIM] AS security can be supported for “connectionless”
[INTEL] "Fast Path" - Security model is proposed to be changed significantly to be between UE and SGW; "Connectionless" - Security procedure requires update for token handling.
[QC] In "Fast Path”, NAS security is used for user plane security. AS security is not used. For “; "Connectionless”, cached AS security is used. For both solutions, UE authentication is based on integrity check to user plane packet

	Impacts to S1/Iu signalling
	[Rapporteur/ZTE][ALU][Ericsson, ST-Ericsson][Fujitsu]Avoids the Initial UE message and signalling for the Initial Context Setup. It may also avoid the Security Mode Command / Complete messages
[NNSN] [INTEL] For both “Fast Path” and “Connectionless”, 1. S1 tunnel is created via GTP-U packet between eNB and SGW which used to be an MME role. 2. MME needs to inform eNB the SGW Bearer Resource ID or Connection ID during the EPS bearer establishment procedure.
[Samsung] The PAGING message is impacted.
[CATT] For “fast path”, A timeout value is sent to eNB during MM or SM procedure;

For fast path, related ID of fast path needs to be included in Paging message when multiple fast paths are enabled. For “connectionless”, the mapping of connection ID to SGW TEID is sent to eNB when security is established.
[Ericsson, ST-Ericsson] S1 tunnel is created via GTP-U packet between the eNB and SGW, instead of involving the MME. MME has to inform the eNB about the SGW Bearer Resource ID or Connection ID during the EPS bearer establishment procedure.
[RIM] New procedures needed to tunnel the data between eNB and SGW. Alternative approaches using current S1 procedures should also be considered. 
[INTEL] In addition, if the UE has moved to another cell, the eNB returns a Error Indication to the SGW and S-GW needs to contact MME to paging the UE. This is very inefficient for mobile UEs.

	Impact to network implementation
	[LGE][Fast Path] The network should support this solution for paging, connection setup and handling default DRB and SGW bearer resource ID.
[LGE][Connectionless] The network should support this solution for paging, connection setup and handling connection ID and token.
[NNSN][INTEL][CMCC] For “Fast Path”, 1. eNB handles all those new RRC messages and parameters. 2. eNB should store default DRB configuration for the UE but it is not clear how long eNB should store as UE may be disappeared from the coverage while IDLE. 3. eNB should select SGW and send GTP-U packet directly to SGW to create GTP tunnel for small data instead of sending initial UE message to MME. 4. eNB should run a special inactivity timer to remove RRC Connection for this case. 5. SGW, should deal with GTP-U packet and creates tunnel for the small data. 6. SGW should run a special inactivity timer to remove S1 tunnel.7. SGW has to perform IP and ciphering. For “connectionless”, 1. eNB handles all those new RRC messages and parameters. 2. eNB should store the UE context, mapping between connection ID+token+signature and UE context until the connectionless inactivity timer expires even UE may be disappeared from the coverage while IDLE.
[Samsung][ALU] Derivation of the S-GW S1-U TEID from the SGW Bearer Resource ID/Connection ID should be available in the eNB; and

If the eNB receives the modified RRCConnectionSetupComplete message, the INITIAL UE MESSAGE message is not triggered.

If the eNB receives the SGW Bearer Resource ID/Connection ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.

If the PAGING message informs that the paging is for the downlink small data, the eNB also informs it via the Paging message.
[CATT][ALU] For “fast path”, network needs to potentially store the UE’s the mapping of Bearer ID and SGW TEID when UE is back to idle mode. And other impact depends on the detailed RAN aspects. For “connectionless”, network needs to store the UE’s AS security context and potential the mapping of connection ID and SGW TEID when UE is back to idle mode. And other impact depends on the detailed RAN aspects.
[ALU] Assume that by “network”, we are only talking about eNB and CN nodes.  Other network impacts depends on what RAN optimizations are considered.
[Ericsson, ST-Ericsson] For “small data fast path”, eNB has to select the SGW and send GTP-U packet directly to SGW to create GTP tunnel for small data traffic. The eNB would need to store the bearer context, i.e. establish a GTP-U tunnel endpoint in order to enable small data transmission to and from the S-GW. Small data transmission would take place without any UE-associated S1-MME signalling connection being established.

Although UE and bearer contexts are established in the eNB, the MME would be neither able to directly address the UE context nor the bearer context in the eNB during small data operation as the UE would appear ECM-IDLE to the MME, i.e. the MME control is limited during “small data fast path” operation.

For “connectionless”, eNB has to store the UE context and provide the mapping between the connection ID, token, signature and the UE context until the connectionless inactivity timer expires.
[IDCC] eNB needs to support timer based deactivation, special mapping table for “bearer resource ID”, special paging and extensions in GTP-U headers.
[INTEL] Updates to Attach procedure for connection ID/bearer resource ID transfer to the UE. Significant changes are required to support these solutions. All network nodes - eNB, MME, SGW are impacted. Both solutions require some context information to be stored in the eNB which make it unsuitable for supporting large number of MTC devices sending infrequent small data.

	Impact to UE implementation
	[LGE][Fast Path][ALU][Ericsson, ST-Ericsson][CMCC] The UE should support this solution for paging, connection setup and handling default DRB and SGW bearer resource ID.
[LGE][Connectionless] [ALU][Ericsson, ST-Ericsson] The UE should support this solution for paging, connection setup and handling connection ID and token.
[NNSN] [INTEL] Supporting new AS and NAS layer procedures. (i.e, storing the security context for small data transmission, SGW bearer resource ID/Connection ID, setting up the DRB in the middle of RRC Connection setup, providing SGW Bearer Resource ID/Connection ID to eNB, etc)

Q: How UE decides whether UE should start normal RRC Connection Setup procedure or this new procedure? According to SA2, UE application layer decide but there can be multiple application and they can be independent.
[Samsung]. We think other technical realisations of the radio protocols is possible and several other companies have expressed similar opinion in email discussion [81bis#14][Joint/MTCe]. Needs further evaluation in RAN2.
[CATT][ALU] UE needs to store the UE’s AS security context and t Bearer resource ID or connection ID when UE is back to idle mode. And other impact depends on the detailed RAN aspects
[Ericsson, ST-Ericsson] UE needs to support new AS and NAS layer procedures. (storing the security context for small data transmission, SGW bearer resource ID/Connection ID, setting up the data radio bearer etc.)
[Renesas] needs further discussion, it really depends how the solution looks which is not entirely clear now. However this may need extensions to reconfiguration message for state change and mobility, and the associated procedures.
[IDCC] UE needs to support security mechanism with UE-SGW, and dummy IP packets when receiving paging, new MM/SM procedure for preparing UE context for small data transmission.
[QC] UE needs to support:

· New RRC establishment procedure
· New security procedure

· SGW Bearer ID or Connection ID

	Impact on UE Power Consumption
	[LGE][Fast Path] short-lived RRC connection would save UE power consumption by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
[LGE][Connectionless] This solution has no benefit for UE power saving.
[NNSN][INTEL] From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure assuming that the procedure is used for infrequent small packet transmission. Main contributor for the power consumption is the DRX periodicity.
[Ericsson, ST-Ericsson] Not much impact is expected from UE power consumption point of view.
[Renesas] Depending whether we are able to extend DRX in connection and potentially introduce new RRC state, then the power consumption should be comparable to idle mode.
[RIM] Viewing this as a long term connected mode and assuming DRX cycles similar to idle mode paging cycles, power consumption similar to idle mode can be achieved as concluded during eDDA study. 
[QC] No impact to UE power consumption

	Impact on control plane latency
	[LGE][Fast Path] short-lived RRC connection would reduce latency for short data transmission by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
[LGE][Connectionless] This solution cannot reduce control plane latency over the air.
[ALU][Ericsson, ST-Ericsson] Since there is no S1 messages to MME and associated MME response delays, CP setup can be expected to be faster.  Additional saving depends on RAN solution adopted.
[Renesas] Compared to traditional connection establishment we should be able to improve latency.

	Impact on System/Spectrum efficiency
	[Samsung] In R2-131187, we had shown the connectionless approaches perform best in terms on Uu signalling overhead. However, this depends on the assumed Uu interface design. Since other technical realisations of Uu interface possible, needs further evaluation in RAN2.
[QC] For “Fast Path”, spectrum efficiency is impacted because eNB doesn’t have UE radio capability. For “connectionless”, it is not clear whether eNB caches UE radio capability
[INTEL] Signalling overhead reduction depends on traffic pattern. Inefficient for infrequent small data transmission as fast path would be released as inter-arrival time will be much greater than RRC connectionless inactivity timer but context in eNB will still need to be maintained

	Signalling gain
	Radio messages
	[LGE][Fast Path] This solution reduces the number of RRC messages e.g. due to default DRB and no AS security.
[LGE][Connectionless] This solution does not reduce the number of radio messages 
[ALU] It depends on how much optimisation RAN wants to do.  At one extreme, almost all of the current procedure can be re-used but without much saving in radio messages.  There are also several optimisations that are possible that can bring significant reduction in the number of messages but with some “complexity” as changes to protocol flows will be needed.
[Ericsson, ST-Ericsson] Limited gains with respect to radio messages  (L1 control + L2 + RRC) as presented in RAN2#81bis
[Renesas] Overall a good design will significantly reduce the number of RRC messages
[QC] “Fast Path” reduces RRC messages to the same level as solution 1a. “Connectionless” reduces a pair of AS security messages.
[INTEL] Reduction of radio messages - medium/high

	
	Bits over the air
	[LGE][Fast Path] This solution reduces the number of bits over the air e.g. due to default DRB and no AS security.
[LGE][Connectionless] This solution does not reduce the number of bits over the air. 
[ALU] It depends on how much optimisation RAN wants to do.  At one extreme, almost all of the current procedure can be re-used but without much saving in radio messages.  There are also several optimisations that are possible that can bring significant reduction in the number of messages but with some “complexity” as changes to protocol flows will be needed.
[Ericsson, ST-Ericsson] Limited gains with respect to bits over the air as presented in RAN2#81bis
[Renesas] overall a good design will significantly reduce the number of bits (due to saving RRC signalling)
[INTEL] Reduction of bits - medium/high

	
	S1/Iu interface signalling
	[LGE][Fast Path] This solution reduces the number of S1/Iu messages.
[LGE][Connectionless] This solution does not reduce the number of S1/Iu messages. 
[ALU] [Ericsson, ST-Ericsson] There is no S1 setup for these solutions and saves on S1 messaging.
[INTEL] Reduction of s1/Iu messages - high


1.4
S1/Iu-only optimizations 
1.4.1
Solution 4a: Stateless Gateway for cost efficient transmission of infrequent or frequent small data

This solution (described in TR37.869v0.2.0, section 5.4.1) aims at reducing the signaling between core network nodes, via a stateless gateway.
	Applicability
	[Rapporteur/ZTE][LGE][ALU][Ericsson, ST-Ericsson][Fujitsu][ITRI][INTEL][CMCC] Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
[NNSN][IDCC]Applicable for both MT and MO in case of LTE. The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.
[Samsung] Suitable for only certain MTC traffic types depending on several criteria mentioned in the proposal.
[CATT] More suited for small interval-time transmission of packets due to no signalling gain on air interface.
[Ericsson, ST-Ericsson] No description for UMTS.
[Renesas] Does not address signalling reduction, efficiency or power consumption from a RAN point of view.
[INTEL]This solution is UEs with single bearer and single PDN connection with gains primarily due to reduction in core network signalling/optimizations

	Impacts to radio protocols
	[Rapporteur/ZTE][LGE][NNSN][Samsung][CATT][ALU][Ericsson, ST-Ericsson][IDCC][Fujitsu] [ITRI][INTEL][Huawei, HiSilicon][CMCC] No impact

	Impact on Mobility 
	[Samsung] Supported
[CATT][CMCC] Handover and cell reselection in idle mode are supported.
[INTEL] Mobility is supported after the proposed changes at the eNB (support indication, sending dummy packet to C-GW with tunnel header, etc) 

	AS Security impacts
	[Rapporteur/ZTE][LGE][NNSN][Samsung][CATT][INTEL] No impact

	Impacts to S1/Iu signalling
	[NNSN][INTEL] 1. eNB provides it supports the new procedure to MME. 2. MME includes “GW-BR-Support” and “CGW state info” in Initial Context Setup. 3. eNB includes “eNB F-TEID”, “CGW state info” in the first UP GTP packet.
[Samsung] The INITIAL CONTEXT SETUP REQUEST and INITIAL UE MESSAGE messages are impacted.
[CATT] The new1-bit  indication in S1 message tells MME whether eNB support this solution; 

The new1-bit indication in X2 message tells target eNB whether SGW support this solution;
[ALU] This solution should be evaluated by RAN3.
[Ericsson, ST-Ericsson] Possible modifications in S1AP due to exchange of new information and possible optimisations,

	Impact to network implementation
	[NNSN] New functions in eNB, MME and GW to support the new parameters in the messages
[Samsung][IDCC] Major impacts in the core network in terms of modifying existing procedures and introducing new procedures.
If optimized bearer signaling is available in the eNB, it may include information regarding the eNB BR Support in the INITIAL UE MESSAGE message.

If the INITIAL CONTEXT SETUP REQUEST message contains information regarding the GW BR Support and CGW state info, the eNB saves it and includes part of the received information and the eNB S1-U TEID in the uplink GTP-U PDU.

If the device becomes inactive, the eNB may send a dummy tunneled uplink data packet to the CGW with an indication that the device context can be immediately released.
[ALU][RIM] This solution should be evaluated by RAN3.
[Ericsson, ST-Ericsson] The major architecture/protocol principles are kept from RAN point of view, most importantly, during small data transmission a UE-associated S1-MME connection is established.

The optimisation is completely on the GW side, which does not retain (permanent) UE states, but maintains bearer contexts in a time-based fashion instead of explicitly setting them up or releasing them by the MME. The necessary information is provided by the necessary addition of control plane level information within a GTP-U header extension. As of the efficiency to signal CP level information in-band compared to explicit CP signalling, necessary effort to process that CP level information in the relevant nodes will remain fairly the same.

	Impact to UE implementation
	[Rapporteur/ZTE][ALU][Ericsson, ST-Ericsson][Renesas] No impact
[Samsung] Solution restricts UE to have a single PDN connection and single bearer
[INTEL] Indication of CGW capability support

	Impact on UE Power Consumption
	[LGE] This solution has no benefit for UE power saving.
[NNSN] As there is no impact to UE implementation, there is no difference from UE power consumtion point of view.
[Ericsson, ST-Ericsson] No impact

	Impact on control plane latency
	[LGE] This solution does not reduce control plane latency over the air.

	Impact on System/Spectrum efficiency
	[Samsung] Major benefit in terms of reduction in the long term state information to be retained in the packet gateways; but not much signalling overhead reduction on the Uu interface. Further, fall back to legacy procedure is not seamless and creates further signalling

	Signalling gain
	Radio messages
	[LGE] This solution does not reduce the number of radio messages
[CATT][Ericsson, ST-Ericsson][INTEL] None

	
	Bits over the air
	[LGE] This solution does not reduce the number of bits over the air.
[Ericsson, ST-Ericsson][INTEL] None

	
	S1/Iu interface signalling
	[LGE] [Samsung] This solution does not reduce the number of S1/Iu messages.
[CATT] [INTEL] None


1.5
Keep the UE in connected mode

1.5.1
Solution 5a. Core Network assisted eNB parameters tuning for small data transfer
This solution (to be described in TR37.869v0.3.0, section 5.5.1) keeps the UE in connected mode, and assumes that the setting of some key parameters like the the RRC inactivity timer and the DRX timers could be assisted by the Core Network. 
	Applicability
	[Rapporteur/ZTE][CATT][ALU][Ericsson, ST-Ericsson][Fujitsu][ITRI][QC][INTEL][Huawei, HiSilicon][CMCC] Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
[LGE] Same as ZTE. In addition, this solution seems to be an independent solution from the other solutions.
[NNSN] Applicable for both MT and MO in case of LTE. The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.
[CATT] The real requirement of the assisted information provided by CN needs to be further discussed.
[Ericsson, ST-Ericsson] No description for UMTS
[Renesas] Could address signalling reduction, power saving, and efficient small data transmission – so applicable to all of the currently discussed use cases.
[RIM] In general, long term connected solutions are applicable for both MT and MO cases. These will cover a wide variety of traffic profiles including more frequent smart phone traffic and very infrequent Machine type traffic. Connection less solution in section 1.3 can also be viewed as a variant of long term connected solution from RAN perspective. In connected mode the assistance information can come from either UE (i.e. no changes to Rel-11) or from core network as proposed in this solution. It is unclear why the assistance information should come from core network though. It would be easier and more reliable to have this information from the UE as the UE has a view of more protocol layers than any other network node. The UE also can be aware of the user interaction status unlike core network nodes.
[INTEL] This solution is applicable for frequent small data transfer with intrinsic gains primarily due to possible reduction in number of idle to connected mode transitions.

[CMCC]more suitable for frequent small data. As to the assistant information, we prefer it comes from UE

	Impacts to radio protocols
	[Rapporteur/ZTE][LGE][NNSN][Samsung][ALU][Ericsson, ST-Ericsson][QC][INTEL][Huawei, HiSilicon][CMCC] estricts luation in RAN2.is depends on the Uu ied similar opinion on 
















































No impact 
[Renesas] This specific solution has no radio level impact however there are other ways in which to assist eNB parameter tuning which could be better/more efficient solutions than this, which would impact RRC.
[RIM] No impact. However, new solutions will be needed to minimise mobility signalling (see below) in case of long term connected mode and potential impact will depend on the chosen solution

	Impact on Mobility 
	[Rapporteur/ZTE][LGE][NNSN][Samsung][ALU][Ericsson, ST-Ericsson][Renesas][QC][INTEL] [Huawei, HiSilicon][CMCC] No impact
[RIM] Handover is supported. For static UEs current standard supports long term connected mode without any mobility related signalling overhead issues. For mobile UEs, the mobility signalling overhead will increase and this issue needs to be solved.

	AS Security impacts
	[Rapporteur/ZTE][LGE][NNSN][Samsung][ALU][Ericsson, ST-Ericsson][Renesas][RIM] [QC] [INTEL][Huawei, HiSilicon][CMCC] No impact

	Impacts to S1/Iu signalling
	[Rapporteur/ZTE][ALU] Additional assistance data in UE Context Release Complete and Initial Context Setup Complete messages. 
[LGE] Additional IEs in S1AP messages are expected.
[NNSN] Depending on what assistance information SA2 is considering, eNB may need to provides some eNB internal parameters to MME upon S1 release and during UE Context setup, MME may provides assistance information back to eNB
[Samsung][ALU] The UE CONTEXT RELEASE COMPLETE and INITIAL CONTEXT SETUP REQUEST messages are impacted.
[CATT][CMCC] RAN assistance information (e.g. DRX cycle and/or RRC inactivity timer) is included in UE CONTEXT RELEASE COMPLETE or S1and X2 handover related messages (e.g. HANDOVER REQUIRED). CN assistance information is included in INITIAL CONTEXT SETUP REQUEST
[Ericsson, ST-Ericsson] Additional information has to be exchanged via existing S1AP.

	Impact to network implementation
	[Rapporteur/ZTE] 
Impacts to MME:

· setting of CN assistance information based on subscription data and/or (dynamic) monitoring of the UE activity; 

· storing RAN assistance information received from the last eNB during the release of the last RRC signalling connection;

· passing CN and/or RAN assistance information to the eNB during the setup of a new RRC signalling connection.

· passing CN and/or RAN assistance information to new MME in case of the idle mobility events and inter MME handovers.

Impacts to eNB:

· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
· providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.

· providing the RAN assistance information to the target eNB over X2 during an X2 handover procedure.
[MediaTek] [RIM] We have concern on the complexity and delay of MME providing assistance information to the network. We suggest to evaluate the possibility of UE providing such assistance information.
[NNSN] 1. eNB may needs to provide the some internal information to MME during S1 release procedure. 2. MME stores UE specific assistance information while UE is in IDLE and provides them to eNB during UE Context setup.
Q: Which assistance information is proven to be useful?
[Samsung] [ALU] The eNB may decide to help the MME and the new eNB by transferring RAN assistance information to the MME via the UE CONTEXT RELEASE COMPLETE message.

If the eNB receives assistance data from the MME via the INITIAL CONTEXT SETUP REQUEST message, the eNB may be able to use the data for DRX cycle and inactivity timer adjustment.
[CATT] Main impact on MME, and little impact on eNB.
[ALU] If eNb provides assistance information, then level of MME involvement should be discussed. Some of it can be left to implementation.
[IDCC] eNB would need to maintain longer inactivity timer and more number of UE contexts
[Fujitsu] The network might have to maintain large amount of UE context information if many UEs are kept in connected mode.
[INTEL] Tuning RRC user inactivity timer (on an individual UE basis) and DRX parameters
[CMCC]eNB needs to support a large number of UEs in connected state

	Impact to UE implementation
	[Rapporteur/ZTE][LGE][NNSN][Samsung][CATT] [ALU][Ericsson, ST-Ericsson][QC][INTEL] [Huawei, HiSilicon][CMCC] No impact
[Renesas] Some assistance information may be required from UE in RRC or NAS signalling.
[IDCC] Does the UE determine the need for keeping in CONNECTED mode?

	Impact on UE Power Consumption
	[LGE] Impact and benefit for UE power saving are not expected.
[NNSN][ALU][Huawei, HiSilicon] Depending on the configuration provided by eNB to UE and parameter setting in eNB, the UE power consumption may be different.
[Ericsson, ST-Ericsson] UE power consumption depends on the configuration provided by the eNB.
[Renesas] Provided the CN/eNB is assisted by information from UE, then power optimised configuration may be possible. It might make more sense however to do this directly between UE and eNB without involving CN.
[RIM]: It was concluded under eDDA WID that the power consumption in connected mode can be made similar to that in idle mode by choosing an appropriate connected mode configuration (especially DRX configuration with long DRX cycle similar to idle mode paging cycle). Rel-11 UE Assistance information feature will further help in this regard. It is unclear whether similar savings can be achieved by CN based assistance. Further enhancements to UE assistance information must be studied before considering CN assistance information. 
[INTEL] Possible savings due to potential reduction in idle to connected mode transitions
[CMCC]In connected state, UE needs to search for the common search space as well as dedicated search space of PDCCH, which results in much more times of blind decoding attempts and the power consumption will greatly increase. Besides, to effectively support mobility, UE needs to perform measurement more frequently, and perform HO when necessary, all of which will also increase UE power.

	Impact on control plane latency
	[Rapporteur/ZTE][ALU][QC][INTEL] No impact
[LGE] Impact and benefit for control plane latency are not expected.
[Renesas] No direct improvement to individual signalling procedures, however overall latency will be much improved compared to solutions which UE starts in idle mode (e.g. quite reconfiguration compared to RRC Connection establishment).

	Impact on System/Spectrum efficiency
	[NNSN] Why assistance information should be stored in the MME but not UE? MME has to deal with huge number of UEs in the coverage while UE just needs to store its own information if anything is proven to be useful.
[ALU] MME has to store fair amount of data for the UE anyway.  The volume of assistance data per UE is small compared to this.  UE providing assistance info will impact radio interface efficiency and will also need to be implemented by UE.  
[RIM] Handover signalling overhead should be reduced for mobiles which are non-stationary as mentioned above in general for all long term connected mode solutions
[Fujitsu] There may be a negative effect on radio resource usage e.g. PUCCH resources are low efficiency if many UEs are kept in connected mode but only active infrequently.
[QC] No impact

	Signalling gain
	Radio messages
	[LGE] This solution does not reduce the number of radio messages necessary for connection setup and DRX operation. The gain may depend on network implementation.
[CATT][CMCC] None
[ALU] It should be compared to UE going Connected/Idle.  It depends on the HO versus data frequency.
[Ericsson, ST-Ericsson] Limited gains with respect to radio messages  (L1 control + L2 + RRC) as presented in RAN2#81bis
[Renesas] Since entire connection setup procedure may be avoided this has a significant advantage over solutions starting in idle mode
[RIM] agree with Renesas. However, handover signalling overhead must be considered for non-stationary devices and a solution is necessary to mitigate this impact. 

	
	Bits over the air
	[LGE]  This solution does not reduce the number of bits over the air necessary for connection setup and DRX operation. The gain may depend on network implementation.
[ALU][CMCC] It should be compared to UE going Connected/Idle.  It depends on the HO versus data frequency.
[Ericsson, ST-Ericsson] Limited gains with respect to bits over the air as presented in RAN2#81bis.
[Renesas] as above.
[RIM] as above

	
	S1/Iu interface signalling
	[LGE] This solution does not reduce the number of S1/Iu messages necessary for connection setup and DRX operation. The gain may depend on network implementation.
[Samsung] Less frequent occurrence of the entire Service request procedure
[CATT][CMCC] Increase the S1/Iu interface signalling overhead.
[ALU] It should be compared to UE going Connected/Idle.  It depends on the HO versus data frequency.


2
Conclusions

18 companies joined the email discussion.
For most of the solutions, and for most of the aspects, the comments from different companies were quite aligned.

One company indicated their preference to leave the analysis of ‘impacts to S1/Iu signalling’ and the impacts to core network nodes to RAN3 and SA2. 

Regarding the ‘small data fast path’ and ‘connectionless’ solutions, a few companies indicated their preference to split the analysis for the two solutions and more in general to wait for further discussion of the possible different RAN alternatives before performing the evaluation.
A Text Proposal to TR37.869 based on the received comments is included in the Annex. In the few cases where the received comments are contrasting an attempt is made to combine them. 
The Text Proposal tentatively keeps together the analysis for the ‘small data fast path’ and ‘connectionless’ solutions, also because not all the companies provided separate comments for the two alternatives. The analysis is only based on the RAN aspects already included in TR23.887v0.9.0. So in any case further analysis will be required for the different specific RAN alternatives that will be suggested to cover these solutions.
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5
Solutions for Signalling Overhead Reduction

5.1
Optimized RRC connection management
5.1.1
Solution 1a. Signalling reduction by RRC message combining 
NOTE:
This solution is described in TR 23.887 v0.9.0, section 5.1.1.3.7 "Service Request signalling reduction by RRC message combining".

The proposed solution reduces the number of RRC messages by combining the information exchanged between the UE and the network into fewer RRC messages. The solution is proposed for both LTE and UMTS.

5.1.1.1
RAN aspects

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
Likely applicable to RRC Connection Setup procedure in general (i.e. irrespective of small data applications)

	Impacts to radio protocols
	There would be significant impact on RRC procedures for combining RRC connection establishment, DRB setup, SMC.
Service Request has to be added to RRC Connection Request. RRC Connection Setup has to contain SRB1 and DRB configuration and AS security parameters. Normally, DRB configuration is encrypted, so some IEs in this message need to be partially encrypted. Since partial encryption is foreseen, there will be impact to PDCP layer.
The size limitation of RRC connection request should be considered. 
For LTE, increasing the size of Msg3 beyond the current limits may impact the MAC layer. The eNB cannot know in advance whether the UE requires Msg3 with a larger size. Since it would be inefficient to schedule all Msg3 messages with a larger size, there may be a need to define RACH preamble groups.

For UMTS, the RRC CONNECTION SETUP message cannot be extended to carry NAS PDU data, unless advanced features like Common E-DCH are implemented. RRC Connection Setup message is transmitted in TM which means that there is no redundancy or segmentation at RLC level. The size of the RRC Connection Setup message should also be considered as it is transmitted in UM which means that there will be no retransmissions at RLC level. A longer message would reduce the probability of successful reception in the UE.  

	Impact on Mobility 
	No impact to the mobility. Handover and cell reselection in idle mode are supported.

	AS Security impacts
	AS security is activated during the RRC Connection Setup procedure. 
AS SMC may be compromised (New information in RRCConnSetup message (DRB config, SMC) are to be sent using using partial encryption. Details of partial encryption are not clear, and whether RRC Connection Setup message needs to be integrity protected is not clear.)
Impacts of modified AS level security needs to be analysed by SA3.

	Impacts to S1/Iu signalling
	Not much impact expected (if partial encryption is needed, there might be some changes to the S1AP procedure). Does not reduce S1/Iu signalling messages.

	Impact to network implementation
	Support of new procedures for paging, random access, RRC connection setup, SMC, DRB setup.
It is not clear whether the UE indicates its preference to the network to combine RRC messages or not. How does the UE decide when to combine RRC messages? Is this up to UE implementation (e.g. if path loss is not too large) and/or does the network configure the UE (through SIB broadcast or as part of Attach/TAU procedure)?
Network may need to fetch UE context earlier or delay the establishment procedure to enable combining the messages.

	Impact to UE implementation
	Support of new procedures for paging, random access, RRC connection setup, SMC, DRB setup.
The UE needs to decide whether to use RRC message combining based on eNB/RNC capability (and/or path loss). 

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure. Main contributor for the power consumption is the DRX periodicity.
Combining several procedures into RRC connection setup may cause combined (and then larger) RRC messages to be sent multiple times due to bad network coverage (unless the UE doesn’t use the RRC message combing procedure in bad network coverage). And this may cause UE to unnecessarily consume UE power.

	Impact on control plane latency
	Reducing the number of RRC messages may decrease the latency on the control plane, but it may also cause several additional HARQ transmissions due larger RRC messages in bad network coverage. Therefore the impact on control plane latency is not clear.
It needs to be checked if the UE can tolerate the delay between RRC Connection Request and RRCConnectionSetup as S1 should be setup in-between

	Impact on System/Spectrum efficiency
	Might need the introduction of RACH preamble groups.

Increased size of RRC connection request message may result in reduced uplink coverage. Also, combining several procedures into RRC connection setup may cause more frequent connection failure due to increased size of RRC messages.
Combining RRC messages will result in a larger combined message which might decrease spectral efficiency when sent on SRB0 instead of SRB1 for instance.

	Signalling gain
	Radio messages
	This solution reduces the number of RRC messages e.g. due to combining connection setup, AS SMC, DRB setup and measurement configuration.

	
	Bits over the air
	Combining connection setup, AS SMC, DRB setup and measurement configuration into one RRC message could not significantly reduce the number of information bits signalled by RRC (apart from the RLC ACK, RLC/MAC headers).
More bits can be saved for UMTS due to: 

· No need to transmit UE radio capability in RRC Connection Setup complete
· No need to send Initial direct transfer

	
	S1/Iu interface signalling
	This solution does not reduce the number of S1/Iu messages. No gain



5.2
Control Plane solutions
5.2.1
Solution 2a. RRC connection without U-plane radio bearer establishment
NOTE:
This solution covers the RAN aspects of the solutions described in TR 23.887 v0.9.0, section 5.1.1.3.1 "Use of pre-established NAS security context to transfer the IP packet as NAS signalling without establishing RRC security" and section 5.1.1.3.2 "Optimised handling of C-plane connection for Small Data and Device Trigger Transmission without U-plane bearer establishment in E-UTRAN", which from RAN point of view are very similar.

The proposed solution aims at optimizing the procedure for transfering a single higher layer message (e.g. a single IP data packet or a SMS) (and possibly its response) starting from RRC idle. The solution consists of piggybacking the IP data packet / SMS (and the response) in control messages, without establishing U-plane radio bearers. For the MO case, the UL packet and possible acknowledgment DL packet are conveyed in RRC Connection Setup Complete/UL Information Transfer and RRC Connection Release/DL Information Transfer messages respectively. For the MT case, the DL packet and possible acknowledgment UL packet are conveyed in DL Information Transfer and UL Information Transfer messages respectively.
5.2.1.1
RAN aspects

	Applicability
	Applicable for both MT and MO in case of LTE. Probably more suited for the transmission of a single packet (pair), but it could also allow the transmission multiple (UL/DL) packets. The entire procedure will need to be repeated for each isolated packet. This solution is then more suitable for infrequent small data transfer.
The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.

	Impacts to radio protocols
	Additional IE in RRC Connection Request for ‘small data indicator’ or “mo-signalling” for small data transmission. Alternatively the ‘small data indicator’could be added to the RRC Connection Setup Complete message. Hence, the RRC establishment cause can be set without restriction (i.e., not mo-signalling only).
New NAS message in RRC Connection setup complete/RRC Connection Release

For MT, new IE to provide “small data flag” in the Paging message.
UL Information transfer message needs to include an indication to trigger RRC Connection release.
Embedding IP packet either directly or as NAS PDU into RRC message increases the complexity at RRC. Putting small data in RRC message would increase the RRC message size, and thereby increase the complexity of ASN.1 encoding/decoding
Additionally for UMTS, impact to the CELL-UPDATE procedure requires further study.

	Impact on Mobility 
	Handover cannot be executed without AS security. Thus, handover is not supported in this solution, unless handover procedure is modified.
However, as UE will end up in the IDLE after the whole cycle, no connected mode mobility is expected.
Cell reselection in idle mode is supported.
It is unclear how radio link failure (or failure to receive higher layer acknowledgement in time) will be handled

	AS Security impacts
	Data transmission on SRB1 only with NAS security, without AS security activation.
This is not seen as an issue. However impacts of missing AS level security need to be analysed by SA3.

	Impacts to S1/Iu signalling
	Update of S1AP messages are expected: 1. S1 Downlink NAS Transfer message includes “release command” to release the RRC Connection. 2. S1 paging includes “small data flag” for the MT case so that UE can start this new procedure. 3. In S1 Initial UE message may need some indication so that MME can act according to the new procedure.
Impact on dimensioning of the S1-C interface due to additional data traffic. Use of reliable control plane to carry delay tolerant and non-critical data is not efficient.
Mixing of data and control in the same messages leading to more complexity in the eNB and the MME.

	Impact to network implementation
	(Although this solution is not completely new, since it’s based on TAU procedure) it would lead to increased complexity at the eNB since ASN.1 encoding/decoding needs to handle NAS PDUs for all small data transfers.
“Small data ind” in UL and “small data flag” in DL need to be used by eNB to not establish DRB, AS security, and not configure the UE for measurement reporting.
Impact on eNB scheduler to identify and de-prioritise SRB1 of these connections compared SRB1 of other connections. This can be seen necessary if there are a large number of devices generating this type of traffic.
At MME new functions need to be supported like extract IP address and TEID from the EPS Bearer ID, decrypt the UL IP packet and form the GTP-U packet, and send it to the S-GW. Encrypt the DL IP packet and form the NAS PDU, and send it to the eNB. Request the eNB to fast release the RRC connection after the NAS transfer. 

	Impact to UE implementation
	UE would need to be able to handle the U-plane msg over C-plane. Also, UE would need to be able to provide/process small data indicator/flag. UE also needs a mechanism to let the AS trigger this procedure at appropriate times. 

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure.
Short-lived RRC connection would slightly decrease UE power consumption by removing some message exchange such as AS SMC, DRB setup and measurement configuration, and by releasing the connection immediately after data transfer. However increased processing for the encoding/decoding of RRC messages would go in the other direction (increase UE power consumption)

	Impact on control plane latency
	Short-lived RRC connection would reduce latency for short data transmission by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
However, small data traffic may interfere with control signalling on the control plane and lead to increased latency for other control plane messages

	Impact on System/Spectrum efficiency
	Depending on the amount of small data and frequency of transfer, the solution may interfere CP message transfer as small data are transferred in SRB1. If proper de-prioritisation of this SRB1 is not used, performance of other devices can suffer as resources will be diverted to serve this SRB1 even though it is actually low priority.
No Header Compression. No UE capability available: not possible to use optimal radio bearers based on UE capability.
From spectrum perspective, signalling has higher redundancy/protection/priority than data. Hence, per bit cost of SRB is higher than DRB. The saving in RRC Connection Reconfiguration and SMC may be insufficient to justify the additional cost due to data over SRB1.

	Signalling gain
	Radio messages
	This solution reduces the number of RRC messages e.g. due to omission of AS SMC, DRB setup and measurement configuration.

	
	Bits over the air
	This solution reduces the number of control bits e.g. due to omission of AS SMC, DRB setup and measurement configuration.
However limited gains with respect to number of bits over the air are expected, due to the different efficiency to send data over SRB1 rather than DRB

	
	S1/Iu interface signalling
	This solution reduces the number of S1/Iu messages, (2 Initial context setup messages + 2 UE context release)


5.2.2
Solution 2b. Downlink small data transfer using RRC message
NOTE:
This solution is described in TR 23.887 v0.9.0, section 5.1.1.3.5 "Downlink small data transfer using RRC message".

Similar to Solution 2a, this proposal suggests a control plane solution for the transfer of single higher layer messages (e.g. a single IP data packet or a SMS), but focuses on the MT case (from the MME to the UE): the DL packet and possible acknowledgment UL packet are conveyed in RRC Connection Setup and RRC Connection Setup Complete messages respectively.

5.2.2.1
RAN aspects

	Applicability
	Applicable only for the MT transmission of a single packet (and its response) for LTE (although the solution could be extended to allow the transmissions of multiple packets, e.g. via DL/UL Information Transfer messages). The entire procedure will need to be repeated for each isolated packet. This solution is then more suitable for infrequent small data transfer. 

	Impacts to radio protocols
	New IEs to provide ‘small data flag’ in the Paging message.

New IE in RRC Connection Setup message to provide the small data.

New IE in RRC Connection Setup Complete message to provide the small data ACK. 

	Impact on Mobility 
	Handover cannot be executed without AS security. Thus, handover is not supported in this solution, unless handover procedure is modified.
However, as UE will end up in the IDLE after the whole cycle, no connected mode mobility is expected.
It is unclear how radio link failure (or failure to receive higher layer acknowledgement in time) will be handled

	AS Security impacts
	Data transmission on SRB1 only with NAS security, without AS security activation.
This is not seen as an issue. However impacts of missing AS level security need to be analysed by SA3.

	Impacts to S1/Iu signalling
	Update of S1AP messages are expected: S1-AP paging message has to be extended to transfer small data packet 

Impact on dimensioning of the S1-C interface due to additional data traffic. Use of reliable control plane to carry delay tolerant and non-critical data is not efficient.
Mixing of data and control in the same messages leading to more complexity in the eNB and the MME.

	Impact to network implementation
	Buffering small data in all eNBs that receive it with the page request, then the eNB that receives the page response needs to correlate the page response with the page/buffered small data.

New functionality in eNB to correlate the Paging message with the RRC connection request.  
All eNBs in the TA must store the Paging message and DL packet in anticipation of a Connection request.
At eNB, at RRC layer, the ASN.1 encoding/decoding complexity increases to handle NAS PDUs for all small data transfers.
S1-AP may need to be scaled-up to accommodate data over control plane
From an implementation and deployment perspective, there are open areas due to limited applicability of the solution as well as the agreement that SRB0 cannot be used to transmit DL data in order of KB, due to lack of segmentation.

	Impact to UE implementation
	UE would need to be able to handle the U-plane msg over C-plane. 
Similar complexity at UE, as foreseen at the eNB w.r.t ASN.1 encoding/decoding complexity.

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure.
Short-lived RRC connection would slightly decrease UE power consumption by removing some message exchange such as AS SMC, DRB setup and measurement configuration, and by releasing the connection immediately after data transfer. However increased processing for the encoding/decoding of RRC messages would go in the other direction (increase UE power consumption)

	Impact on control plane latency
	Short-lived RRC connection would reduce latency for short data transmission by removing some message exchange such as AS SMC, DRB setup and measurement configuration.
However, small data traffic may interfere with control signalling on the control plane and lead to increased latency for other control plane messages

	Impact on System/Spectrum efficiency
	With this solution, the DL packet (piggybacked into the RRC Connection Setup message) uses SRB0 /RLC TM mode, therefore no segmentation is possible. This would require that the entire IP packet needs to be transmitted in a single subframe. Transmitting a 1 Kbyte packet in one subframe would correspond to a data rate of 8 Mbit/s which is unrealistic. 
As the small data has to be included in the S1 paging in all TAs where the paging should be delivered, this will increase the S1 traffic. If UE does not response the paging, MME may repeat the paging with small data in all TAs again.

	Signalling gain
	Radio messages
	This solution reduces the number of RRC messages e.g. due to omission of AS SMC, DRB setup and measurement configuration.

	
	Bits over the air
	This solution reduces the number of control bits e.g. due to omission of AS SMC, DRB setup and measurement configuration.
However limited gains with respect to number of bits over the air are expected, due to the different efficiency to send data over SRB rather than DRB

	
	S1/Iu interface signalling
	This solution reduces the number of S1/Iu messages, because initial UE message and initial context setup can be omitted for MT case.



5.3
Connectionless approaches

To reduce the amount of signalling caused by idle-connected mode transitions, solutions can be defined where small amounts of data can be transferred while the UE has no NAS signalling connection. Two alternatives are described in TR 23.887. Both alternatives are based on the principle of providing information to the UE about the bearer end-point(s) of the PDN Connection(s) in the SGW. One of the differences is the handling of security. For "Small Data Fast Path" (TR 23.887 v0.9.0 section 5.1.1.3.6.2) security is performed between UE and SGW (the security solution is FFS by SA3). For "Connectionless Data Transmission" (TR 23.887 v0.9.0 section 5.1.1.3.6.3) the security model is not changed as the eNB performs the encryption function. For both alternatives RAN aspects are covered in the following. The solution is proposed for both LTE and UMTS.
5.3.1
Solution 3a. (FFS)

NOTE:
This section defines a common RAN solution for both alternatives described in TR 23.887 v0.9.0, section 5.1.1.3.6.2 "Small Data Fast Path" and section 5.1.1.3.6.3 "Connectionless Data Transmission". 
Editor’s Note:
 This section covers the alternative based on RAN aspects already included in TR23.887v0.9.0. Other sections and further analysis will be required for the different RAN alternatives that will be suggested to cover the "Small Data Fast Path" and "Connectionless Data Transmission" solutions.
5.3.1.1
RAN aspects



	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
The solution is suggested but not described for UMTS. 

	Impacts to radio protocols
	For “Fast path”, 1. “small data indicator” in the RRC Connection Request. 2 “small data indicator” and default DRB configuration in the RRC Connection Setup. 3. DRB should be activated after RRC Connection Setup and before RRC Connection Setup Complete. 4. SGW Bearer Resource ID in the RRC Connection Setup Complete message. 
For “Connectionless”, 1. The TOKEN in the Security Mode Command during the full service request procedure. 2. Connection ID, TOKEN and signature in the RRC Connection Setup Complete message during service request with token.
The RRC state is specified as RRC_CONNECTED and NAS state is ECM_IDLE, which is not supported configuration at present. Modifications may be required to support this, maybe as a new state.

	Impact on Mobility 
	For “Fast path”, RRC CONNECTED mode mobility is not supported as security in the AS layer will not be activated.  
For “Connectionless”, RRC CONNECTED mode mobility is not required as the connectionless mode lasts for short period. If UE reselects the target cell without token, UE should perform service request procedure where MME should be involved.

	AS Security impacts
	For “Fast Path”, the AS security is not activated. Instead IP and ciphering is activated between UE and SGW. 
For “Connectionless”, there would be impact on AS security e.g. for handling token

	Impacts to S1/Iu signalling
	Avoids the Initial UE message and signalling for the Initial Context Setup. 
For both “Fast Path” and “Connectionless”, 1. S1 tunnel is created via GTP-U packet between eNB and SGW which used to be an MME role. 2. MME needs to inform eNB the SGW Bearer Resource ID or Connection ID during the EPS bearer establishment procedure.
In addition, if the UE has moved to another cell, the eNB returns an Error Indication to the SGW and S-GW needs to contact MME to paging the UE. 

	Impact to network implementation
	All network nodes - eNB, MME, SGW are impacted. 
For “Fast Path”, 1. eNB handles all those new RRC messages and parameters. 2. eNB should store default DRB configuration for the UE but it is not clear how long eNB should store as UE may be disappeared from the coverage while IDLE. 3. eNB should select SGW and send GTP-U packet directly to SGW to create GTP tunnel for small data instead of sending initial UE message to MME. 4. eNB should run a special inactivity timer to remove RRC Connection for this case. 5. SGW, should deal with GTP-U packet and creates tunnel for the small data. 6. SGW should run a special inactivity timer to remove S1 tunnel.7. SGW has to perform IP and ciphering. 
For “connectionless”, 1. eNB handles all those new RRC messages and parameters. 2. eNB should store the UE context, mapping between connection ID+token+signature and UE context until the connectionless inactivity timer expires even UE may be disappeared from the coverage while IDLE.
Derivation of the S-GW S1-U TEID from the SGW Bearer Resource ID/Connection ID should be available in the eNB.

If the eNB receives the SGW Bearer Resource ID/Connection ID and uplink IP packet from the UE, the eNB should be capable of deriving the proper S-GW S1-U TEID, assembling a GTP-U PDU using the received uplink IP packet, adding a GTP-U extension header with the eNB S1-U TEID and forwarding the GTP-U PDU on the S1-U interface to the S-GW.

Small data transmission would take place without any UE-associated S1-MME signalling connection being established. Although UE and bearer contexts are established in the eNB, the MME would be neither able to directly address the UE context nor the bearer context in the eNB during small data operation as the UE would appear ECM-IDLE to the MME, i.e. the MME control is limited during “small data fast path” operation.
Both solutions require some context information to be stored in the eNB which make it unsuitable for supporting large number of MTC devices sending infrequent small data.

	Impact to UE implementation
	Supporting new AS and NAS layer procedures. (i.e., storing the security context for small data transmission, SGW bearer resource ID/Connection ID, setting up the DRB in the middle of RRC Connection setup, providing SGW Bearer Resource ID/Connection ID to eNB, etc)

UE needs to store the UE’s AS security context and the Bearer resource ID or connection ID when UE is back to idle mode. And other impact depends on the detailed RAN aspects

	Impact on UE Power Consumption
	From the UE power consumption point of view, there may not be big difference between normal procedure and optimized procedure. Main contributor for the power consumption is the DRX periodicity. 

	Impact on control plane latency
	Since there is no S1 messages to MME and associated MME response delays, CP setup can be expected to be faster.  Additional saving depends on RAN solution adopted.

	Impact on System/Spectrum efficiency
	For “Fast Path”, spectrum efficiency is impacted because eNB doesn’t have UE radio capability. For “connectionless”, it is not clear whether eNB caches UE radio capability

	Signalling gain
	Radio messages
	 “Fast Path” reduces a number of RRC messages depending on the final design (but at least the AS security messages).
 “Connectionless” reduces the AS security messages.


	
	Bits over the air
	These solutions reduce the number of bits over the air since they skip the AS security messages.



	
	S1/Iu interface signalling
	There is no S1 setup for these solutions and saves on S1 messaging.



5.4
S1/Iu-only optimizations 
5.4.1
Solution 4a: Stateless Gateway for cost efficient transmission of infrequent or frequent small data

NOTE:
This solution covers aspects with RAN impacts of the solutions described in TR 23.887 v0.9.0, section 5.1.1.3.4 "Stateless Gateway for cost efficient transmission of infrequent or frequent small data".

This solution aims at reducing the signaling between core network nodes, via a stateless gateway.
5.4.1.1
RAN aspects

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets. Applicable to UEs having a single PDN connection and single bearer
The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.

	Impacts to radio protocols
	No impact

	Impact on Mobility 
	No impact

	AS Security impacts
	No impact

	Impacts to S1/Iu signalling
	1. eNB provides indication that it supports the new procedure to MME. 2. MME includes “GW-BR-Support” and “CGW state info” in Initial Context Setup. 3. eNB includes “eNB F-TEID”, “CGW state info” in the first UP GTP packet.

	Impact to network implementation
	New functions in eNB, MME and GW to support the new parameters in the messages
The optimisation is completely on the GW side, which does not retain (permanent) UE states, but maintains bearer contexts in a time-based fashion instead of explicitly setting them up or releasing them by the MME. The necessary information is provided by the necessary addition of control plane level information within a GTP-U header extension. 

	Impact to UE implementation
	Solution restricts UE to have a single PDN connection and single bearer


	Impact on UE Power Consumption
	No impact

	Impact on control plane latency
	No impact 


	Impact on System/Spectrum efficiency
	This procedure skips the Modify Bearer procedure among core network nodes

	Signalling gain
	Radio messages
	No gain

	
	Bits over the air
	No gain

	
	S1/Iu interface signalling
	No gain


5.5
Keep the UE in connected mode
5.5.1
Solution 5a: Core Network assisted eNB parameters tuning for small data transfer
NOTE:
This solution is described in TR23.887v0.9.0, section section 5.1.2.3.1 “Keep the UE in connected mode”.

In order to minimize UE state transitions, UEs can be kept in connected mode. The setting of some key parameters like the the RRC inactivity timer and the DRX timers could be assisted by the Core Network. This could be based on initial values for the parameters provided at attach time or subscription data (e.g. related to expected mobility pattern, or expected allowed applications characteristics such as whether only mobile originated services are expected by the particular application) and/or the learning of the signalling traffic pattern and/or the mobility pattern of the user. The CN assistance information can enable the RAN to adjust/optimize the RAN parameters applied to the UE and thus reduce the frequency of transitions between idle and connected states, minimize network signalling, and save UE battery consumption. 
5.5.1.1
RAN aspects

	Applicability
	Applicable for both MT and MO cases. It allows the transmission of a single packet (pair) or multiple (UL/DL) packets
The solution is not described for UMTS. Therefore it is not clear whether the solution works for UMTS or not.

	Impacts to radio protocols
	estricts luation in RAN2.is depends on the Uu ied similar opinion on 
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No impact 

	Impact on Mobility 
	estricts luation in RAN2.is depends on the Uu ied similar opinion on 
















































No impact 

	AS Security impacts
	estricts luation in RAN2.is depends on the Uu ied similar opinion on 
















































No impact 


	Impacts to S1/Iu signalling
	Additional assistance data in UE Context Release Complete and Initial Context Setup Complete messages. 

	Impact to network implementation
	Impacts to MME:

· setting of CN assistance information based on subscription data and/or (dynamic) monitoring of the UE activity; 

· storing RAN assistance information received from the last eNB during the release of the last RRC signalling connection;

· passing CN and/or RAN assistance information to the eNB during the setup of a new RRC signalling connection.

· passing CN and/or RAN assistance information to new MME in case of the idle mobility events and inter MME handovers.

Impacts to eNB:

· tuning of RAN parameters (e.g. DRX cycle and/or RRC inactivity timer) using CN and/or RAN assistance information;
· providing the RAN assistance information to the MME during the release of the RRC signalling connection and S1 and X2 handover procedures.

· providing the RAN assistance information to the target eNB over X2 during an X2 handover procedure.

	Impact to UE implementation
	estricts luation in RAN2.is depends on the Uu ied similar opinion on 
















































No impact 


	Impact on UE Power Consumption
	UE power consumption depends on the configuration provided by the eNB.


	Impact on control plane latency
	estricts luation in RAN2.is depends on the Uu ied similar opinion on 
















































No impact 

	Impact on System/Spectrum efficiency
	The MME has to store the information for a huge number of UEs in the coverage. However the MME has to store fair amount of data for the UE anyway.  The volume of assistance data per UE is small compared to this.
In connected mode the assistance information can come from either UE (i.e. no changes to Rel-11) or from core network as proposed in this solution. It is unclear why the assistance information should come from core network though. It would probably be easier and more reliable to have this information from the UE, although UE providing assistance info will impact radio interface efficiency and will also need to be implemented by UE.  
If UEs are kept in kept in Connected mode for long times, handover signalling overhead should be reduced for mobiles which are non-stationary. Furthermore, there may be a negative effect on radio resource usage e.g. PUCCH resources if many UEs are kept in connected mode but only active infrequently (these considerations are applicable in general for all long term connected mode solutions)

	Signalling gain
	Radio messages
	No gain (with respect to the solution to keep the UE in Connected mode with without this specific proposal).

However the gain should be compared to UE going Connected/Idle. Since entire connection setup procedure may be avoided this has a significant advantage over solutions starting in idle mode. However, handover signalling overhead must be considered for non-stationary devices. 

	
	Bits over the air
	As above, the gain should be compared to UE going Connected/Idle.  

	
	S1/Iu interface signalling
	As above, the gain should be compared to UE going Connected/Idle.  
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