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1
Introduction

Two of the SDDTE (Small Data and Device Triggering Enhancements) solutions (defined in 23.887 v0.9.0) are Small Data Fast Path and Connectionless Data Transmission. In this document we discuss issues associated with the use of these techniques and provide some outline conclusions. 
2
Comparison of Alternative A (small data fast path) and Alternative B (connectionless)

The connection ID (Alt B) and SGW bearer resource ID (Alt A) are effectively the same.  Updates made to alt B in 23.887 v0.9.0 section 5.1.1.3.6.3.1 indicates that data is sent over S1-U/S12 tunnels that are predefined at bearer connection set up time and that the S1-U/S12 tunnels are unique per UE bearer. This seems at odds with the unmodified general section (5.1.1.3.6.1). Thus we assume that the connection ID / SGW bearer resource ID uniquely identifies the SGW and the TEID associated with a particular UE’s individual bearer. Thus both of these IDs must be represented by the same number of bits, see section 7 below.  

The key difference between the two alternatives is that in Alt A there is no security context in the eNode B. Security is achieved between UE and SGW. In alternative B a security context is maintained in the eNode B for UEs in EMM-idle. This clearly has significant impacts on the eNode B context that must be maintained for UEs in RRC-idle using the connectionless solution.

3
True connectionless operation

It is clear that the RAN solutions proposed in 23.887 v0.9.0 are only connectionless in the sense that the UE remains in EMM-idle. 

True connectionless operation in the RAN would entail the UE not obtaining an RRC connection in the conventional fashion. This form of operation is regarded as difficult to achieve due to segmentation almost certainly being needed and thus some form of RLC context required, i.e. it is hard to see how data can be sent using CCCH.

One issue that should also be noted is that RAN connectionless operation is even less likely in alternative B because of the need to maintain security context in the eNode B.

4
Use of SRBs / DRBs and possible configuration of DRBs
As discussed in the above section it is likely that a UE must obtain an RRC connection. In this case whether SRBs or DRBs is used is a significant issue.

Should data be sent on SRB or DRB:

1. DRB PRO:

a. More likely optimised RLC config.

b. Small data traffic is likely to be highly delay tolerant. Using DRBs mean that the scheduler is able to de-prioritize small data.

c. If a DRB is setup for each UE reported connection ID / SGW bearer resource ID then no need to include connection ID/ SGW bearer resource ID in PDU sent over this bearer.

d. Possibility to configure different QoS for data associated with different connection ID/SGW bearer resource ID.
2. DRB CON:

a. Extra messaging (or modified functionality) needed to signal DRB. The RRCConnectionReconfig and RRCConnectionReconfigComplete may be of comparable size to the actual small data itself. 

3. SRB PRO:

a. No DRB needs to be set up – simple functionality.

b. Minimal messaging required.

4. SRB CON:

a. RLC config for SRBs may not be optimal for small data.

b. SRBs must be scheduled with a high priority. This is totally at odds with the highly delay tolerant traffic that characterises small data.

c. Unlikely to be possible to configure different QoS for data associated with different connection ID/SGW bearer resource ID.

d. Need to add a connection ID/ SGW bearer resource ID to every UL packet.

Overall we would favour the use of DRBs. There are however a number of issues:

1. What is the configuration of these DRB(s) (since there are no QoS parameters provided by the MME on bearer setup).

2. How is the scheduler informed of the prioritisation of these DRB(s).

3. Should a DRB be set up for each connection ID / SGW bearer resource ID reported by the UE or should a single DRB be set up and all small data PDUs regardless of connection ID/SGW bearer resource ID be multiplexed on it:

a. Issues for the multiple DRB case (note that this appears to be the suggested mode of operation in 23.887 in alternative B):

i. A potential benefit in this case is that the connection ID/SGW bearer resource ID does not need to be appended to each data PDU. However:

ii. What is the EPS-bearer-ID used in the bearer setup and how is it guaranteed that the UE places the appropriate data onto these various bearers.

iii. How does the eNode B indicate that some bearers have been accepted and some rejected.

iv. Does the UE indicate all the connection IDs/SGW bearer resource IDs that it has configured in the RRCConnectionSetupComplete or does it only indicate those that have small data associated with them to send. If the later what happens if while the UE has an RRC connection data for a connection ID/ SGW bearer resource ID is generated that has not been indicated to the eNode B in RRCConnectionSetupComplete. What RRC message is used to inform the eNode B or does the UE have to return to RRC idle to indicate this.

b.  Issues for the single DRB case:

i. How is the connection ID/ SGW bearer resource ID added to each data PDU and how is demultiplexing achieved.

ii. How is different prioritisation between different connection IDs/SGW bearer resource IDs achieved.

4. When should the DRB(s) be setup:

a. Using a separate RRCConnectionReconfiguration after RRC connection has been fully setup. This requires extra messaging which is not desirable in the small data scenario.

b. Using RRCConnectionSetup. However in this scenario it is difficult to see how the eNode B can know the connection ID(s)/SGW bearer resource ID(s) that the UE has small data for at this early stage because the only message that could be used is the RRCConnectionRequest which clearly has limited space available. A simple 1 bit indication of ‘small data’ would have to be used. This appears to enforce the use of the single DRB approach. 
5
Context information required at eNode B

The eNode B is required to maintain a context for all UEs that have a EPS-bearer established for small data which are currently in RRC-idle. As discussed above it is not truly connectionless functionality.

In the case of alternative A (small data fast path) this context could contain:

1. Connection ID /SGW bearer resource ID

2. SGW F-TEID

3. Optionally this context will also hold parameter(s) indicating how the DRB should be configured and what priority bearer should be handled. Typically a QCI parameter.
Note that in this case we do not think it is necessary for the eNode B to maintain a UE identifier, e.g. S-TMSI in this context. In cases where a single UE has multiple connection IDs / SGW bearer resource IDs established (i.e. there are multiple EPS-bearers established for small data to a single UE) it is not necessary for the eNode B to know that these connection IDs/SGW bearer resource IDs are associated with the same UE.

In the case of alternative B (connectionless) a UE security context will need to be maintained in the eNode B referenced to a UE context identifier, either a S-TMSI or a token value as discussed in 5.1.1.3.6.3 of 23.887.
6
Mobility issues

In addition to the obvious issues associated with mobility while the UE has an RRC connection and is actively passing small data. There also exists the issue of cell reselection while the UE has EPS bearers established for small data but has no current RRC connection, i.e. there is currently no small data being sent. This issue is discussed below:
Because UEs are in EMM-idle if the UE changes cell but remains within the tracking area then the network is unaware of this change in location, see figure below. Thus either:

1.  Connection ID/SGW bearer resource ID must be unique over the whole tracking area and the mapping of connection ID/SGW bearer ID to F-TEID must be signalled to all eNode Bs in the tracking area; or 

2. The connection ID / SGW bearer resource ID provides an explicit definition of the SGW TEID, i.e. it is at least 32 bits; or 
3. UE must not use connectionless mode of operation after a reselection has been detected.
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Figure 1 Figure showing the need for uniqueness of the connection ID / SGW bearer resource ID across the tracking area.
7
Size of Connection ID / SGW bearer resource ID
As discussed in the section 6 the Connection ID / SGW bearer resource ID must be unique in the tracking area. The overall TEID space, i.e. the size of the TEID field in the GTP header is 4 octets. There may be multiple SGWs in the tracking area. Thus the size of the Connection ID / SGW bearer resource ID may be in excess of 32 bits. However we would realistically estimate the required size to be between 16 and 32 bits.

8
Mobile terminated data case

Clearly in the mobile terminated data case the eNode B needs to know which of the UEs connection IDs/SGW bearer resource IDs is associated with DL data. It seems relatively easy for the dummy PDUs to be sent to the SGW using all of the Connection IDs / SGW bearer resource IDs signalled by the UE to the eNode B in RRCConnectionComplete. The figure below shows the mobile terminated data case when the single default DRB approach is taken. The eNode B sends dummy packets to the SGW using all of the F-TEIDs indicated by the connection ID/SGW bearer resource IDs reported by the UE, appending its own selected TEID to each of the GTP-U PDUs. Data is received on a particular eNode TEID and this can be referenced back to a connection ID/SGW bearer resource ID. The small data packet is sent on the DRB together with an appended indication of the determined connection ID/SGW bearer resource ID.
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Figure 2 Figure illustrating operation of MT data for connectionless / small data fast path approach
9
Overall conclusions

eNode B needs to hold context information linking connection ID/SGW bearer resource ID with SGW F-TEID. The connection ID/SGW bearer resource ID must be unique in the tracking area so is potentially a big number – we estimate the required size of the connection ID/SGW bearer resource ID to be between 16 and 32 bits.
UEs will need to obtain an RRC connection. Genuine RAN connectionless operation is unlikely to be possible. 

The connectionless approaches should be associated with using DRBs – otherwise might as well use control plan solutions. DRBs offer the advantage of being de-prioritized compared to SRBs.

For efficiency purposes the DRB should be configured as soon as possible without use of a separate RRC connection reconfiguration procedure, i.e. in the RRC connection setup:

· Need small data indication in RRC Connection request.
· Single default DRB will carry small data associated with all connection IDs assigned to UE. Thus will need to append connection ID (or some index to it) to all data packets.
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