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1
Introduction
In the past RAN2 meetings, early U-plane transmission before C-plane establishment has been proposed as a mechanism to reduce delay of the first U-plane transmission for LTE (aka “Early Data Transmission”) [1-3]. In this document, we address several complexity concerns regarding Early Data Transmission. We also provide the results of a first internal analysis performed on the possible delay reduction gains brought about by Early Data Transmission for an IMS/VoIP session setup.
2 Concerns with Early Data Transmission
With Early Data Transmission, the delay for U-plane transmission to start from LTE_IDLE is expected to be reduced. However, there are the following complexity concerns with Early Data Transmission.
1)
The procedures when CN rejects the connection will be more complicated

It is common to deny service to a UE at the time of service request (and not at location registration). With Early Data Transmission, however, IMS signalling and first instances of U-plane data might be transmitted before CN decides not to provide the requested service to a user. For example, if Early Data Transmission is used to carry SIP signalling, the terminating user might receive notification of an incoming call before CN decides to deny the call. Even for other application servers, it is not desirable for TCP SYN to be received for calls that would be denied. Additional countermeasures would be needed to handle such unsuccessful attempts, and thus leading to a more complex system. 

2)
It is not clear whether security will be provided for Early Data

If security can be provided from the first UL transmission, there will be no problem. However, this point is still unclear even for the case when contexts are preserved between UE and aGW. If the first UL transmission will not be ciphered, the implications need to be studied further.
3)
S1 transmission of the Early Data is not clear

If a common channel (with UE ID in the S1 frame protocol) is to be used for the Early data, then there needs to be switching between common channel and dedicated channels on the S1. This increases required procedures and incurs additional complexities. If dedicated S1 channel is to be used from the start, then the benefits (time reduction) brought about by Early Data Transmission will be reduced. 
4)
When the DL transmission can start is not clear

It is expected that only allowing Early Data Transmission in the UL is not enough. Response to TCP SYN (i.e. TCP SYN/ACK) is expected to be performed immediately, and DL must be ready for this. If it cannot be assured that the DL is ready, Early Data Transmission will also be required for the DL. 
5) UE working with multiple temporary identities
In order to be able to address either the UPE (when sending Early Data) or the MME (when sending CP information), the UE will have to be aware of both a UPE-id/UPE_TMSI and an MME-id/MME_TMSI. If different dedicated channels are to be used for early UP data and the eNB should thus be able to direct data to the correct dedicated port number at the UPE, the UE might even have to work with multiple UPE-TMSIs.
Depending on what information the UE is transmitting, a different node-id/TMSI will have to be included in the UL transmission. It will need to be specified when these identities need to be included (e.g. only for every first transmission using a certain node-id/TMSI?).
It should be clear that this approach will cause additional complexity compared to the case when the UE is only storing one temporary identity, i.e. only MME-id/MME_TMSI.
6)
Race conditions
Currently it is not clear yet whether SA2 will decide on a merged UPE/MME node, or whether two separate nodes will exist. If two separate nodes will exist, we assume that in certain scenarios race conditions may start to exist: E.g. assume a UE coming from LTE_IDLE who executes a RAU which leads to an MME relocation, and in parallel sends Early Data (the possibility may increase with selective RA update). If the data arrives at the UPE before the MME has informed the UPE about the relocation, the UPE might contact the old MME rather than the new MME.
Although we assume these cases can be handled/solved, it should be clear that again there is additional complexity compared to a situation in which always first the MME is contacted.
7)
Initial QoS
If the eNB accepts the connection prior to receiving the context information from the MME, it is unable consider for priority within UEs (e.g. premium and low class UE), and it can only allocate a non-UE specific ‘initial QoS’. This will create one additional step of RB reconfiguration, and will be a source of additional complexity.
3. First analysis on the gains of Early Data Transmission
One of the motivations raised by a proponent of Early Data Transmission was to allow early transmission of SIP signalling to reduce the call setup time for an IMS/VoIP session. In this section we provide the results of a first internal analysis performed on the possible delay reduction gains brought about by Early Data Transmission for an IMS/VoIP session setup.
For the analysis, we evaluated the following.

· The time it takes for an ‘initiating UE’ to receive the SIP:RINGING message from the ‘destination UE’ after the ‘initiating UE’ initiates a IMS/VoIP session.

Furthermore, we analysed the following scenario.
· Both the ‘initiating UE’ and ‘destination UE’ are subscribed to the same operator.

· Both the ‘initiating UE’ and ‘destination UE’ are under the control of the same SIP proxy server (CSCF).

· Both the ‘initiating UE’ and ‘destination UE’ are in LTE_IDLE mode, and have preserved contexts.

· Precondition is used at IMS level (i.e. media negotiation and radio resource reservation is performed in parallel).

Finally, we assumed the following.

· RAN level message sequence and node processing time as in TS 25.912.

· S1 transfer delay of 5ms (for both U-plane and C-plane) as a typical value.
· Idle mode DRX period of 1.28sec (i.e. average paging delay of 640ms).

· MME-UPE transfer delay of 5ms (in case for separate MME/UPE).

The results are shown in Table 1.
Table 1 - Results
	
	No Early Data Tx (separate MME/UPE)
	No Early Data Tx (MME/UPE collocate)
	Early Data Tx (separate MME/UPE)
	Early Data Tx (MME/UPE collocate)

	Total time
	1028.25ms
	978.25ms
	915.75ms
	905.75ms

	Reduced Delay [ms]
	N/A
	N/A
	112.5ms
	72.5ms

	Reduced Delay [%]
	N/A
	N/A
	10.9%
	7.4%


4. Conclusion
We addressed complexity concerns regarding Early Data Transmission in section 2 of this document. The first concern relates to the total system design. It is undesirable to setup U-plane resources unnecessarily for users who would be denied of the service. With 1 round trip of C-plane messaging, CN will be able to decide whether or not to provide the requested service to the users. In addition, security and U-plane path can be prepared before the U-plane transmission and will be simple in terms of system design. Regarding the other concerns, these are technicalities which are still unclear with respect to Early Data Transmission, and the possibly added complexities due to these issued should be clarified first before making a decision to support Early Data Transmission. 
In section 3 we provided the results of a first internal analysis performed on the possible delay reduction gains brought about by Early Data Transmission for an IMS/VoIP session setup. The results were such that the delay reductions of 10.9% and 7.4% can be obtained for a separate MME/UPE scenario and MME/UPE collocate scenario, respectively for scenario outlined in section3 (which is thought to provide the most percentage wise gain for Early Data Transmission).

Early Data Transmission has potentials to reduce U-plane setup delay. However it will also incur additional complexities to the LTE system. In our view, the gains brought about by Early Data Transmission does not seem justifiable to the required complexities.
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