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1. Introduction

In Cannes meeting, early data transmission scheme was discussed in [1]

 REF _Ref147319931 \r \h 
[2] and recognized that it could reduce c-plane latency. However, several issues were pointed out. In Tallinn meeting, there were contributions support early data transmission [3][4]

 REF _Ref147155919 \r \h 
[5] and contributions pointed out issues [6]

 REF _Ref147155934 \r \h 
[7]. This document discusses feasibility of early data transmission based on issues raised for early data transmission. 

2. Discussion
2.1.  The gain of early data transmission

Early data transmission can improve call setup latency as following. Further detail of the calculation is described in Annex D. Compared with Normal case, reduction in early data transmission is from 33ms to 89ms. LTE requirement of c-plane latency for state transition from LTE_IDLE to LTE_ACTIVE is 100ms. To compare this state transition requirement of 100 ms, the early transmission gain of 33ms to 89ms is significant.
Table B: Call setup latency calculation and Gain of early data transmission
	
	Parameter
	Delay
	Delay of early data

transmission
	Delay of Normal
	Gain

	Maximum I/F delay case
	Ts1u
	15
	47.25ms
	136.25ms
	89 ms

	
	Ts1c
	15
	
	
	

	
	Tupe-mme
	15
	
	
	

	Middle I/F delay case
	Ts1u
	7
	39.25ms
	96.25ms
	57 ms

	
	Ts1c
	7
	
	
	

	
	Tupe-mme
	7
	
	
	

	Minimum I/F delay case
	Ts1u
	2
	34.25ms
	67.25ms


	33 ms



	
	Ts1c
	1
	
	
	

	
	Tupe-mme
	1
	
	
	


Tupe-mme is interface delay between UPE and MME.
Ts1u is the user plane delay in S1 interface.
Tu1c is the control plane delay in S1 interface.
2.2. Issues for early data transmission

Issues on early data transmission are pointed out in [6]

 REF _Ref147155934 \r \h 
[7]. These concerns can be categorized as follows:
· Contents of early data

· Security threat

· Link layer configuration

· Resource misuse

· Routing to UPE

· MME/UPE separation
We discuss these concerns in following sub sections.
2.2.1. Contents of early data
In UMTS, after UE receives response from core network, UE start data transmission. That is, core network firstly check UE subscription status of this service, which is an important role to satisfy operator’s QoS policy. However, we think IMS signalling could be supported for all authenticated UEs in LTE irrespective of QoS policy as we believe IMS is indispensable part to realize LTE. VoIP using IMS is one of good example to explain this. In addition, it is really essential for VoIP to shorten the call setup delay. Therefore, we propose this SIP signalling as contents of early data transmission. 
2.2.2. Security threat
In UMTS, security (ciphering and integrity protection) is performed in AS (e.g. RLC and RRC). After UE goes to RRC_IDLE, context of RLC and RRC for security are released. Therefore, it is difficult to have early data transmission in UMTS, since no ciphering and integrity protection are performed for early data.
This situation is different in LTE. As SA2 TR defined, default IP Access service is established between UE and aGW in attach procedure. This default IP Access service is maintained, even if UE goes to LTE_IDLE. Security association between UE and aGW is included in context of default IP Access service. Hence, UE can send ciphered packet from the beginning in early data transmission without security concern. UPE performs deciphering. If invalid UE sends data, UPE can discard the packets. Therefore, we don't see security issue from early data transmission in LTE.
2.2.3. Link layer configuration
There are two approaches on the timing of early data transmission.
Approach 1: Before RRC connection establishment
Approach 2: After RRC connection establishment
In approach 1, link layer configuration is carried out at the same timing with the configuration of the first layer3 message (e.g. RRC connection request). Therefore, link layer configuration might not be so efficient from radio condition perspective and contention also might not be solved in this stage. However, in approach 2, link layer configuration could be same timing with as normal data transmission by RRC connection setup (Annex C), since RRC Connection Setup message sent before can configure bearer for early data transmission. Hence, link layer configuration is not concern at least for approach 2. In addition, delay difference between approach 1 and approach 2 is only 11ms while the delay difference between approach 2 and normal is from 30ms to 60ms as shown in Annex D. Therefore, we propose early data is only transmitted after RRC connection establishment in order to avoid link layer configuration issue.
2.2.4. Resource misuse
As we propose early data transmission is only after RRC connection establishment, L1/2 control channel is also established. Then, eNB scheduler has a flexibility to allocate grant for UE to send data. This behaviour is same as normal behaviour from UE perspective and operator controllable. Only difference is that eNB scheduler allocates limited grant without response from aGW. eNB scheduler can control allocation of grant based on cell traffic. If the cell is in congestion, eNB can avoid grant allocation for early data transmission. If the cell is not in congestion, eNB can allocate grant for early data transmission.
Therefore, early data transmission won’t lead misuse and could lead maximum use of radio resource by eNB scheduler.

2.2.5. Routing to UPE

The routing of early data packet was concerned in [6]. There are two points for this topic. One is how to identify UPE in eNB. Second is how to identify bearer for early data transmission in UPE.
Identification of UE from eNB: As described in [8], UPE ID can be used to identify UPE in eNB. It was already agreed that UPE is selected in attach procedure. UE can maintain the serving UPE information (e.g. UPE ID) after attach procedure, if aGW inform UE of UPE ID. When UE performs early data transmission, or send RRC Connection Request, UE can inform eNB of UPE ID. Then, eNB can know which UPE should be used for this UE. It might be argued that this behaviour is complicated, since additional ID is informed to UE. However, this complexity is almost negligible, since the size of UPE ID could be within 64bits and the exchange is only performed in attach procedure and call setup procedure.
Identification of bearer: In UMTS, destination TEID in GTP header is used for core network node to identity bearer. In early data transmission, TEID can’t be used, since destination TEID needs to be decided by UPE. To solve this, UE ID like P-TMSI could be included in bearer for early data transmission, and in TEID field default TEID value could be set for early data transmission. UE ID which UPE can identify could be included in header of bearer (e.g. P-TMSI for UPE. This could be same as P-TMSI for MME).
From above discussion, routing to UPE is also not concern.
2.2.6. MME/UPE separation
[7] pointed out that race condition might occur in MME/UPE separation scenario, ex: in case of MME relocation during early data transmission, UPE might contact with old MME. We agree that tracking area update procedure and call setup procedure might be performed at the same time. In our proposal (as described in Annex B), service request message for call setup procedure is transmitted to MME, and MME contacts with UPE. In this scenario, if MME relocation is triggered by tracking area update message, new MME will contact with UPE or old MME will inform UPE of new MME. Hence, we don’t see any issue for MME relocation in our proposal. One possible concern will be UPE relocation during call setup procedure. However, even if UPE relocation occurs, we believe that this could be solved by normal UPE relocation procedure using data forwarding between UPEs without new function.
3. Conclusion
We discussed and resolved the concern for early data transmission. We propose early data transmission is adapted to LTE.
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Annex A: Use of default SAE bearer for early data transmission
The early data discussed in section 2.2.1 could be transmitted by minimum set of SAE bearers. This minimum set of SAE bearers also could be default SAE bearer (or parts of default SAE bearer). We think default SAE bearer has following characteristic and can be used for early data transmission.
· Default SAE radio bearer could be established before response from aGW, since default SAE radio bearer won’t need exact QoS information
· Default SAE access bearer could be used to carry early data before response from MME or UPE because of following reason:

· ID (UPE IP address or specific UPE ID) which eNB requires to detect UPE is maintained in UE during attach procedure, and UE can inform eNB of the ID. eNB can carry early data using UPE IP address or specific UPE ID.

· This early data transmission could be detected by UPE using for example P-TMSI. But, the detailed method is FFS.

Annex B: Default SAE bearer establishment procedure

Based on definition of Annex A, this section discusses default SAE bearer establishment procedure. 
RRC message carries NAS message was agreed. However, it is not yet agreed that NAS message which informs core network of service request is transmitted from eNB to MME or UPE.  If MME as NAS termination point like SGSN of UTRAN and UPE as U-plane termination point like GGSN, to send "service request" message to MME from eNB is natural. In this case, default SAE bearer establishment procedure could be like Figure A. 
In addition, this procedure could be divided into two alternatives. One alternative (Alt.1 in Figure A) is that default SAE access bearer is established by message from MME to eNB. Other alternative (Alt.2 in Figure A) is that default SAE access bearer is established by message from UPE to eNB. As described above, if MME as NAS termination point like SGSN in UMTS, to assume former alternative such as Alt.1 is natural. This is shown in Figure A. However, if NAS message like "service request" could be transmitted to UPE, it’s not necessary for UPE to perform signalling exchange with MME before default SAE access bearer establishment. Therefore, call setup latency could be improved. However, it depends on how to define C/U separation between MME and UPE, and this should be SA WG2 decision. 
In this document, we assume that NAS message like "service request" is transmitted to MME, and MME initiates default SAE access bearer establishment to keep the concept in UMTS.
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Figure A: SAE default radio bearer establishment procedure in case NAS message is transmitted to MME
Annex C: Possible solutions for early data transmission

In annex B, we discussed default SAE bearer establishment procedure. In this annex, we further discuss possible solutions for early data transmission.
Procedure of early data transmission and normal procedure are illustrated in Figure C. Figure C assumes that UPE and MME are separated, and NAS message like Service Request is transmitted to MME from eNB as discussed in previous section. 
In early data, data is transmitted as normal procedure between UE and eNB after default SAE radio bearer establishment by RRC Connection Setup in 3-b. Hence, data could be transmitted as normal u-plane (DTCH). In normal case, data is transmitted after reception of Security Mode Command and/or Service Request in 7. So, this difference can be controlled by eNB scheduler, since eNB scheduler can control whether UE can send data or not by grant allocation.
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Figure C: U-plane data exchange before SAE access bearer establishment
Annex D: Efficiency of this concept from call setup latency perspective

We analysed the gain of early data transmission. To analyse gain, we use procedure as illustrated in Figure C. 
Detailed analysis of gain for early data and Normal is shown in Table A. This analysis is based on c-plane latency analysis in RAN Feasibility study TR except for addition of RRC Connection Setup procedure (Step 7-1, 7-2, 7-3) before response from MME and addition of UPE activation procedure (Step 9-1, 9-2, 9-3, 9-4). From Table A, latency of u-plane transmission to UPE for each case is as follows:
· Early data:     
32.25ms + Ts1u
· Normal:   

61.25ms + Ts1u + 2*Ts1c +  2 Tupe-mme
Note: Tupe-mme is interface delay between UPE and MME
We calculate call setup latency for early data transmission and Normal for three scenarios such as maximum I/F delay scenario, middle I/F delay scenario and minimum I/F delay scenario, and calculates gain of early data transmission in Table B.

Compared with Normal case, reduction in early data transmission is from 33ms to 89ms. LTE requirement of c-plane latency for state transition from LTE_IDLE to LTE_ACTIVE is 100ms. To compare this state transition requirement of 100 ms, the early transmission gain of 33ms to 89ms is significant.
Table A: Call setup procedure and latency analysis for several cases
	Procedure
	Step
	Description
	Duration
	Case2
	Normal

	1-a

to

2-b
	0
	UE wakeup time
	Implementation dependent – Note included
	X
	X

	
	1
	Average delay due to RACH scheduling period
	5ms
	X
	X

	
	2
	RACH Preamble
	0.5ms
	X
	X

	
	3
	Scheduling grant - Timing Alignment (Time between the end RACH transmission and reception of scheduling grant)
	3ms
	X
	X

	
	4
	UE Processing Delay (only L1 Part – coding according to received grant)
	0.5ms
	X
	X

	3-a
	5
	TTI for transmission of RRC Connection Request
	0.5ms
	X
	X

	
	6
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms
	X
	X

	4-a
	7
	Processing delay in eNB (Uu –> S1-C)
	4ms
	
	X

	
	8
	S1-C Transfer delay
	Ts1c (2ms – 15ms)
	
	X

	3-b
	7-1
	Processing delay in eNB (Uu –> Uu)
	4ms
	X
	

	
	7-2
	TTI for transmission of RRC Connection Setup (+Average alignment)
	0.75ms
	X
	

	
	7-3
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms
	X
	

	5-a
	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15ms
	
	X

	
	9-1
	I/F delay from MME to UPE
	Tupe-mme(0ms-15ms)
	
	X

	5-b
	9-2
	UPE processing delay
	5ms
	
	X

	
	9-3
	I/F delay from UPE to MME
	Tupe-mme(0ms-15ms)
	
	X

	4-b
	9-4
	MME processing delay
	5ms
	
	X

	
	10
	S1-C Transfer delay
	Ts1c (2ms – 15ms)
	
	X

	7
	11
	Processing delay in eNB (S1-C –> Uu)
	4ms
	
	X

	
	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	0.75ms
	
	X

	
	13
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms
	
	X

	
	14
	Processing delay in UE
	3ms
	X
	X

	
	15
	TTI for  transmission of L3 RRC Connection Complete
	0.5ms
	X
	X

	
	16
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms
	X
	X

	
	
	Sub-Total C-plane establishment delay
	- 
	-
	-

	
	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	0.5ms
	X
	X

	
	18
	HARQ Retransmission (@ 30%)
	0.3 * 2.5ms
	X
	X

	
	19
	eNB Processing Delay (Uu –> S1-U)
	1ms
	X
	X

	
	20
	S1-U Transfer delay
	Ts1u (1ms – 15ms)
	X
	X

	
	21
	UPE Processing delay (including context retrieval, deciphering, RoHC)
	10ms
	X
	X

	
	
	Sub-Total U-plane establishment delay
	-
	-
	-

	
	
	Total LTE_IDLE –> LTE_ACTIVE delay
	-
	
	


Table B: Call setup latency calculation and Gain of early data transmission

	
	Parameter
	Delay
	Delay of early data
	Delay of Normal
	Gain

	Maximum I/F delay case
	Ts1u
	15
	47.25ms
	136.25ms
	89 ms

	
	Ts1c
	15
	
	
	

	
	Tupe-mme
	15
	
	
	

	Middle I/F delay case
	Ts1u
	7
	39.25ms
	96.25ms
	57 ms

	
	Ts1c
	7
	
	
	

	
	Tupe-mme
	7
	
	
	

	Minimum I/F delay case
	Ts1u
	2
	34.25ms
	67.25ms


	33 ms



	
	Ts1c
	1
	
	
	

	
	Tupe-mme
	1
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