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Discussion and decision
1 Introduction

In RAN2#103 meeting, it was agreed that UE should abort the EDT upon cell reselection and T300 expiry and following TP was agreed.
	Section 5.3.3.5

1>
else if cell reselection occurs while T300, T302, T303, T305, T306, or T308 is running:

2>
if UE has initiated UP-EDT:

3>
perform the actions upon abortion of UP-EDT as specified in 5.3.3.9a;

Section 5.3.3.6

1>
if timer T300 expires:
2>
if UE has initiated UP-EDT:

3>
perform the actions upon abortion of UP-EDT as specified in 5.3.3.9a;


It is possible that cell reselection occurs or timer T300 expires after sending RRCConnectionResumeRequest for EDT and UE may have missed the Msg4 that included important information for EDT i.e., new NCC, new Resume ID and optionally new DL data. In this contribution we discuss the EDT procedure and issue of loss of Msg4 when initiating EDT in new eNB.
2 Discussion
As per TS 36.300, the procedure for RRC connection resumption for EDT is shown in figure 1 below. It is clear that when UE resumes in the same eNB for the EDT, it transmits the RRCConnectionResumeRequest message in Msg3. Since HARQ process is asynchronous, the only way the UE knows the Msg3 is successfully received by eNB is when the UE receives PDCCH scheduling Msg4 (or contention resolution is successful).
From the figure 1, it is clear that eNB transmits Msg4 in step 8 only after the suspend procedure in step 7. There is following reason for doing so.
1. eNB has to provide new NCC in Msg4 for UE supporting EDT in step 8.

2. The new NCC (fresh NCC) is received from MME only after performing the suspend procedure in step 7.

In step 8, eNB provides the new NCC, resume ID and optionally DL data. When Msg4 (step 8) is missed, UE would abort the EDT (after cell reselection or T300 expiry) and move back to IDLE with suspend indication. This does not prevent UE from initiating the EDT later. At this particular moment, UE would be keeping old NCC, old resume ID. Since UE resumed in the same eNB, the eNB can handle the issue whether to use old NCC/resume ID given that it is aware of unsuccessful Msg4 delivery.
Observation 1. When UE restarts resume procedure for EDT in the same cell/eNB where it failed to resume previously, mismatch in NCC and resume ID can be handled by the eNB.
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Figure 1 TS 36.300 Figure 7.3b-2: EDT for User Plane CIoT EPS Optimizations
2.1 UE resumes in different (new) eNB to initiate EDT

EDT after cell reselections
Procedure for resuming in a new eNB for EDT is illustrated in [1]. When UE is performing EDT with the new eNB different from the old eNB where the connection was suspended and NCC was provided, Msg4 loss could lead to issue of security context mismatch between UE and eNB. Suppose, UE has sent the RRCConnectionResumeRequest for EDT and the new eNB received the Msg3. At this point eNB would not know if RLF occurs or cell reselection occurs at the UE side.

After receiving Msg3, followings are the reason why the eNB has to perform the path switch procedure with MME.

1. The new eNB has to deliver the UL data to S-GW which would be possible after path switch.

2. Before sending Msg4 while contention resolution timer is running, the new eNB needs to receive the any available DL data to be transmitted in Msg4 from S-GW.

3. Before sending Msg4, the new eNB has to perform the S1 suspend procedure so that it can provide the new (fresh) NCC in Msg4, as the new NCC is received from MME during the S1 suspend procedure.

After path switch and S1 suspend procedure, the old eNB where the previous connection was suspended and NCC was provided would release the UE. In this case, if UE misses the Msg4 and aborts the EDT, there will be mismatch in security context between UE and eNB which would mean the next resume procedure will certainly fail.

Observation 2. In EDT, the target eNB performs path switch and S1 suspend procedure so that UE can be released by Msg4 providing new NCC, resume ID and any available DL data. Therefore, if Msg4 is lost, there is mismatch in security context between UE and eNB.
Why Msg4 loss is not issue for legacy resume/suspend procedure?
For legacy resume procedure, even though UE resumes in new eNB, Msg4 is to move UE to RRC_CONNECTED or to reject the connection request. When moving UE to RRC_CONNECTED using RRCConnectionResume message in Msg4, security keys are derived and new NCC is provided. However, the new eNB does not initiate the suspend procedure which means the new eNB has not started path switch procedure with MME (as illustrated in figure 7.3a.3-3). Upon resumption failure or Msg4 lost, old eNB would still be the source eNB for UE as eNB didn’t receive RRCConnectionResumeComplete message.
Observation 3. In legacy resume procedure, Msg4 loss is not issue as new eNB has not performed the path switch procedure.

Why Msg4 loss is issue for EDT?
From the above observation, when Msg4 is lost during EDT procedure with new eNB different from the one (old eNB) where the connection was suspended and NCC was provided, there will be security context mismatch (Observation 3).
In the next resume procedure, it is possible that UE again resumes in a new different eNB to initiate EDT as shown in figure 2 below.
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Figure 2 Illustration of scenario where EDT request is rejected due to cell reselections
In this case, it is certain that the UE will fail to resume. Connection reject from eNB could be costly for UE especially using EDT when it is in bad coverage due to following reasons

1. UE consumes more power on transmitting Msg3 for EDT (with a number of repetitions).

2. Due to multiple UL grants in RAR for EDT, resource are wasted.

Therefore, simple solution to minimize UE power consumption and resource wastage is that UE should not resume in the new target eNB T2 in the figure 2 but instead go to IDLE mode without suspend indication. Therefore, this issue can be avoided by going to IDLE when second cell reselection occurs if resumption for EDT fails (i.e., Msg4 is not received) in a cell where connection was not suspended and NCC was not provided.
Proposal 1. UE moves to IDLE without suspend indication if cell reselection occurs after Msg3 for EDT has been sent and Msg4 has not been received (or resumption failure for after sending Msg3 for EDT) in a cell where connection was not suspended and NCC was not provided.
The legacy resumption procedure (when EDT is not used) is clearly described in the subclause 7.3a.3 in TS 36.300 and illustrated in the Figure 7.3a.3-3. However, currently it is not described in TS 36.300 when UE initiates the EDT procedure in an eNB (the new eNB) different from the one (old eNB) where the connection was suspended and NCC was provided.

Observation 4. Procedure for UE to initiate the EDT in an eNB (the new eNB) different from the one (old eNB) where the connection was suspended and NCC was provided is not described in TS 36.300.

Proposal 2. RAN2 decide to add illustration for EDT procedure for UP CIoT EPS optimization when resumed in an eNB (the new eNB) different from the one where the connection was suspended (the old eNB) and ask RAN3 for review. CR is provided in [1].

3 Conclusion

The observations captured are the following:
Observation 1.
When UE restarts resume procedure for EDT in the same cell/eNB where it failed to resume previously, mismatch in NCC and resume ID can be handled by the eNB.
Observation 2.
In EDT, the target eNB performs path switch and S1 suspend procedure so that UE can be released by Msg4 providing new NCC, resume ID and any available DL data. Therefore, if Msg4 is lost, there is mismatch in security context between UE and eNB.
Observation 3.
In legacy resume procedure, Msg4 loss is not issue as new eNB has not performed the path switch procedure.
Observation 4.
Procedure for UE to initiate the EDT in an eNB (the new eNB) different from the one (old eNB) where the connection was suspended and NCC was provided is not described in TS 36.300.

The proposal captured are the following:
Proposal 1.
UE moves to IDLE without suspend indication if cell reselection occurs after Msg3 for EDT has been sent and Msg4 has not been received (or resumption failure for after sending Msg3 for EDT) in a cell where connection was not suspended and NCC was not provided.
Proposal 2.
RAN2 decide to add illustration for EDT procedure for UP CIoT EPS optimization when resumed in an eNB (the new eNB) different from the one where the connection was suspended (the old eNB) and ask RAN3 for review. CR is provided in [1].
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