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1   Introduction
In RAN#76 meeting, a new WI Further NB-IoT enhancements was approved in [1], based on the WID, RAN3 needs to discuss the possible solution of Further latency and power consumption reduction.

Further latency and power consumption reduction

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 
In this contribution, we provide initial analyses of how to support early data transmission for NB-IoT CP solution.
2   Discussion

As shown in Figure1, the NB-IoT CP solution provides user data as NAS PDU from UE to the network:
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Figure 1 NB-IoT CP solution procedures
It could be found that the first UL NAS PDU is transmitted in msg5 RRCConnectionSetupComplete message, and to be provided from eNB to MME in INITIAL UE MESSAGE message.

From our view, if the UE has multiple UL NAS PDUs to transmit, there is no strong motivation to transmit the first UL NAS PDU earlier (before msg5), as the RRC Connection has to be setup for the following UL NAS PDUs transmission. Meanwhile, if the UE has only one UL NAS PDU to transmit, the current signaling load of RRC is quite high, as the RRC connection has to be setup first and then to be released.

Observation: For single UL NAS data transmission, the current signaling load for both RRC is quite high, as the RRC connection has to be setup first and then to be released.

If data transmission is possible in MSG3 and MSG4, it can be possible to finish the transaction after MSG4, avoiding the transition to RRC_CONNECTED mode which will reduce the RRC signalling and UE power consumption. The early data transmission procedure is illustrated in Figure 2 below.
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Figure 2: Early data transmission
Step 1: Decision by the UE to send data in MSG3

The UE is informed by the upper layer that it has only one UL data packet to transmit, possibly followed by a DL application ACK, i.e. as indicated by the Release Assistance Indication included in the NAS PDU.

We assume that the eNB signals in the system information that early data transmission in MSG3 is supported and possibly the maximum size beyond which it cannot be used. This can be done by reserving a set of PRACH resources for this purpose and by signalling a maximum threshold.

Based on the above information, the UE can decide whether to send data in MSG3 and informs the eNB of its intention by selecting a preamble in the set or PRACH resource reserved for the purpose.

Step 2: Grant allocation by the eNB

Currently, the UL grant for MSG3 is fixed and equal to 88 bits which is not enough to make the feature usable. In our view, the UL grant should allow the transfer of a NAS PDU.
Step 3: UL data transmission in MSG3

If the eNB does not allocate a grant big enough to fit the data, the UE carries on with the legacy RRC connection Setup procedure.

If the grant is big enough, the UE proceeds with data transmission in MSG3. MSG3 should include the UE-Id (S-TMSI) and the NAS PDU, and any other information that would be needed to fallback to the legacy procedure, e.g. the establishment cause.

We assume that the UE will include the Release Assistance information within the NAS PDU as there is only one UL data packet to transmit.

Step 4: UL NAS PDU transmission to MME

Upon receiving the NAS PDU in Msg3, the eNB will then trigger initial UE message towards the MME. 

Step 5: End indication from MME to eNB

Based on the Release Assistance information received from the NAS PDU, the MME will then provide an “End indicator” to the eNB, using DOWNLINK NAS TRANSPORT message (if there is DL NAS PDU) or CONNECTION ESTABLISHMENT INDICATION message (if there is no DL NAS PDU). 
Step 6: Msg4

The eNB sends a MSG4 including the MAC CE “UE Contention Resolution Identity”, “End Indication” and optionally a DL NAS PDU to the UE. 

When the UE detects successful contention resolution, it informs the upper layers that the session is terminated and goes back to idle mode.
Step 7: S1 connection Release



The eNB triggers UE context release towards MME.
RAN3 Standard impact:
To Support this early data transmission procedure, it will be needed for RAN3 to update the S1AP: specification with the following changes:

· Introduce End Indication IE in DL NAS TRANSPORT and CONNECTION ESTABLISHMENT INDICATION messages.
· Update the trigger of Initial UE message procedure accordingly.

Proposal 1: adopt the early data transmission solution as baseline.

Proposal 2: Introduce End Indication IE in DL NAS TRANSPORT and CONNECTION ESTABLISHMENT INDICATION messages.
Proposal 3: Update the trigger of Initial UE message procedure.
3   Conclusion and Proposal
In this contribution, we analyses the current CP solution procedure, and propose to adopt the early data transmission solution discussed in section2 as the solution to support further latency and power consumption reduction.

Proposal 1: adopt the early data transmission solution as baseline.

Proposal 2: Introduce End Indication IE in DL NAS TRANSPORT and CONNECTION ESTABLISHMENT INDICATION messages.
Proposal 3: Update the trigger of Initial UE message procedure.
And it is also proposed to endorse the corresponding CR [2] as baseline.
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