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1 Introduction
A new WID on further NB IoT enhancements was approved at RAN#75 and revised at RAN#76[1]. 
One of the objective is for further latency and power consumption reduction as follows:

A-1. 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 paper, we are considering mobile originated data and describe two solutions to support early data for the CP solution.
2 Discussion 
2.1 Background
TR 45.820 [2] describes Mobile Autonomous Reporting (MAR) periodic reports as the most common traffic model for cellular IoT applications such as smart utility (gas/water/electric) metering reports, smart agriculture, smart environment etc. A DL application layer ACK for an uplink periodic reporting event is assumed in 50% of UL MAR periodic reports generated. 

Figure 1 hereafter illustrates the messages flow for a Mobile Autonomous Reporting periodic report using the RRC Connection Setup procedure for the Control plane solution. The message flow would be similar for the RRC connection resume procedure for the user plane solution.
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Figure 1: Signalling flow for a Mobile Originated Report

In many cases, the device only has a very small data packet (fitting in one single transmission) while the full sequence consists in seven messages for a UL data transfer optionally followed by a DL application acknowledgment, leading to high latency and high power consumption.
Observation1: For small data transfer, the signalling overhead related to the establishment and release of the RRC connection is extremely high.
2.2 Support for early data transmission

The WI mentions 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. 
In the use case considered in section 2.1, if the data are small enough to fit in a single transmission, with DL/UL data transmission before MSG5, it could be possible to finish the transaction before the connection is established, i.e. avoiding the transition to RRC_CONNECTED mode. 
Observation 2: For small data transfer with early data transmission, it can be possible to finish the transaction before MSG5, avoiding the establishment and release of the RRC connection, leading to significant latency and power consumption reduction.

In case of multiple packets in UL or DL, the RRC connection will be established in MSG4 and most of the power saving will disappear. Thus we don’t see a strong motivation for having early data transmission, although early UL data transmission would benefit latency. 

Observation 3: There is no strong motivation from power consumption point of view for having early data transmission when there are multiple packets in UL or DL. However, early UL data transmission would benefit latency.
For the CP solution, before the RRC connection is established, only SRB0 (CCCH) is available and thus only RLC transparent mode can be used, i.e. the data cannot be segmented.

Observation 4: For the CP solution, early data transmission is only possible if the whole data packet fits in the transport block.
Proposal: RAN2 to introduce support for early data transmission and allow small data transmission without transition to RRC_CONNECTED.

As, in this paper, we are considering MO originated data, we see two options for early UL data transmission:

· UL data with MSG3

· UL data after MSG4 and before MSG5

In the remaining part of the document, we describe how these two options could be realised.
2.3 Early data transmission in MSG3 for the CP solution
If data transmission is possible in MSG3 and MSG4 and if the data packet is small enough, it can be possible to finish the transaction after MSG4, avoiding the transition to RRC_CONNECTED mode. This is illustrated in Figure 2 below.
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Figure 2: Small data transmission without transition to RRC_CONNECTED 
Step 1: Decision by the UE to request early data transmission
The UE can be informed by the upper layers together with the request to establish the connection that there is 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.
Based on the above information, the UE decide that it would be beneficial to send data without establishing the RRC connection and inform the eNB e.g. by selecting a preamble in a set of PRACH preambles reserved for the purpose.
Assumption 1: The UE indicates a request for early data Tx only if the upper layers have indicated that the Release Assistance Indication was set in the NAS PDU.
Assumption 2: A set of PRACH preambles is reserved for this purpose.

Step 2: Grant allocation for early data 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 of about 25-50 bytes.  

Assumption 3: New TBS for MSG3 that would allow the transfer of a NAS PDU of around 25-50 bytes need(s) to be defined.
Note that the UE will only initiate the procedure when the whole NAS PDU fits in MSG3.  
Step 3: UL data transmission 

If the eNB does not allocate a grant large enough to fit the NAS PDU, the UE carries on with the legacy RRC connection Setup procedure.
If the grant is large 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 is needed to fall back to the legacy procedure, e.g. the establishment cause. 
Assumption 4: A new MSG3 for early data transmission needs to be defined.
Upon MSG3 reception, the eNB extracts the NAS PDU and forwards it to the MME over the S1 interface. The detailed mechanism on the S1 interface should be decided by RAN3.

Assumption 5: The eNB forwards immediately the NAS PDU to the MME.

Step 4: Contention resolution, downlink data and termination of the session
MSG4 contents will depend on the MME response, i.e. on whether the session can be terminated immediately after transmission of the DL NAS PDU, if any, and whether the DL NAS PDU can fit in MSG4 as illustrated in Figure 3. Note that the messages over the S1 interface should be discussed in RAN3. 

4.a. The MME has none or only one DL NAS PDU to send. It sends the NAS PDU together with an indication that the session can be terminated. The DL NAS PDU is small enough to fit in MSG4.
The eNB sends a MSG4 including the MAC CE “UE Contention Resolution Identity”, the NAS PDU and a “End Indication”

When the UE detects successful contention resolution, it forwards the NAS PDU with an indication that the session is terminated to the upper layers and goes back to idle mode.

4.b.1. The MME has only one DL NAS PDU to send. It sends the NAS PDU together with an indication that the session can be terminated. The DL NAS PDU is too large to fit in MSG4

4.b.2. The MME has multiple DL NAS PDUs to send. It sends one NAS PDU but no indication that the session can be terminated.
The eNB fall backs to the legacy RRC connection establishment procedure and sends a MSG4 including the MAC CE “UE Contention Resolution Identity” and RRCConnectionSetup message.
When the UE detects successful contention resolution, it proceeds with the RRC Connection establishment procedure as per legacy.
Note that, in this case, an empty NAS PDU (e.g. with size 0) will be included in RRCConnectionSetupComplete as the actual NAS PDU has already be transmitted in MSG3.

Assumption 6: eNB waits for a response from the MME to decide whether to establish the RRC Connection in step 4.
Assumption 7: A new MSG4 for early data transmission needs to be defined.
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Figure 3: Small data transmission in MSG3/MSG4 and fallback procedure
2.4 Early data transmission in extended RACH procedure
The solution in section 2.2 is only suitable for a very small data packet due to the maximum size of the UL grant, the need for padding if the grant is too large and the wasted UE power consumption in case of collision. 
For larger data packets, an alternative solution would be to extend the random access procedure so the data are transmitted immediately after contention resolution. This is illustrated in Figure 4 below.


[image: image4.emf]UE eNB

NPSS

NSSS

NPBCH

1.  NPRACH

2.  RAR

3. MSG3 with UE Id and early TX request 

HARQ Ack

4. MSG 4 : UE Id 

 NAS PDU 

NAS PDU + End Indication

6. NAS PDU + End Indication

5.  NAS PDU

HARQ Ack


Figure 4: Small data transmission in an extended random access procedure 
Steps 1&2: RACH preamble and Random access response 

No change compared to the legacy procedure.
Step 3: Decision by the UE to request early data transmission 

Similarly to the solution in section 2.2, the UE can be informed by the upper layers that there is 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.
The UE can then indicate to the eNB that it would be beneficial to send data without establishing the RRC connection, this could done e.g. by a new indication in MSG3.

Assumption 1: The UE indicates a request for early data Tx only if the upper layers have indicated that the Release Assistance Indication was set in the NAS PDU.

Assumption 2: An indication in MSG3 can be introduced for this purpose.

Step 4: Contention resolution and UL grant allocation for early data by the eNB

In MSG3, the eNB has received the request for early transmission and also the size of the pending data in DVPR. 
If the eNB decides to allow early data transmission, it first sends MSG4 for contention resolution only. It then provides an UL grant immediately after the UE has acknowledged MSG4 and contention resolution is complete at both the UE and the eNB.
Step 5: UL data transmission
After contention resolution, the UE continues monitoring the common search space. Upon reception of the reception of UL grant, the UE sends the NAS PDU on CCCH.  

The eNB forwards immediately to the MME over the S1 interface. 
Assumption 3: A new MSG for early data transmission needs to be defined.

Assumption 4: The eNB forwards immediately the NAS PDU to the MME.

Step 6: Downlink data and termination of the session

The rest of the procedure is identical to the solution in section 2.3 except for contention resolution which has already been performed.

3 Conclusion
In this document, we have discussed early data transmission for the CP solution and made the following observations and proposal:
Observation1: For small data transfer, the signalling overhead related to the establishment and release of the RRC connection is extremely high.

Observation 2: For small data transfer with early data transmission, it can be possible to finish the transaction before MSG5, avoiding the establishment and release of the RRC connection, leading to significant latency and power consumption reduction.

Observation 3: There is no strong motivation from power consumption point of view for having early data transmission when there are multiple packets in UL or DL. However, early UL data transmission would benefit latency.
Observation 4: For the CP solution, early data transmission is only possible if the whole data packet fits in the transport block. 
Proposal: RAN2 to introduce support for early data transmission and allow small data transmission without transition to RRC_CONNECTED.

We have then described two solutions for small data transfer without transition to RRC_CONNECTED mode.

Solution 1, data transmission in MSG3 and MSG4, has the biggest gain w.r.t power consumption and latency. However, it can only be used for very small data.

Solution 2, data transmission in extended RACH procedure, has an additional step. However, it has more flexibility for the grant allocation, reduces the need for padding as the eNB can adjust the size of the grant and avoid UE wasting power in case of collision. 

Solution 1 and solution 2 can work in parallel, e.g. be selected based on the size of the data. Solution 2 can be used as a fallback option to solution 1.

It is proposed that RAN2 discuss the two solutions and agree on the concept of data transmission without transition to RRC_Connected for the CP solution.

As the two solutions have impact on other groups, it is proposed that RAN2 liaises with RAN1, RAN3 and CT1to confirm the feasibility of the two solutions.
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