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Introduction

In the WI of further NB-IoT enhancement (RP-171428), the following optimization objective is prioritized:

	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]


We will discuss this issue and provide our consideration on the potential impacts from RAN3 perspectives.

Discussion

Background

For R13/R14 NB-IoT, RAN2 have the following Random Access procedures. The data can be transmitted with or after Msg5.
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Figure 1: Random Access Procedure for CP solution         Figure 2: Random Access Procedure for UP solution

In RAN3 specifications, the corresponding S1 interface procedures after Msg5 for CP solution are as follows:
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The NAS Transport procedure may use an existing UE-associated logical S1-connection. If no UE-associated logical S1-connection exists, the establishment of the UE-associated logical S1-connection is initiated (and may be established) as part of the procedure. When the eNB has received from the radio interface the first UL NAS message transmitted on an RRC connection to be forwarded to an MME, the eNB shall invoke the NAS Transport procedure and send the INITIAL UE MESSAGE message to the MME including the NAS message as a NAS-PDU IE. The eNB shall allocate a unique eNB UE S1AP ID to be used for the UE and the eNB shall include this identity in the INITIAL UE MESSAGE message.
The purpose of the Connection Establishment Indication procedure is to enable the MME to complete the establishment of the UE-associated logical S1-connection. The procedure uses UE-associated signalling.
The corresponding S1 interface procedures after Msg5 for UP solution are as follows:
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The purpose of this UE Context Resume procedure is to indicate to the MME that the UE has resumed the suspended RRC connection and to request the MME to resume the UE context, UE-associated logical S1-connection and the related bearer contexts in the EPC.
Introduction

In many NB-IoT applications, there are significant time periods where a UE only has one or very few small burst data packets to be sent, and the period between two data transmissions may be long. For R13/R14 NB-IoT, transmission of  every small burst data packet would require the UE to go to RRC_CONNECTED from RRC_IDLE and then back to RRC_IDLE. Such state transition would also mean a high volume of signalling as compared to the volume of data exchange, and such signalling usually cause more UE battery consumption. Therefore, it’s straightforward to consider early data transmission during random access procedure without state transition, e.g. there is no need to perform RRC connection setup/resumption/release/suspension procedures and the UE keeps in RRC_IDLE state.

In [1], it gives highlevel thinking that early data transmission during random access procedure would be transmitting UL data with Msg3, or even Msg1 and DL data with Msg4, or even Msg2. UL data with Msg3 and DL data with Msg4 may be more basic that would be mainly discussed.

Possible impacts on S1 interface

Basic procedure for early UL data transmission

In [1], an example for early UL data transmission during random access procedure is given as following:
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Figure 3: UL Data along with random access procedure
When the UL data is sent to eNB in the Msg3, the data would be further transmitted to core network through S1 interface. Since no RRC connection setup/resumption is performed, e.g., in air interface there may have no RRC messages exchanging between the UE and eNB, the legacy way to trigger S1 interface setup(e.g. upon receivng Msg5) would not be used. It’s needed to consider new trigger for data transmission in S1 interface.

Proposal 1: A S1 data transmission mechanism upon receiving Msg3 with UL data should be specified.

For triggering S1 data transmission, at least the “ue-Identity” of S-TMSI or ResumeID, and the information used by eNB to figure out the registed MME of the UE, e.g. the GUMMEI, are still needed in the Msg3. The EstablishmentCause may also be needed but can be assigned new value different from the legacy ones for RRC connection setup/resumption, e.g., a value corresponding to data transmission.

Security related information may be also needed for such early UL data transmission. For UP solution, security information can be retrieved through ResumeID. For CP solution, the mechanism introduced for RRC re-establishment in R14 NB-IoT may be for reference.

Proposal 2: For the S1 data transmission procedure, the information of the “ue-Identity” , the information used by eNB to figure out the registed MME of the UE e.g. the GUMMEI,  EstablishmentCause, security related information  may be needed in Msg3. 

After receiving the Msg3 with UL data and such information as “ue-Identity” , GUMMEI,  EstablishmentCause, security related information, the eNB should trigger S1 data transmission procedure. S1 data transmission procedure could reuse the current messages with necessary modifications, or use new-defined messages.

For CP solution, we think INITIAL UE MESSAGE/Connection Establishment Indication could be reused. But here the condition of “receving first UL NAS message transmitted on an RRC connection” for triggering the eNB to invoke the NAS Transport procedure and send the INITIAL UE MESSAGE would be changed to receiving the Msg3 with UL data. The container IE for NAS-PDU may be reused for carrying the UL data in S1 interface. 

For UP solution, one considered case is that the UE initiates random access procedure in the same eNB which the UE suspends its context last time. In this case, we think UE CONTEXT RESUME REQUEST/ UE CONTEXT RESUME RESPONSE procedure may be reused. A new container IE for carrying the UL data in S1 interface would be introduced. UPLINK NAS TRANSPORT / DOWNLINK NAS TRANSPORT may be another choice for this case since they can be used for carrying NAS information over the S1 interface. But new trigger for the eNB to invoke this procedure upon receiving Msg3 with data would be considered.
For UP solution, the other considered case is that the UE initiates random access procedure in a different eNB from the one the UE suspends its context last time. In this case, we think the X2 interface procedure for UE context retrieval and S1 interface PATH SWITCH REQUEST / PATH SWITCH REQUEST ACKNOWLEDGE procedure may be reused. A new container IE for carrying the UL data in S1 interface also would be introduced for S1 messages.

Proposal 3: For the S1 data transmission procedure, the existing S1 messages for CP/UP solutions could be reused with modification on trigger considitions or introduction of necessary container IE for UL data. Also new messages could be considered.
DL cached data transmission in RRC_IDLE (through Msg4)

After introduction of early UL/DL data transmission during random access procedure in RRC_IDLE, the UE may frequently use this procedure if only few data packets need to be sent. The UE will keep staying in RRC_IDLE after end of data transmission. On the other hand, from time to time there may have DL data packets that need to be sent to the UE from core network. Since the UE may stay in RRC_IDLE in many time periods, the core network would page the UE at each time the DL data arrives. Such operations may cause high paging overhead and UE power consumption. If the DL data packets are delay tolerated, it is worth considering that the network may not trigger paging and cache such DL data for a while. The DL data could be cached in core network or in eNB.

If the DL data is cached in the core network, when the core network receives a UL S1 data transmission signalling, the network would check whether there has cached DL data for the UE. If yes, the network could include the DL data in the DL S1 data transmission signalling and send it to the eNB. If the DL data is cached in eNB, when the eNB receives a Msg3 with data, the eNB would check whether there has cached DL data for the UE. If yes, The eNB could further include the DL data in the Msg4 and send it to the UE. In this way, overhead of paging and power consumption in UE can be reduced. 

An example for cached DL Data transmission with early UL data transmission during random access procedure is given as following:
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Figure 4: cached DL Data transmission with early UL data transmission during random access procedure
Proposal 4: It’s suggested for the eNB to support pending paging and caching DL data according to the characteristics of UE or applications. The cached data could be sent to UE during the later random access procedure.
Conclusion

Based on the analysis in this paper, we have the following proposals:

Proposal 1: A S1 data transmission mechanism upon receiving Msg3 with UL data should be specified.

Proposal 2: For the S1 data transmission procedure, the information of the “ue-Identity” , the information used by eNB to figure out the registed MME of the UE e.g. the GUMMEI,  EstablishmentCause, security related information  may be needed in Msg3.

Proposal 3: For the S1 data transmission procedure, the existing S1 messages for CP/UP solutions could be reused with modification on trigger considitions or introduction of necessary container IE for UL data. Also new messages could be considered.

Proposal 4: It’s suggested for the eNB to support pending paging and caching DL data according to the characteristics of UE or applications. The cached data could be sent to UE during the later random access procedure.
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