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1. Introduction

A new WID was approved to further enhance the support of NB-IoT and eMTC [1]

The following objective is provided
	· Support of Capacity enhancements for uplink

· Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2]

· Multi-tone support for 15 kHz SCS should also be considered

Note: Impact of impairment shall be taken into account


· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:
· Msg3 transmission without msg1/RAR
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete





In the previous meeting, the following was agreed:
	Agreements:
· Both NB-IoT and eMTC are within scope of uplink capacity enhancements
· Both C-plane and U-plane solutions are within scope of uplink capacity enhancements.
· Only CIoT EPS is within scope of uplink capacity enhancements




In this contribution, we look at the current methods of completing an EDT transmission, and what could potentially be enhanced. 
2. Overview of existing functionality   
2.1	MO-EDT
It was agreed that both CP and UP solutions, NB-IoT and eMTC, are in the scope of the study, but only EPS.

The following show MO-EDT procedures for the CP and UP EPS optimizations.

The MO-EDT procedure for Control Plane CIoT EPS optimisation is illustrated in Figure 7.3b- of 36.300 [2] 
[image: ]

Figure 7.3b-1: MO-EDT for Control Plane CIoT EPS Optimisation

The MO-EDT procedure for User Plane CIoT EPS optimisation is illustrated in Figure 7.3b-2 of 36.300 [2] 


Figure 7.3b-2: MO-EDT for User Plane CIoT EPS Optimisation
As can be seen, only the MO-EDT procedure for CP solution uses “RRCEarlyDataComplete”. User data is attached to Msg3 and Msg4 during the RACH procedure. The procedure is terminated by Msg4.

The MO-EDT procedure for UP solution transfers data in RRC_CONNECTED, after completing random access (5 steps) and the procedure is terminated using RRCConnectionRelease. 

The WI objective clearly states that the intention is to reduce overhead of Msg4/RRCEarlyDataComplete, so it is clear that this part of the objective is only applicable to the CP solution. 

Proposal 1: Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete only applies to the C-plane solution.



2.2	Transmission using PUR   


The procedure for transmission using PUR for the Control Plane CIoT EPS optimisation and for the Control Plane CIoT 5GS optimisation is illustrated in Figure 7.3d-2 of 36.300 [2].


Figure 7.3d-2: Transmission using PUR for the Control Plane CIoT EPS/5GS Optimisations
As can be seen, if PUR is used, it is already possible to terminate EDT without using RRCEarlyDataComplete. As described in 36.300 [2] :

7a	If the (ng-)eNB is aware that there is no pending downlink data or signalling, the (ng-)eNB can send a Layer 1 ACK optionally containing a Time Advance Adjustment to the UE to update the TA and terminate the procedure.
7b	If the (ng-)eNB is aware that there is no further data or signalling, the (ng-)eNB can send a Time Advance Command to update the TA and terminate the procedure.

Proposal 2: Confirm that it is already possible with the existing PUR feature to terminate the EDT procedure without using RRCEarlyDataComplete, by using Layer 1 ACK or Timing advance MAC CE, if eNB is aware that there is no pending downlink data or signalling. 

The main question as to whether early termination of EDT works in practise is “how does eNB know that there is no pending downlink data from the application layer?“

Proposal 3: RAN2 to discuss how eNB knows that there is no pending downlink data from the application layer.

The procedure for PUR configuration request and PUR configuration is common to the Control Plane CIoT EPS/5GS optimisations and the User Plane CIoT EPS/5GS optimisations and is illustrated in Figure 7.3d-1 of 36.300 [2].


Figure 7.3d-1: PUR Configuration Request and PUR Configuration
As can be seen, the UE can already transmit an indication (L1Ack) in PURConfigurationRequest, which informs the eNB a preference for using RRCEarlyDataComplete. Note that, although the figure states “L1 ACK” this is named “rrc-ACK” in the RRC specification and it indicates RRC response message is preferred by the UE for acknowledging the reception of a transmission using PUR. This is an indirect way to specify that the UE can send some information about whether it expects downlink data in response to the uplink. It is then up to the eNB implementation what (if anything) to do with that knowledge. The main issue with terminating EDT early is when there is some downlink application layer data to send in response. If the procedure is terminated early then the network must page the UE in order to transmit this, which is even more inefficient than waiting and terminating using RRC.

Proposal 4 : Confirm that it is already possible with the existing PUR feature for UE to indicate in PURConfigurationRequest whether it expects a downlink response by RRCEarlyDataComplete.

3. Deficiencies with existing functionality and potential enhancements

Given that we have established above that UE can already indicate a preference for RRC response, and eNB can already terminate EDT without RRC response, the question is how this can possible be further improved or whether the existing feature is in fact sufficient. 

There are 3 potential deficiencies with the existing EDT termination feature with PUR in the context of NTN.

1) The current PUR feature only applies if the UE remains in the same cell – i.e. PURConfigurationRequest, and RRCConnectionRelease containing PURConfiguration is needed in the cell on which transmission using PUR is used. For NTN, the cell can change frequently such that the overhead in performing this is excessive.
2) The UE can only send an indication “rrc-ACK” in the PUR configuration request, which would apply to all subsequent PUR occurrences configured with PURConfiguration. If we enable dedicated PUR resources which are applicable in multiple cells, or if we enable shared (contention based) PUR in a cell, then there is currently no way for the UE to indicate “rrc-ACK”. There is also currently no network signalling to transfer this information from one eNB to another.
3) As a minimum, a L1 ACK needs to be sent in the downlink. There is currently no way to terminate EDT without downlink signalling, or without sending downlink signalling to all UEs always. 

Proposal 5: Confirm that the existing PUR feature may not be optimal in an NTN deployment as there is currently no mechanism for the eNB to determine whether UE expects a downlink application layer response unless the UE moves to RRC_CONNECTED in every cell to perform dedicated PUR configuration.

To address these deficiencies, some possible enhancement can be considered. 
1) Enabling PUR configuration information across cells. This may imply that the information sent by the UE (i.e. the rrc-ACK indication) needs to be transferred between eNBs using network signalling)
2) Indication by the UE in RRCEarlyDataRequest an “rrc-ACK” parameter – which is an indication whether the UE expects a downlink application layer response. This would enable the UE to indicate to the cell on which the transmission using PUR is initiated, and indicate per transmission. (This could work whether dedicated or shared PUR resources are used).
3) Enabling EDT termination without any downlink ACK, or using a common ACK for multiple transmissions or UEs (E.g. using a group common signalling)

Proposal 6: RAN2 to consider whether the following enhancements are beneficial:
1) Introducing network signalling so that PUR configuration request information to be transferred across cells. 
2) Indication by the UE in RRCEarlyDataRequest an “rrc-ACK” parameter (whether UE expects a downlink application layer response)
3) Enabling EDT termination without any downlink ACK, or using a common ACK for multiple transmissions or UEs 

4. Conclusion
In this contribution we discuss efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete and make the following proposals for discusssion:

Proposal 1: Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete only applies to the C-plane solution.

Proposal 2: Confirm that it is already possible with the existing PUR feature to terminate the EDT procedure without using RRCEarlyDataComplete, by using Layer 1 ACK or Timing advance MAC CE, if eNB is aware that there is no pending downlink data or signalling. 

Proposal 3: RAN2 to discuss how eNB knows that there is no pending downlink data from the application layer.

Proposal 4: Confirm that it is already possible with the existing PUR feature for UE to indicate in PURConfigurationRequest whether it expects a downlink response by RRCEarlyDataComplete.

Proposal 5: Confirm that the existing PUR feature may not be optimal in an NTN deployment as there is currently no mechanism for the eNB to determine whether UE expects a downlink application layer response unless the UE moves to RRC_CONNECTED in every cell to perform dedicated PUR configuration.

Proposal 6: RAN2 to consider whether the following enhancements are beneficial:
1) Introducing network signalling so that PUR configuration request information to be transferred across cells. 
2) Indication by the UE in RRCEarlyDataRequest an “rrc-ACK” parameter (whether UE expects a downlink application layer response)
3) Enabling EDT termination without any downlink ACK, or using a common ACK for multiple transmissions or UEs 
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