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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





2. Overview of existing features   
2.1	MO-EDT
MO-EDT allows one uplink data transmission optionally followed by one downlink data transmission during the random access procedure.

MO-EDT is triggered when the upper layers have requested the establishment or resumption of the RRC Connection for Mobile Originated data (i.e., not signalling or SMS) and the uplink data size is less than or equal to a TB size indicated in the system information. MO-EDT is not used for data over the control plane when using the User Plane CIoT EPS/5GS optimisations.

MO-EDT is only applicable to BL UEs, UEs in enhanced coverage and NB-IoT UEs.








2.1.1	MO-EDT for Control Plane CIoT EPS Optimisation

The MO-EDT procedure for Control Plane CIoT EPS optimisation is illustrated in Figure 7.3b-1 of 36.300 [2]
[image: ]
Figure 7.3b-1: MO-EDT for Control Plane CIoT EPS Optimisation


2.1.2	MO-EDT for Control Plane CIoT 5GS Optimisation

The MO-EDT procedure for Control Plane CIoT 5GS Optimisation is illustrated in Figure 7.3b-1a of 36.300 [2]




Figure 7.3b-1a: MO-EDT for Control Plane CIoT 5GS Optimisation



2.1.3	MO-EDT for User 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


2.1.3	MO-EDT for User Plane CIoT 5GS Optimisation

The MO-EDT procedure for User Plane CIoT 5GS optimisation is illustrated in Figure 7.3b-2a of 36.300 [2] 



Figure 7.3b-2a: MO-EDT for User Plane CIoT 5GS Optimisation
2.2	MT-EDT   
MT-EDT is intended for a single downlink data transmission during the random access procedure.

[bookmark: _Hlk26018104]MT-EDT is initiated by the MME if the UE and the network support MT-EDT and there is a single DL data transmission for the UE.

[bookmark: _Hlk26018283]MT-EDT for Control Plane CIoT EPS Optimisation and for User Plane CIoT EPS Optimisation, as defined in TS 23.401, is characterised as below:
-	Support for MT-EDT for the Control Plane CIoT EPS Optimisation and/or for the User Plane CIoT EPS Optimisation is reported by UE at NAS level;
-	DL data size is included in the S1-AP Paging message for the UE;
-	MT-EDT indication is included in the Paging message for the UE over the Uu interface;
-	For User Plane CIoT EPS Optimisation, the UE has been provided with a NextHopChainingCount in the RRCConnectionRelease message with suspend indication;
[bookmark: _Hlk27215313]-	In response to the Paging message including MT-EDT indication, the UE triggers the MO-EDT procedure for Control Plane CIoT EPS Optimisation or for User Plane CIoT EPS Optimisation if the upper layers request the establishment or resumption of the RRC Connection for Mobile Terminated Call;
-	There is no transition to RRC CONNECTED.
MT-EDT is only applicable to BL UEs, UEs in enhanced coverage and NB-IoT UEs.

[bookmark: _Toc37760224][bookmark: _Toc46498458][bookmark: _Toc52490771][bookmark: _Toc156248259]2.2.1 MT-EDT for Control Plane CIoT EPS Optimisation

[bookmark: _Hlk26018903]The MT-EDT procedure for Control Plane CIoT EPS Optimisation is illustrated in Figure 7.3c-1 of 36.300 [2].


Figure 7.3c-1: MT-EDT for Control Plane CIoT EPS Optimisation
[bookmark: _Toc37760225][bookmark: _Toc46498459][bookmark: _Toc52490772][bookmark: _Toc156248260]2.2.2	MT-EDT for User Plane CIoT EPS Optimisation

The MT-EDT procedure for User Plane CIoT EPS Optimisation is illustrated in Figure of 36.300 [2].


Figure 7.3c-2: MT-EDT for User Plane CIoT EPS Optimisation
2.2	Transmission using PUR   

Transmission using PUR allows one uplink transmission from RRC_IDLE using a preconfigured uplink resource without performing the random access procedure.

Transmission using PUR is enabled by the (ng-)eNB if the UE and the (ng-)eNB support.

The UE may request to be configured with a PUR or to have a PUR configuration released while in RRC_CONNECTED mode. The (ng-)eNB decides to configure a PUR that may be based on UE's request, UE's subscription information and/or local policy. The PUR is only valid in the cell where the configuration was received.

Transmission using PUR is triggered when the upper layers request the establishment or resumption of the RRC Connection and the UE has a valid PUR for transmission and meets the TA validation criteria as specified in TS 36.331.

Transmission using PUR is only applicable to BL UEs, UEs in enhanced coverage and NB-IoT UEs.

[bookmark: _Toc37760228][bookmark: _Toc46498462][bookmark: _Toc52490775][bookmark: _Toc156248263]2.2.1	PUR Configuration Request and PUR configuration

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
[bookmark: _Toc46498463][bookmark: _Toc52490776][bookmark: _Toc156248264]2.2.2	Transmission using PUR for Control Plane CIoT EPS/5GS Optimisations

Transmission using PUR for Control Plane CIoT EPS Optimisation, as defined in TS 24.301 , and for Control Plane CIoT 5GS Optimisation, as defined in TS 24.501 , is characterised as below:
-	Uplink user data are transmitted using the PUR resource in a NAS message concatenated in RRCEarlyDataRequest message on CCCH;
-	If there is no downlink data, the (ng-)eNB may terminate the procedure by sending a layer 1 acknowledgement optionally containing a Time Advance Command, a MAC Time advance Command or RRCEarlyDataComplete with no user data;
-	Downlink user data, if any, are transmitted in a NAS message concatenated in RRCEarlyDataComplete message on CCCH;
-	There is no transition to RRC CONNECTED.
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
[bookmark: _Toc37760230][bookmark: _Toc46498464][bookmark: _Toc52490777][bookmark: _Toc156248265]2.2.3	Transmission using PUR for User Plane CIoT EPS/5GS Optimisations
Transmission using PUR for User Plane CIoT EPS Optimisation, as defined in TS 24.301, and for User Plane CIoT 5GS Optimisation, as defined in TS 24.501, are characterised as below:
-	The UE is in RRC_IDLE and has a valid PUR resource;
-	The UE has been provided with a NextHopChainingCount in the RRCConnectionRelease message with suspend indication;
-	Uplink user data are transmitted on DTCH multiplexed with RRCConnectionResumeRequest message on CCCH;
-	Downlink user data are optionally transmitted on DTCH multiplexed with RRCConnectionRelease message on DCCH;
-	The user data in uplink and downlink are ciphered. The keys are derived using the NextHopChainingCount provided in the RRCConnectionRelease message of the previous RRC connection;
-	The RRCConnectionRelease message is integrity protected and ciphered using the newly derived keys;
-	There is no transition to RRC CONNECTED.
The procedure for transmission using PUR for the User Plane CIoT EPS optimisation and for the User Plane CIoT 5GS optimisation is illustrated in Figure 7.3d-3 and Figure 7.3d-4 of 36.300 [2] respectively.


Figure 7.3d-3: Transmission using PUR for the User Plane CIoT EPS Optimisation


Figure 7.3d-4: Transmission using PUR for the User Plane CIoT 5GS Optimisation
3. Clarification of the scope of the study   

The justification for the study on uplink capacity enhancement [1] is as follows:


	Need for Uplink capacity enhancement: NB-IoT NTN is already being deployed live at this very moment. In these early and upcoming deployments, it is clearly emerging that IoT-NTN, in particular NB-IoT, will have to support massive capacity in terms of number and types of UE, some of which with worse characteristics than others (e.g. low cost devices, wearables, etc). Multiplexing of UEs by usage of orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH should therefore be studied and if beneficial being specified.

Therefore, in order to unlock the additional UL capacity potential, there is a need to identify methods to de-couple the UL from the DL as much as possible.




The justification appears to be somewhat incomplete, and therefore the justification/motivation for the study of EDT enhancements is not clear, at least from the WID. As can be seen from section 2, there are many different options for EDT, some of which may not be applicable/relevant for the intended use of potential enhancements.

In our understanding, the motivation is primarily to address uplink capacity limitations for NB-IoT. However, as can be seen from section 2, the many forms of EDT and PUR also apply to eMTC specific solutions, and each of the different options have their own specific issues. Since the amount of time allocated for the study/work is limited, in RAN2 we should focus our effort on the specific issues which need to be addressed for commercial needs.

Proposal 1: Clarify whether the scope of uplink capacity enhancements is limited to NB-IoT, or whether eMTC is also within scope.

If the work is limited to NB-IoT, then it would also be helpful to address only the C-plane solution (the solution which is used in real NB-IoT deployments) and exclude U-plane from the study, in order to minimize the work. Even though the U-plane solution is theoretically applicable, in practice this is not the case.

Proposal 2: Clarify whether the scope of uplink capacity enhancements is only for C-plane optimization, or whether U-plane optimization is also within scope. 

In addition, although most of the RAN aspects are similar, there are slightly different solutions depending on whether the core network is EPS or 5GS. Although 5GS is supported for TN, there is currently no support for 5GS for IoT-NTN. In our understanding, this was discussed for a potential Rel-19 enhancement but no objective was approved. However, as the existing EDT supports both EPS and 5GS (for TN) and the WID is not explicit, we should clarify the scope in this respect.

Proposal 3: Clarify whether the scope of uplink capacity enhancements is only for CIoT EPS optimizations, or whether CIoT 5GS optimizations are also within scope.

In the WI objective, the explicit enhancements listed are “Msg3 transmission without msg1/RAR”, and “efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete”. Both of these aspects are part of the MO-EDT solutions. MT-EDT re-uses the MO-EDT solution, with the addition of an MT-EDT indication in paging. If we do enhance MO-EDT, the enhancements can naturally apply no MT-EDT. However, no specific enhancement for MT-EDT seems necessary. 

Proposal 4: Clarify that MO-EDT and MT-EDT can utilize uplink capacity enhancements, however no MT-EDT specific enhancement is in scope.

It is clear that the existing EDT applies to MO/MT, CP/UP, EPS/5GS, NB-IoT/eMTC for both TN and NTN. Although the WID is specific for NTN, any further enhancement could potentially also apply for TN.

Proposal 5: Clarify whether the scope of uplink capacity enhancements is only for NTN, or whether enhancements may apply to TN.

Uplink capacity is, at least in part, limited by downlink capacity (E.g. PDCCH scheduling, L2 ACKs, and RRC response messages). Although the specific enhancements listed in the WID are “Msg3 transmission without msg1/RAR”, and “efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete”, it is not entirely clear whether enhancements are targeted at improving uplink (E.g. RACH capacity) or downlink (e.g. PDCCH scheduling or PDSCH payload), or both. In other words, it is not clear from the WID what the bottleneck is in practice. Based on operator contributions to e.g. RAN, it appears that the primary bottleneck is actually downlink capacity due to associated DL signalling even for uplink-based traffic. 

It should be noted that “Msg3 transmission without msg1/RAR” is already supported in Rel-16 with PUR. However, EDT with PUR has some limitations – e.g.

· PUR re-uses EDT procedure and therefore relies on UL and DL RRC and NAS signaling exchange. 
· UE has to move to RRC_CONNECTED before PUR can be configured and it’s not possible to configure PUR resources across cells. 
· With NTN, it may be possible to skip the TA adjustment steps (DL signaling) in the PUR procedure (e.g. since NTN supports timing pre-compensation based on positioning information) 

Since NB-IoT/eMTC already support mechanisms to transmit small data in an efficient manner, and can already transmit uplink data without Msg1/RAR, the scope of the study for NTN should be to identify shortcomings, identify potential improvements, and show the benefits over the existing PUR solution. For example, if downlink capacity is the main issue then what are the solutions to address this, and how much can this be improved compared to e.g. using the existing PUR feature.

Proposal 6: Clarify the scope of uplink capacity enhancements study is to 
· Identify shortcomings with the existing EDT/PUR feature for NTN.
· Identify potential enhancements to the existing EDT/PUR feature.
· Show the gain of potential enhancements compared to the existing EDT/PUR

4. Conclusion
In this contribution we discuss the enhancement of location-based CHO for earth moving cells and have the following proposals:

Proposal 1: Clarify whether the scope of uplink capacity enhancements is limited to NB-IoT, or whether eMTC is also within scope.

Proposal 2: Clarify whether the scope of uplink capacity enhancements is only for C-plane optimization, or whether U-plane optimization is also within scope. 

Proposal 3: Clarify whether the scope of uplink capacity enhancements is only for CIoT EPS optimizations, or whether CIoT 5GS optimizations are also within scope.

Proposal 4: Clarify that MO-EDT and MT-EDT can utilize uplink capacity enhancements, however no MT-EDT specific enhancement is in scope.

Proposal 5: Clarify whether the scope of uplink capacity enhancements is only for NTN, or whether enhancements may apply to TN.

Proposal 6: Clarify the scope of uplink capacity enhancements study is to 
· Identify shortcomings with the existing EDT/PUR feature for NTN.
· Identify potential enhancements to the existing EDT/PUR feature.
· Show the gain of potential enhancements compared to the existing EDT/PUR
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