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Introduction
In RAN#102, a new WID for further enhancements on Non-Terrestrial Networks (NTN) for Internet of Things (IoT) has been agreed and in RAN#103, the WID is further refined in [1]. The main objectives related to support of capacity enhancements for uplink are as following:
	The aim of this WI is enhancement of IoT-NTN with the following objectives:
<<skip the unrelated parts>>
· Support of Capacity enhancements for uplink

· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]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, RAN4]

· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account


· [bookmark: OLE_LINK26][bookmark: OLE_LINK14]Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


During R2#125b meeting, the following agreements have been made. 

Agreements:
1. Both NB-IoT and eMTC are within scope of uplink capacity enhancements
2. Both C-plane and U-plane solutions are within scope of uplink capacity enhancements.
3. Only CIoT EPS is within scope of uplink capacity enhancements

In this document, we will give further analysis on the issues of this objective. 
Discussion
1.1 Main issues of the objective
During R2#125b meeting, some issues have been identified and summarized in contributions [2][3][4][5]][6]. We can see that some common issues have been identified and we list some main ones as following. 
(1) Whether the enhanced EDT procedure of this objective takes contention-based PUR (CBS PUR) as the baseline? 
(2) If RAN2 takes CBS PUR as the baseline to start the discussion of the enhanced EDT procedure, how to configure the CBS PUR recourse?
(3) How to design the RNTI to monitor the UL/DL transmission since multiple UEs share the same resource? 
(4) How to deal with the contention resolution since multiple UEs share the same PUR resource? 
1.2 Whether to take the CBS PUR as the baseline
In [2] the background of the discussion regarding contention-based PUR-like scheme in the past the has been introduced as following.  
The contention-based PUR-like scheme has been discussed before in R16 IoT WID, but finally not introduced. At that time, the following three schemes have been proposed and mainly evaluated by RAN1: 
· Dedicated Preconfigured Uplink Resource (Dedicated PUR, D-PUR): dedicated Uplink Resource and dedicated DMRS for different UEs. Suitable to the scenarios in which the services of UEs are with regular periodicity and the amount of data to be transmitted is relatively fixed.
· Contention Based Shared Preconfigured Uplink Resource (Contention Based Shared PUR, CBS PUR): shared Uplink Resource and shared DMRS for different UEs. Suitable to the scenarios in which the services of UEs are generally irregular or mainly burst traffics. As different UEs may choose same DMRS, the collision of DMRS may highly downgrade the transmission performance. However, if the DMRS collision issue can be somehow addressed, this scheme may have highest spectrum efficiency.
· Contention Free Shared Preconfigured Uplink Resource (Contention Free Shared PUR, CFS PUR): shared Uplink Resource but dedicated DMRS for different UEs. This scheme can be seen as a trade-off between D-PUR and CBS PUR.
For R16 IoT, finally Dedicated PUR and a simplified CFS PUR (only can multiplexing two UEs) have been supported.
Some companies suggest RAN2 consider to take the CBS-PUR as the baseline to start the discussion of the enhanced EDT procedure [2][3][4][5]. However, the opponent [6] raised the issue that PUR and RACH-less EDT are different procedures. The main reason is that RACH-less EDT is contention-based and not dedicatedly pre-configured as in PUR. 
In our perspective, since contention -based PUR has been discussed in the past during R16 IOT NTN and the issue raised in [6]  can be solved, then we suggest that RAN2 to  take the CBS-PUR as the baseline to start the discussion of the enhanced EDT procedure.
Proposal 1: Suggest RAN2 to take CBS PUR as the baseline to start the discussion of enhanced EDT procedure.

1.3 CBS PUR resource configuration
In [2], three options regarding how to configure the CBS PUR resource have been provided as following.
· Option 1: To provide a common PUR resource configuration via SIB.
· Option 2: To provide shared PUR resources via dedicated signaling. It can be allowed to configure some different resources for different UEs while the other resources may be same for all the UEs.
· Option 3: To provide multiple sets of shared PUR resources via the SIB and NW can indicate index of the resource set for a specific UE via the dedicated signaling.
And in [3], the following three options have been provided. 
· Option 1: Broadcast the PUR configuration in the SIB.
· Option 2: Use RRCRelease to configure the PUR, similar as legacy.
· Option 3: Broadcast the PUR resource in the SIB and configure other information (e.g., TAT) in RRCRelease.
From our perspective, these options almost cover all the scenarios and can be summarized as the following.
· Option 1: To provide a common PUR resource configuration via SIB.
· Option 2: To provide shared PUR resources via dedicated signaling, e.g. RRCRelease
· Option 3: To configure some different resources for different UEs while the other resources may be same for all the UEs, via 
Alt 1: dedicated signaling
Alt 2: broadcast the PUR resource in the SIB and configure other information (e.g., TAT) in dedicated signaling (e.g. RRCRelease).
· Option 4: To provide multiple sets of shared PUR resources via the SIB and NW can indicate index of the resource set for a specific UE via the dedicated signaling.
Proposal 2: Suggest RAN2 to start the discussion regarding the CBS shared PUR configuration from the following options:
· Option 1: To provide a common PUR resource configuration via SIB.
· Option 2: To provide shared PUR resources via dedicated signaling, e.g. RRCRelease
· Option 3: To configure some different resources for different UEs while the other resources may be same for all the UEs, via 
Alt 1: dedicated signaling
Alt 2: broadcast the PUR resource in the SIB and configure other information (e.g., TAT) in dedicated signaling (e.g. RRCRelease).
· Option 4: To provide multiple sets of shared PUR resources via the SIB and NW can indicate index of the resource set for a specific UE via the dedicated signaling.

1.4 How to design RNTI
In [2], three options regarding the RNTI used for UL/DL transmission (e.g Msg3/4) have been provided as following.
· Option 1: Common PUR-RNTI: That means only one PUR-RNTI may be configured in the common PUR resources configuration. All the UEs using shared PUR can use this common PUR-RNTI to address the UL/DL transmission. Such common PUR-RNTI may be similar as P-RNTI or SI-RNTI and just for identifying the PUR service. It seems that no other benefit of collision resolution can be expected.
· Option 2: A UE-specific PUR-RNTI allocated by NW: Even the other shared PUR resources can be configured via SIB, it still can be possible to let NW separately configure a use-specific PUR-RNTI via dedicated signalling. This UE-specific PUR-RNTI seems similar as that in dedicated PUR, but the difference is that it’s used in a shared resources space. At least for UL, as NW has no idea which UE will trigger PUR in the shared resources space, the NW may need to detect all the allocated UE-specific PUR-RNTI.
· Option 3: A resource-specific PUR-RNTI : Such RNTI may be similar as RA-RNTI. UE and eNB can respectively calculate the PUR-RNTI according to the resources used/selected by the UE. The main usage is at DL, the eNB use the calculated RA-RNTI to address the DL transmission (e.g., PDCCH/Msg4). The UE only need to handle the DL transmission addressed by its resource-specific PUR-RNTI. However, as the UE using same shared resources would expect same resource-specific PUR-RNTI, the other contention resolution may still be needed.
In [3], two options regarding this issue have been provided as the following. 
· Option 1: A RNTI is allocated by NW and configured to UE
· Option 2: A RNTI is calculated by UE, such as RA-RNTI.
And also in other contributions [4], it is mentioned that this issue needs to be resolved. 
From our perspective, these options almost cover all the scenarios and can be summarized as the following.
· Option 1: Common PUR-RNTI configured in the common PUR resources configuration: is allocated by NW.
· Option 2: UE-specific PUR-RNTI:
Alt 1: is allocated by NW
Alt 2: is calculated by UE and NW
· Option3: Resource-specific PUR-RNTI: is respectively calculated by UE and eNB according to the resources used/selected by the UE.
Proposal 3: Suggest RAN2 to start the discussion regarding the RNTI designed for UL/DL transmission from the following options:
· Option 1: Common PUR-RNTI configured in the common PUR resources configuration: is allocated by NW.
· Option 2: UE-specific PUR-RNTI:
Alt 1: is allocated by NW
Alt 2: is respectively calculated by UE and NW
· Option3: Resource-specific PUR-RNTI: is respectively calculated by UE and eNB according to the resources used/selected by the UE.

1.5 Contention Resolution
As mentioned above, it’s highly possible that the collision caused by using shared PUR resources cannot be completely resolved by RNTI design, e.g. in case common PUR-RNTI or Resource-specific PUR-RNTI is introduced. How to deal with the contention resolution needs to be addressed.
In [2], it is suggested that the straightforward way to reuse the contention resolution scheme in legacy random access procedure is enough. That is, after recpetion of Msg3, eNB can send a DL MAC PDU in which a Contention Resolution Identity is included. For UE side, it needs to check whether the UE Contention Resolution Identity included in the DL MAC PDU matches the 48 first bits of the CCCH SDU transmitted in Msg3.
In [3] [4] the similar suggestion has been made. We agree the majorities’ view and suggest that in case CBS PUR is introduced, the legacy mechanism of including first 48 bits of CCCH SDU in msg4 for contention resolution is reused and no more enhancements or new design is introduced for this issue. 
Proposal 4: In case CBS PUR is introduced, the legacy mechanism of including first 48 bits of CCCH SDU in msg4 for contention resolution is reused and no more enhancements or new design is introduced for this issue. 

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
Based on the above analysis, the following proposals are given for enhanced early data transmission for IoT NTN: 
Proposal 1: RAN2 clarify that the main task of the objective “to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction” is to support contention-based Msg3 transmission or contention-based Shared PUR.
Proposal 2: Suggest RAN2 to start the discussion regarding the CBS shared PUR configuration from the following options:
· Option 1: To provide a common PUR resource configuration via SIB.
· Option 2: To provide shared PUR resources via dedicated signaling, e.g. RRCRelease
· Option 3: To configure some different resources for different UEs while the other resources may be same for all the UEs, via 
Alt 1: dedicated signaling
Alt 2: broadcast the PUR resource in the SIB and configure other information (e.g., TAT) in dedicated signaling (e.g. RRCRelease).
· Option 4: To provide multiple sets of shared PUR resources via the SIB and NW can indicate index of the resource set for a specific UE via the dedicated signaling.
Proposal 3: Suggest RAN2 to start the discussion regarding the RNTI designed for UL/DL transmission from the following options:
· Option 1: Common PUR-RNTI configured in the common PUR resources configuration: is allocated by NW.
· Option 2: UE-specific PUR-RNTI:
Alt 1: is allocated by NW
Alt 2: is calculated by UE and NW
· Option3: Resource-specific PUR-RNTI: is respectively calculated by UE and eNB according to the resources used/selected by the UE.
Proposal 4: In case CBS PUR is introduced, the legacy mechanism of including first 48 bits of CCCH SDU in msg4 for contention resolution is reused and no more enhancements or new design is introduced for this issue. 
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