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[bookmark: _Ref35586532]Introduction
[bookmark: _GoBack]In RAN2#125bis meeting, below agreements were made regarding signaling overhead reduction for EDT in IoT NTN [1]:
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. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Only CIoT EPS is within scope of uplink capacity enhancements
In this document, we further discuss the downlink/uplink signaling enhancements to the EDT transaction, and provide our observations and proposals accordingly.
Discussion
Based on the objective, mainly two aspects are involved:
· UL transmission: Msg3 transmission without msg1/RAR;
· DL transmission: Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete
In the following, we discuss these two aspects respectively.
Msg3 transmission without msg1/RAR
2.1.1	Support of contention based PUR (CB-PUR) mechanism
In Rel-16 PUR mechanism, transmission using PUR allows one uplink transmission from RRC_IDLE using a preconfigured uplink resource without performing the random access procedure.In this scheme, the UE can be assigned with a dedicated PUR configuration
Even though the PUR can be configured based on the UE preference on the resource requested (e.g. number of occurrences, periodicity, time offset, TBS, RRC Ack, etc.), it may happen that some of the PUR occasions may be skipped by various reasons, e.g. traffic pattern change. This brings waste of the UL resources and degrades the performance of UL capacity. It is possible to consider CB-PUR, which on the one hand still follows legacy PUR design to avoid performing RACH for each time of data transmission and on the other hand allows a set of UEs to share each PUR transmission occasion. In this case, multiple UEs are allowed to be configured with overlapping/same PUR resource, so the PUR resource utilization can be increased.
Proposal 1: RAN2 confirms to support a CB-PUR mechanism for IoT NTN uplink capacity enhancements (i.e. multiple UEs can be configured with the overlapped/same PUR resource).
2.1.2	Potential issues for CB-PUR
One key aspect for CB-PUR is how to provide the CB-PUR configuration. In legacy PUR, the UE could enter RRC_CONNECTED and send PUR configuration request, if PUR is enabled in the cell. The PUR configuration request may include information about the preference on requested resource. When the eNB releases the UE to RRC_IDLE, it may configure the PUR resource to the UE based on the PUR configuration request, subscription information and/or local policies. The PUR configuration is sent to the UE via the RRCConnectionRelease message. Based on the legacy design, there is the possibility that the CB-PUR resources are still provided by dedicated signaling, with just same physical resources signaled to different UEs. By contrast, since now a resource can be shared by different UEs, one may also consider using broadcast signaling to provide CB-PUR resources. 
With the above kept in mind, we discuss these two candidate solutions in detail as follows:
· [Option 1]: Dedicated signaling based CB-PUR configuration;
In option 1, the network can assign the PUR resources and perform the grouping of UE based on each UE's PUR configuration request, which is similar to legacy way of PUR request and configuration. However, one aspect that may need further consideration is that the per-UE PUR configuration based signaling may only be valid in the cell where the configuration was received as in legacy [2], and it seems hard for an RRC_IDLE UE to directly resume using this UE-specific PUR configuration after cell reselection to another cell. If this is the case, the UE, after reselecting to a new serving cell, has to enter RRC_CONNECTED state again to request the PUR configuraiotn. Considering that the motivation to introduce CB-PUR is to save overhead but the PUR request itself still leads to non-trivial signalling overhead (e.g.signalling overhead for RRC state transition due to cell change), RAN2 may consider whether such signalling overhead resulting from PUR request in the case of cell change is acceptable or not for this option.
Observation 1: RRC_IDLE UE may need to enter RRC_CONNECTED and perform PUR configuration request each time it reselects to another cell, if the PUR configuration is sent to the UE via dedicated signaling. This leads to extra signaling overhead.
Compared with legacy PUR, it is likely that the number of retransmission increases in CB-PUR, considering that the collision may happen among multiple UEs. Since PUR-RNTI can be sent to the UE via dedicated signaling in option 1, UE could monitor the PDCCH addressed to PUR-RNTI while pur-ResponseWindowTimer is running. But it may still happen that the UE does not receive any scheduling addressed to PUR-RNTI from the network, due to the fact that the network does not detect the transmision from the UE due to resource collision. So, some enhancements may be needed to handle this issue which is related to how to do the collision avoidance or contention resolution among different UEs using the shared PUR transmission oppurtunity.
Observation 2: For CB-PUR, the UE may not receive any PDCCH addressed to its PUR-RNTI during on-going PUR procedure, considering the high probalibity of transmission collision if the PUR configuration is sent to the UE via dedicated signaling.
· [Option 2]: Broadcast signaling based CB-PUR configuration;
The most important issue to support a broadcast signalling based CB-PUR mechinism is TA handling. Normally, the UE should maintain valid TA before initiating UL transmission. In IoT NTN, the UE could perform TA compensation based on the GNSS and the ephemeris information, which can be reused to address the UE-specific TA part. However, N_TA is also a key component to the whole TA, and usually need be figured out by the network and notified to the UE via RAR or TA command when the UE enters RRC_CONNECTED. In legacy PUR, the UE still maintains the TA it got in RRC_CONNECTED, after it goes into the RRC_IDLE for PUR transmission. Before the UE initiates PUR transmission, the UE should validate the TA it maintains. 
Similarly, for broadcast signalling based CB-PUR mechinism, valid TA should also be guaranteed for an uplink transmission using PUR. Otherwise, the UE may initiate UL transmission using invalid TA, which may bring interference to other UEs and the NW may not receive the transmission from the UE successfully.
Observation 3: In broadcast signalling based CB-PUR mechinism, the UE should obtain valid TA before initaiting CB-PUR transmission.
Based on the current Spec, the UE should perform RACH procedure to obtain TA. If this is directly inherited to the broadcast signalling based CB-PUR, the benefits on signalling overhead reduction totally vanish. Intuitively, it could be complicated (if possible at all) to design a N_TA acquisition design to fit the broadcast signalled PUR resource. So the feasibility of the broadcast signalling based CB-PUR mechinism highly depend on a valid TA maintenance mechinism.
Therefore, how to address the TA issue is critical for broadcast signalling based CB-PUR mechanism. Hence, before we decide whether broadcast signaling configuration can be applied to CB-PUR, the TA issue should be solved as a prerequisite.
Observation 4: Feasibility of the broadcast signaling based CB-PUR mechinism depends on whether a valid TA maintanence mechinism can be found.
In RAN2#125bis meeting, some companies thought that NTN UE has the GNSS capability, and thus the UE in RRC_IDLE can estimate timing advance based on its GNSS positioning and TA compensation. Then it may be possible for IoT NTN UE to maintain a valid TA before it triggers PUR [3].By contrast, some other companies’ view was that it is still questionable whether the UE estimated TA is accurate and think RAN2 should send LS to RAN1/RAN4 [4][5][6]. From our perspective, RAN2 cannot make a conclusion whether UE estimated TA is accurate enough or not. If necessary, we think RAN2 should ask RAN1/RAN4 to check this.
Proposal 2: RAN2 discusses the feasibility of the broadcast signalling based CB-PUR mechanism based on whether a valid TA maintenance mechanism is available. If necessary, send LS to RAN1/RAN4 to check whether UE specific TA estimated by IoT NTN UE is sufficiently accurate for direct Msg3 transmission.
Proposal 3: RAN2 down-selects broadcast signalling based CB-PUR mechanism and dedicated signalling based CB-PUR mechanism by taking into account the TA issue in Proposal 2. 
Efficient delivery of msg4/RRCEarlyDataComplete
How to deliver msg4/RRCEarlyDataComplete mainly depends on the configuration signaling and the contention resolution scheme. In the following, we discuss this aspect also by the following two schemes.
· [Option 1]: Dedicated signaling based CB-PUR configuration;
If the UE is configured with CB-PUR via dedicated signaling, the UE specific PUR-RNTI can also be assigned to each UE. When the UE performs UL transmission using CB-PUR, the UE could monitor PDCCH scrambled by PUR-RNTI within the PUR window. If the corresponding feedback, for example, RRCEarlyDataComplete with dedicatedInfoNas, is received by the UE, the UE will assume that the UL transmission is successfully completed. If retransmission scheduled by PDCCH via PUR-RNTI is received, the UE will perform UL retransmision based on the retransmision scheduling. If the PUR window expires, the UE will assume CB-PUR failure. It can continue to initiate CB-PUR or just fallback to legacy RA-EDT.
Proposal 4: For dedicated signalling based CB-PUR (if supported), the UE monitors PDCCH via UE specific PUR-RNTI for contention resolution.
· [Option 2]: Broadcast signaling based CB-PUR configuration;
In broadcast signaling based CB-PUR mechinism, as in RACH proceudre, the UE could autonomously calcuate an RNTI, say “CB-PUR-RNTI” according to the predefined principles, e.g., based on the timing information of the PUR occasion. When the UE performs the UL transmission, the UE could start one CB-PUR contention resolution window. Similar to msg4 reception, the UE monitors the PDCCH scrambled by the CB-PUR-RNTI. Then, in order for contenstion resolution, a CB-PUR contention resolution MAC CE should be introduced and included in the DL message as a response to the UE. If the CB-PUR contention resolution MAC CE is corresponds to the beginning part of the UL message (e.g. first 48 bits), the UE will consider the conention resolution for this CB-PUR transmission is successful. If retransmision for UL message is indicated, the UE will perform retransmission of the UL message. If the CB-PUR contention resolution window expires, the UE could re-attemp UL transmsision or fallback to RA-EDT.
Proposal 5: For broadcast signaling based CB-PUR (if supported), a UE calculated CB-PUR-RNTI is introduced and is used to monitor the scheduling of CB-PUR response for contention resolution. 
Proposal 6: For broadcast signaling based PUR (if supported), the similar mehcanism like Msg4 in RACH can be reused for contention resolution, e.g., if the beginning part (e.g. 48 bits) in the DL message matches the corresponding part of the UL message sent by the UE, contention resolution is considered successful for CB-PUR.
Conclusion
In this document, we analyse the enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction, and the following observations and proposals are provided:
Observation 1: RRC_IDLE UE may need to enter RRC_CONNECTED and perform PUR configuration request each time it reselects to another cell, if the PUR configuration is sent to the UE via dedicated signaling. This leads to extra signaling overhead.
Observation 2: For CB-PUR, the UE may not receive any PDCCH addressed to its PUR-RNTI during on-going PUR procedure, considering the high probalibity of transmission collision if the PUR configuration is sent to the UE via dedicated signaling.
Observation 3: In broadcast signalling based CB-PUR mechinism, the UE should obtain valid TA before initaiting CB-PUR transmission.
Observation 4: Feasibility of the broadcast signaling based CB-PUR mechinism depends on whether a valid TA maintanence mechinism can be found.
Proposal 1: RAN2 confirms to support a CB-PUR mechanism for IoT NTN uplink capacity enhancements (i.e. multiple UEs can be configured with the overlapped/same PUR resource).
Proposal 2: RAN2 discusses the feasibility of the broadcast signalling based CB-PUR mechanism based on whether a valid TA maintenance mechanism is available. If necessary, send LS to RAN1/RAN4 to check whether UE specific TA estimated by IoT NTN UE is sufficiently accurate for direct Msg3 transmission.
Proposal 3: RAN2 down-selects broadcast signalling based CB-PUR mechanism and dedicated signalling based CB-PUR mechanism by taking into account the TA issue in Proposal 2. 
Proposal 4: For dedicated signalling based CB-PUR (if supported), the UE monitors PDCCH via UE specific PUR-RNTI for contention resolution.
Proposal 5: For broadcast signaling based CB-PUR (if supported), a UE calculated CB-PUR-RNTI is introduced and is used to monitor the scheduling of CB-PUR response for contention resolution. 
Proposal 6: For broadcast signaling based PUR (if supported), the similar mehcanism like Msg4 in RACH can be reused for contention resolution, e.g., if the beginning part (e.g. 48 bits) in the DL message matches the corresponding part of the UL message sent by the UE, contention resolution is considered successful for CB-PUR.
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