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1 Introduction

In RAN#102 meeting, a new WID on NTN for IoT [1] has been approved. In the WID, one of the objectives is to enhance UL capacity, as following.
	· 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 RAN2#125bis meeting, RAN2 preliminary discussed the scope of UL capacity enhancement in Rel-19 IoT NTN, and made the following agreements.
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 general, potential directions for UL capacity enhancement include support of OCC for NPUSCH formant 1/NPRACH and enhanced EDT, where the former is a RAN1-led feature and the latter is a RAN2-based feature.
In this contribution, we discuss enhanced EDT and present our views.
2 Discussion
In Rel-15, the EDT feature has been introduced for NB-IoT and eMTC, which enables an IDLE mode UE to transmit data in Msg3 during the random access procedure without transition to CONNECTED mode, so that signalling overhead and power consumption are reduced. In Rel-16, the earlier transmission of UL data has been further enhanced by introducing PUR. This feature allows eNB to configure dedicated uplink resources, with which an IDLE mode UE can send UL transmission without performing random access procedures. By skipping the random access procedure, the uplink transmission efficiency can be improved and UE power consumption is further reduced. 
As NTN cell has much larger coverage compared to TN cell, IoT NTN will have to support massive capacity. In order to enhance cell capability, a potential solution is to introduce RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2, so that the signalling overhead due to Msg1/Msg2 can be saved. From this perspective, RACH-less EDT is similar to PUR. However, for PUR, the same preconfigured resources for PUSCH transmission can only be shared by up to two UEs, in which case eNB differentiates one UE from the other through the cyclic shift of DMRS for PUSCH which is configured by eNB. In other words, currently, only dedicated PUR is supported. If UE is configured with PUR and UE does not initiate PUR procedure, the preconfigured uplink resources would be wasted. Therefore, for RACH-less EDT, it is desired to support shared uplink resources for Msg3 transmission, so that the resource utilization efficiency and capacity can be improved compared to PUR. The shared Msg3 resource can be configured via system information. 
Observation 1 Compared to EDT, the feature of PUR can further improve the uplink transmission efficiency and save UE power consumption by skipping the random access procedure.
Observation 2 In legacy PUR, only dedicated uplink resource is supported, which is less resource efficient than shared uplink resource.
Proposal 1 RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2 is supported in Rel-19 IoT NTN.
Proposal 2 For RACH-less EDT, support shared uplink resource for Msg3 transmission, which are configured by eNB via system information. 
In the other hand, sharing uplink resources for Msg3 transmission would bring the risk of collision among different UEs, e.g. multiple UEs initiate RACH-less EDT and use the same time-frequency resource to transmit Msg3 simultaneously. If the collision rate is high, it would have negative impact, e.g. increased signalling overhead and UE power consumption. But we think the collision rate can be controllable by network via per-UE enabling/disabling configuration for RACH-less EDT, e.g. via RRC RRCConnectionRelease message.
Observation 3 Support of shared uplink resource for Msg3 transmission would bring the risk of collision among different UEs.
Proposal 3 RACH-less EDT can be enabled/disabled by network per UE via UE-specific signalling.
Based on the above analysis, the procedure of RACH-less EDT is given in figure 1.
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Figure 1 procedure of RACH-less EDT

As mentioned above, the common configuration of RACH-less EDT includes PUSCH resource pools for Msg3 transmission, which should be in form of SPS. Similar to PRACH configuration, the shared Msg3 resource pool should be configured per CE level, as Msg3 transmission in different CE levels may correspond to different MCSs, repetition numbers, etc. For the purpose of load balance, for each CE level, the shared Msg3 resource pool can be configured on anchor carrier and/or non-anchor carrier. Furthermore, multiple Msg3 resource pools may be needed to support different numerologies (e.g. 3.75kHz and 15kHz SCS, single tone and multi-tone). 
Proposal 4 For the shared Msg3 resource pool, support per CE level configuration.

Proposal 5 For each CE level, the shared Msg3 resource pool can be configured on anchor and/or non-anchor carriers. 
Proposal 6 For each CE level, multiple Msg3 resource pools can be configured to support different numerologies (e.g. 3.75kHz and 15kHz SCS, single tone and multi-tone).
The next open issue is under which conditions an IDLE mode UE could initiate RACH-less EDT. According to TS36.331, the condition for initiating transmission using PUR are specified as following.

	5.3.3.1c 
Conditions for initiating transmission using PUR

A BL UE, UE in CE or NB-IoT UE can initiate transmission using PUR when all of the following conditions are fulfilled:

1>
the UE has a valid PUR configuration for the serving cell as specified in 5.3.3.20;

1>
the UE has a valid timing alignment value as specified in 5.3.3.19;

1>
the upper layers request establishment of an RRC connection; or the upper layers request resumption of an RRC connection and the UE has a stored value of the nextHopChainingCount provided in the RRCConnectionRelease message with suspend indication during the preceding suspend procedure;

1>
the establishment or resumption request is for mobile originating calls and the establishment cause is mo-Data or mo-ExceptionData or delayTolerantAccess;

1>
for CP transmission using PUR, the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the TBS configured for PUR.


For RACH-less EDT, we think the similar initiating condition to that for PUR transmission can be used. 
Proposal 7 An IDLE UE can initiate RACH-less EDT if all of the following conditions are fulfilled:

· RACH-less EDT is enabled for the UE in this cell

· the UE has a valid timing alignment value
· the upper layers request establishment or resumption of an RRC connection 

· the establishment or resumption request is for mobile originating calls

· the size of the resulting MAC PDU is expected to be no larger the TBS configured for RACH-less EDT.

If UE initiates RACH-less EDT, the UE performs Msg3 resource selection. The following aspects needs to be considered.
· CE level determination

· numerology determination

· carrier selection

Similar to PRACH resource selection, for RACH-less EDT, UE should firstly determine CE level based on the serving cell RSRP. The legacy RSRP threshold used for CE level determination can be reused. For numerology for Msg3 transmission, it should be configured by network via UE-specific signalling, e.g. via RRCConnectionRelease message. Then, for the selected CE level, if Msg3 resource pool corresponding to the allocated numerology are configured on more than one carriers, UE needs to perform carrier selection. Probability factor based carrier selection can be considered.
Proposal 8 UE performs Msg3 resource selection from the multiple resource pools. The following aspects needs to be considered.
· CE level determination

· numerology determination

· carrier selection

Another open issue is that for RACH-less EDT, how to determine the RNTI used for Msg3 PUSCH scrambling, subsequent PDCCH scrambling and Msg4 PDSCH scrambling. In legacy RACH (including legacy EDT), this RNTI is allocated by network via Msg2. For PUR, the RNTI is allocated by network via RRCConnectionRelease message. For RACH-less EDT, this RNTI can be determined in the following ways:
· Option 1: the RNTI is allocated by network via RRCConnectionRelease message
· Option 2: the RNTI value is calculated based on the Msg3 PUSCH time-frequency resource

For option 1, network may allocate different RNTI values to different UEs. As network does not know the Msg3 is transmitted by which UE, network needs to decode Msg3 blindly using all possible RNTIs, which would bring large complexity at network. Option 2 is similar to RA-RNTI calculation. With this approach, UE and network will have a common understanding on which RNTI is used, which can overcome the shortage of option 1. 
Observation 4 If the RNTI for Msg3 PUSCH scrambling is allocated by network, network needs to decode Msg3 blindly using all possible RNTIs, which would bring large complexity at network.
Proposal 9 In RACH-less EDT, the RNTI used for PUSCH/PDCCH/PDSCH scrambling is calculated based on the Msg3 PUSCH time-frequency resource.
As highlighted above, the other aspect on EDT enhancement is to support efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete. In legacy EDT, after UE transmit UL data together with RRCEarlyDataRequest or RRCConnectionResumeRequest message in Msg3, the UE will not consider the EDT as successfully completed until it receives RRCEarlyDataComplete or RRCConnectionRelease message, i.e.  only RRC message can be used to indicate the successful reception of the EDT transmission by the eNB. In PUR, eNB may terminate the PUR procedure by sending a L1 ACK optionally containing a TAC, a TAC or RRC response message with no data. By introducing L1/L2 ACK, the performance of resource efficiency, UE power consumption as well as MO latency for PUR can be further improved compared to EDT. With the same motivation, for EDT, the response message can be further enhanced, e.g. to support L1/L2 ACK. According to the current WID, for the feature of EDT enhancement, only RAN2 is involved. We should minimize RAN1 impact and prioritize L2 based ACK. 
Observation 5 For PUR, besides RRC response message, L1/L2 based ACK can also be used to terminate the PUR procedure, which could improve the performance of resource efficiency, UE power consumption as well as MO latency compared to EDT.
Proposal 10 L2 signalling can be used for acknowledging the reception of a transmission using EDT.
Based on the WID, it is unclear whether the feature of Msg4 enhancement (i.e. efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete) is dependent of or can be separate from RACH-less EDT. In our understanding, both features are EDT enhancements in different aspects. Although support for both features may bring the most benefits, for UEs supporting either Msg4 enhancement or RACH-less EDT, resource efficient and MO latency may also be improved compared to legacy EDT. If we decouple the two features, UE may choose whether to support either or both features, which would be more flexible for UE implementation. Based on this, we propose that efficient delivery of msg4 / RRCEarlyDataComplete can be applied to both RACH based EDT and RACH-less EDT.
Proposal 11 The feature of Msg4 enhancement can be applied to both RACH based EDT and RACH-less EDT.
With the introduction of RACH-less EDT, we need to consider the following the coexistence and fallback mechanism related to RACH-less EDT.
· For RACH-less EDT, fallback between different CE levels
This is similar to fallback between different CE levels in RACH procedure. After multiple attempt failure in CE level N, UE should be allowed to fall back to CE level N+1.
· Fallback from PUR to RACH-less EDT

We need to firstly discuss whether UE can be configured with both PUR and RACH-less EDT. If this is a valid case, in our opinion, UE shall always prioritize PUR if the condition for initiating PUR is fulfilled. UE may also fall back from PUR to RACH-less EDT.
· Fallback from RACH-less EDT to RACH-based EDT

If both RACH-based EDT and RACH-less EDT are supported in a cell, in our opinion, UE shall always prioritize RACH-less EDT if the condition for initiating RACH-less EDT is fulfilled. Besides, the UE should also be allowed to fall back from RACH-less EDT to RACH-based EDT.

Proposal 12 RAN2 discusses the following fallback mechanism:

· For RACH-less EDT, fallback between different CE levels

· Fallback from PUR to RACH-less EDT

· Fallback from RACH-less EDT to RACH-based EDT
3 Conclusion
Based on the discussion we make the following observation:

Observation 1 Compared to EDT, the feature of PUR can further improve the uplink transmission efficiency and save UE power consumption by skipping the random access procedure.
Observation 2 In legacy PUR, only dedicated uplink resource is supported, which is less resource efficient than shared uplink resource.
Observation 3 Support of shared uplink resource for Msg3 transmission would bring the risk of collision among different UEs.
Observation 4 If the RNTI for Msg3 PUSCH scrambling is allocated by network, network needs to decode Msg3 blindly using all possible RNTIs, which would bring large complexity at network.
Observation 5 For PUR, besides RRC response message, L1/L2 based ACK can also be used to terminate the PUR procedure, which could improve the performance of resource efficiency, UE power consumption as well as MO latency compared to EDT.
And we give the following proposals:
Proposal 1 RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2 is supported in Rel-19 IoT NTN.
Proposal 2 For RACH-less EDT, support shared uplink resource for Msg3 transmission, which are configured by eNB via system information. 
Proposal 3 RACH-less EDT can be enabled/disabled by network per UE via UE-specific signalling.

Proposal 4 For the shared Msg3 resource pool, support per CE level configuration.

Proposal 5 For each CE level, the shared Msg3 resource pool can be configured on anchor and/or non-anchor carriers. 
Proposal 6 For each CE level, multiple Msg3 resource pools can be configured to support different numerologies (e.g. 3.75kHz and 15kHz SCS, single tone and multi-tone).
Proposal 7 An IDLE UE can initiate RACH-less EDT if all of the following conditions are fulfilled:

· RACH-less EDT is enabled for the UE in this cell

· the UE has a valid timing alignment value
· the upper layers request establishment or resumption of an RRC connection 

· the establishment or resumption request is for mobile originating calls

· the size of the resulting MAC PDU is expected to be no larger the TBS configured for RACH-less EDT.

Proposal 8 UE performs Msg3 resource selection from the multiple resource pools. The following aspects needs to be considered.
· CE level determination

· numerology determination

· carrier selection

Proposal 9 In RACH-less EDT, the RNTI used for PUSCH/PDCCH/PDSCH scrambling is calculated based on the Msg3 PUSCH time-frequency resource.
Proposal 10 L2 signalling can be used for acknowledging the reception of a transmission using EDT.
Proposal 11 The feature of Msg4 enhancement can be applied to both RACH based EDT and RACH-less EDT.
Proposal 12 RAN2 discusses the following fallback mechanism:

· For RACH-less EDT, fallback between different CE levels

· Fallback from PUR to RACH-less EDT

· Fallback from RACH-less EDT to RACH-based EDT
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