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1 Introduction

In RAN #102 meeting, R19 IOT NTN enhancement WI was agreed in [1] with the following objective for uplink coverage enhancement:
	· 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


As the capacity enhancement of NPUSCH/NPRACH through OCC is dependent on RAN1 progress, and no much progress has been made in RAN1, RAN2 can hardly start any work on this part. Thus, in this contribution, we will only focus on the EDT enhancement.
2 Discussion
Currently, two types of EDT procedures are supported, MO-EDT for CP optimisation and MO-EDT for UP optimization. Both of them are based on the RACH procedure. An illustration of UP EDT message flow is shown below:
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Although the OCC enhancement for NPRACH/NPUSCH can help to improve the capacity for Msg1 and Msg3, the downlink Msg2 will become the bottle neck of the system capacity. Thus, it would be beneficial to improve the capacity if Msg1 and Msg2 can be skipped.

The PUR procedure skips Msg1 and Msg2 by using preconfigured UL resource as illustrated in the figure below:
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To enhance the capacity of PUR, in release 16, two solutions were discussed in RAN1:
· Contention-free shared preconfigured UL resource (CFS PUR), which is defined as an PUSCH resource simultaneously used by more than one UE. PUSCH resource is at least time-frequency resource. CFS PUR is contention-free.

· Contention-based shared preconfigured UL resource (CBS PUR), which is defined as an PUSCH resource simultaneously used by more than one UE. PUSCH resource is at least time-frequency resource. CBS PUR is contention-based (CBS PUR may require contention resolution).

The conclusion was that CBS PUR was not supported and MU-MIMO CFS PUR was supported but allows only 2 multiplexed UEs.
For Rel-19 Msg3 based EDT, we think there are two enhancement directions:

· Direction 1: Use OCC based CFS-PUR. This direction is mainly applicable to predictable traffic, e.g. periodic traffic.

· Direction 2: Use OCC based CBS-PUR. This direction is mainly applicable to bursty traffic.

As the two directions are aimed at different traffic, we suggest RAN2 to study them together.
Proposal 1 For Msg3-based EDT, RAN2 to take OCC based CFS-PUR and OCC based CBS-PUR as a start point.

For OCC based CBS-PUR, the first key issue is related to UL timing alignment. As CBS-PUR is mainly for unpredictable service, the network would not be able to know which UE and when CBS-PUR resource is needed. If network configures CBS-PUR resources in RRC Release message with a TAT timer, similar to legacy PUR configuration, it would be possible that the service is coming after TAT expiry. Thus, we think the TAT based CBS-PUR configuration doesn’t will fit into the bursty traffic. In fact, thanks to the TA pre-compensation, the propagation delay can be largely compensated. The timing error requirement defined in RAN4 is the same for UL transmission, i.e. PUCCH/PUSCH/PRACH, and is given in table below:
Table 7.1C.2-1: Te_NTN Timing Error Limit

	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te

	1
	15
	15
	29*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N/A

	
	30
	15
	24*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N/A

	Note 1:
Tc is the basic timing unit defined in TS 38.211 [6]

	The UE shall meet the Te_NTN requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Tc. The component of Te_NTN and the assumed position error is shown in the following:

RAN4 agreement（R4-2115346）：

· For initial transmit timing requirement in NTN (Te_NTN), Te_NTN = Te + Te_GNSS + Te_SAT
· Te is the legacy timing error

· Te_GNSS is the GNSS accuracy

· Note: Te_GNSS shall include the total RTT error

· FFS the clarification on total RTT error

· FFS how to derive Te_GNSS from the GNSS positioning accuracy

· Te_SAT is the serving-satellite position estimation error

· Note: Te_SAT shall include the total RTT error

·  FFS the clarification on total RTT error

· FFS if the equation shall be included into the specification or only Te_NTN values shall be included

· GNSS accuracy assumption for timing requirements

· For UL SCS = 15 kHz and 30 kHz: 2-D position error is 50m

· For UL SCS = 60kHz in FR1: FFS


Considering that Te_NTN assumes 50m position error, we think even without TAT, UE is able to send the initial PUSCH using configured resource within the timing error. But it requires RAN4/RAN1 confirmation.
Proposal 2 Send LS to RAN1/4 to ask whether CBS-PUR resource can be configured through system information without TAT configuration.

For legacy PUR procedure, UE can request for PUR configuration. However, CBS-PUR is used for unpredictable traffic. If UE needs to request for CBR-PUR resource when traffic arrives, it has no gain of UL capacity enhancement as the resource request itself would be the bottle neck.
Proposal 3 For CBS-PUR, resource request is not supported.

The second issue is related to RNTI design. For legacy PUR, PUR-RNTI is pre-configured. For CBS-PUR, the resource is shared resource, network would not be able to know which UE is using the CBS-PUR resource So, dedicated RNTI doesn’t work. RAN2 needs to consider how to design the RNTI based on the selected CBS-PUR resource.

Proposal 4 RAN2 to consider the design of RNTI for OCC based CBS-PUR.

The third issue is related to contention resolution. For legacy EDT procedure, the contention resolution is based on the UE Contention Resolution Identity MAC CE, which includes the first 48 bits of CCCH SDU. Given that the msg3 of OCC based CBS-PUR is still CCCH SDU, we can still reuse the 48 bit CCCH SDU for contention resolution.
Proposal 5 RAN2 to consider reuse the legacy mechanism of including first 48 bits of CCCH SDU in msg4 for contention resolution.
The fourth issue is related to the supported packets. For legacy EDT and PUR procedure, at most one downlink and one uplink packets are supported. For Rel-19 IOT NTN UL capacity enhancement, we do not see any motivation to support more packets.
Proposal 6 For EDT enhancement, assume that at most one downlink packet and one uplink packet are supported.
The last issue is related to the fallback mechanism. When UE fails the contention resolution multiple times, the question is whether UE continues OCC based CBS-PUR or can fallback to legacy EDT/PUR procedure.
Proposal 7 RAN2 to discuss whether UE can fallback to legacy EDT/PUR procedure when OCC based CBS-PUR procedure fails multiple times.
3 Conclusions  
Proposal 1 For Msg3-based EDT, RAN2 to take OCC based CFS-PUR and OCC based CBS-PUR as a start point.
Proposal 2 Send LS to RAN1/4 to ask whether CBS-PUR resource can be configured through system information without TAT configuration.

Proposal 3 For CBS-PUR, resource request is not supported.

Proposal 4 RAN2 to consider the design of RNTI for OCC based CBS-PUR.

Proposal 5 RAN2 to consider reuse the legacy mechanism of including first 48 bits of CCCH SDU in msg4 for contention resolution.
Proposal 6 For EDT enhancement, assume that at most one downlink packet and one uplink packet are supported.
Proposal 7 RAN2 to discuss whether UE can fallback to legacy EDT/PUR procedure when OCC based CBS-PUR procedure fails multiple times.
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