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1. Introduction
In RAN#103, the WID of ‘Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3’ was revised [1]. The corresponding objective is copied below.
	4.1 Objective of SI or Core part WI or Testing part WI
The aim of this WI is enhancement of IoT-NTN with the following objectives:

· [bookmark: OLE_LINK13]Support of Store&Forward (S&F) satellite operation with full eNB as regenerative payload, therefore:
· Define the necessary enhancements into E-UTRAN (network & UE) to support S&F operation for delay-tolerant services [RAN3, RAN2]
· At least specify necessary enhancements e.g. related to S1 protocol, especially to address the feeder link switch over as needed [RAN3]

Note: Strive to minimise UE impact.

Note: Coordination with SA2 (Rel-19 SA2 led Sat-Arch ph3 SI) is needed on the detail requirements (e.g. traffic type, or QoS parameters for S&F), network architecture (e.g. whether consider (partial) core network on satellite) etc.; further coordination with CT1 might be required


· 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


We will share our view on UL capacity enhancement of IoT NTN.
2. NPUSCH
In RAN1 #117, there is an agreement about OCC schemes for single-tone [2]. Because time during of one slot for 3.75 KHz SCS is four times of that for 15 KHz SCS which increases the risk of OCC not being orthogonal, there maybe different schemes for single-tone for 3.75 KHz SCS and 15 KHz SCS. RAN1 may have to study single- tone OCC schemes for 3.75 KHz and 15 KHz separately. 
	Agreement
For 3.75kHz single-tone OCC for NPUSCH format 1, RAN1 supports either symbol-level OCC or slot-level OCC. Other OCC schemes are not pursued.
For 15kHz single-tone OCC for NPUSCH format 1, RAN1 supports either symbol-level OCC or slot-level OCC. Other OCC schemes are not pursued.


What’s more, as shown in WID scope, study in a single 3.75 KHz or 15 KHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH should be done, and the sub-bullet “multi-tone support for 15 KHz SCS should also be considered” which implicitly means multi-tone OCC should be considered using single-tone OCC scheme. And in consideration of TU limitation, we support take single-tone OCC as baseline. When OCC scheme for 15 KHz single-tone is determined, then RAN1 can discuss whether to extend it to multi-tone.
Proposal 1: First study and specify single-tone OCC scheme for 15 KHz SCS and then strive to extend it to multi-tone.
3. NPRACH
In RAN1 #116bis, there are three OCC schemes as shown below [3]. 
	Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:
· Intra-symbol group OCC
· Inter-symbol group(s) OCC
· Inter-repetition OCC 


In RAN1 #117, inter-repetition OCC scheme had been precluded [2].
	Agreement
Inter-repetition OCC for NPRACH is not studied further in RAN1.


There are two schemes for NPRACH if need enhancement.
For intra-symbol group OCC, different symbols in one symbol group use different OCC codes shown in figure 1. In current spec, symbols in one group are same, but with OCC, symbols in one group maybe different which effects network blind detecting. Lots of specification impacts will be introduced by symbol level OCC, such as symbol group structure and CP position. Another question is that there are five symbols in one group, so Length-4 Walsh codes can’t be reused.
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Figure 1: Symbol-level OCC scheme
For inter-symbol group(s) OCC, different symbol groups use different OCC codes as shown in figure 2. Because of longer time span, it is susceptible to timing drift and CFO which may result losing orthogonality between symbol groups.
So intra-symbol group OCC and inter-symbol group OCC are not feasible for NPRACH.
[image: ]
Figure 2: Inter-symbol group OCC scheme
In current spec, frequency hopping is introduced to improve UL capacity. For 3.75 KHz SCS, IoT NTN can support 48 UEs send NPRACH at the same time. NPRACH is usually used by UE to acquire UL synchronization during initial access and Out-of-Sync, or transmit SR when there is no HARQ-ACK feedback. It seems that UE wouldn’t send NPRACH frequently and the requirement for NPRACH enhancement is not urgent.
Proposal 2: Do not specify any NPRACH OCC scheme in Rel-19.
4. Conclusion
In this contribution, we provided our views on the details of UL capacity enhancement. The following observations and proposals are made:
Proposal 1: First study and specify single-tone OCC scheme for 15 KHz SCS and then strive to extend it to multi-tone.
Proposal 2: Do not specify any NPRACH OCC scheme in Rel-19.
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