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Introduction
This contribution describes ETRI’s views on IoT NTN uplink capacity enhancement operating in FR1-NTN bands. 

Discussions
NPUSCH format 1 capacity enhancement
DMRS configuration of single tone mode 
 The following details should be determined to support OCC for NPUSCH format 1 transmission:
· The maximum number of UEs for multiplexing
· Multiplexing between different SCSs
· DMRS configuration in single tone mode

Among them, it is necessary to elaborate on the details of the DMRS mapping in single tone mode for OCC multiplexing. For NPUSCH format 1 with single tone mode, DMRS is transmitted in the 3rd OS of the slot for 15kHz SCS and the 4th OS of the slot for 3.75kHz SCS as shown in Fig 1. For single tone mode, UEs use the identical DMRS symbols in the cell. In uplink, eNB should be able to estimate the phase rotation of OS using two distributed DMRS symbols. Per the agreed evaluation assumptions, the normalized CFO value is considered as +/- 0.0533(= 200/3750), which can be converted into +/- 19.2 degrees rotation per symbol duration, approximately, and it may span up to 18 symbol periods. Consequently, the DMRS cycle should have at least 2 slots to avoid phase ambiguity in 3.75kHz single tone mode. Therefore, both of TDMed and CDMed DMRS mapping should be considered to support more than 2 UEs, if it is assumed to use the legacy DMRS cycle. Fig. 1 and 2 show examples of TDMed and CDMed DMRS mapping for single-tone NPUSCH format 1 with symbol level OCC spreading.

Observation 1. To support symbol/slot level OCC spreading for single-tone NPUSCH format 1 with 3.75kHz SCS, the DMRS symbol cycle should have at least 2 slots to avoid phase ambiguity. 
Observation 2. Either of CDMed or TDMed DMRS mapping can support 2 UEs by symbol/slot level OCC spreading for single-tone NPUSCH format 1 with 3.75kHz SCS.
Observation 3. For symbol level OCC spreading, it is necessary to modify the legacy DMRS cycle to support TDMed DMRS mapping for more than 2 UEs in single tone mode with 3.75kHz SCS. 

For the location of CDMed DMRS, two options can be considered; 1) consecutive placement after symbol level spreading and 2) consecutive placement after repetition (slot level) and spreading as shown in Fig. 2. For CDMed DMRS mapping, various types of orthogonal codes can be considered. For instance, the DFT code can be considered to multiplex 3 UEs in single-tone mode which has already used in PUCCH format 1 like TS 38.211.
In case of TDMed DMRS, co-channel interference from co-scheduled UEs can be reduced compared with CDMed DMRS, but the required DMRS cycle increases according to the number of multiplexed UEs, so the simultaneous number of UEs and OCC length will be limited by CFO error. 



[bookmark: _Hlk166181087]We have not observed any new issues on DMRS for multi-tone mode, since the existing cyclic shift can be directly applied in this case. For example, the cyclic shift is  where is the number of subcarriers per RU and .

Proposal 1. For symbol/slot level OCC spreading, it can be associated with the OCC scheme to support CDM of DMRS mapping in single tone mode.  
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(a) TDM of DM-RS mapping for single tone mode (upper: 3.75kHz, bottom: 15kHz)
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(b) CDM of DM-RS mapping for single tone mode (upper: 3.75kHz, bottom: 15kHz)

[bookmark: _Hlk166158231]Figure 1. Conceptual diagram of DM-RS mapping for time domain symbol level OCC scheme in NPUSCH format 1 
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(a) OCC length 3
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(b) OCC length 4

Figure 2. Conceptual diagram of DM-RS mapping with different length OCC for time domain symbol level OCC scheme in NPUSCH format 1

OCC Configuration 
Per the discussions in previous section, the eNB need to provide information related to uplink transmission scheduling indication parameters including OCC sequence configuration information such as sequence type (e.g. DFT or Walsh), repetition & spreading level, sequence length, and extra through a narrowband physical control channel (NPDCCH), semi-static (RRC) and/or dynamically. 

Proposal 2. RAN1 to study the signaling aspect of OCC indication for NPUSCH format 1. 

NPRACH capacity enhancement

OCC scheme 
NPRACH format 0 and 1 consists of four symbol groups, each including a different CP length and five identical symbols based on single tone frequency hopping. In the preamble, the repetition unit is 4 symbol groups as shown in Fig. 3 according to the table 10.1.6.1-1 in TS 36.211. 
In RAN1#116b meeting, the following NPRACH OCC schemes are considered for the RAN 1 study.  

· Intra symbol group OCC
· Inter symbol groups OCC
· Inter-repetition OCC

Considering CFO impairment under the evaluation assumption, intra symbol group and inter symbol group OCC scheme seems to be approriate in terms of phase ambiguity avoidance during NPRACH repettion unit when CFO estimation functionality is not included in NPRACH detector. For inter repetition OCC scheme, it is necessary to discuss the accuracy of CFO estimate.  

Proposal 3. RAN1 to prioritize to study symbol level OCC scheme in a symbol group in NPRACH format 0 and 1 in terms of relaxation from the impact of CFO impairment  
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Figure 3. Conceptual diagram of Inter repetition OCC scheme with UE pairing in NPRACH format 0/1
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Figure 4. Conceptual diagram of Intra symbol group OCC scheme with UE pairing in NPRACH format 0/1

UE pairing issue
According to the FL summary in RAN1#116b [1], the amount of power imbalance between different UEs was not prescriptive as shown in Table 5. In addition, due to the nature of the frequency hopping over NPRACH preamble repetition unit, it may be difficult to apply the OCC schemes without pairing the different UEs located in the same CE level. Therefore, it could be efficient to partition into legacy UE PRACH channel and dedicated OCC multiplexing UE PRACH channel in the time or frequency domain as shown in Fig. 3 and Fig. 4 to minimize the impact of the current specification.  

Proposal 4. RAN1 to study the UE pairing aspect in NPRACH OCC multiplexing to minimize the impact of the current specification.

OCC configuration

The eNB provides information related to NPRACH configuration parameters including OCC sequence information such as sequence type, repetition & spreading level, sequence length, and extra through a narrowband physical control channel (NPDCCH). It can be considered that the UE is capable of receiving DCI  information through NPDCCH (DCI format N0).

[bookmark: _Hlk166227021]Proposal 5. RAN1 to study the signaling aspects of OCC indication for the NPRACH.

Conclusion
In this contribution, ETRI presented our views on uplink capacity/throughput enhancement for IoT NTN. We made the following observations and proposals:

Observation 1. To support symbol/slot level OCC spreading for single-tone NPUSCH format 1 with 3.75kHz SCS, the DMRS symbol cycle should have at least 2 slots to avoid phase ambiguity. 
[bookmark: _GoBack]Observation 2. Either of CDMed or TDMed DMRS mapping can support 2 UEs by symbol/slot level OCC spreading for single-tone NPUSCH format 1 with 3.75kHz SCS.

Observation 3. For symbol level OCC spreading, it is necessary to modify the legacy DMRS cycle to support TDMed DMRS mapping for more than 2 UEs in single tone mode with 3.75kHz SCS.

Proposal 1: For symbol/slot level OCC spreading, it can be associated with the OCC scheme to support CDM of DMRS mapping in single tone mode.

Proposal 2. RAN1 to study the signaling information related with the NPUSCH OCC configuration

Proposal 3. RAN1 to prioritize to study symbol level OCC scheme in a symbol group in NPRACH format 0 and 1 in terms of relaxation from the impact of CFO impairment

Proposal 4. RAN1 to study the UE pairing aspect in NPRACH OCC multiplexing to minimize the impact of the current specification

Proposal 5. RAN1 to study the signaling information related with the NPRACH OCC configuration
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