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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
The Rel-19 NR NTN objectives for IoT NTN uplink capacity enhancement listed below provided in [1] focus more on the 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 this contribution, we discuss and provide our views on the objectives of IoT NTN uplink capacity enhancement.
2. Discussions
NPRACH
In Rel-18 IoT NTN, only FDD mode is considered. According to WID above, OCC is considered for NPRACH with 3.75kHz SCS. And under frame structure type 1 (for FDD only), only NPRACH format 0 and format 1 support 3.75kHz SCS as follow. Thus, only NPRACH format 0 and format 1 are considered. 
Table 10.1.6.2-1 in TS36.211: Random access baseband parameters
	Preamble format
	[image: ]

	
	Frame Structure Type 1
	Frame Structure Type 2

	0, 1
	3.75 kHz

	0-a, 1-a
	
	3.75 kHz

	2
	1.25 kHz
	3.75 kHz



Observations 1: Only NPRACH format 0 and format 1 are considered for OCC multiplexing in R19 IoT NTN.




Based on specification, one NPRACH preamble repetition unit consists of multiple symbol groups. The structure of a symbol group is illustrated in figure 1, it consists of a CP of length  and a sequence of  identical symbols with total length. The total number of symbol groups in a preamble repetition unit is denoted by . 
 [image: ]
Figure 1. example of a symbol group for NPRACH preamble
According to table 10.1.6.1-1 in TS36.211, one NPRACH preamble for format 0 and format 1 consists of 4 symbol groups, with each symbol group comprising of one CP and 5 symbols. 
[bookmark: _Hlk159167533][bookmark: _Hlk515117179]Table 10.1.6.1-1 in TS36.211: Random access preamble parameters for frame structure type 1
	Preamble format
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	0
	4
	4
	5
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	1
	4
	4
	5
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	2
	6
	6
	3
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	3


The CP length is 66.67 us (format 0) for cell radius up to 10 km and 266.7 us (format 1) for cell radius up to 40 km. Each symbol, with fixed symbol value 1, is modulated on a 3.75 kHz tone with symbol duration of 266.67 us. However, the tone frequency index changes from one symbol group to another. An example of NPRACH frequency hopping is illustrated in figure 2. 
[image: ]
Figure 2. example of a NPRACH preamble
Due to single-subcarrier frequency-hopping waveform, frequency domain OCC is not applicable for NPRACH. Time domain OCC can be considered for NPRACH. However, in initial access, due to different timing between different UEs, it is hard to maintain the orthogonality of OCCs between different UE. 
In other hand, the granularity of time domain OCC could be intra symbol group, inter symbol group or inter preamble repetition unit. For intra symbol group, 5 symbols length in one symbol group would require new OCC sequence with length of 5. Alternatively, intra symbol group can be achieved by reusing existing OCC-4 with one symbol without OCC applied. For inter symbol group, in order to ensure the orthogonality among a set of multiplexed UEs, the same frequency pattern should be ensured, e.g. same starting sub-carriers and same hopping pattern, which causes conspicuous spec impact. For one preamble repetition unit, same frequency pattern among UEs would be also better for the orthogonality, which causes scheduling restriction and spec impact. 
Furthermore, NPRACH is not bottle neck channel for UL capacity. 
Thus, considering the workload and spec impact, uplink capacity enhancement via OCC for NPRACH could be de-prioritized in Rel-19 IoT NTN. 
Observations 2: Frequency domain OCC is not applicable for NPRACH.
Proposal 1: Deprioritize NPRACH capacity enhancement via OCC in Rel-19 IoT NTN. 

NPUSCH
For NPUSCH format 1, both single tone and multi-tone could be considered for uplink capacity enhancement, and the supported combinations of sub-carriers spacing, number of sub-carriers in one RU and number of slots in one RU are listed as follows. 
[image: ]
For single-tone case, frequency domain OCC is not applicable, only time domain OCC could be considered. For multi-tone case, it is hard to apply unified frequency domain OCC design for all configurable number of sub-carriers. Furthermore, to avoid excessive workload, unified design based on time domain OCC both for single-tone and multi-tone NPUSCH would be preferred. 
Proposal 2: A unified design based on time domain OCC both for single-tone and multi-tone NPUSCH is preferred. 

Considering IoT NTN scenario likely with limited coverage, NPUSCH with repetition transmission would be common cases for IoT NTN. Therefore, UE multiplexing for capacity enhancement via time domain OCC should be supported when more than one repetition is indicated/configured for NPUSCH format 1. 
The granularity of time domain OCC could be inter-symbol, inter-slot(s), inter-RV. For inter-symbol OCC, allocated symbol length and OCC sequence should be matched with each other, and DMRS symbols would also impact the application of OCC, thus it is not preferred. For inter-slot(s) OCC, same symbol allocation in one slot is applied across slots in one RU, and thus it would be simpler compared with inter-symbol OCC. If repetition transmission is enabled, a repetition unit may consist of several slots and inter slots OCC per repetition unit could also be considered. However, considering the time-varying channel characteristics, a very long duration for one repetition unit is not expected for applying OCC as time errors accumulates over time and could deteriorate the orthogonality. For inter-RV OCC, applying OCC across slots with the same RV could be considered. 
Proposal 3: Inter-slot(s) OCC and inter-RV OCC could be considered for NPUSCH format 1.

3. Conclusion
In this contribution, we provide our views on IoT NTN uplink capacity enhancement. According to the discussions, we have following observations and proposals: 
Observations 1: Only NPRACH format 0 and format 1 are considered for OCC multiplexing in R19 IoT NTN..
Observations 2: Frequency domain OCC is not applicable for NPRACH.
[bookmark: _GoBack]Proposal 1: Deprioritize NPRACH capacity enhancement via OCC in Rel-19 IoT NTN. 
Proposal 2: A unified design based on time domain OCC both for single-tone and multi-tone NPUSCH is preferred.
Proposal 3: Inter-slot(s) OCC and inter-RV OCC could be considered for NPUSCH format 1.
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Table 10.1.2.3-1: Supported combinations of 2, y ,and N&,b for frame structure type 1.

NPUSCH format Af vl N NeE

3.75kHz 1 16
1 16
1 3 8

15 kHz & 7 7
1 2
) 3.75kHz 1 4
15 kHz 1 7





