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Introduction
In the RAN #102 meeting, the WID of Release 19 IoT-NTN was agreed [1]. One objective of the WID is uplink capacity/throughput enhancement for IoT-NTN. In addition, the following agreements were made to study in last RAN1 meeting.
	Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

	DMRS configuration 
	For baseline evaluations:
OS#3 4 per slot for 3.75kHz
OS#4 3 per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#4 3 per slot for 15kHz

For OCC evaluations:
Up to proponent




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 

Agreement
The study of OCC for NPRACH does not consider NPRACH format 2.

Agreement
The following evaluation assumptions are used for the study of OCC for NPRACH:

	
	Parameter
	value

	Scenario
	Orbit and elevation angle
	GEO at 12.5 degrees; LEO600 at 30 degrees

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs
Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	Transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. 


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

	
	SNR operating point
	Report SNR where target detection probability and false alarm probability are reached for baseline and OCC schemes



Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.

R1-2403719	FL Summary #1 for IoT-NTN	Moderator (Sony)

Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.

Agreement
For single-tone DMRS when OCC is applied to NPUSCH format 1, RAN1 considers at least the following for further study:
· TDM of DMRS. The time domain locations of DMRS for different UEs are different. No OCC is applied for the DMRS of different UEs. 
· FFS: Detailed mapping 
· CDM of DMRS. The time domain locations of DMRS for different UEs are the same. Different OCCs are applied for the DMRS of different UEs. 
· FFS: Detailed mapping
· Other schemes are not precluded, including combinations of the above


Agreement
For the NPUSCH evaluation assumptions, update the frequency error assumption, as follows.

	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.
For GEO, the same frequency error is applied to each subframe of a transport block.
For LEO, the same frequency error is applied to each subframe of a segment (if applied in the evaluation). Companies to report their assumption on frequency error across segments.


· 



In this contribution, we provide our views on the study of IoT-NTN uplink capacity enhancement. 
Discussion
Orthogonal Cover Codes (OCC) sequence  
Regarding the OCC sequence, two types of OCC codes were extensively used in NR, i.e., Walsh codes and DFT-based OCC codes. The Walsh codes correspond to lines of a special square matrix, i.e., the Hadamard matrix. The length of Walsh codes has to be an even number. Walsh code supports Orthogonal Variable Spreading Factor (OVSF) code tree structure and can be extended easily. For example, length-2 Walsh codes could be [1 1] and [1 -1], while length-4 Walsh codes could be [1 1 1 1], [1 1 -1 -1], [1 -1 1 -1] and [1 -1 -1 1].
The DFT-based OCC sequence is generated by a formula of , where . The length of DFT-based OCC sequence can be any positive integer. For example, length-2 DFT-based OCC sequence is [1 1] and [1 -1], length-3 DFT-based OCC sequence is [1 1 1], [1, , ] and [1, , ]. length-4 DFT-based OCC sequence is [1 1 1 1], [1 j -1 -j], [1 -j 1 -j] and [1 -j -1 j].

For Rel-19 IoT NTN, the OCC can be applied to NPUSCH format 1 and NPRACH according to the WI objective. However, the NPUSCH repetition pattern is different from NPRACH symbol repetitions in a symbol group, which leads to the different OCC codes applied to NPUSCH and NPRACH. RAN1 should first determine which OCC sequence is to be used for NPUSCH and NPRACH. 

Proposal 1: RAN1 to determine which OCC codes, i.e., Walsh codes or DFT-based OCC codes, are used to generate OCC sequences for NPUSCH and NPRACH.       

NPUSCH capacity enhancement
OCC length for NPUSCH format 1
Besides the OCC code selection, another important point is to determine the OCC length for NPUSCH. NB-IoT supports both single subcarrier and multiple subcarrier transmission in the UL with different repetition patterns.
For NPUSCH, the number of repetitions of the allocated RUs is {1, 2, 4, 8, 32, 64, 128}. 
For single subcarrier transmission, the repetition is based on the allocated RUs, after the modulated complex-valued symbols mapped allocated RUs, then repeat the configured repetition times. An example of single subcarrier transmission repetition pattern is shown in Figure 1.
[image: ]
Figure 1: Repetition pattern for single subcarrier transmission with 2 repetitions
For multiple subcarrier transmission, if the repetition number is equal to 2, the symbol mapping is the same as single subcarrier transmission; If the repetition number is equal to 4, the symbol mapped on one subframe is repeated 2 times on 2 subframes; If the repetition number is larger than 4, the symbol mapped on one subframe is repeated 4 times on 4 subframe. The repetition pattern examples are shown in Figure 2, Figure 3, and Figure 4, respectively.
[image: ]
Figure 2: Repetition pattern for multi-subcarrier transmission with 2 repetitions


[image: ]
Figure 3: Repetition pattern for multi-subcarrier transmission with 4 repetitions


[image: ]
Figure 4: Repetition pattern for multi-subcarrier transmission with 8 repetitions

To adapt defined NPUSCH repetition patterns, OCC lengths of 2 and 4 should be supported for NPUSCH spreading.
Proposal 2: OCC lengths of 2 and 4 are supported for NPUSCH repetitions.
OCC spreading with frequency domain scheduling  
According to current specification, the NPUSCH can be scheduled with single subcarrier or multi-subcarrier transmission, which depends on the user channel condition and the throughput requirements. If time domain OCC is adopted, then the elements of OCC are multiplying on the repeated OFDM symbols or repeated subframes. As shown in Figure 1, NPUSCH is scheduled with single subcarrier transmission with or without repetitions. OCC spreading scheme could not directly apply to the single subcarrier transmission with the current repetition pattern, new repetition pattern need to be studied further. For multi-subcarrier transmission, the current repetition pattern at least for more than 2 repetitions is suitable for OCC spreading. 
To enhance the uplink capacity with OCC, NPUSCH scheduled with the repetition is necessary. gNB should only multiplex the UEs with the repetitions. But if NPUSCH for a UE doesn’t need the repetition, this UE should not be enforced with repetition and multiplexed with other UEs. It could cause capacity loss.
Proposal 3: Support OCC for single subcarrier and multi-subcarrier NPUSCH format 1 transmission with the repetitions. 
OCC spreading schemes
OCC across OFDM symbols (Intra-slot OCC)
With OCC across OFDM symbols scheme, the elements of OCC are multiplying on the repeated OFDM symbols. The repetition number of an OFDM symbol is equal to the OCC length. According to current spec, the complex-valued symbols are mapping onto physical REs in the order of frequency first time second. After mapping to the whole subframe, then the same mapping is repeated 2 or 4 times before mapping of left complex-valued symbols. So existing resource mapping and repetition number determination will be changed by OCC spreading across the OFDM symbol. Another issue is how to handle the NPUSCH DMRS symbols, and whether DMRS symbols are spreading by OCC as well. If Yes, whether DMRS symbols are mapping to a new position. If No, whether new DMRS sequences are needed to increase the capacity. 
Observation 1: For NPUSCH, OCC across OFDM symbols has larger standard and implementation impacts, including the resource mapping and handling of DMRS symbols.
OCC across subframes (Inter-subframe OCC)
With OCC across subframes scheme, OCC spreading is on subframe level. OCC code is multiplying on the repeated subframes. An example of OCC across subframe scheme is shown in Figure 5. For multiple subcarrier transmission with a repetition number larger than 2, the existing repetition pattern can be reused directly for OCC spreading. For single subcarrier transmission and multiple subframe transmission with 2 repetitions, as shown in Figure 1 and Figure 2, the repetition pattern is different. Inter-subframe OCC scheme can’t work in this kind of repetition pattern. To apply the inter-subframe OCC scheme, The repetition pattern defined for multiple subcarrier transmission with a repetition number larger than 2 can be applied, and related RV determination could be reused as well.   

[image: ]
Figure 5: example of OCC=[1 -1] across the subframes for multi-subcarrier transmission with 4 repetitions

Proposal 4: Inter-subframe OCC spreading can be considered for multi-subcarrier NPUSCH format 1 transmission.  
OCC across RV 
With OCC across RV scheme, OCC spreading is on the subframes with different RV. As shown in Figure 6, the OCC spreading has the large span, UE only can decode the NPUSCH after receiving all the subframes with the OCC spreading as serval users are multiplexing together. It leads to longer decoding delay and is not aligned NPUSCH repetition pattern design principle.

[image: ]
Figure 6: example of OCC=[1 -1] across RV for multi-subcarrier transmission with 4 repetitions
Observation 2: OCC across RV will increase the NPUSCH decoding delay.
Signaling aspects of NPUSCH with OCC
Consider two or more UEs transmit NPUSCH with OCC spreading using different OCC sequences on the same time and frequency resources. UE needs to know the OCC sequence index or OCC size to be used for NPUSCH spreading. The OCC sequence index can be indicated by RRC signaling, or via the scheduling DCI format N0, or the MAC CE, or implicitly derived from C-RNTI. RAN1 needs to consider the signaling design to support NPUSCH with OCC spreading.

Proposal 5: RAN1 to study the signaling to support NPUSCH with OCC spreading, including OCC sequence index and OCC size indication.
NPRACH capacity enhancement
OCC spreading scheme for NPRACH 
According to current specification 36.211, FDD NB-IoT supports three NPRACH formats, i.e., format 0 and format 1 with 3.75kHz SCS, and format 2 with 1.25kHz SCS.  
Table 10.1.6.1-1: 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


For NPRACH format 0 and 1, the identical symbols repeat 5 times, and one CP is inserted before the first symbol, which constructs a symbol group. One NPRACH transmission has four symbol groups with frequency hopping.
OCC across preamble symbols 
If the OCC sequence directly covers each symbol of a symbol group. After OCC spreading, 5 symbols are not identical anymore for format 0/1, single CP could not avoid the inter-symbol interference among the symbols in the symbol group. One way to solve the issue is to insert CP between the symbols. An example of preamble symbol group is shown in Figure 7. It’s a new NPRACH format. If the number of symbols in a symbol group in the new NPRACH format is still 5 or 3. Only DFT-based OCC could be applied for NPRACH spreading. 
[image: ]
Figure 7: example of preamble symbol group for OCC spreading
OCC across preamble symbol group
With the OCC spreading scheme across symbol groups, the OCC sequence is covering on each preamble symbol group. Compared with the scheme of OCC across preamble symbols, the existing NPRACH format can be reused. For NPRACH format 0 and format 1, 4 symbol groups are supported, both Walsh codes and DFT-based OCC codes can be used with OCC length-4. For NPRACH format 2 with 6 symbol groups, only DFT-based OCC codes could be used for NPRACH spreading.  
Proposal 6: Study further the schemes of spreading NPRACH across symbols OCC and across symbol group OCC. 
Signaling aspects of NPRACH with OCC 
If the network supports NPRACH with OCC spreading, Rel-19 capable UEs would select the PRACH subcarrier and an OCC sequence to perform the random access. To avoid the impacts on legacy UE to perform the random access, the dedicated PRACH resources need to be reserved including the subcarrier block for PRACH with OCC. Additional NPRACH start time and periodicity may be configured separately if a new NPRACH format is introduced. From signaling perspective, a set of parameters can be configured in a new NPRACH-Parameters-NB information element. 
Proposal 7: RAN1 to study the signaling to support NPRACH with OCC spreading, including the resource allocation for NPRACH with OCC.
Conclusion
In this contribution, we provided our views on IoT-NTN uplink capacity enhancements. Our observations and proposals are as follows:
Proposal 1: RAN1 to determine which OCC codes, i.e., Walsh codes or DFT-based OCC codes, are used to generate OCC sequences for NPUSCH and NPRACH.       
Proposal 2: OCC lengths of 2 and 4 are supported for NPUSCH repetitions.
Proposal 3: Support OCC for single subcarrier and multi-subcarrier NPUSCH format 1 transmission with the repetitions. 
Observation 1: For NPUSCH, OCC across OFDM symbols has larger standard and implementation impacts, including the resource mapping and handling of DMRS symbols.
Proposal 4: Inter-subframe OCC spreading can be considered for multi-subcarrier NPUSCH format 1 transmission.  
Observation 2: OCC across RV will increase the NPUSCH decoding delay.
Proposal 5: RAN1 to study the signaling to support NPUSCH with OCC spreading, including OCC sequence index and OCC size indication.
Proposal 6: Study further the schemes of spreading NPRACH across symbols OCC and across symbol group OCC. 
Proposal 7: RAN1 to study the signaling to support NPRACH with OCC spreading, including the resource allocation for NPRACH with OCC.
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15kHz single subcarrier transmission:
One TB mapping on one RU with 8 subframes











