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1. Introduction
In RAN1#116 meeting [1], the followings are agreed for Rel-19 IoT-NTN WI: 
	Agreement
For single-tone NPUSCH format 1 transmissions with both 3.75kHz and 15kHz SCS, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level 
· Repetition-level
· RV-level

For multi-tone NPUSCH format 1 transmissions, the following OCC schemes are considered by RAN1 for further study:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Slot-level (including Nslot level)
· Repetition-level
· RV-level
· Intra-symbol pre-DFT spreading OCC 

Agreement
The following evaluation assumptions are used for the study of OCC for NPUSCH format 1:
	
	Parameter
	value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	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 
	SCS
	3.75KHz and 15KHz
	15kHz

	
	Number of tones
	Single tone 
	Single tone and multi tone up to 12 tones

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

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

For OCC evaluations:
Up to proponent

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

For OCC evaluations:
Up to proponent


	
	Number of resource unit () 
	Up to proponent

	Up to proponent


	
	Modulation order 
	Up to proponent

	Up to proponent


	
	TBS ()
	Up to proponent

	Up to proponent


	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to 4

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	SNR at 10% BLER
	Report for baseline and OCC schemes

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed





In this contribution, we discuss mechanism for UL capacity enhancement of NPUSCH format 1 and NPRACH in IoT NTN. 

2. Discussion
2.1. NPUSCH format 1 with OCC
To increase multiplexing capacity of NPUSCH format 1, it is also necessary to investigate how to support CDM between DMRS sequences of different NPUSCH transmissions. 
According to the DMRS pattern for NPUSCH format 1, there is only one DMRS symbol within a slot. In case of single-tone transmission, a single DMRS RE cannot support CDM between different DMRS within a slot. Moreover, according to WID, the multiplexing capacity should be at least 4, therefore, the granularity of the OCC for data part should be at least 4 slots. 
For the symbol-level OCC spread, it was discussed the possibility of increasing DMRS density for NPUSCH format 1. For instance, NPUSCH DMRS could be mapped on OFDM symbol#2, #3, #4 within a slot as shown in Figure 1-(a). In this case, since there are only 3 DMRS symbols, the maximum multiplexing capacity would be limited to 3. Alternatively, it can be considered that four OFDM symbols are used for DMRS mapping as shown in Figure 1-(b). However, in this case, since there are 3 data symbols, the maximum multiplexing capacity would be also limited to 3. To alleviate this limitation, it can be considered that the OCC spread for the DMRS symbols could be applied to two consecutive slots as shown in Figure 1-(c). To be specific, for even slot index, the last two OFDM symbols in a slot are used for DMRS mapping. For odd slot index, the first two OFDM symbols in a slot are used for DMRS mapping. In this case, for these two consecutive slots, DMRS symbols are mapped on four consecutive symbols, and then OCC with length 4 could be applied to the DMRS symbols across two slots. In this case, it would be possible to support multiplexing capacity of 4 even for the symbol-level OCC spreading. 


Figure 1: Example of NPUSCH format 1 DMRS pattern for symbol-level OCC spreading.
According to TS36.211, for single-tone transmission, NPUSCH DMRS sequence is the pseudo-random sequence generated by random seed determined by NB-IoT Cell ID with applying the time-domain OCC. The above slot-level OCC spreading is already used for cell randomization, and the OCC index is determined based on the NB-IoT Cell ID. Therefore, for a given cell, a single OCC index is used in a time (with or without group hopping). For the single-tone transmission, additional time-domain OCC and/or additional random seed for sequence generation could be considered to increase the multiplexing capacity of the DMRS sequence. Alternatively, it can be considered that at least 4 existing orthogonal cover codes with the length of 16 can be allocated for a NB-IoT Cell to support DMRS multiplexing. 
For multi-tone transmission, NPUSCH DMRS sequence is generated by the computer-generated sequence with base sequence index u determined by NB-IoT Cell ID, and the sequence is applied with RRC-configured cyclic shift. For the multi-tone transmission, time-domain OCC and/or frequency domain OCC and/or additional base sequence index and/or additional cyclic shift could be considered to increase the multiplexing capacity of the DMRS sequence. However, to ensure the multiplexing capacity of at least 4, frequency OCC and cyclic shift may not be sufficient since the number of allocated subcarriers could be smaller than 4. 
Observation 1: For UL capacity enhancement for NPUSCH format 1, it is necessary to investigate how to increase the multiplexing capacity of the NPUSCH DMRS in a NB-IoT cell. 
Proposal 1: For NPUSCH format 1 DMRS design, RAN1 can consider followings:
· Increased number of DMRS symbols to support symbol-level OCC spreading with the multiplexing capacity up to 4
· Modification of random seed for NPUSCH DMRS sequence generation
· Additional time-domain OCC spreading for NPUSCH DMRS

Unlike DMRS part, since the data complex values are not known values, the data complex values to be applied with the same orthogonal cover code needs to be the same. In this point of view, a single orthogonal cover code could be applied over the NPUSCH repetition with the same RV setting. Meanwhile, according to TS36.211, for the single-tone transmission, the repetition starts after all the coded complex symbols are mapped. In this case, the time gap between the repeated data symbols could be  which is at least 32msec. Considering the OCC length of 4, the wireless channel would not be considerably changed during the time duration of at least 128msec to ensure the orthogonality among different NPUSCH transmissions with 3.75kHz SCS. When the large value of  is used, the time duration needs to be further increased. 
In case of multi-tone transmission with 15kHz SCS, after the UE maps the data complex values on REs in 2 slots, then the UE repeats theses data complex values  times. The value of  is determined by the NPUSCH repetition number indicated by a DCI, and has 4 as the maximum value. In this case, to apply the OCC with length 4, the wireless channel would not be considerably changed during the time duration of 8 msec when the NPUSCH repetition number is equal to or larger than 8. 
Observation 2: For UL capacity enhancement for NPUSCH format 1, if the existing NPUSCH mapping rule is reused, having the multiplexing capacity of 4 via OCC for single-tone transmission would be feasible when the wireless channels are almost constant during at least 128msec for 3.75kHz SCS or 32msec for 15kHz SCS. 
Observation 3: For UL capacity enhancement for NPUSCH format 1, if the existing NPUSCH mapping rule is reused, having the multiplexing capacity of 4 via OCC for multi-tone transmission would be feasible when the wireless channels are almost constant during at least 8msec when the NPUSCH repetition number is equal to or larger than 8. 

For the NTN operation, the UE can pre-compensate delay/doppler drift based on its own position and the satellite position provided by the ephemeris information. According to TS36.213, the time-and-frequency pre-compensation is adjusted per UL segment with the transmission duration provided by the higher layer parameter npusch-TxDuration-r17. In this case, when the new pre-compensation starts, the phase-continuity would be no longer ensured. In other words, if a single OCC is applied over multiple UL segments, the orthogonality would not be guaranteed. In this point of view, the OCC needs to be applied within the UL segment. 
Observation 4: For UL capacity enhancement for NPUSCH format 1, the OCC needs to be applied within a UL segment since the phase-continuity would not be guaranteed across different UL segments. It will break the orthogonality. 
Meanwhile, if the UL segment size is large, and if the relative satellite speed is high, it would be possible that the time-and/or-frequency shift within the UL segment would not be negligible due to the delay and/or Doppler shift variations. For simplicity, it can be assumed that the UL segment size is determined at least so that the delay drift within the UL segment is negligible. In this case, the remaining issue would be frequency shift or offset within the UL segment, and the target value or range would differ depending on the type of the serving satellite. 
For single-tone transmission, the cases can include that the OCC with the length 4 is repeatedly applied to every  slots as shown in Figure 2-(a). For multi-tone transmission, the cases can include that the OCC with the length 4 is repeatedly applied to every  slots at least when  as shown in Figure 2-(b). 
If the CDM performance is not enough, it would be necessary to modify the NPUSCH format 1 mapping rule so that a single OCC is applied within the short time duration. For instance, even for the single-tone transmission, it would be necessary to support more than 1 for the value of .



Figure 2: Example of applying OCC to NPUSCH format 1. 

Proposal 2: For UL capacity/throughput enhancement for NPUSCH format 1, RAN1 considers followings:
· Physical resource mapping for NPUSCH format 1 with a single subcarrier allocation for applying OCC. 
· Whether or how to increase the value of 
· Whether or how to modify RV setting for applying OCC to NPUSCH format 1. 
· UE behavior to determine the OCC length or index of the received NPUSCH format 1
· Relation with the UL segment and gap for applying OCC to NPUSCH format 1. 

2.2. NPRACH with OCC
Considering the NPRACH structure, there are 3 possibilities for the granularity of OCC. First of all, the OCC can be applied across symbols within a symbol group. In this case, it would be necessary that the CP symbol length and the sequence symbol length are the same. In this case, the UL capacity enhancement would not support the NPRACH preamble format 0. On the other hand, the requirement for the time-and-frequency shift and their variation rate could be mostly relaxed. 
Observation 5: For UL capacity enhancement for NPRACH, when the OCC is applied within a symbol group, the OCC would not be applied to NPRACH preamble format 0.

     Next, the OCC can be applied across symbol groups within a preamble repetition unit. In this case, even though the CP symbol length is different from the sequence symbol length, the multiplexing capacity enhancement can be supported. Since the subcarrier locations are different across symbol groups, the OCC would be also mapped on different frequency location depending on the time location. However, in NTN operation, the flat fading in frequency domain could be assumed in general, the impact on the orthogonality would not be a critical problem. On the other hand, the CDM performance due to the time-and-frequency shift and their variations over the time needs to be carefully investigated. 
Observation 6: For UL capacity enhancement for NPRACH, when the OCC is applied across symbol groups, the OCC could be applied to all the NPRACH preamble formats. On the other hand, it would be necessary to check the feasibility for a variety of time-and/or-frequency shift and their variations of time. 
Third, the OCC could be applied across preamble repetition units. In our understanding, it could be deprioritized over other approaches since it requires the wireless channels are not considerably changed in both time-and-frequency domain. Moreover, for NPRACH transmission, the multiplexing capacity of 4 would be enough considering the specification work load. 
Similarly, the LEO with the altitude of 600km can be considered. For NPRACH transmissions, the LLS parameters for PRACH performance evaluation specified in TS38.821 could be a baseline to evaluate the OCC performance. 
Observation 7: For UL capacity enhancement for NPRACH, the CDM performance of the OCC to be applied to NPRACH could be evaluated at least for LEO case with the altitude of 600km by using the link-level evaluation assumption for PRACH performance evaluation specified in Table 6.1.2-2 of TR38.821 with some modification for IoT NTN. 
· S-band only.
· NPRACH design
· LTE channel model is a baseline. 

In case of NPRACH transmission, different PRACH transmissions from different UEs would have different TX power. Meanwhile, if the difference of the RX power is too huge, the near-far problem could occur, then the CDMed PRACH transmissions would not be distinguished properly. In this point of view, it would be necessary to carefully investigate whether or how to apply the OCC to NPRACH with respect to the expected RX power at the satellite and/or eNB. For simplicity, it can be considered that different NPRACH transmissions can be CDMed with different OCC index when the corresponding DL RSRP measurement results within a certain range. 
Since the existing NPRACH supports only FDM for multiplexing different preamble sequences, the RAPID is represented by the start subcarrier index. However, if the OCC is further applied to NPRACH structure, at least the interpretation of RAPID for NB-IoT needs to be updated accordingly. To be specific, RAPID would be associated with the start subcarrier index and the OCC index. For the RAPID indexing with respect to the start subcarrier index and the OCC index, the case when the RAR NPDSCH carries the RAR MAC PDU for the legacy UE that does not support OCC for NPRACH and the RAR MAC PDU for the advanced UE that supports OCC for NPRACH. Alternatively, it would be possible not to allow that the RAR MAC PDU for the legacy UE and the RAR MAC PDU for the advanced UE are jointly encoded in the same RAR NPDSCH. To do this, the definition of RA-RNTI may need to be updated accordingly. 
Proposal 3: For UL capacity/throughput enhancement for NPRACH, RAN1 considers followings:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Symbol group-level 
· Preamble repetition unit-level
· Repetition-level
· OCC length or index determination for UE-autonomous or NPDCCH order triggered NPRACH 
· Modification of Random Access Preamble ID and/or RA-RNTI for NPRACH applying the OCC 

3. Conclusions
In this contribution, we discussed capacity/throughput enhancement for IoT-NTN. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: For UL capacity enhancement for NPUSCH format 1, it is necessary to investigate how to increase the multiplexing capacity of the NPUSCH DMRS in a NB-IoT cell. 
Observation 2: For UL capacity enhancement for NPUSCH format 1, if the existing NPUSCH mapping rule is reused, having the multiplexing capacity of 4 via OCC for single-tone transmission would be feasible when the wireless channels are almost constant during at least 128msec for 3.75kHz SCS or 32msec for 15kHz SCS. 
Observation 3: For UL capacity enhancement for NPUSCH format 1, if the existing NPUSCH mapping rule is reused, having the multiplexing capacity of 4 via OCC for multi-tone transmission would be feasible when the wireless channels are almost constant during at least 8msec when the NPUSCH repetition number is equal to or larger than 8. 
Observation 4: For UL capacity enhancement for NPUSCH format 1, the OCC needs to be applied within a UL segment since the phase-continuity would not be guaranteed across different UL segments. It will break the orthogonality. 
Observation 5: For UL capacity enhancement for NPRACH, when the OCC is applied within a symbol group, the OCC would not be applied to NPRACH preamble format 0.
Observation 6: For UL capacity enhancement for NPRACH, when the OCC is applied across symbol groups, the OCC could be applied to all the NPRACH preamble formats. On the other hand, it would be necessary to check the feasibility for a variety of time-and/or-frequency shift and their variations of time. 
Observation 7: For UL capacity enhancement for NPRACH, the CDM performance of the OCC to be applied to NPRACH could be evaluated at least for LEO case with the altitude of 600km by using the link-level evaluation assumption for PRACH performance evaluation specified in Table 6.1.2-2 of TR38.821 with some modification for IoT NTN. 
· S-band only.
· NPRACH design
· LTE channel model is a baseline. 

Proposal 1: For NPUSCH format 1 DMRS design, RAN1 can consider followings:
· Increased number of DMRS symbols to support symbol-level OCC spreading with the multiplexing capacity up to 4
· Modification of random seed for NPUSCH DMRS sequence generation
· Additional time-domain OCC spreading for NPUSCH DMRS
Proposal 2: For UL capacity/throughput enhancement for NPUSCH format 1, RAN1 considers followings:
· Physical resource mapping for NPUSCH format 1 with a single subcarrier allocation for applying OCC. 
· Whether or how to increase the value of 
· Whether or how to modify RV setting for applying OCC to NPUSCH format 1. 
· UE behavior to determine the OCC length or index of the received NPUSCH format 1
· Relation with the UL segment and gap for applying OCC to NPUSCH format 1. 
Proposal 3: For UL capacity/throughput enhancement for NPRACH, RAN1 considers followings:
· Time domain OCC where OCC spreads across:
· Symbol-level
· Symbol group-level 
· Preamble repetition unit-level
· Repetition-level
· OCC length or index determination for UE-autonomous or NPDCCH order triggered NPRACH 
· Modification of Random Access Preamble ID and/or RA-RNTI for NPRACH applying the OCC 
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