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1. [bookmark: _Ref18181] Introduction
In RAN#102 meeting, the new WI Non-Terrestrial Networks (NTN) for IoT Phase 3 has been approved [1]. UL capacity/throughput enhancement for NPRACH and NPUSCH is listed as one of the main objectives, with following details quoted. Moreover, in RAN1 #116 meeting, UL capacity enhancement on NPUSCH and NPRACH channels have been further discussed with corresponding agreements. 
	Objective in RAN #102
· 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, link-level simulations are performed with the corresponding OCC schemes to evaluate the performance of NPUSCH and NPRACH. Furthermore, the study of different OCC schemes on UL capacity enhancement are also elaborated.
1. [bookmark: _Ref54269283]OCC sequence design
In existing specification, there are already some types of OCC sequences defined for UE multiplexing in PUCCH transmission, e.g., Walsh code, DFT sequence, etc. However, some of the OCC sequences can be generated only for certain code lengths, e.g., the Walsh code can only be generated when the code length is 2, 4, 8, 16, etc. This type of sequence may not work well in case the repetition number is not 2^n. For example, in NPRACH transmission, 3 or 5 repetitions are used in a symbol group, where Walsh code cannot be well applied. To achieve a unified design with NR-NTN and allow flexible OCC sequence length, the orthogonal sequences for NR PUCCH format 1 as defined in Table 6.3.2.4.1-2 of TS 38.211 can be considered as baseline, which is as shown in Table 1

Table 1: Orthogonal sequences  for PUCCH format 1.
	

	


	
	

	

	

	

	

	

	


	1
	[0]
	-
	-
	-
	-
	-
	-

	2
	[0 0]
	[0 1]
	-
	-
	-
	-
	-

	3
	[0 0 0]
	[0 1 2]
	[0 2 1]
	-
	-
	-
	-

	4
	[0 0 0 0]
	[0 2 0 2]
	[0 0 2 2]
	[0 2 2 0]
	-
	-
	-

	5
	[0 0 0 0 0]
	[0 1 2 3 4]
	[0 2 4 1 3]
	[0 3 1 4 2]
	[0 4 3 2 1]
	-
	-

	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	-

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]


Proposal 1: The existing sequence for PUCCH format 1 in TS 38.211 can be used as baseline for OCC sequence generation.
1. NPUSCH capacity enhancements
2. Simulation assumption
Based on the parameter agreed in [2], there are some parameters to be reported, i.e., DMRS configuration, number of resource units, modulation order, TBS, number of repetition and OCC sequence. To evaluate the performance for NPUSCH on different OCC schemes, we highlighted the parameters to be reported as shown in Table 2.  We assume that the number of resource units is 1RU for single-tone and multi-tone NPUSCH transmission, and the number of tone are 1 and 12 for single-tone and multi-tone NPUSCH transmission respectively. The modulation order are pi/4 QPSK and QPSK respectively for single-tone and multi-tone transmission. For single-tone and multi-tone NPUSCH transmission, the MCS0 is configured and the number of repetitions is up to 16 to achieve good decoding performance.   
[bookmark: _Ref23569]Table 2 Simulation assumption parameters for NPUSCH format 1 with additional parameters (marked in yellow)
	
	Parameter
	value

	scenario
	orbit
	LEO600

	
	Elevation angle 
	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.

	
	Power imbalance
	None, equal power

	transmitter 
	SCS
	15kHz

	
	Number of tones
	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#4 per slot for 15kHz

For OCC evaluations:
Multi-tone: 1 port per UE, up to 4 DMRS ports;
Single-tone: OCC are multiplied across slots


	
	Number of resource unit () 
	 1RU

	
	Modulation order 
	pi/4 QPSK for single-tone; 
QPSK for multi-tone

	
	TBS ()
	16bits(MCS0),

	
	Number of repetitions ()
	8 for single-tone;
16 for multi-tone

	
	OCC length 
	2,4

	
	OCC sequence
	Length 2: [1 1; 1 -1]; 
Length 4: [1 1 1 1;1 -1]

	
	Number of UE
	1,2,4

	
	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


Proposal 2: The simulation assumption for NPUSCH evaluation in Table 2 can be used for evaluating and comparing the performance of various multiplexing schemes.
2. Discussion on OCC Schemes
Since there is limited amount of spectrum available and large amount of UEs to be served within an IoT NTN cell, in order to improve UL capacity, various OCC multiplexing schemes were discussed with following agreement for NPUSCH[2].
	Agreement in RAN1 #116
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 


In this section, we present our views on the various OCC schemes to be evaluated, the following schemes can be applied for both single-tone and multi-tone NPUSCH transmission
· Alt.1: OCC spreads across symbol-level
In existing specification, the resource mapping is done before the repetitions, that is to say, multiple different symbols are mapped in a slot, then the slot is copied in multiple repetitions each with multiple different symbols.
However, in Alt-1, if we want to apply different OCC element across symbols, it requires that the content of multiple adjacent symbols should be the same, then the legacy resource mapping cannot be reused. It means that we need to first decide on a total duration of transport block, the transport block can then be divided into multiple individual symbols, if repetition is configured, each symbol will be repeated and connected with each other. 
In this method, the repetition is in symbol level so that the phase error due to frequency offset would be quite small in different symbols, then the channel information among different OCC elements, i.e. symbols, has much smaller gap than OCC across slots. In short, OCC across symbols would have higher spec impact but the tolerance to frequency offset and timing offset is high, the performance of OCC spreading across symbol is shown in section 3.3.
Observation 1: For both single-tone and multi-tone NPUSCH, OCC across symbols requires significant changes to the legacy resource mapping.
Observation 2: For both single-tone and multi-tone NPUSCH OCC NPUSCH, OCC across symbols has higher tolerance to frequency offset and timing offset than across slots.
· Alt.2: OCC spreads across slot-level
In existing specification, the segment resource mapping is done before the repetition of full code word, that is to say, each repetition has multiple different Nslots and the Nslots is copied first in multiple resource units before the following Nslots is mapped.
However, in Alt-2, if we want to apply different OCC element across slots, it requires that the content of multiple adjacent slots should be the same, then the legacy resource mapping cannot be reused. It means that we need to first decide on a total duration of transport block, the transport block can then be divided into multiple individual slots, if repetition is configured, each slot will be repeated and connected with each other. 
In this method, the repetition is in slot level and the phase error due to frequency offset would be larger than symbols level in different slots, then the channel information among different OCC elements, i.e. slots, has much smaller gap than OCC across repetitions(e.g., consecutive slots). In short, OCC across slots would have higher spec impact but the tolerance to frequency offset and timing offset is high than repetition but lower than symbols, the performance of OCC spreading across slots is shown in section 3.3.
Observation 3: For both single-tone and multi-tone NPUSCH, OCC across slots requires to significant change on the legacy resource mapping.
Observation 4: For both single-tone and multi-tone NPUSCH OCC NPUSCH, OCC across slots has higher tolerance to frequency offset and timing offset than across repetition but lower than across symbols.
· Alt.3: OCC spreads across repetition-level
In existing specification, the segment resource mapping is done before the repetition of full code word, that is to say, each repetition has multiple different Nslots and the Nslots is copied a number of repetitions of identical slots first in multiple resource units within a repetition. User multiplexing is achieved by applying an orthogonal sequence across the repetition, the performance of OCC spreading across slots is shown in section 3.3.
Observation 5: For both single-tone and multi-tone NPUSCH, the multi-user reuse performance of OCC across repetition may be degraded but has least specification impact.
· Alt.4: OCC spreads across RV-level
In existing specification, the RV cycle is [ 0 2 0 2,...] for each  repetitions for both single-tone and multi-tone. However, for single-tone,  is fixed as 1, that is, a repetition will last one or more resource units before following repetition are mapped. Therefore, the performance of RV-level OCC scheme will significantly decrease since the time span of repetition of the same RV can be very large if not to enhance the cycle of RV. For multi-tone, this situation can also occur in some configurations, such as a transmission with small repetitions(e.g., 2) and multiple RUs configured.
Observation 6: For single-tone and multi-tone NPUSCH, the multi-user reuse performance will be affected due to long time of a repetition.
· Alt.5: Intra-symbol pre-DFT spreading OCC 
In this scheme, the encoded and QPSK modulated symbols are precoded with a DFT for multi-tone and mapped to the first subcarrier of allocated subcarriers, after mapping to the first subcarrier, the data in the first subcarrier shall be repeated X (e.g., sequence length-1) additional times based on the subcarrier before continuing the mapping of the signal to the following resource units. That is to say that the same data subcarrier is repeated over the subcarriers and user multiplexing is achieved by applying an orthogonal sequence across the subcarriers. 
However, in Alt-5, it will lead to significant spec impact on at least resource mapping and TBS calculation. Moreover, existing IoT specification distinguishes different UEs by allocating different frequency domain resources. Performing OCC in the frequency domain undoubtedly reduces the frequency domain resources before spreading them, which is meaningless compared to the current specification because with appropriate configuration, the corresponding frequency domain resources can support multiple UEs multiplexing on different frequency domain resources.
Observation 7: For NPUSCH, Alt-5 is only applicable for multi-tones case with significant changes on the existing spec at least for resource mapping and TBS calculation.
2. Performance comparison
Based on the simulation assumption in Table 2, various OCC schemes are evaluated to compare the performance of different schemes under different configuration parameters.
Figure 1(a)and (b) present the performance of OCC schemes under LEO-600 multi-tone configuration. The residual CFO is compensated. It can be observed that: 
· When the number of multiplexing UE is 2, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve similar performance and present almost no loss compared with one UE transmit NPUSCH in the same resource. 
· When the number of multiplexing UE gets larger, e.g., 4, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve a acceptable performance with limited gap (e.g., 0.50, 0.31, 0.16) compared with one UE transmit NPUSCH in the same resource respectively. Regarding the comparison cross schemes, the performance variation is negligible.
[image: ]        [image: ]
(a)  BLER                                                               (b) Throughput
[bookmark: _Ref18910]Figure 1 LEO-600: Performance of multi-tone with OCC length 2 and 4
Figure 2(a)and (b) present the performance of OCC schemes under LEO-600 single-tone configuration. The residual CFO is compensated. It can be observed that: 
· When the number of multiplexing UE is 2, since the duration for one transmission is much longer than the multiple case, the performance degradation for all solutions with multiplexed UE is observed compared with one UE transmit NPUSCH in the same resource. Regarding the further comparison cross different schemes, across-slot OCC, across-symbol OCC schemes can achieve similar performance. 
· When the number of multiplexing UE gets larger, e.g., 4, across-slot OCC, across-symbol OCC schemes can achieve similar performance and present a loss of {1.47,1.37} gap compared with single-UE. We can see that the BLER performance has been significantly degraded due to the impact on the orthogonality of OCC.
[image: ]   [image: ]
(a) BLER                                                                    (b) Throughput
[bookmark: _Ref19048]Figure 2 LEO-600: Performance of single-tone with OCC length 2 and 4
Base on above analysis, it can be seen that: although OCC across symbols and slots has higher tolerance than OCC across repetition, the performance gain is not obvious and the legacy resource mapping is greatly affected. Therefore, it’s still feasible to support up to 4 UEs for OCC across repetition. 
Observation 8: For NPUSCH, multi-user performance of across-repetition OCC schemes decreases by at least 0 to 2.13 dB compared to single user performance.
Observation 9: For NPUSCH, multi-user performance of across-slot OCC schemes decreases by at least 0 to 1.47 dB compared to single user performance.
Observation 10: For NPUSCH, multi-user performance of across-symbol OCC schemes decreases by at least 0 to 1.37 dB compared to single user performance.
Observation 11: For NPUSCH, multi-user performance of across-repetition OCC schemes can support up to 4 UEs with negligible performance degradation.
Proposal 3: For the user multiplexing for both single-tone and multi-tone NPUSCH, among the Alt-1~Alt.5, considering the trade-off between performance and specification impact, OCC across repetition with up to 4 UEs multiplexing can be supported. 
1. NPRACH capacity enhancements
3. Impairment factors
In the objective of IoT-NTN, it has been noted that impact of impairment shall be considered. Hence, the potential factors that may break the requirements for OCC should be considered when evaluating the performance of OCC. For example, the FO may break the channel consistency between repetitions of UL transmission, which leads to degraded performance of OCC. Moreover, when multiple UEs are multiplexed on the same time-frequency resource using a certain sequence, such as orthogonal sequence, the impact of FO and TO on orthogonality between UEs may further reduce decoding performance. That is, the FO and TO impacts may be more significant when evaluating multi-user multiplexing performance for NPRACH. Therefore, the value of TO and FO should be clarified in the assumption discussion:
· TO: Typically, as half of CP of NPUSCH, the maximum TO can be assumed as 80Ts, i.e., 2.6us. However, given that the UE is able to perform pre-compensation, similar to the DM-RS bundling in NR-NTN, the RF requirements can be considered with smaller TO value, e.g., to 32Ts or 0.
· FO: As assumed in TR 38.821 [3], the remaining frequency error after synchronization is 0.1 ppm. Therefore, the maximum FO can be assumed as 0.1ppm, i.e., 200Hz for 2GHz carrier in general. However, given that the UE is able to perform pre-compensation, similar to the DM-RS bundling in NR-NTN, the RF requirements can be considered with smaller FO value, e.g., 0.01ppm or 0.
Proposal 4: The TO and FO should be clarified in the assumption discussion. And reasonable value should be recommended for assumption, e.g., TO is less than 2.6us, and FO is less than 0.1ppm.
3. Simulation assumption
Link level simulation for NPRACH capacity enhancement performance evaluation is needed, with legacy performance metrics of 99% detection probability and 0.1% false alarm probability. The simulation assumption for NPRACH evaluation should be aligned before evaluating and comparing the performance of various multiplexing schemes. For example, the simulation parameters in Table 3 can be used.
[bookmark: _Ref4547]Table 3 Simulation parameters for NPRACH preamble with OCC
	Parameter
	Value

	Preamble format
	0

	Subcarrier spacing
	3.75kHz

	Channel 
	NTN TDL-C rural

	Elevation (degree)
	10 (μK = 24.72, σK = 5.07, μlgDS = -9.55, σlgDS = 0.66)

	UE speed
	3 km/h

	Fc
	2GHz

	Antenna
	1T1R

	Repetition number
	16

	TO
	0, within [-2.6us, +2.6us]

	FO
	0,  within [-0.1ppm, +0.1ppm]

	Performance metric
	At least 99% detection probability and 0.1% false alarm probability


Proposal 5: The simulation assumption for NPRACH evaluation should be aligned before evaluating and comparing the performance of various multiplexing schemes, e.g., the simulation parameters in Table 3.
3. Discussion on schemes and performance
For the IoT system, the special structure of NPRACH is comprised of symbol group, repetition unit along with frequency hopping pattern as shown in Figure 3.
[bookmark: _Ref158908990][image: ]
[bookmark: _Ref163136445]Figure 3 NPRACH structure
Then, to enable the OCC multiplexing, the following potential solutions can be investigated:
· Alt.1: OCC spreads across symbol within a symbol group;
In this scheme, the OCC sequence is applied to multiple symbols of the sequence part within a symbol group and all symbol groups in the repetition unit is identical. Based on this structure of UE multiplexing, the impact of phase offset generated by residual FO can be mitigated within a symbol group, which would bring acceptable phase rotation for UE multiplexing NPRACH. Moreover, the method of the differential operation between symbol groups in traditional NB-NPRACH structures can be also used to estimate the frequency offset. 
According to the simulation assumptions listed in Table 3, the evaluation results, i.e., the detection probability are shown in Figure 4. It can be observed that the target SNR is -6.7dB at a 1% missed detection probability and is the same for user number of 1, 2, 3, and 4. Therefore, this OCC structure can effectively eliminate the influence of TO and FO, moreover, the phase rotation does not have any impact on performance of NPRACH capacity.
[image: ]
[bookmark: _Ref5892]Figure 4 Missed detection probability of Alt.1 for preamble format 0 with OCC
Observation 12:  For NPRACH, Alt.1 can be supported to enhance NPRACH capacity with optimal performance from minimized phase rotation.
· Alt.2: OCC spreads across symbol group between large hopping of 22.5kHz in a repetition unit;
In this scheme, the OCC sequence is applied to multiple symbol groups with a large frequency hopping interval of 22.5kHz in a repetition unit, while the OCC sequence of adjacent symbol groups with a frequency hopping interval of 3.75kHz are the same. In this way, the traditional differential operation characteristics will not be compromised and can also be used to estimate timing and frequency offset. Furthermore, the phase rotation caused by residual FO with consideration on long OCC sequence would increase. Longer OCC sequence can be allowed compared to Alt.1, which also allows multiplexing of more UEs within same time-frequency resource.
According to the simulation assumptions listed in Table 3, the evaluation results, i.e., the detection probability are shown in Figure 5. It can be observed that the target SNR is about -6.3dB at a 1% missed detection probability and is the same for user number of 2, 3, and 4, which have a negligible performance impact of 0.5dB gain loss compared to single user. In fact, phase rotation of Alt.2 is greater than that of Alt.1, resulting in performance degradation, but this degradation is acceptable to a certain extent. Therefore, this OCC structure can effectively eliminate the influence of TO and FO, and further, applied to NPRACH capacity enhancement.
[image: ]
[bookmark: _Ref6065]Figure 5 Missed detection probability of Alt.2 for preamble format 0 with OCC
Observation 13 Alt.2 can be supported to enhance NPRACH capacity with the small phase rotation.
Proposal 6: For the user multiplexing schemes of NPRACH, one of the following options can be supported:
· Alt.1: OCC spreads across symbol within a symbol group.
· Alt.2: OCC spreads across symbol group between large hopping of 22.5kHz in a repetition unit;
1. Conclusions
In this contribution, the UL capacity enhancement for NPRACH and NPUSCH are discussed with following observation and proposals.
Proposal 1: The existing sequence for PUCCH format 1 in TS 38.211 can be used as baseline for OCC sequence generation.
Proposal 2: The simulation assumption for NPUSCH evaluation in Table 2 can be used for evaluating and comparing the performance of various multiplexing schemes.
Observation 1: For both single-tone and multi-tone NPUSCH, OCC across symbols requires significant changes to the legacy resource mapping.
Observation 2: For both single-tone and multi-tone NPUSCH OCC NPUSCH, OCC across symbols has higher tolerance to frequency offset and timing offset than across slots.
Observation 3: For both single-tone and multi-tone NPUSCH, OCC across slots requires to significant change on the legacy resource mapping.
Observation 4: For both single-tone and multi-tone NPUSCH OCC NPUSCH, OCC across slots has higher tolerance to frequency offset and timing offset than across repetition but lower than across symbols.
Observation 5: For both single-tone and multi-tone NPUSCH, the multi-user reuse performance of OCC across repetition may be degraded but has least specification impact.
Observation 6: For single-tone and multi-tone NPUSCH, the multi-user reuse performance will be affected due to long time of a repetition.
Observation 7: For NPUSCH, Alt-4 is only applicable for multi-tones case with significant on the existing spec for resource mapping at least resource mapping and TBS calculation.
Observation 8: For NPUSCH, multi-user performance of across-repetition OCC schemes decreases by at least 0 to 2.13 dB compared to single user performance.
Observation 9: For NPUSCH,  multi-user performance of across-slot OCC schemes decreases by at least 0.31 to 1.47 dB compared to single user performance.
Observation 10: For NPUSCH , multi-user performance of across-symbol OCC schemes decreases by at least 0.5 to 1.37 dB compared to single user performance.
Observation 11: For NPUSCH, multi-user performance of across-repetition OCC schemes can support up to 4 UEs.with negligible performance degradation.
Proposal 3: For the user multiplexing for both single-tone and multi-tone NPUSCH, among the Alt-1~Alt.5, considering the trade-off between performance and specification impact, OCC across repetition with up to 4 UEs multiplexing can be supported. 
Proposal 4: The TO and FO should be clarified in the assumption discussion. And reasonable value should be recommended for assumption, e.g., TO is less than 2.6us, and FO is less than 0.1ppm.
Proposal 5: The simulation assumption for NPRACH evaluation should be aligned before evaluating and comparing the performance of various multiplexing schemes, e.g., the simulation parameters in Table 2
Observation 12:  For NPRACH, Alt.1 can be supported to enhance NPRACH capacity with optimal performance from minimized phase rotation.
Observation 13 Alt.2 can be supported to enhance NPRACH capacity with the small phase rotation.
Observation 14: For NPRACH, Alt.3 can be supported to enhance NPRACH capacity even with larger phase rotation.
Proposal 6: For the user multiplexing schemes of NPRACH, one of the following options can be supported:
· Alt.1: OCC spreads across symbol within a symbol group;
· Alt.2: OCC spreads across symbol group between large hopping of 22.5kHz in a repetition unit;
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