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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. Moreover, in RAN1 #116-bis meeting[2], 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, detailed study and link-level simulations are conducted with the corresponding OCC schemes to evaluate the performance of NPUSCH and NPRACH. Meanwhile, the performance of different DMRS enhancements is also evaluated. 
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 that 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][3], 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 tones are 1 and 12 for single-tone and multi-tone NPUSCH transmission, respectively. The modulation order is 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 the 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.
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.
Same across segments

	
	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#3 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 ()
	16 bits (MCS0)

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

	
	OCC length 
	2,4

	
	OCC sequence
	Walsh code

	
	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
1. Analysis 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[3].
	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 


Before discussing the OCC solution, the terminology should be aligned among companies. From our understanding, one repetition refers to one or more Nslots (each with 7 symbols) for multi-tone transmission, which is the legacy resource mapping. Obviously, the element of OCC for one or more Nslots within a repetition are the same. Therefore, this is called across repetition in our contribution. However, it’s named “across slot” from some other companies based on previous contributions. Therefore, we think the current agreement should be updated and align the terminology for multi-tone transmission based on the rule of the legacy resource mapping.
Proposal 3: To align the terminology of repetition, the agreement of OCC schemes for multi-tone transmission should be updated as following
	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 (including Nslot level)
· RV-level
· Intra-symbol pre-DFT spreading OCC 


Then, 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 3.2.2.
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 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 3.2.2.
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 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 3.2.2.
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: 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 6: For NPUSCH, Alt-4 is only applicable for multi-tones case with significant changes on the existing spec at least for resource mapping and TBS calculation.
1. 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.
For multi-tone configuration:
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:  SNR = -8.2dB @ single UE 10% BLER,
· When the number of multiplexing UE is 2, 
· From BLER’s perspective, 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. 
· From aggregated throughput’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve significant aggregated throughput gains,e.g., almost 2 times gains that of one UE transmit NPUSCH in the same resource. 
· When the number of multiplexing UE gets larger, e.g., 4, 
· From BLER’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve an 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.
· From aggregated throughput’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve significant aggregated throughput gains, e.g., (3.92, 3.96, 3.98) times gains that of one UE transmit NPUSCH in the same resource. Moreover, the aggregated throughput improves as the SINR increases. 
[image: D:\lijunli\项目相关\提案相关\RAN1 117\9.11.4\0509.png0509]        [image: ]
(a)  BLER                                                               (b) Throughput
[bookmark: _Ref18910]Figure 1 LEO-600: Performance of multi-tone with OCC length 2 and 4
Observation 7: For NPUSCH with multi-tone transmission, multi-user performance of across-repetition OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.5 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.92 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 8: For NPUSCH with multi-tone transmission, multi-user performance of across-slot OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.31 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.96 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 9: For NPUSCH with multi-tone transmission, multi-user performance of across-symbol OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.16 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.98 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
For single-tone configuration:
Figure 2(a) and (b) present the performance of OCC schemes under LEO-600 single-tone configuration. The residual CFO is segment-based compensated. It can be observed that:  SNR = -8 dB @ single UE 10% BLER,
· When the number of multiplexing UE is 2, 
· From BLER’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve similar performance and present almost negligible loss of {0.5, 0.4, 0.3} gap compared with one UE transmit NPUSCH in the same resource. 
· From aggregated throughput’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve significant aggregated throughput gains, e.g., (1.93, 1.94, 1.94) times gains that of one UE transmit NPUSCH in the same resource. 
· When the number of multiplexing UE gets larger, e.g., 4, 
· From BLER’s perspective, across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve similar performance and present a loss of {1.9, 1.8, 1.6} gap compared with single-UE. We can see that the BLER performance has been degraded due to the impact on the orthogonality of OCC no matter which OCC scheme it is. 
· From aggregated throughput’s perspective, the across-repetition OCC, across-slot OCC, across-symbol OCC schemes can achieve significant aggregated throughput gains, e.g., (3.57, 3.60, 3.65) times gains that of one UE transmit NPUSCH in the same resource. Moreover, the aggregated throughput improves as the SINR increases. 
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(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 10: For NPUSCH with single-tone transmission, multi-user performance of across-repetition OCC schemes: 
· The SNR degradation @ 10% BLER is limited, e.g., 0.5 to 1.9 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.93 and 3.57 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 11: For NPUSCH with single-tone transmission, multi-user performance of across-slot OCC schemes: 
· The SNR degradation @ 10% BLER is limited, e.g., 0.4 to 1.8 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.94 and 3.60 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 12: For NPUSCH with single-tone transmission, multi-user performance of across-symbol OCC schemes: 
· The SNR degradation @ 10% BLER is limited, e.g., 0.3 to 1.6 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.94 and 3.65 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR.  
Observation 13: For NPUSCH, multi-user performance of across-repetition OCC schemes can support up to 4 UEs with negligible performance degradation.
Proposal 4: For the user multiplexing for both single-tone and multi-tone NPUSCH, among the Alt-1~Alt.4, considering the trade-off between performance and specification impact, OCC across repetition with up to 4 UEs multiplexing can be supported. 
2. Discussion on DMRS design
2. Analysis on DMRS scheme
In [4], the DMRS sequence for single-tone NPUSCH transmission is defined as the element-wise product of length-16 Hadamard code w(n) and Gold-sequence c(n), and is not supported multi-user multiplexing. In order to enable UL capacity enhancement, the solutions of DMRS multiplexing were discussed with following agreement[3].
	Agreement in RAN1 #116bis
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


To ensure that the base station can estimate frequency offset effects through DMRS on adjacent DMRS symbols, the phase rotation on adjacent DMRS symbols should be between . For CDM of DMRS, in order to distinguish the DMRS of different users, OCC is used to extend the DMRS symbols based on slot granularity, and the extension length is related to the length of OCC. For TDM of DMRS, DMRS from different users can be transmitted on different DMRS symbols. Assuming there are 2 users multiplexing, User 1 can transmit DMRS on odd numbered time slots, and User 2 can transmit DMRS on even numbered time slots. Due to the fact that TDM DMRS can only transmit DMRS on some DMRS resources, the density of TDM DMRS is lower compared to CDM DMRS. To illustrate the DMRS multiplexing scheme, taking 2 users as an example, a schematic diagram of CDM DMRS and TDM DMRS is provided in Figure 3.
[image: ]
(a) structure of CDM DMRS
[image: ]
(b)structure of TDM DMRS
[bookmark: _Ref6548]Figure 3 DMRS multiplexing schemes
Observation 14: For NPUSCH, the density of TDM DMRS will decrease as the increase of the number of multiplexed UE, resulting in poor receiver performance.
2. Performance comparison
Based on the simulation assumptions in Table 2, under the single-tone transmission configuration, two DMRS multiplexing schemes are evaluated to compare the performance of different schemes. 
As shown in Figure 4, CDM DMRS has better performance than TDM DMRS. This is because, in order to ensure that DMRSs between users do not collide, the TDM DMRS scheme requires users to reserve DMRS resources for the transmission of DMRSs from other users, resulting in a decrease in the number of available DMRS symbols for each user as the number of users increases, thereby reducing the accuracy of frequency offset estimation, leading to a decrease in frequency offset compensation and channel estimation accuracy, which affects receiver performance. The CDM DMRS scheme supports multiplexing for up to 4 users and has significant performance advantages.
[image: D:\lijunli\项目相关\提案相关\RAN1 117\9.11.4\figure-6.pngfigure-6]
[bookmark: _Ref32586]Figure 4 Performance of CDM DMRS and TDM DMRS schemes
Observation 15: For NPUSCH with single-tone transmission, CDM DMRS achieves better performance compared to TDM DMRS.
Proposal 5: For NPUSCH DMRS multiplexing, CDM of DMRS should be supported.
1. NPRACH capacity enhancements
3. 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 NPRACH[3].
	Agreement in RAN1 #116bis
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 


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 5.
[bookmark: _Ref158908990][image: ]
[bookmark: _Ref163136445]Figure 5 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. 
· Alt.2: OCC spreads across symbol group within a repetition unit;
In this scheme, to ensure that the estimation of timing and frequency offset by differential operation is not affected, the OCC sequence is applied to multiple symbol groups between 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. However, the phase rotation caused by residual FO with consideration on long time span would be larger than Alt.1. Moreover, due to the limitation of the number of symbol groups within a repetition unit, a maximum of 2 UEs can be multiplexed within a repetition unit.
Observation 16:  For NPRACH, Alt.1 has higher tolerance to frequency offset and timing offset than Alt.2 since the time span of Alt.1 is shorter than Alt.2. 
[bookmark: _GoBack]Observation 17:  For NPRACH, Alt.2 can be studied to enhance NPRACH capacity with the small phase rotation than repetition-level OCC.
Observation 18: For NPRACH, a maximum of 2 UEs can be multiplexed for Alt.2 due to the limitation of the number of symbol group within a repetition unit.
· Alt.3: Applying the sequence across repetition;
In this scheme, the OCC sequence is applied across repetitions and the symbol bits of sequence part within each repetition are the same, while adjacent repetitions are different with varied OCC sequence. In this way, the traditional differential operation characteristics will not be compromised and can be also applied to estimate timing and frequency offset. However, the phase rotation caused by residual FO with long time span would further increase and largest. For instance, the phase rotation can be up to 161.28 degree for OCC sequence of length of 4(e.g., 4 repetitions) if residual FO is 20 Hz, which may degrade performance of NPRACH preamble with OCC.
Observation 19:  Alt.3 cannot be supported to enhance NPRACH capacity due to worst performance from the largest phase rotation.
Proposal 6: For the user multiplexing schemes of NPRACH, OCC spreads across symbol should be prioritized for further study.
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.
Proposal 3: To align the terminology of repetition, the agreement of OCC schemes for multi-tone transmission should be updated as following
	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 (including Nslot level)
· RV-level
· Intra-symbol pre-DFT spreading OCC 


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 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 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 NPUSCH, Alt-4 is only applicable for multi-tones case with significant changes on the existing spec at least for resource mapping and TBS calculation.
Observation 7: For NPUSCH with multi-tone transmission, multi-user performance of across-repetition OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.5 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.92 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 8: For NPUSCH with multi-tone transmission, multi-user performance of across-slot OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.31 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.96 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 9: For NPUSCH with multi-tone transmission, multi-user performance of across-symbol OCC schemes: 
· The SNR degradation @10% BLER is limited, e.g., 0 to 0.16 dB, compared to single user performance.
· The throughput gain @SNR=-8.2dB is 2 and 3.98 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 10: For NPUSCH with single-tone transmission, multi-user performance of across-repetition OCC schemes: 
· The SNR degradation @ 10% BLER is limited, e.g., 0.5 to 1.9 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.93 and 3.57 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 11: For NPUSCH with single-tone transmission, multi-user performance of across-slot OCC schemes: 
· The SNR degradation @ 10% BLER is limited , e.g., 0.4 to 1.8 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.94 and 3.60 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR. 
Observation 12: For NPUSCH with single-tone transmission, multi-user performance of across-symbol OCC schemes: 
· The SNR degradation @ 10% BLER is limited, e.g., 0.3 to 1.6 dB, compared to single user performance.
· The throughput gain @SNR=-8dB is 1.94 and 3.65 times that of single-user for 2 and 4-UEs multiplexed, and the throughput increases with the improvement of SINR.  
Observation 13: For NPUSCH, multi-user performance of across-repetition OCC schemes can support up to 4 UEs with negligible performance degradation.
Proposal 4: For the user multiplexing for both single-tone and multi-tone NPUSCH, among the Alt-1~Alt.4, considering the trade-off between performance and specification impact, OCC across repetition with up to 4 UEs multiplexing can be supported. 
Observation 14: For NPUSCH, the density of TDM DMRS will decrease as the increase of the number of multiplexed UE, resulting in poor receiver performance.
Observation 15: For NPUSCH with single-tone transmission, CDM DMRS achieves better performance compared to TDM DMRS.
Proposal 5: For NPUSCH DMRS multiplexing, CDM of DMRS should be supported.
Observation 16:  For NPRACH, Alt.1 has higher tolerance to frequency offset and timing offset than Alt.2 since the time span of Alt.1 is shorter than Alt.2. 
Observation 17:  For NPRACH, Alt.2 can be studied to enhance NPRACH capacity with the small phase rotation than repetition-level OCC.
Observation 18: For NPRACH, a maximum of 2 UEs can be multiplexed for Alt.2 due to the limitation of the number of symbol group within a repetition unit.
Observation 19:  Alt.3 cannot be supported to enhance NPRACH capacity due to worst performance from the largest phase rotation.
Proposal 6: For the user multiplexing schemes of NPRACH, OCC spreads across symbol should be prioritized for further study.
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