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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Release 19 stage, the topic of UL capacity enhancement for IoT NTN has been set up as a WID. In the past meeting, RAN1#116, the preliminary analysis has been discussed, and some agreements with simulation assumptions were approved as following.

	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: Listed in annex1.




As discussed in past meeting, the NPUSCH format1 capacity enhancement was priority. The time domain OCC method has been treated as the baseline, such as symbol-level, slot-level, repetition-level and RV-level. In this document, following the assumptions decided in last meeting, the evaluation results of uplink capacity enhancements for NPUSCH format1 in IoT-NTN will be further discussed.
Analysis of OCC for NPUSCH format 1
0. Discussion of simulation assumptions
1) CFO and TO
In the summary of RAN1#116 meeting, the simulation assumptions were proposed and agreed. The frequency error and timing error should be considered in multi-users OCC for NPUSCH format1. As described in summary, the CFO with uniform random selection from [-0.1ppm, +0.1ppm] for all UEs should be considered in simulation. And the timing error with uniform random selection from [-97Ts, +97Ts] for all UEs should be considered. In our simulation, the CFO and TO are also considered, and the following implementation conditions are also taken more attention in simulation.
· The CFO adding to signal is respectively to each subframe or each 2-subframes with uniform random selection from [-0.1ppm, +0.1ppm] for all UEs.
· The TO adding to signal at start of each subframe with uniform random selection from [-97Ts, +97Ts] for all UEs.
· No CFO and TO compensation is considered in receiver.
For the 15 kHz SCS, the duration of a slot is 0.5ms, and the average duration of an OFDM symbol is 71.4us. The duration of a sample is 1/128/15000=0.52us. As mentioned in last meeting, the timing drift with 80us/s should be considered in simulation. For a slot, the timing error caused by timing drift rate is 0.5ms*80us/s=40ns, which is far less than the duration of a sample. Therefore, if the uniform timing error from [-97Ts, +97Ts] is added in each subframe, then the timing draft can be negligible in NPUSCH format 1 OCC simulation.

Observation 1: If the uniform timing error from [-97Ts, +97Ts] is added in each subframe, then the timing draft can be negligible in simulation.

2) OCC sequence
As described in last meeting summary, the OCC sequence length up to 4 is recommended. Considering the complexity of OCC implementation in UE side, the Walsh code may be better than DFT-based OCC code. The Walsh code consists of integral number. The multiplexing operation with Walsh code is more easier than exp{j2piX} style of DFT-based OCC code. In this document, the OCC code with length 2 or 4 is listed in following table.
Table 1 OCC code with length 2
	OCC code
	sequence

	
	[1   1]

	
	[1  -1]


Table 2 OCC code with length 4
	OCC code
	sequence

	
	[ 1 1 1 1 ]

	
	[1 -1 1 -1]

	
	[1 1 -1 -1]

	
	[-1 1 1 -1]


[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 1: The Walsh code with elements number +/-1 should be taken as baseline in OCC sequence selection.

3) Time domain OCC
As described in summary, the time domain OCC was suggested to discuss further in this meeting. There are several time domain OCC methods that had been proposed to discuss, such as symbol-level, slot-level, repetition-level and RV-level. The durations are becoming longer for the time domain OCC as the sequence symbol-level, slot-level, repetition-level and RV-level. Considering the rapid time variation of the wireless channel, the orthogonality of adjacent OCC elements of long time duration will be destroyed. The BLER will be deteriorated. Then, the short time duration OCC should be priority, such as symbol-level OCC and slot-level OCC.

Proposal 2: The symbol-level OCC and slot-level OCC should be with high priority in NPUSCH format 1 enhancement.

0. Simulation results of OCC for NPUSCH format 1
In this document, the time domain OCC methods are discussed with symbol-level and slot-level. The repetition level and RV-level OCC will be deprioritized due to the deterioration of orthogonality by the time variation characteristic of wireless channel for long duration transmission.
Symbol level OCC method
For the symbol level OCC in NPUSCH format 1, the minimum element for OCC is an OFDM symbol. There are 6 data symbols and 1 DMRS symbol in one slot. The DMRS symbol occupies one position in a slot for NPUSCH format1. For the simulation of symbol level OCC, the following principles should be followed.
· Only the data symbols could be spread by OCC code.
· The DMRS symbol is not with OCC.
According to the simulation assumption in annex1, the TDLC channel model is considered. In this section, the performance of OCC method is focused. The multi-carriers cases with 15kHz SCS is considered. For the multi-carriers case, the 12 SCS with 2RU and 8 repetitions are simulated. The TBS index is 8 for example. 
1) The case with no CFO and TO
In this case, the residual CFO and TO (timing offset) are not considered, the two users OCC are simulated. The DMRS in OFDM symbols is not OCC. The BLER simulation results can be shown in following.
 [image: ]
Figure 1 BLER simulation results of symbol level OCC of 2 UEs without CFO&TO

From the figure above, the difference of the BLERs between symbol-level two users OCC and single user without OCC is very small. The deterioration in BLER of symbol-OCC2 is almost negligible.

Observation 2: Without the CFO&TO, the BLER performance of symbol-level OCC 2 is almost as same as the single user without OCC case.

2) The case with CFO and TO
In this case, both residual CFO and TO are considered. For each UE, the TO is uniform random selection from [-97Ts, +97Ts]. And for CFO, there is no compensation considered at eNB side. Two methods of adding CFO into signal are considered. One method is adding a CFO into every subframe for each user, the value of CFO can be selected from uniform random number [-200Hz, 200Hz]. The other method is adding a CFO into every 2-subframes for each user, which value is from uniform random number [-200Hz, 200Hz]. The simulation results can be shown in following figure.
[image: ]
Figure 2 Simulation results of symbol level OCC of 2 UEs with CFO &TO

The CFO&TO will destroy the orthogonality of OCC, and the deterioration of BLER is involved in. Without compensation of CFO and TO at eNB side, the BLER degradation is obvious. 

Observation 3: Without compensation at eNB side, the degradation of BLER caused by CFO&TO is obvious.

Slot level OCC method
In this section, the slot level OCC method is discussed. For the slot level OCC in NPUSCH format 1, the minimum element for OCC is a slot that contains 7 OFDM symbols. In the slot level OCC, the multi UEs with different OC codes multiplexed can occupy the same slot resource in uplink transmission. For the simulation of slot level OCC, the following principles should be followed.
· The entire slot could be spread by OCC code.
· Both the data symbols and the DMRS symbol in a slot are multiplexed by the same OCC code.
According to the simulation assumption in annex1, the TDLC channel model is considered. In this section, the performance of OCC method is focused. The single carrier and multi-carriers cases with 15kHz SCS are both considered. For the multi-carriers case, the 12 SCS with 2RU and 8 repetitions are simulated. The TBS index is 8 for example. For the single carrier case, the 1 RU with 2 repetitions is simulated, and the TBS index is 0.
1) The case with no CFO and TO
In this case, the residual CFO and TO (timing offset) are not considered, the slot level OCC for both two users and four users are simulated. The BLER simulation results can be shown in following.
[image: ]
Figure 3 Comparison of slot-OCC and slot-OCC without CFO&TO

From the figure, it can be seen that the BLER performance of slot level OCC for both 2 users and 4 users is similar as the single user result.

2) The case with CFO and TO
In this case, both residual CFO and TO are considered. For each UE, the TO is uniform random selection from [-97Ts, +97Ts]. And for CFO, there is no compensation considered at eNB side. The simulation results of slot level OCC are shown in following figure.
[image: ]
Figure 4 Simulation results of slot level OCC2 of 2 UEs with CFO&TO

As shown in the figure, with CFO&TO, the BLER performance of slot level OCC2 is degrading. More duration the CFO lasting, worse BLER performance is achieved.
In the following figure, the slot level OCC with 4 users is considered.
[image: ]
Figure 5 Simulation results of slot level OCC4 of 4 UEs with CFO&TO

Comparing the figure 5 with figure 4, the influence of timing error for 4 users OCC is more serious than 2 users OCC. With increasing user numbers, the time errors of each user play more significant role in BLER degradation. 

[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 4: The 4-user OCC is more sensitive to timing error than 2-user OCC for NPUSCH format 1 in IoT-NTN.
[image: ]
Figure 6 Simulation results of throughput for slot level OCC

Meanwhile, the simulation results of throughput are compared in figure above including slot level OCC4, slot level OCC2, and single user without OCC. The OCC4 has highest throughput due to the large OCC factor used. But the throughput is deteriorated because of the influence of CFO&TO for slot-level OCC4. Even affected by the CFO&TO in slot level OCC4, the total throughput is still better than OCC2 and single user cases.

Observation 5: The OCC4 has better throughput performance even with CFO&TO influence compared to OCC2. 

3) Single carrier simulation results
In this part, the single carrier case is discussed with subcarrier space 15 kHz, 1RU, 2 repetitions and TBS-index0. The BLER performance is shown in following figure.
[image: ]
Figure 7 Simulation results of slot level OCC for single carrier

According to the figure, the BLER of slot-OCC2 is obviously degrading in single carrier case, about 0.5dB SNR deterioration at the BLER target 10%. Meanwhile, the throughput results of single carrier case can be shown in following figure.
[image: ]
Figure 8 Comparison of throughput simulation results for slot level OCC

Comparing the curves in figure above, after OCC2 the total throughput is enhanced almost doubly. 
So, according the analysis above, the symbol-level OCC and slot-level OCC are all discussed. In the symbol level OCC scheme, the OCC granularity is small, and the DMRS is not OCC. Then, there is more complexity in implementing the symbol OCC in IoT-NTN. Thus, the slot level OCC is more suitable to IoT-NTN.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 3: Considering the complexity for IoT device, the slot level OCC is preferred to IoT-NTN.

The total throughput is also discussed above. As shown in the simulation results, after OCC, the total throughput is improved obviously. The higher OCC order used, the better throughput performance achieves. Thus, comparing the OCC2, the OCC4 is more efficient in throughput enhancement in uplink.

Proposal 4: In order to enhance the UL capacity, the slot level based OCC-4 scheme should be recommended in IoT-NTN.
NPRACH enhancement 
In the WID of IoT NTN[1], it includes the descriptions about NPRACH enhancement as follows: 
· 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]

However, in the initial access stage, the NPRACH capacity is not very shortage due to user random distribution. NPRACH is usually used by UE to acquire UL synchronization during initial access and Out-of-Sync, or transmit SR when there is no HARQ-ACK feedback. It is not the bottle neck for UL capacity because it is not frequently used from a single UE perspective. 
Moreover, the OCC is hard to use under existing structure of NPRACH, it may require new NPRACH format design. So it will incur significant working load. In current NPRACH format, only one CP is used for multiple preamble repetition. In the initial access, UL timing error would be large, so in order to use OCC, one additional CP will be inserted for each preamble symbol. Then it will require much standardization efforts.
[bookmark: _GoBack]Overall, we propose to deprioritize enhancement of NPRACH considering the limited TU in Rel-19. 

Proposal 5: Considering the workload and necessity, it is suggested to deprioritize the NPRACH enhancement of IoT NTN. 

Conclusion
In this contribution, the preliminary simulation resutls of OCC for NPUSCH format 1 in IoT-NTN are discussed, and a few of observations and proposals are made as following:
Observation 1: If the uniform timing error from [-97Ts, +97Ts] is added in each subframe, then the timing draft can be negligible in simulation.
Observation 2: Without the CFO&TO, the BLER performance of symbol-level OCC 2 is almost as same as the single user without OCC case.
Observation 3: Without compensation at eNB side, the degradation of BLER caused by CFO&TO is obvious.
Observation 4: The 4-user OCC is more sensitive to timing error than 2-user OCC for NPUSCH format 1 in IoT-NTN.
Observation 5: The OCC4 has better throughput performance even with CFO&TO influence compared to OCC2.  

Proposal 1: The Walsh code with elements number +/-1 should be taken as baseline in OCC sequence selection.
Proposal 2: The symbol-level OCC and slot-level OCC should be with high priority in NPUSCH format 1 enhancement.
Proposal 3: Considering the complexity for IoT device, the slot level OCC is preferred to IoT-NTN.
Proposal 4: In order to enhance the UL capacity, the slot level based OCC-4 scheme should be recommended in IoT-NTN.
Proposal 5: Considering the workload and necessity, it is suggested to deprioritize the NPRACH enhancement of IoT NTN.  
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Annex 1

The evaluation assumptions of OCC for NPUSCH format 1 are proposed in RAN1#116 meeting, and the parameters are list in following table.

	
	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
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