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1 Background
In RAN#102, a new work item on NR NTN Phase 3 was agreed [1], including the following objective:· 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 RAN1#116, the following was agreed:
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 RAN1#116b, the following was agreed:
Agreement
For the NPUSCH evaluation assumptions, update the DMRS configuration, as follows:

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

For OCC evaluations:
Up to proponent
	For baseline evaluations:
OS#4 3 per slot for 15kHz

For OCC evaluations:
Up to proponent




Agreement
At least the following NPRACH OCC schemes are considered by RAN1 for study:
· Intra-symbol group OCC
· Inter-symbol group(s) OCC
· Inter-repetition OCC 

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

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

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

	Channel and impairments
	carrier frequency
	2GHz

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

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

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

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

	Transmitter
	NPRACH format
	1 or 0

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to proponent

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to proponent

	
	Velocity of UE
	3km/h

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


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

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



Agreement
OCC multiplexing is not supported between a UE using NPUSCH format 1 with 3.75kHz SCS and another UE using NPUSCH format 1 with 15kHz SCS.
Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.

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

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

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




2 Motivation
In IOT NTN systems, most of the users of the system will operate in low SNR conditions. To be able to close the link, repetitions are applied to the different physical channels.
Although the use of repetitions allows a single user to successfully deliver a transport block to the eNB, it comes at the cost of network resources: a low-SNR UE needing 200ms to transmit a single transport block will use 10 times more network resources than a high-SNR UE needing 20ms (assuming same bandwidth allocation). Equivalently, a network supporting a population of low-SNR UEs will be able to support 10 times less users than one of high-SNR UEs. This capacity reduction, however, is not a fundamental limitation, as we will see next.
Using the NB-IoT coding chain, under a sufficiently large number of repetitions, the UE will exhaust the circular buffer and the same coded bits will be transmitted multiple times. The repetition of a given bit does not affect the coding rate, but increases the SNR seen by that given bit. For instance, if the full circular buffer is repeated X times, the coding rate will be still 1/3 (rate of the mother code), but the SNR of each bit will be increased by 10log10 (X) dB. The same increase in SNR per bit can be achieved (without a degradation in performance under ideal conditions) by reducing the equivalent bandwidth of the UE by a factor of X and, therefore, increasing the multiplexing capacity by a factor of X.

A similar insight can be derived theoretically from the Shannon capacity formula, albeit assuming idealized conditions (infinite codeword length, Gaussian codes, etc.). In low SNR conditions it is possible to reduce the equivalent bandwidth of a single user without impacting its performance. From Shannon’s capacity formula, the achievable bitrate (in nats/s) is:

where P is the received signal power,  is the power spectral density of the noise, and  is the bandwidth.
At low SNR values, it is well known that the capacity does not depend on the bandwidth W, and is asymptotically approximated by  . In practice, this means a user needing many repetitions (low SNR) would not be affected by a reduction in its bandwidth. Equivalently, the same amount of bandwidth (e.g. 3.75kHz or 15kHz) would be able to support more users. Adding more users to the system will increase the total throughput, since more power is added to the system (each user will be transmitting at maximum power).
Although the theoretical reasoning above is based on the bandwidth of a signal, they are also applicable to any technique that reduces the degrees of freedom of the channel (or orthogonal channel uses).
3 NPUSCH capacity enhancements
3.1 Impact of impairments / CFO
For single tone transmissions, the main difference between the different OCC schemes agreed in previous meetings is the time that each OCC codeword spans. For 3.75kHz subcarrier spacing, the numbers are as follows (assuming a frequency offset of 0.1ppm ~ 200Hz, and assuming a worst-case differential phase rotation where one UE is at -200Hz and the paired UE is at -400Hz):

	
	Symbol-level OCC
	Slot-level OCC

	
	M=2
	M=4
	M=2
	M=4

	Separation (in symbols)
	1
	3
	7
	21

	Separation (in ms)
	2/7 ~ 0.28
	6/7 ~ 0.85
	2
	6

	Maximum differential phase (degrees)
	40.3
	122.4
	288
	864


Table 1 Time separation and maximum phase rotation within an OCC codeword, 3.75kHz SCS

From Table 1, we can observe that the codewords in slot-level OCC span a much longer time than symbol level OCC and, therefore, result in a much larger differential phase than symbol level OCC. For slot-level, even with a spreading factor of 2 the maximum differential phase is 288 degrees, which results in severe loss of orthogonality.
Observation 1: OCC codewords in slot-level OCC span a larger time duration and, therefore, will observe a larger differential phase than symbol-level OCC.
In line with the above observations, we propose to focus the RAN1 study on symbol-level OCC at least for the case of single subcarrier with 3.75kHz subcarrier spacing.
Proposal 1:  RAN1 to take symbol-level OCC as the baseline for NPUSCH capacity enhancements at least for the case of 3.75kHz SCS.

3.2 DMRS design
One key difference in the design of OCC for NB-IoT and NR is that NB-IoT NPUSCH DMRS does not support orthogonal multiplexing of UEs. When designing the new DMRS structure, special attention should be paid to the following aspects:
· CFO pull-in range: The separation between DMRS symbols should allow to accurately estimate the CFO within the desired range. Having DMRS symbols largely separated in time will lead to a wrap-around of the phase and would not allow to estimate the CFO accurately due to potential ambiguities. If the DMRS symbols are very close in time, then the accuracy of the CFO will be affected due to the smaller phase change between two symbols.
· Overhead: In general, the relative overhead of DMRS should be kept as low as possible.

We analyze next the effect of symbol-level OCC on the pull-in range of DMRS.
In Rel-13 DMRS for NPUSCH format 1 with 3.75kHz SCS, there is a single DMRS per slot (located in the 5th symbol of the slot). CFO estimation relies on phase differential between two consecutive DMRS, which in this case are separated by 2ms. Since the DMRS is sampling the channel every 2ms, frequency errors that are located 500Hz apart will result in the exact same observations. Therefore, the pull-in range for existing DMRS is of +/-250Hz.
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Figure 1 DMRS position (orange) within a slot for 3.75kHz SCS. The separation between DMRS symbols is 2ms, which results in a pull-in range of +/-250Hz.

For the case of applying directly symbol-level OCC by spreading each symbol to M symbols, the duration of each pre-spreading symbol will be scaled by M. Therefore, the separation between DMRS symbols is also scaled by M, which in turn reduces the pull-in range by the same factor. For the case of M=2, the resulting pull-in range will be 125Hz, which is less than the maximum CFO for S-band assuming 0.1ppm (200Hz). The time domain structure with this basic scheme (before and after de-spreading) would look as follows:
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Figure 2 Multiplexing of two UEs with M=2. After de-spreading, the DMRS for each UE is separated by 4ms, which results in a pull-in range of +/-125Hz

Observation 2: For symbol-level OCC, applying a direct spreading of length M decreases the pull-in range by a factor of M. For M=2, the resulting pull-in range for 3.75kHz SCS is +/-125Hz, which is smaller than the maximum CFO agreed by RAN1 (+/- 200Hz).
The obvious way to solve the pull-in range issue is to increase the DMRS density in the time domain, but this will result in increased overhead / higher coding rates. An alternative way is to introduce a structure similar to the NPRACH “two level hopping”.
In NPRACH, the single tone hopping has two different hopping offsets (plus a hopping randomization across PRU): the “large hop” allows estimating the phase ramp in the frequency domain (delay in time domain) with high accuracy but suffers from ambiguity in case of large time domain delays due to phase wrap-around. This ambiguity is solved by the “small hop”. A similar philosophy can be applied for the problem of phase / CFO estimation for DMRS:
· Two consecutive (before spreading) DMRS symbols are separated by  symbols in the time domain, with  designed to avoid any ambiguity in the phase wrap-around (i.e., the time separation given by is sufficient to identify frequency errors between +/-200Hz without ambiguity). These two consecutive DMRS symbols form a DMRS cluster.
· Two consecutive clusters are separated by  symbols.
This DMRS structure is depicted in the Figure below with  and . Note that the overhead of this DMRS structure is the same as Rel-13 NB-IoT, where the separation between two consecutive DMRS is of 6 symbols (overhead of 1/7).
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Figure 3 Proposed DMRS structure: DMRS separated by  symbols are used to increase the pull-in range, while  is increased to keep a DMRS overhead of 1/7.
In line with the reasoning above, we propose RAN1 to study DMRS structures based on non-uniformly spaced symbols in the time domain:
Proposal 2: For symbol-level OCC, RAN1 to study DMRS structures in which consecutive DMRS symbols (before spreading) are not uniformly spaced, similar to the NPRACH hopping structure:
· Two consecutive DMRS symbols (before spreading) are separated by either  (“short separation”) or  (“long separation”)
· FFS: Detailed structure and values of  and .
3.3 Evaluation results

In this section, we present our results based on the agreed evaluation assumptions in RAN1#116 with the following values:
· GEO satellite, 3.75kHz SCS.
· TBS of 1736 with I_RU = 7
· Up to 8 repetitions 
· No power imbalance
· Without and with CFO of  ppm per UE
· DMRS: As presented in section 3.2.
· For 2 UEs (spreading factor of 2),  = 2, = 9, DMRS symbol starting index = 3
· For 4 UEs (spreading factor of 4),  = 1, = 11, DMRS symbol starting index = 5
The results are shown in Figures 4 and 5.
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Figure 4: Performance of single UE (no OCC) and multiple UEs (with OCC) without CFO
(Performances are reported for duration of 8 repetitions each consisting of 10 RUs)
In Figure 4, we observe that the performance of systems with symbol-level OCC and no OCC are comparable to each other when there is no CFO included in the simulations. For example, 4 UEs can be multiplexed using OCC and there will only be a degradation loss of 0.02 dB @ 10% BLER as compared to no OCC case. This means the capacity can be quadrupled while at the same time maintaining the same per-UE performance.
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Figure 5: Performance of single UE (no OCC) and multiple UEs (with OCC) with CFO
(Performance is reported for duration of 8 repetitions each consisting of 10 RUs)

In Figure 5 we investigate the performance of systems with and without OCC in presence of CFO. One observation is that symbol-wise OCC performance starts suffering some loss as CFO is introduced. When the case of single UE and 2 UEs are compared, the loss is negligible @ 10% BLER. This means that we 2 UEs can be multiplexed while maintaining the single UE performance. However, the impact of CFO becomes a bit worse as multiplexing order (M) is increased. This is because higher M translates to more extension in time, which impacts the orthogonality of OCCs. We observe that there is performance degradation of 0.47 dB @ 10% BLER in the case of multiplexing 4 UEs. 
Observation 3: Symbol-wise OCC can increase the system throughput by up to a factor of 2 with no degradation loss. It can increase throughput by a factor 4 with degradation loss of less than 0.5 dB.
We summarize the KPIs for the scenarios with/without OCC and with/with CFO in Table 2 below.
	KPI
	Without CFO
	With CFO

	
	No OCC
	Symbol-level OCC with 2 UEs
	Symbol-level OCC with 4 UEs
	No OCC
	Symbol-level OCC with 2 UEs
	Symbol-level OCC with 4 UEs (with 8 repetitions)

	SNR at 10% BLER
	-4.87 dB
	-4.87 dB
(0.00 dB degradation)
	-4.85 dB
(0.02 dB degradation)
	-4.87 dB
	-4.87 dB
(0.00 dB degradation)
	-4.4 dB
(0.47 dB degradation)

	Aggregated throughput 
	0.61 kbps
	1.22 kbps
(2.0 x)
	2.41 kbps
(3.95 x)
	0.61 kbps
	1.22 kbps
(2.0 x)
	1.52 kbps
(2.49 x)


Table 2: KPIs for different scenarios with/without OCC and with/without CFO

In view of the evaluations above, we propose to specify NPUSCH enhancements based on symbol-level OCC with a spreading factor of up to 4.
Proposal 3: RAN1 to specify NPUSCH enhancements based on symbol-level OCC with spreading factor of up to 4.
3.4 Interaction with other features

In NB-IoT NTN, in addition to the RRC_CONNECTED data transfer, enhancements like EDT (including Rel-19 enhancements) and PUR may be used for short data transfer. In some cases, networks may operate with a majority of the UEs using these techniques. Therefore, it is proposed that NPUSCH OCC is studied in all these cases.
Proposal 4: RAN1 to study usage of NPUSCH OCC at least in the following scenarios:
· Connected mode dynamic grant.
· EDT
· PUR
· RACH-less EDT (R19)

4 NPRACH capacity enhancements
4.1 Evaluation assumptions

We evaluate the performance of NPRACH with the assumptions agreed in RAN1#116b which are mentioned in the Table 3 below, with parameters to be reported in red. We only perform evaluations for GEO scenario.
	
	Parameter
	value

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

	Channel and impairments
	carrier frequency
	2GHz

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

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

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

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs
Proponent to report the value of Pimb (can be zero) and justification for the chosen value
(Pimb = 0)

	Transmitter
	NPRACH format
	1 or 0 (1)

	
	MIMO scheme
	SISO

	
	Number of repetitions ()
	Up to proponent (8,16,32)


	
	OCC length 
	Up to proponent (3)

	
	OCC sequence
	Up to proponent (DFT)

	
	Number of UE
	Up to proponent (3)

	
	Velocity of UE
	3km/h

	
	Total NPRACH time / frequency resource utilisation
	To be reported by proponent. (single subcarrier is loaded)


	KPI
	Target detection probability
	99%

	
	Target false alarm probability
	0.1%

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


Table 3: Simulation parameters for NPRACH OCC

4.2 Techniques to be evaluated

For multiplexing multiple UEs over the same NPRACH preamble, OCC-based multiplexing schemes may be applied at different granularities—e.g., across the symbols within a symbol-group, or, across different (e.g., adjacent) symbol groups. 
4.2.1 Cross-symbol OCC

In the figure below, we provide a schematic diagram of what a “cross-symbol” (within a symbol group) multiplexing structure may potentially look like—for example,  UEs may transmit using their orthogonal multiplexing signatures within a symbol group, and the base station will be tasked with de-multiplexing the transmissions on the given preamble (in the figure below, the preamble of interest is shaded in blue, with a starting subcarrier index of 6, and following the spec-compliant pseudo-random frequency-hopped pattern of resource allocation in time and frequency).
Note that a cross-symbol OCC is less sensitive to the impact of CFO than a cross-symbol group variant (discussed next), owing to the lesser physical time span of the orthogonal cover code: the longer the time-span of an OCC codeword, the more the loss of orthogonality due to CFO (in other words, the range of CFO that can be handled is inversely proportional to the physical time span of the OCC). 
[image: ]
Figure 6: Cross-symbol OCC for NPRACH

4.2.2 Cross-symbol group OCC

A cross-symbol group multiplexing architecture, for  UEs, over two consecutive symbol groups, is depicted in the figure below.
[image: ]
Figure 7: Cross-symbol group OCC for NPRACH

To demonstrate the difficulty of performing cross-symbol group OCC for NPRACH multiplexing, let us take a closer look at the impact of CFO on the receiver.
The CFO can be thought of a phase ramp in time with a (worst case, as per the assumptions in Table 4) slope of  , where , where n is symbol index (assuming NPRACH Format 1, where the “CP symbol” is of the same length as the other symbols within a symbol group). For the CFO to not cause a loss of orthogonality over the block of  symbols, n should meet   symbols. Even in the simplest cross-symbol group OCC example, i.e.,  UEs multiplexed (e.g., using a length 2 Hadamard code) across adjacent symbol groups which are spaced 6 symbols apart—there would be a phase difference of 115 degrees and a maximum differential phase difference between two UEs of 230 degrees, severely impacting OCC demultiplexing performance. Further, for larger multiplexing orders (e.g.,  and beyond), the situation would only become more and more prohibitive.
Observation 4: Cross-symbol group OCC is impacted by CFO, resulting in loss of orthogonality across OCC codewords.


4.3 Evaluation results

In this section, we provide evaluation results based on the evaluation assumptions from Section 4.1. We multiplex 3 UEs using cross-symbol OCC. The schematic of how OCC is applied to 3 UEs is shown in Figure 8. Note that this scheme uses the signal received in the cyclic prefix. Another aspect worth mentioning is that the transmitted signal on UE 3 is what a legacy NB-IoT will use, so the Rel-19 OCC NPRACH resources can be shared with legacy UEs.
[image: ]
Figure 8: Illustration of how cross-symbol OCC is applied for evaluations
The misdetection () probabilities with a false alarm rate of 0.1% for link-level evaluations have been shown in Fig. 9 for different number of repetitions. It can be observed that the degradation loss between no OCC (single UE) and cross-symbol OCC with 3 UEs is only 0.17 dB, 0.18 dB and 0.18 dB at 99% detection for 32, 16 and 8 repetitions, respectively. This means that if a system is operating with cross-symbol OCC, it would meet the detection and false alarm requirements with minimal degradation, while also increasing capacity by a factor of 3.
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Figure 9: Probability of misdetection without OCC (1 UE) and with cross-symbol OCC (3 UEs), for different number of repetitions and a false alarm rate of 0.1%
Observation 5: Symbol-wise OCC can increase the NPRACH throughput by up to a factor of 3 with degradation loss of less than 0.2 dB.
Proposal 5: RAN1 to specify NPRACH symbol-wise OCC with spreading factor of up to 3.
4.4 Interaction with other features and specification impact

In order to maximize the capacity increase given by OCC in a legacy deployment, it is desirable to have legacy UEs and OCC capable UEs share the same set of NPRACH resources. To that end, RAN1 should investigate mechanisms for such a coexistence to be facilitated. As an example, in a cross-symbol OCC setup for NPRACH (as described in Section 4.2.1), a legacy UE may be thought of one that always transmits an OCC signature of an “all 1 OCC codeword”—therefore, OCC codebooks comprising the “all 1 codeword” may facilitate legacy UEs to transmit NPRACH over the same set of resources. However, aspects such as how to share the pool of NPRACH resources between new and legacy UEs, would need to be further studied.
Proposal 6: RAN1 to strive for allowing multiplexing of legacy UEs and OCC UEs in the same NPRACH resources.
The designs that RAN1 develops for OCC-based NPRACH multiplexing should be as broadly applicable as possible, since NPRACH capacity may have the potential to become a bottleneck in any instance in which a NPRACH may be required to be transmitted. While (contention-based) legacy (4-step) initial access is the most canonical use case, important features for efficient small-data transmission, such as EDT, also warrant due consideration, particularly considering the “partitioned” NPRACH preamble space for EDT. Contention-free random access (e.g., PDCCH ordered NPRACH) is also an aspect that is worth studying, w.r.t the potential capacity benefits of OCC-based NPRACH multiplexing.
Proposal 7: RAN1 to study usage of NPRACH OCC at least in the following scenarios:
· Initial access
· EDT
· PDCCH order
· Connected mode CBRA
Currently, there isn’t a notion of an OCC signature associated with a UE’s transmission of a NPRACH preamble, which would need to be introduced for supporting OCC-based NPRACH. The introduction of an OCC-signature associated with an NPRACH preamble transmission may require studying any potential impact on the random access response (RAR), which would now need to address multiple UEs transmitting NPRACH on the same physical time and frequency resource.
Proposal 8: RAN1 to study the specification impact of NPRACH OCC on the RAR.
5 Summary
In this contribution we presented our views on uplink capacity enhancements for IOT NTN. We made the following observations and proposals:
For NPUSCH OCC:
Observation 1: OCC codewords in slot-level OCC span a larger time duration and, therefore, will observe a larger differential phase than symbol-level OCC.

Proposal 1:  RAN1 to take symbol-level OCC as the baseline for NPUSCH capacity enhancements at least for the case of 3.75kHz SCS.

Observation 2: For symbol-level OCC, applying a direct spreading of length M decreases the pull-in range by a factor of M. For M=2, the resulting pull-in range for 3.75kHz SCS is +/-125Hz, which is smaller than the maximum CFO agreed by RAN1 (+/- 200Hz).

Proposal 2: For symbol-level OCC, RAN1 to study DMRS structures in which consecutive DMRS symbols (before spreading) are not uniformly spaced, similar to the NPRACH hopping structure:
· Two consecutive DMRS symbols (before spreading) are separated by either  (“short separation”) or  (“long separation”)
· FFS: Detailed structure and values of  and .

Observation 3: Symbol-wise OCC can increase the system throughput by up to a factor of 2 with no degradation loss. It can increase throughput by a factor 4 with degradation loss of less than 0.5 dB.

Proposal 3: RAN1 to specify NPUSCH enhancements based on symbol-level OCC with spreading factor of up to 4.

Proposal 4: RAN1 to study usage of NPUSCH OCC at least in the following scenarios:
· Connected mode dynamic grant.
· EDT
· PUR
· RACH-less EDT (R19)

For NPRACH OCC:
Observation 4: Cross-symbol group OCC is impacted by CFO, resulting in loss of orthogonality across OCC codewords.

Observation 5: Symbol-wise OCC can increase the NPRACH throughput by up to a factor of 3 with degradation loss of less than 0.2 dB.

Proposal 5: RAN1 to specify NPRACH symbol-wise OCC with spreading factor of up to 3

Proposal 6: RAN1 to strive for allowing multiplexing of legacy UEs and OCC UEs in the same NPRACH resources.

Proposal 7: RAN1 to study usage of NPRACH OCC at least in the following scenarios:
· Initial access
· EDT
· PDCCH order
· Connected mode CBRA

Proposal 8: RAN1 to study the specification impact of NPRACH OCC on the RAR.

References
[1] RP-234077, New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3
image1.png
2ms

> < >

Slot n Slot n+1




image2.png
UE1

UE2

De-COM with [+,4] |y De-COM with [+4]

- - eNB processing

4ms





image3.png
EE SN DN EEEEEEEE NN EEEE o

After spreading





image4.jpeg
10°

10?2

—e— single UE (no 0CC)
~ & = 2 Us with 0CC
- & - 4UEswith ocC

49

48

47
CINR (dB)

46 45

44




image5.jpeg
—e— single UE (no 0CC)
= & = 2 UEs with 0CC
- & - 4UEswith 0cC

10?2

5 48 46 44 42 -4
CINR (dB)




image6.png
_ =
o -

Preamble index (k)

- N w d O O d4 o ©

o

M UEs sharing NPRACH

resources simultaneously

Preamble Repetition Unit
(PRU)76.4ms 1

[ |

'

Symbol Group

ISubcarrier Spacing Afgy = Format 0/1
3.75kHz CP = 66us/266 us

“m

0 1 2 3 4 5 6 7 8 9 10 11
Symbol group index (n) ——

-
T





image7.png
Preamble index (k)

_ =
o -

- N w d O O d4 o ©

o

Preamble Repetition Unit

(PRU)56.4ms 1

Symbol Group

[

ISubcam'erSpacing Afgp =

I~

N\
N
AY
A
<
N
AN

“m

-

3 4 5 6 7 8 9 10
Symbol group index (n) ——M8 ¥ —»

4
‘ﬁ

2 UEs sharing NPRACH
resources simultaneously

3.75kHz

\\

“sy,[nbolgroup” iat UE u

—
o
3
»
/
’
’

——
/
/

/
/
4

-

3.2ms (2 symbol groups)





image8.png
1 |=NPRACH symbol

Gy = NPRACH symbol group g at UE u, where g goes from 1W\

Cyclically shifted codeword CP
UE 1 1 | w? ‘ 1| o | 1] o | w?
1
| G,
UE 2 1 wt ‘ 1 > 1 w? w?t
Gy
UE 3
(Legacy UE 1 I [ 1 1 1 1 1 1
config)

15t copy of OCC

2" copy of OCC

Normal DFT codeword [

This copy utilizes CP and is OCC’ed by a cyclically shifted DFT codeword of length 3

This copy is result of a conventional DFT codeword of length 3 (not cyclically shifted)





image9.svg
  
.MsftOfcThm_Accent1_Stroke_v2 {
 stroke:#4472C4; 
}

   Confidential – Qualcomm Technologies, Inc. and/or its affiliated companies – May Contain Trade Secrets  1  1 = NPRACH symbol UE 1  1 UE 2  𝟏  𝝎  1 UE 3 (Legacy UE config)  𝟏  𝝎         𝝎 𝟐  𝟏  𝝎 𝟐  𝟏  𝝎 𝟐  𝝎 𝟒  𝟏  𝟏  𝟏  𝟏  𝟏 𝝎 = 𝒆 − 𝒋𝟐𝝅 / 𝟑 𝝎 𝟐 = 𝒆 − 𝒋𝟒𝝅 / 𝟑 . . . = NPRACH symbol group g at UE u, where g goes from 1 to 4 within a PRU 𝐺 𝑔 1 𝐺 𝑔 2 𝐺 𝑔 3  [ 𝜔 2 , 1, 𝜔 , 1 , 𝜔 , 𝜔 2 ]  [ 𝜔 4 ,1, 𝜔 2   , 1 , 𝜔 2 , 𝜔 4 ]  [1,1, 1 , 1 , 1 , 1 ]  𝝎 𝟐  𝝎 𝟒  𝟏  CP      1 st copy of OCC  2 nd copy of OCC This copy utilizes CP and is OCC’ed by a cyclically shifted DFT codeword of length 3    This copy is result of a conventional DFT codeword of length 3 (not cyclically shifted)  Cyclically shifted codeword  Normal DFT codeword 𝐺 𝑔 𝑢 


image10.jpeg
Probability of Misdetection

—— 1 UE32Reps
——1UE 16 Reps
—— 1 UEBReps
3UEs 32 Reps
3UEs 16 Reps
3UEs 8 Reps
- = = 1% Threshold

-8

7 -1 -7
SNR (dB)

-6.5





