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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:
Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design

In RAN1#116, the following was agreed:
Agreement
· Adopt the table below for assumptions for Evaluation parameters for link level evaluation in NR NTN UL capacity and throughput enhancements
	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, 30° elevation angle

	Carrier frequency
	· 2 GHz

	Subcarrier spacing
	· 15 kHz

	UE speed
	· 3 km/h

	Frequency hopping 
	· No frequency hopping

	PUSCH mapping type A with
	· 14 OS- for OCC across slots including DMRS 

	HARQ configuration 
	· No HARQ

	Channel coding
	· LDPC

	TBS
	Reported by companies, e.g.
· ≈184 bits payload @AMR 4.75kbps96 bits @Low data rate

	DMRS configuration / port / bundling
	1 port per UE
Reported by companies
· DMRS positions for single-symbol DMRS and optional double-symbol DMRS for PUSCH mapping type A defined in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 respectively with ld=14, l0=2 and pos1 in [38.211].
· up to 8 DMRS Ports
Optional DMRS Bundling

	PRBs/MCS
	Reported by companies, e.g. 
· 1 PRB, 2 PRBs
· MCS in Table 6.1.4.1-2 in [TS 38.214]

	Max repetition number
	· Reported by companies – up to 20 for VoIP, up to 32 for low data rates

	OCC length 
	Reported by companies, e.g.
·  Up to 8

	OCC sequence
	Reported by companies, e.g.
· Walsh sequences in Table 6.3.2.6.3-1 in TS38.211
· DFT sequence in Table 6.3.2.6.3-2 in TS38.211

	Antenna configuration at Satellite
	· 1Rx

	Antenna configuration at UE
	· 1Tx



Agreement
· Adopt the table below for assumptions for modelling impairments for link level evaluation in NR NTN UL capacity and throughput enhancements
	Parameter
	Value

	TO
	Reported by companies
· With TO: Uniform selection from [-0.94us, 0.94us], where 0.94us=29Ts
· Optional without TO

	FO
	Reported by companies
· Uniform selection from [-0.1 ppm, +0.1 ppm], Variation of frequency error is negligible.
· Optional: with lower maximum residual FO, to be reported by companies

	Timing drift 
	Optional

	Receiver algorithm
	To be reported by companies, e.g.
· MMSE

	Channel estimation
	· Real channel estimation



Agreement
· Adopt the table below for assumptions for KPIs for link level evaluation in NR NTN UL capacity and throughput enhancements
	Parameter
	Value

	Number of code-division multiplexed users
	Reported by companies (up to 8)

	KPI – SNR for a target BLER per UE
	As in Rel-18 (otherwise reported by companies)
· VoIP: SNR @2% BLER
· For other cases: SNR @10% BLER

	KPI - Aggregated throughput
	Reported by companies
Total throughput according to number of code-division multiplexed users (up to 8)
Note: companies should also report the throughput for the case without OCC



In this contribution, we present our views on further details for NTN uplink capacity enhancements.
2 Motivation
In 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 gNB, it comes at the cost of network resources: a low-SNR UE needing 32 repetitions to transmit a single transport block will use 32 times more network resources than a high-SNR UE needing a single repetition (assuming same bandwidth allocation). Equivalently, a network supporting a population of low-SNR UEs will be able to support 32 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 NR 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 1/5 (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 capability 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 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. 180kHz) 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 Techniques to be evaluated and qualitative assessment
In this section we discuss different domains over which OCC may be applied. OCC may be applied in the frequency domain i.e., across a sub-carrier level. OCC may also be applied in the time domain i.e., across symbols, groups of symbols, or slots. Additionally, the above techniques may be combined (e.g. similar to how DMRS combines a comb structure with time-domain OCC). 
3.1 Cross-symbol and cross-symbol cluster OCC
In cross-symbol OCC, the cover code is applied to OFDM symbols i.e., one symbol is repeated M total times, and a cover code is applied on top. This is shown in Fig. 2. 
[image: ]
Fig. 1: Cross-symbol OCC with M=2
With respect to the impact of potential impairments on the orthogonality of this scheme, we make the following qualitative observations:
1. Timing offset: Cross-symbol OCC is expected to be robust to timing offset, given that the timing offset is within the cyclic prefix. This is because each sub-carrier of each symbol is impacted by timing offset in the same manner, hence preserving the orthogonality of the cover code. 
2. Timing drift: Timing drift is expected to have little impact on cross-symbol OCC as long as there is pre-compensation every slot. 
3. Frequency Error: The impact of CFO will get worse as M increases on cross-symbol OCC. This is because each symbol within the OCC group experiences a phase ramp because of CFO, therefore impacting orthogonality. The higher the value of M, the higher the impact of the phase ramp (because of spreading in time) resulting in loss of orthogonality.
Emission considerations: Since OCC is done in time domain, the waveform per symbol does not change, hence Cross-symbol OCC is expected to have same emissions (IBE and OOB) as compared to case with no OCC.	
A generalization of cross-symbol OCC is cross-symbol cluster OCC. In cross-symbol cluster OCC, the cover is applied to a group OFDM symbols (a symbol cluster) i.e., one cluster after doing OCC becomes M clusters. This is shown in Fig. 3. In addition to the spreading factor M, another parameter to be considered for this scheme is the cluster length L i.e., how many OFDM symbols are grouped together to form a cluster. Note that cross-symbol OCC is equivalent cross-symbol cluster OCC when symbol-cluster has only one symbol (L=1). 
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Fig. 2: Cross-symbol cluster OCC with M=2 and L=2
Resilience to impairments of cross-symbol cluster OCC:
1. Timing offset and timing drift: Same performance impact as cross-symbol OCC. 
2. Frequency Error: In addition to the impact of M (as explained above for cross-symbol OCC), the value of the cluster length L will also affect the performance under frequency error: the larger the value of cluster length L, the larger the spread of symbols across clusters i.e., symbols from each cluster are farther away from each other and suffer from orthogonality loss resulting in performance degradation.
Emission considerations: Same as cross-symbol OCC.

3.2 Cross-slot OCC
In cross-slot OCC, the cover code is applied to OFDM slots i.e, one slot is repeated M total times and the cover code is applied on top. This is shown in Fig. 4. Note that cross-slot OCC can be considered a case of cross-symbol cluster OCC where the duration of the cluster is equal to that of the slot duration e.g., cluster length of 14 symbols with OCC is equal to cross-slot OCC.
[image: ]
Fig. 3: Cross-slot OCC with M=2

Resilience to impairments of cross-slot OCC:
1. Timing offset and timing drift: Same performance as cross-symbol OCC.
2.  Frequency Error: The impact of CFO is worse for slot-wise OCC. This is because spread is done slot-wise rather than symbol or cluster-wise. This means that phase degradation will be worse since the scale of spread in time is worse. Same argument for cluster-wise OCC for large values of L can be applied to explain performance degradation of cross-slot OCC. 
Emission considerations:  Same as cross-symbol OCC.
3.3 Intra-symbol pre-DFT-s OCC: “comb-like” structure
In intra-symbol pre-DFT-s OCC, a comb-based OCC is applied to sub-carriers. This is shown in Fig. 5. The comb structure can be created by using oversampling property of DFT i.e., a repetition of sequence before doing DFT-s, will result in comb structure after performing DFT-s.
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Fig. 4: Intra-symbol pre-DFT-s OCC with M=2
This is the same multiplexing scheme as used by PUCCH format 4 with block-wise spreading. According to TS 36.211 subclause 6.3.2.6.3, the following orthogonal sequences are used:
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Resilience to impairments of intra-symbol pre-DFT-s OCC:
1. Timing offset: Intra-symbol pre DFT-s OCC is expected to be robust to timing offset, given that the timing offset is within the cyclic prefix. Timing offset will result in phase difference between different sub-carriers within the same symbol. However, since this type of OCC is done per sub-carrier rather than across sub-carriers, this phase difference will have minimal impact of system performance.
2. Timing drift: Timing drift is expected to have little impact on intra-symbol pre DFT-s OCC as long as there is pre-compensation every slot.
3. Frequency Error: Intra-symbol pre DFT-s OCC is expected to be robust to CFO since it is done within a symbol and impact of CFO within a symbol is small given that the CFO is significantly smaller than the subcarrier spacing
Emission considerations: Since sub-carriers are power-boosted in case of intra-symbol pre DFT-s OCC, there may be impact on in-band emissions for this scheme. This is because power from the edge-subcarriers may leak into the neighboring PRBs. Note that current DMRS and PUCCH format 4 already support comb-like structure, so as long as the spreading factor M is moderate (e.g. up to 4) emissions should not be a concern.
3.4 Intra-symbol FD-OCC
In Intra-symbol FD-OCC, OCC is applied to sub-carriers i.e., one sub-carrier is repeated M times with a cover code on top. This is shown in Fig. 6.
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Fig. 5: Intra-symbol FD-OCC with M=2
Resilience to impairments of intra-symbol FD-OCC:
1. Timing offset: Intra-symbol FD-OCC is expected to be impacted by timing offset. Timing offset will result in phase difference between different sub-carriers within the same symbol. This phase difference will result in loss of orthogonality which will degrade the system performance. Higher the value of M, higher will be the phase differences amongst the sub-carriers, higher will be the loss of orthogonality.
2. Timing drift: Timing drift is expected to have little impact on intra-symbol pre DFT-s OCC as long as there is pre-compensation every slot.
3. Frequency Error: Intra-symbol FD-OCC is expected to be robust to CFO since it is done within a symbol and impact of CFO within a symbol is small given that allocated bandwidth is small enough (lesser PRB allocation)
Emission considerations: Since there may be abrupt phase changes per sub-carrier in case of intra-symbol FD-OCC, the generated waveform per symbol will differ as compared to case with no OCC. In addition, the single carrier waveform of DFT-s will be, in general, broken. These phase changes may impact out of band emissions (PAPR and CM) of the system. Additionally, as we increase the multiplexing order within a PRB before DFT-s, we may have IBE issues as well like that of pre DFT-s OCC.

Based on our initial assessment, two of the schemes above have clear drawbacks and may be excluded from evaluations in RAN1:
· Cross-slot OCC will be very sensitive to Doppler, since the spreading spans at least 1ms. A frequency error of 0.1ppm (+/- 200Hz) will impact the orthogonality across slots.
· Intra-symbol FD-OCC will destroy the single-carrier property of DFT-s-OFDM waveform, which is not desirable. For intra-symbol OCC, a frequency domain comb structure (resulting from pre DFT-s spreading) is preferred.
Given the qualitative analysis above, we propose RAN1 to focus on the following schemes:
Proposal 1: RAN1 to study at least the following OCC techniques (including combinations of both):
· Cross-symbol and cross-symbol cluster OCC
· Intra-symbol pre-DFT-s OCC (comb structure)

4 Evaluation results
We the following schemes, which are a combination of the schemes mentioned above. These schemes are:
1. Cross-symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4
2. Cross-slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 
These two schemes allow multiplexing of up to 8 UEs. The schematic of these schemes are shown in Figs. 6 and 7.
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Fig. 6: Cross-symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4
[image: ]
Fig. 7: Cross-slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4

We see that in the configurations described above, the difference is in “OCC span” (i.e., time separation in the time domain). For the cross-slot case, the OCC span is one slot whereas the span for cross-symbol case is one OFDM symbol. It should be noted that the cross-symbol configuration is like that of front-loaded DMRS with 8 orthogonal ports.

Without impairments, both configurations will have the same performance. The only loss in comparison to no OCC (single UE) case will be due to increased coding rate. 

4.1 Robustness to impairments

With introduction of impairments – specifically CFO – there will be a performance gap between the two schemes. The “OCC span” of the two schemes can be used to explain this gap. If we look at a particular pair of resource elements across the “OCC span” for both OCC configurations, one UE will use codeword [1,1] for OCC across these resource elements, while the other UE codeword [1,-1]. The time difference between these two resource elements will depend on the configuration used – for cross-slot case, these resource elements will be separated by a slot duration, while these resource elements will be separated by 1 OFDM symbol duration for cross-symbol-configuration. As we know, CFO translates to a phase ramp in time, which will result in loss of orthogonality for OCC. This loss of orthogonality will be minimal for cross-symbol configuration since the phase ramp will be sampled on an OFDM symbol-level granularity. For cross-slot configuration, the phase ramp will be sampled on a slot-level granularity, resulting in large changes of the signal phase across resource elements, which in turn will cause severe loss of orthogonality.

Within the comb, the impact of CFO is expected to be small given that the subcarrier spacing (15kHz) is much larger than the maximum CFO (200Hz).  Additionally, timing drift will not have notable impact on both configurations as long as there is pre-compensation every slot. Timing offset will also have little impact on the performance as long as it is contained within the cyclic prefix.

4.2 MMSE de-OCC in the presence of CFO

One way to improve performance in cases where CFO impacts the orthogonality of OCC is to use an MMSE receiver to undo the OCC. Generally, undoing the OCC is just a dot product of the received signal with the codeword assigned to the respective UE. This dot product is optimal for the case where the two codewords are perfectly orthogonal at the receiver since it can achieve simultaneously a “matched filter” (projecting onto the desired codeword) and “zero forcing” (canceling the interfering codeword). For the cases where there is loss of orthogonality at the receiver due to phase, we can find the optimum projection vector by using an MMSE formulation. For example, for 2 UEs which are spread with OCC across slots, we can derive the MMSE estimator for the following system of equations:


Where  is the received signal on a given RE in slot n,  is the channel for user i,  is modulated data symbol for user i,  is the phase rotation due to CFO across a slot on UE i, and w is the noise sample in the corresponding slot.  The MMSE receiver is expected to work better since it considers the loss of orthogonality and designs a projection that maximizes the SINR. For instance, if the signal from one UE is much stronger than the other one, the MMSE receiver will tend to a “zero forcing” receiver where the strongest user is almost completely cancelled, at the cost of reduced signal power of the desired UE. This MMSE receiver will require very accurate CFO estimates, noise variance and matrix inversions for every pair of UEs (for 8 UEs, this receiver will be running 4 times). Therefore, the complexity of the MMSE receiver is much larger than undoing OCC just using dot product. We will see in the upcoming results that the MMSE receiver does indeed improve the performance of cross-slot OCC. However, there is still be a significant gap between the performance of cross-slot configuration with MMSE and cross-symbol configuration with no MMSE.
4.3 Link level simulation results

We now proceed to present evaluation results for both configurations mentioned above with/without impairments, with different receivers (MMSE and vanilla OCC receiver) and with different data rates (TBSs). The evaluation assumptions are as agreed in RAN1#106, with a bandwidth of 1 PRB. The evaluation results are presented in Fig. 8 and 9.
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Fig. 8: Comparison of different OCC configurations with/without impairments with different receivers for AMR 4.75 (TBS = 184)
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Fig. 9 Comparison of different OCC configurations with/without impairments with different receivers for low data rate (TBS = 96)

For AMR 4.75 (Fig. 8) without impairments, and taking as baseline the single UE case, there is a 0.35 dB loss @ 10% BLER and around 0.8 dB loss @ 1 % BLER. This loss can be attributed to increased channel coding rate. For low data rate (Fig. 9), there is little to no loss w.r.t no OCC. These losses are the same for both configurations as expected.

For cross-slot configuration, we see that the performance gap between impairments and no impairments is significant. This loss is mostly due to CFO. Another observation is that there is some performance gain when we compare MMSE receiver to no MMSE: for AMR 4.75, there is a 2 dB gain @ 10 % BLER, while the gain is 0.7 dB for low data rate scenario. Overall, even with the MMSE receiver, there is a considerable performance gap between cross-slot configuration with impairments and cross-symbol configuration. With respect to no OCC, there is a 1 dB loss @ 10% BLER, around 2.4 dB loss @ 1 % BLER for low data rate, while degradation is more severe for AMR – 1.7 dB @ 10% BLER and 4 dB @ 1 % BLER. 

For cross-symbol configuration, we observe that the performance gap introduced by impairments is much smaller as compared to cross-slot configuration. For AMR, there is a 0.7 dB loss @ 10% BLER, around 1.1 dB loss @ 1 % BLER, while for low data rate scenario, there is a 0.4 dB loss @ 10% BLER, around 0.5 dB loss @ 1 % BLER. Note that no MMSE receiver was used for cross-symbol configuration. We use simple de-OCC using dot product with the assigned codeword per UE.

Overall, we see that 8 UEs can be multiplexed using cross-symbol configuration with a worst(best)-case loss of 1 (0.4) dB. For cross-slot configuration, even with MMSE receiver, the worst(best)-case loss is 4 (1) dB. 
Observation 1: Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs with negligible per-user degradation even in the presence of impairments:
· For AMR 4.75 (TBS=184), the degradation is 0.7 dB @ 10% BLER, around 1.1 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 0.4 dB @ 10% BLER, around 0.5 dB @ 1 % BLER

Observation 2: Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs, but suffers large degradation in the presence of impairments even with a complex MMSE de-OCC receiver:
· For AMR 4.75 (TBS=184), the degradation is 1.7 dB @ 10% BLER, around 4 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 1 dB @ 10% BLER, around 2.4 dB @ 1 % BLER

Based on the evaluations above, we report KPIs for both OCC configurations in the Table below for scenarios with all impairments.
	Parameter
	Value

	Number of code-division multiplexed users
	
8

	
	OCC Scheme
	VoIP: SNR @2% BLER
	Low data rate: SNR @ 10% BLER

	KPI – SNR for a target BLER per UE
	No OCC
	-5 dB
	-10 dB

	
	Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 
	-4 dB (1 dB loss)
	-9.6 dB (0.4 dB loss)

	
	Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 (with MMSE de-OCC)
	-1.9 dB (3.1 dB loss)
	- 9 dB (1 dB loss)

	
	Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 (with simple de-OCC)
	> 0 dB (> 5 dB loss)
	-8.3 dB (1.7 dB loss)

	KPI - Aggregated throughput 

(calculated at the operating SNR of no OCC)
 
	OCC Scheme
	VoIP: Throughput @-5dB SNR
	Low data rate: Throughput @ -10dB SNR

	
	No OCC
	9.02 kbps
	4.32 kbps

	
	Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 
	71.14 kbps (7.89x)
	33.74 kbps (7.81x)

	
	Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 (with MMSE de-OCC)
	68.07 kbps (7.55x)
	32.36 kbps (7.49x)

	
	Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 (with simple de-OCC)
	64.46 kbps (7.15x)
	30.54 kbps (7.07x)



In view of the above, we conclude that:
· Capacity gains of up to ~8x (7.89x) are achievable with minimal per UE degradation (less than 1dB) when using comb + cross-symbol OCC.
· Cross-symbol OCC with pre-DFT-s OCC outperforms cross-slot OCC in the presence of impairments.
· Using a more complex technique to remove the OCC increases the performance for slot-based OCC, but the performance is still substantially worse than for cross-symbol OCC.
RAN1 should move forward with specifying uplink capacity enhancements based on cross-symbol and pre-DFT-s OCC. We would also like to highlight that this structure is the same as the one used for DMRS with eight orthogonal ports.
Proposal 2: RAN1 to specify the following techniques for PUSCH uplink capacity enhancements:
· Spreading factor of up to 2 based on cross-symbol OCC.
· Spreading factor of up to 4 based on pre-DFT-s OCC (comb structure, as PUCCH format 4).
· Both techniques can be used together to achieve a spreading factor of 8.

5 Potential specification impact
Regarding the specification impact of OCC, we make some preliminary assessment on the potential issues that RAN1 would need to discuss after RAN1 confirms to specify uplink capacity enhancements:
· Spreading factor(s) that are supported by the standard.
· Signaling of spreading factor (DG and CG)
· Signaling of OCC codeword to be used for a particular transmission.
· Determination of TBS when OCC is applied.
· Aspects related to UCI multiplexing.
· Resource allocation.
Proposal 3: RAN1 to consider the following aspects when developing specifications for OCC:
· Spreading factor(s) that are supported by the standard.
· Signaling of spreading factor (DG and CG)
· Signaling of OCC codeword to be used for a particular transmission.
· Determination of TBS when OCC is applied.
· Aspects related to UCI multiplexing.
· Resource allocation.

6 Summary
In this contribution we presented our views on uplink capacity enhancements for NR NTN. We made the following observations and proposals:
Proposal 1: RAN1 to study at least the following OCC techniques (including combinations of both):
· Cross-symbol and cross-symbol cluster OCC
· Intra-symbol pre-DFT-s OCC (comb structure)

Observation 1: Cross symbol OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs with negligible per-user degradation even in the presence of impairments:
· For AMR 4.75 (TBS=184), the degradation is 0.7 dB @ 10% BLER, around 1.1 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 0.4 dB @ 10% BLER, around 0.5 dB @ 1 % BLER

Observation 2: Cross slot OCC with SF2 and pre-DFT-s OCC (comb structure) with SF4 allows to multiplex up to 8 UEs, but suffers large degradation in the presence of impairments even with a complex MMSE de-OCC receiver:
· For AMR 4.75 (TBS=184), the degradation is 1.7 dB @ 10% BLER, around 4 dB @ 1 % BLER
· For low data rate (TBS=96), the degradation is 1 dB @ 10% BLER, around 2.4 dB @ 1 % BLER

Proposal 2: RAN1 to specify the following techniques for PUSCH uplink capacity enhancements:
· Spreading factor of up to 2 based on cross-symbol OCC.
· Spreading factor of up to 4 based on pre-DFT-s OCC (comb structure, as PUCCH format 4).
· Both techniques can be used together to achieve a spreading factor of 8.

Proposal 3: RAN1 to consider the following aspects when developing specifications for OCC:
· Spreading factor(s) that are supported by the standard.
· Signaling of spreading factor (DG and CG)
· Signaling of OCC codeword to be used for a particular transmission.
· Determination of TBS when OCC is applied.
· Aspects related to UCI multiplexing.
· Resource allocation.
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