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1	Introduction
The Rel-19 WID entitled “Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3” includes the following objective touching upon RAN1 [1]:
	· Support of Capacity enhancements for uplink

· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]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, RAN4]

· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account




In this contribution we provide a follow-up on the uplink capacity enhancements for NPUSCH format 1 including both 3.75 kHz and 15 kHz subcarrier spacings, and NPRACH.
2	OCC for NPUSCH Format 1
In RAN1# 116, the following agreement was reached [2]:
	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 



Below we provide our views on single-tone and multi-tone with 15 kHz SCS in section 2.2, single tone with 3.75 kHz SCS in section 2.1, and NPRACH in section 3.
2.1	NPUSCH Format 1 single-tone with 15 kHz SCS


For NPUSCH Format 1 single-tone with 15 kHz SCS, the slot duration is 0.5 ms and the RU is 8ms, in this case Table 10.1.2.3-1 in TS 36.211 states that the following applies= 1 and= 16 [3]. 



Table 10.1.2.3-1: Supported combinations of , , and  for frame structure type 1.
	NPUSCH format
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	1
	3.75 kHz
	1
	16
	7

	
	15 kHz
	1
	16
	

	
	
	3
	8
	

	
	
	6
	4
	

	
	
	12
	2
	

	2
	3.75 kHz
	1
	4
	

	
	15 kHz
	1
	4
	



When using NPUSCH Format 1 single-tone with 15 kHz SCS, it is possible to have up to 12 simultaneous UEs. Two OCC sequences are foreseen to be sufficient for increasing the UL capacity since they can be re-used on each time-frequency resource (i.e., ,[image: ]) available for NPUSCH Format 1 with 15 kHz SCS.
Below we provide an example of an OCC applied on NPUSCH Format 1 with 15kHz SCS, using orthogonal sequences of length 2 (See Table 1) and a “slot-level” OCC spreading.
Table 1: Orthogonal sequences of length 2.
	1
	1

	1
	-1



Example 1:

First, we illustrate single tone (= 1) with 15 kHz SCS, and[image: ]= 16 for which the slot duration is 0.5 ms.
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Secondly, we illustrate single tone after “slot-level” spreading, so that UE1 and UE2 can transmit at the same time.
UE 1: Single tone “slot-level” spreading using {+1, +1}
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OCC’d RU = 16 ms
UE 2: Single tone “slot-level” spreading using {+1, -1}
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OCC’d RU = 16 ms
Figure 1: Single tone NPUSCH Format 1 with 15 kHz SCS, with two UEs transmitting on the same resources using two OCC sequences of length 2, using a slot-level OCC spreading.


[bookmark: _Toc163232999]For NPUSCH Format 1 single-tone (= 1) with 15 kHz SCS, the RU length spans= 16 slots, which results in 8ms given that the slot duration is 0.5ms.

[bookmark: _Toc163233000]Two OCC sequences are foreseen to be sufficient for increasing the UL capacity since they can be re-used on each time-frequency resource (i.e., ,[image: ]) available for NPUSCH Format 1 with 15 kHz SCS.
[bookmark: _Toc163233001]If OCC were supported only for NPUSCH Format 1 single-tone with 15 kHz SCS, a “slot-level” granularity along with sequence length 2 is foreseen to be a suitable choice. The DMRS phase difference is not foreseen to go beyond ℼ/- ℼ, since the DMRSs on slots repeated due to OCC spreading are separated by 1-slot = 0.5ms.
2.2	NPUSCH Format 1 single-tone with 3.75 kHz SCS


For NPUSCH Format 1 with 3.75 kHz SCS, the slot duration is 2 ms and the RU is 32ms, in this case Table 10.1.2.3-1 in TS 36.211 states that the following applies= 1 and= 16 [3].
In the case of the NPUSCH Format 1 with 3.75 kHz SCS, if a “slot-level” OCC spreading were applied, the DMRS phase difference might go beyond ℼ/- ℼ since the slot duration is 2ms. Thus, if NPUSCH Format 1 with 3.75 kHz SCS were to be supported, a “symbol-level OCC” spreading is foreseen to be a suitable choice.
Below we provide an example of an OCC applied on NPUSCH Format 1 with 3.75kHz SCS, using orthogonal sequences of length 2 (See Table 1) and a “symbol-level” OCC spreading.

Example 2:

First, we illustrate single tone (= 1) with 3.75 kHz SCS, and[image: ]= 16 for which the slot duration is 2 ms.
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Secondly, we illustrate single tone after “symbol-level” spreading, so that UE1 and UE2 can transmit at the same time.
UE 1: Single tone “symbol-level” spreading using {+1, +1}
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OCC’d RU = 64 ms
UE 2: Single tone “symbol-level” spreading using {+1, -1}
	0
	0
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5
	6
	6
	7
	7
	8
	8
	9
	9
	10
	10
	11
	11
	12
	12
	13
	13
	14
	14
	15
	15

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	0
	0
	1
	1
	2
	2
	3
	3
	4
	4
	5
	5
	6
	6
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	1
	-1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


OCC’d RU = 64 ms
Figure 2: Single tone NPUSCH Format 1 with 3.75 kHz SCS, with two UEs transmitting on the same resources using two OCC sequences of length 2, spreading using a symbol-level granularity.



[bookmark: _Toc163233002]For NPUSCH Format 1 single-tone (= 1) with 3.75 kHz SCS, the RU length spans= 16 slots, which results in 32ms given that the slot duration is 2ms.
[bookmark: _Toc163233003]In the case of the NPUSCH Format 1 with 3.75 kHz SCS, if a “slot-level” OCC spreading were applied, the DMRS phase difference might go beyond ℼ/- ℼ since the slot duration is 2ms. Thus, a “symbol-level OCC” spreading is foreseen to be a suitable choice.
[bookmark: _Toc163233013]Towards continuing the studies on OCC for NPUSCH single-tone:
· [bookmark: _Toc163233014]If OCC is to be supported only for NPUSCH Format 1 single-tone with 15 kHz SCS, then the OCC spreads across “slot-level”.
· [bookmark: _Toc163233015]If OCC is to be supported for both NPUSCH Format 1 single-tone with 15 kHz SCS and 3.75 kHz SCS, then aiming for a common design, the OCC spreads across “symbol-level”.
2.3	NPUSCH Format 1 multi-tone with 15 kHz SCS


[bookmark: _Hlk156572369][bookmark: _Hlk156572493]In the case of NPUSCH Format 1 with 15 kHz SCS for multi-tone the slot duration is 0.5 ms, the possible allocations are 3-subcarriers, 6-subcarriers, and 12-subcarriers which have associated RUs equal to 4 ms, 2 ms, and 1 ms respectively. For the multi-tone case, Table 10.1.2.3-1 defines = 3, 6, and 12, along with = 8, 4, and 2 respectively. In relation with the above, the benefits of orthogonalizing multi-tone transmissions (typically assigned to high SNR UEs) and potential design considerations to be applied can be discussed after discussing single-tone and once their assumptions/considerations/benefits are settled.


[bookmark: _Toc163233004]For NPUSCH Format 1 with 15 kHz SCS for multi-tone, the possible allocations are 3-subcarriers, 6-subcarriers, and 12-subcarriers with RUs equal to 4ms, 2ms, and 1ms respectively. Thus, for multi-tone three different pairs of and need to be considered.
[bookmark: _Toc163233005]The benefits and feasibility of orthogonalizing multi-tone transmissions, which are typically assigned to high SNR UEs need to be further studied.
[bookmark: _Toc163233016]The benefit of supporting OCC for NPUSCH Format 1 for multi-tone can be discussed after single-tone and their assumptions/considerations/benefits are settled. If OCC for multi-tone were to be supported, RAN1 shall strive for a common design with respect to single-tone. 

3	OCC for NPRACH
In NB-IoT, NPRACH preambles use a single-tone transmission with 3.75 kHz SCS and frequency hopping. NB-IoT supports two NPRACH formats (Format 0 using a CP of 66.7 us, and Format 1 using a CP of 266.67 us), and the basic NPRACH repetition unit consist of four symbol groups [4].
Table 2: Deterministic Frequency Hopping patterns for an NPRACH repetition unit
	Tone used by the 1st symbol group
	Tone hopping for the 2nd symbol group
	Tone hopping for the 3rd symbol group
	Tone hopping for the 4th symbol group

	0, 2, 4
	+1
	+6
	-1

	1, 3, 5
	-1
	+6
	+1

	6, 8, 10
	+1
	-6
	-1

	7, 9, 11
	-1
	-6
	+1
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Figure 3: Example of a Preamble Repetition Unit: From left-to-right First symbol group starting at tone 0, then 1-tone up (↑) the Second symbol group, then 6-tones up (↑) the Third symbol group, and finally 1-tone down (↓) the Fourth symbol group.
At first glance and because of the inherent hopping, it is not that straight forward introducing OCC for NPRACH. The single tones composing a preamble repetition unit are designed for hopping according with certain patterns across 45 kHz. 
The OCC spreading could be applied on a symbol-group basis using four OCC sequences, but the spreading of a given symbol-group will span across adjacent symbol-groups of other UEs, thus those other UEs would have to be carefully selected/paired as a function of suitable hopping patterns matching the OCC spanning. 
Another important point is that there will be a risky of false preamble detection if OCC is introduced for NPRACH, which is one aspect that needs to be studied. TS 36.141 clause 8.5.3 defines the performance requirements for NPRACH, stating the following:
	The performance requirement of NPRACH for preamble detection is determined by two parameters: the total probability of false detection of the preamble (Pfa) and the probability of detection of the preamble (Pd). The performance is measured for the required SNR
-	at probability of Pd which shall not be smaller than 99% and 
-	at probability of Pfa which shall not be larger than 0.1%.
Pfa is defined as a conditional total probability of erroneous detection of the preamble (i.e. erroneous detection from any detector) when input is only noise.
Pd is defined as conditional probability of detection of the preamble when the signal is present. The erroneous detection consists of several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. A timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 3.646 us. The strongest path for the timing estimation error refers to the strongest path in the power delay profile.



[bookmark: _Toc163233006]NPRACH preambles use a single-tone transmission with 3.75 kHz SCS and frequency hopping. Format 0 uses a CP of 66.7 us, and Format 1 uses a CP of 266.67 us), and the basic NPRACH repetition unit consist of four symbol groups.
[bookmark: _Toc163233007]If OCC were introduced for NPRACH, there might be a risky of false preamble detection which is an aspect that needs to be studied as to continue fulfilling existing NPRACH RAN4 requirements.
[bookmark: _Toc163233017]RAN1 to study the OCC intended to be used for NPRACH with 3.75 kHz SCS accounting for: 1) The duration of the NPRACH preamble repetition unit, 2) The symbol group hopping within the NPRACH preamble repetition unit 3) Whether Format 0 and/or Format 1 will be supported, 4) The target capacity increase, 5) the impairments disrupting the orthogonality, and 6) Network’s scheduler complexity.
[bookmark: _Toc163233018]RAN1 to study the risky of false preamble detection with OCC. Note: The Technical Specification states that Pfa “shall not be larger than 0.1%.”, which might be an impediment for introducing OCC for NPRACH.
4	Other considerations on OCC
4.1	Restrictive scheduling of NPUSCH with 3.75 kHz
One drawback of the NPUSCH transmission using 3.75 kHz SCS is that the slot duration is 2ms, and therefore the RU is lengthy (i.e., For NPUSCH Format 1, the RU length is 32 ms). On that matter, what makes the scheduling of NPUSCH Format 1 more challenging is that the RU needs to align to the even subframes, whereas the scheduling delay values in Table 16.5.1-1 of TS 36.213 are all “even” values [5].

Table 16.5.1-1: for DCI format N0 for FDD.
	

	


	0
	8

	1
	16

	2
	32

	3
	64



To overcome the restrictive scheduling for NPUSCH Format 1 with 3.75 kHz SCS (especially now that in Rel-19 the OCC will spread the RU length), Table 16.5.1-1 can be revised as to include both “even” and “odd” values which would help to increase the scheduling opportunities for NPUSCH Format 1. For example:

Table 3: Revision of Table 16.5.1-1: for DCI format N0 for FDD.
	

	


	0
	8

	1
	16

	2
	329

	3
	6417



[image: ]
Figure 4: Example of an NPUSCH single-tone transmissions with a 3.75 kHz SCS, upper of the figure with only “even” scheduling delay and lower part of the figure having available both “even” and “odd” scheduling delays.
The upper figure shows the applicability of the legacy only “even” scheduling delay values, where it is shown that if for the NPDCCH at subframe#0 a scheduling delay “k0 = 8” is applied, then NPUSCH would start at subframe 9, however such a subframe cannot be used since for 3.75kHz SCS the resource unit needs to align with even subframes. On the other hand, the lower part of the figure shows that the issue can be solve if the table for scheduling delays were revised as to include both “even” and “odd” values. Revising the scheduling delay table as to include both “even” and “odd” values will help to increase the scheduling opportunities especially now that OCC is being considered to be incorporated to NPUSCH single-tone transmissions with 3.75 kHz SCS.
[bookmark: _Toc163233008]One drawback of the NPUSCH Format1 transmission using 3.75 kHz SCS is that the slot duration is 2ms (the RU length is 32 ms). What makes the scheduling of NPUSCH Format 1 more challenging is that the RU needs to align to even subframes, whereas the scheduling values in Table 16.5.1-1 of TS 36.213 are all “even” values.
[bookmark: _Toc163233009]To overcome the restrictive scheduling for NPUSCH Format 1 with 3.75 kHz SCS (especially now that in Rel-19 the OCC will spread the RU length), Table 16.5.1-1 can be revised as to include both “even” and “odd” values which would help to increase the scheduling opportunities for NPUSCH Format 1.
[bookmark: _Toc163233019]For NPUSCH Format 1 with 3.75 kHz SCS (especially now that in Rel-19 the OCC will spread the RU length), revise Table 16.5.1-1 to include both “even” and “odd” scheduling delay values aiming at increasing the scheduling opportunities for NPUSCH Format 1.
4.2	NPUSCH transmission postponements due to NPRACH and UL gap 
Depending on the spreading applied to the NPUSCH Format 1 single-tone transmission (especially for 3.75 kHz SCS), it may or not fit within the periodic NPRACH transmissions. The figure below shows examples of different NPRACH periodicities (From top to bottom: 40ms, 80ms, 160ms) and NPUSCH Format 1 single-tone transmission duration w/o OCC assuming 3.75 kHz SCS. 
Note: The NPRACH periodicities are 40ms, 80ms, 160ms, 320ms, and 640 ms. Nonetheless, an OCC’d NPUSCH transmission could be almost equally lengthy or could even exceed certain periodicities since the transmissions could be repeated, or several RUs could be required for transmitting certain TBS.
[image: ]
Figure 5: Example of NPRACH periodicity (From top to bottom: 40ms, 80ms, 160ms) and NPUSCH Format 1 single-tone transmission duration w/o OCC assuming 3.75 kHz SCS.
If the duration of the NPUSCH transmission reaches the start of the subsequent NPRACH period, then NPUSCH is postponed as to prioritize the NPRACH transmission. Thus, overall, an OCC’d NPUSCH transmission will be prone to more postponements.
Yet, the UL gap used for acquiring DL-sync also postpones the NPUSCH transmission (and may postpone NPRACH as well since the UL gap may fully or partially overlap with it).
Because of the above aspects it is preferred using a short OCC spreading (i.e., a short OCC sequence length) rather than a long OCC spreading.
[bookmark: _Toc163233010]The NPRACH periodicity causes the NPUSCH transmission to be postponed, thus an OCC’d NPUSCH transmission is prone to more postponements. Moreover, the UL gap used for acquiring DL-sync postpones the NPUSCH transmission (and may postpone NPRACH as well since the UL gap may fully or partially overlap with it). Thus, it is preferred using a short OCC spreading (i.e., a short OCC sequence length) rather than a long OCC spreading.
4.3	Pairing
In our understanding RAN1 also needs to study the performance of the OCC accounting for the characteristics of the candidate UEs that can potentially be scheduled (i.e., paired) to transmit simultaneously using OCC, for example based on traffic characteristics, number of repetitions, modulation schemes, location, power, short-term performance records, long-term performance records, etc.
[bookmark: _Hlk158717490]In our view, pairing the most suitable UEs to transmit simultaneously using OCC is essential towards preserving orthogonality, otherwise the orthogonality may suffer from an unsuitable UE pairing (e.g., if the UEs being paired happen to be too unbalanced in terms of transmit power).
[bookmark: _Toc163233011]RAN1 should study the performance of OCC accounting for the characteristics of the UEs intended to be paired, for example based on traffic characteristics, number of repetitions, modulation schemes, location, power, short-term performance records, long-term performance records, etc.
[bookmark: _Toc163233012]Pairing the most suitable UEs to transmit simultaneously using OCC seems to be essential towards preserving orthogonality, otherwise the orthogonality may suffer from an unsuitable UE pairing (e.g., if the UEs being paired happen to be too unbalanced in terms of transmit power).
[bookmark: _Toc163233020]RAN1 to study the potential loss of orthogonality derived from pairing UEs transmitting simultaneously using OCC, accounting for traffic characteristics, number of repetitions, modulation schemes, location, transmit power, etc.
4.4	Peak-to-Average power ratio
One of the characteristics of single-tone transmissions is that the reduced the Peak-to-Average power ratio (PAPR), it needs to be studied whether the Peak-to-Average power ratio properties of single-tone transmissions will prevail after single-tone has been OCC'd. For example, the eNB receiver may need to handle relatively larger PAPR as different UE transmissions are combined together.
[bookmark: _Toc163233021]Study whether the Peak-to-Average power ratio (PAPR) properties of single-tone transmissions will prevail after single-tone has been OCC'd. For example, the eNB receiver may need to handle relatively larger PAPR as different UE transmissions are combined together (RAN4 to be consulted).
5	Conclusion
Based on the discussion in the previous section we made the following observations:


Observation 1	For NPUSCH Format 1 single-tone (= 1) with 15 kHz SCS, the RU length spans= 16 slots, which results in 8ms given that the slot duration is 0.5ms.

Observation 2	Two OCC sequences are foreseen to be sufficient for increasing the UL capacity since they can be re-used on each time-frequency resource (i.e., ,[image: ]) available for NPUSCH Format 1 with 15 kHz SCS.
Observation 3	If OCC were supported only for NPUSCH Format 1 single-tone with 15 kHz SCS, a “slot-level” granularity along with sequence length 2 is foreseen to be a suitable choice. The DMRS phase difference is not foreseen to go beyond ℼ/- ℼ, since the DMRSs on slots repeated due to OCC spreading are separated by 1-slot = 0.5ms.


Observation 4	For NPUSCH Format 1 single-tone (= 1) with 3.75 kHz SCS, the RU length spans= 16 slots, which results in 32ms given that the slot duration is 2ms.
Observation 5	In the case of the NPUSCH Format 1 with 3.75 kHz SCS, if a “slot-level” OCC spreading were applied, the DMRS phase difference might go beyond ℼ/- ℼ since the slot duration is 2ms. Thus, a “symbol-level OCC” spreading is foreseen to be a suitable choice.


Observation 6	For NPUSCH Format 1 with 15 kHz SCS for multi-tone, the possible allocations are 3-subcarriers, 6-subcarriers, and 12-subcarriers with RUs equal to 4ms, 2ms, and 1ms respectively. Thus, for multi-tone three different pairs of and need to be considered.
Observation 7	The benefits and feasibility of orthogonalizing multi-tone transmissions, which are typically assigned to high SNR UEs need to be further studied.
Observation 8	NPRACH preambles use a single-tone transmission with 3.75 kHz SCS and frequency hopping. Format 0 uses a CP of 66.7 us, and Format 1 uses a CP of 266.67 us), and the basic NPRACH repetition unit consist of four symbol groups.
Observation 9	If OCC were introduced for NPRACH, there might be a risky of false preamble detection which is an aspect that needs to be studied as to continue fulfilling existing NPRACH RAN4 requirements.
Observation 10	One drawback of the NPUSCH Format1 transmission using 3.75 kHz SCS is that the slot duration is 2ms (the RU length is 32 ms). What makes the scheduling of NPUSCH Format 1 more challenging is that the RU needs to align to even subframes, whereas the scheduling values in Table 16.5.1-1 of TS 36.213 are all “even” values.
Observation 11	To overcome the restrictive scheduling for NPUSCH Format 1 with 3.75 kHz SCS (especially now that in Rel-19 the OCC will spread the RU length), Table 16.5.1-1 can be revised as to include both “even” and “odd” values which would help to increase the scheduling opportunities for NPUSCH Format 1.
Observation 12	The NPRACH periodicity causes the NPUSCH transmission to be postponed, thus an OCC’d NPUSCH transmission is prone to more postponements. Moreover, the UL gap used for acquiring DL-sync postpones the NPUSCH transmission (and may postpone NPRACH as well since the UL gap may fully or partially overlap with it). Thus, it is preferred using a short OCC spreading (i.e., a short OCC sequence length) rather than a long OCC spreading.
Observation 13	RAN1 should study the performance of OCC accounting for the characteristics of the UEs intended to be paired, for example based on traffic characteristics, number of repetitions, modulation schemes, location, power, short-term performance records, long-term performance records, etc.
Observation 14	Pairing the most suitable UEs to transmit simultaneously using OCC seems to be essential towards preserving orthogonality, otherwise the orthogonality may suffer from an unsuitable UE pairing (e.g., if the UEs being paired happen to be too unbalanced in terms of transmit power).
			
Based on the discussion in the previous sections we propose the following:

Proposal 1	Towards continuing the studies on OCC for NPUSCH single-tone:
	If OCC is to be supported only for NPUSCH Format 1 single-tone with 15 kHz SCS, then the OCC spreads across “slot-level”.
	If OCC is to be supported for both NPUSCH Format 1 single-tone with 15 kHz SCS and 3.75 kHz SCS, then aiming for a common design, the OCC spreads across “symbol-level”.
Proposal 2	The benefit of supporting OCC for NPUSCH Format 1 for multi-tone can be discussed after single-tone and their assumptions/considerations/benefits are settled. If OCC for multi-tone were to be supported, RAN1 shall strive for a common design with respect to single-tone.
Proposal 3	RAN1 to study the OCC intended to be used for NPRACH with 3.75 kHz SCS accounting for: 1) The duration of the NPRACH preamble repetition unit, 2) The symbol group hopping within the NPRACH preamble repetition unit 3) Whether Format 0 and/or Format 1 will be supported, 4) The target capacity increase, 5) the impairments disrupting the orthogonality, and 6) Network’s scheduler complexity.
Proposal 4	RAN1 to study the risky of false preamble detection with OCC. Note: The Technical Specification states that Pfa “shall not be larger than 0.1%.”, which might be an impediment for introducing OCC for NPRACH.
Proposal 5	For NPUSCH Format 1 with 3.75 kHz SCS (especially now that in Rel-19 the OCC will spread the RU length), revise Table 16.5.1-1 to include both “even” and “odd” scheduling delay values aiming at increasing the scheduling opportunities for NPUSCH Format 1.
Proposal 6	RAN1 to study the potential loss of orthogonality derived from pairing UEs transmitting simultaneously using OCC, accounting for traffic characteristics, number of repetitions, modulation schemes, location, transmit power, etc.
Proposal 7	Study whether the Peak-to-Average power ratio (PAPR) properties of single-tone transmissions will prevail after single-tone has been OCC'd. For example, the eNB receiver may need to handle relatively larger PAPR as different UE transmissions are combined together (RAN4 to be consulted).

References
RP-240776, “New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3”, 3GPP TSG RAN Meeting #103, Maastricht, The Netherlands, March 18-22, 2024.
Session notes for 9.11.4 Non-Terrestrial Networks (NTN) for NR Phase 3, Agenda Item, 3GPP TSG RAN WG1 #116, Athens, Greece, February 26th – March 1st, 2024.
3GPP TS 36.211, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation, version 17.4.0.
O. Liberg et al., Cellular Internet of Things, Elsevier Academic. Press, Nov. 2019.
3GPP TS 36.213, Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures, version 18.2.0.
	4/4	
image1.wmf
RU

sc

N


oleObject1.bin

image2.wmf
UL

slots

N


oleObject2.bin

image3.wmf
RU

sc

N


oleObject3.bin

image4.wmf
UL

slots

N


oleObject4.bin

image5.wmf
UL

symb

N


oleObject5.bin

image6.wmf
f

D


oleObject6.bin

image7.wmf
UL

slots

N


oleObject7.bin

image8.wmf
UL

symb

N


oleObject8.bin

oleObject9.bin

image9.png




oleObject10.bin

image10.png




oleObject11.bin

oleObject12.bin

oleObject13.bin

oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

image11.wmf
0

k


oleObject23.bin

image12.wmf
Delay

I


oleObject24.bin

oleObject25.bin

oleObject26.bin

oleObject27.bin

oleObject28.bin

image13.png
NPDCCH

NPUSCH

Subframe#] 0 1] 2[ 3] 4] 5[ 6] 7]
NPDCCH

5[ 10] 11] 12[ 13| 14| 15 16] 17| 18] 19] 20] 21] 22| 23] 24] 25] 26] 27] 28] 29] 30[ 31[ 32| 33] 34| 35[ 36| 37] 38 39 40[ 41[ 47

NPUSCH





image14.png
subcarrier # subcarrier #

subcarrier #

10

10

10

[ T [l
B 18 = 8 i
- 2 'S
© 5 S
' | NP USCH Format 1 with 1RU = 32ms 18 [
\o I E ‘U
=4 g -4
— -4 I -4 —
o Ik o
1z =3 'z
I -4 i
| = |
| 1= |1
0 5 10 15 20 25 30 35 40 45 5
ms
C [ T I I T I I T I
IE-] 12 E-]
'S I NPUSCH Format 1 with 1RU = 32ms 8 'S
[ I NPUSCH Fortmat 1 with 2RUs = 64ms 18 [
}2 [N NPUSCH Format 1 with 1 RU OCCd (2 UEs) = 64ms ! ag_ }2
— 4 I e -
o ¥s} o
'z X 1z
| e |
i = I
=4 I
0 60 70 80 20
~ I NPUSCH Format 1 with 1RU =32ms 1_,? e
NPUSCH Fortmat 1 with 2RUs = 64ms S5
[ NPUSCH Format 1 with 1 RU OCCd (2 UEs) = 64ms } kel } T
I NPUSCH Fortmat 1 with 3RUs = 96ms 8.2
I NPUSCH Fortmat 1 with 4RUs = 128ms. [
[N NPUSCH Format 1 with 1 RU OCCd (4 UES) = 128ms. e =
e
T
L 1=
0 140 160

ms





oleObject29.bin

oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

