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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 15 kHz and 3.75 kHz subcarrier spacings, and NPRACH.
2	OCC for NPUSCH Format 1
In RAN1# 117, the following agreement was reached [2]:
	Agreement
For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs.



In relation with the agreement stating that “For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs” we have the following observation and proposal:
[bookmark: _Toc166105128]In relation with “For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs”, the following aspects should be considered:
· [bookmark: _Toc166105129]The UEs to be paired should have similar characteristics (e.g., traffic characteristics, number of repetitions, modulation schemes, location, power, etc). Thus, finding suitable candidate UEs that match similar characteristics will become more difficult as more UEs are sought to be matched.
· [bookmark: _Toc166105130]The UL OCC-based transmissions will be orthogonal; however, the DL transmissions won’t be orthogonal. Thus, scheduling 4UEs to transmit simultaneously on the same time-frequency UL resources will require 4 independent DCIs.
· [bookmark: _Toc166105131]If 4UEs transmit simultaneously on the same time-frequency UL resources, 4 independent DCIs will be required to schedule them in DL. For the DCIs to point out to the exact same UL resources, contiguous scheduling delays k0 will be required, however this possibility is not available today in the standard (See Table 16.5.1-1 in TS 36.213).
· [bookmark: _Toc166105132]The length of the orthogonal sequence is in principle expected to be longer in the time-domain as more UEs are paired to transmit in UL. On this matter, shorter sequences are preferred since the RU length of single-tone transmission are already lengthy (e.g., the RU length for single-tone with 3.75 kHz SCS is 32ms). Moreover, we need to keep in mind that depending on Transport Block intended to be transmitted, more than one RU (and up to 10 RUs) will be required for the UL transmission. Yet, the longer the orthogonal sequences, the UL transmission will be more prone to collisions with e.g., NPRACH.
The example below illustrates the required scheduling delay (i.e., k0), when four UEs are scheduled to transmit in uplink using an OCC-based transmission. As we can see from Figure 1, k0 = 8, 9, 10, and 11 are used in DCI#1, DCI#2, DCI#3, and DCI#4 respectively for scheduling UE1, UE2, UE3, and UE4 on the exact same uplink time-frequency resources:
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Figure 1: Example of the scheduling delays (k0) indicated via DCI for each of the four UEs transmitting on the same uplink time-frequency resources using OCC-based transmissions (Arrows from top to bottom, correspond to scheduling delays from k0 = 8 to k0 = 11).
In relation with the example in Figure 1, where k0 = 8, 9, 10, and 11 are required for scheduling the UEs on the exact same UL time-frequency resources using OCC, it is important to highlight that among the required scheduling delays, today only k0 = 8 is available in Table 16.5.1-1 of TS 36.213:

Table 16.5.1-1: for DCI format N0 for FDD.
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[bookmark: _Toc166105133]For OCC of NPUSCH format 1, supporting no more than 2 UEs is preferred. Otherwise, for supporting up to 4 UEs studying on DL aspects would be needed for avoiding a DL signalling overhead, a potential bottle-neck issue, and the lack of available scheduling delays “k0” for the DCIs to point out to the exact same UL resources.
[bookmark: _Toc166105152]For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 2 UEs. Otherwise, if up to 4 UEs were to be multiplexed using OCC for NPUSCH format 1, then following DL aspects should be studied:
· [bookmark: _Toc166105153]DL signalling overhead (4 DCIs will be required to schedule 4 UEs to transmit using OCC on the same UL resources).
· [bookmark: _Toc166105154]Lack of scheduling delays “k0” for the 4 DCIs to point out the exact same UL resources.
· [bookmark: _Toc166105155]Pairing: Suitability of finding 4 UEs having similar characteristics (e.g., traffic characteristics, number of repetitions, modulation schemes, location, power, etc).
Below we provide our views on NPUSCH Format 1 single-tone with 3.75 kHz SCS in section 2.1, NPUSCH Format 1 single tone with 15 kHz SCS in section 2.2, and NPUSCH Format 1 multi-tone with 15 kHz SCS in section 2.3.
2.1	NPUSCH Format 1 single-tone with 3.75 kHz SCS


For NPUSCH Format 1 single tone with 3.75 kHz SCS, Table 10.1.2.3-1 in TS 36.211 states that the following applies= 1 and= 16 [3]. Since the slot duration is 2 ms, the RU is 32ms. Figure 1 depicts the slot format for NPUSCH Format 1 with 3.75 kHz SCS:

	CP+Data symbol (275 us)
	CP+Data symbol (275 us)
	CP+Data symbol (275 us)
	CP+Data symbol (275 us)
	CP+DMRS symbol (275 us)
	CP+Data symbol (275 us)
	CP+Data symbol (275 us)
	Guard period (75 us)

	Slot (2ms)


Figure 2: slot format for NPUSCH Format 1 with 3.75 kHz SCS
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.


[bookmark: _Toc166105134]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: _Toc166105135]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.
In relation with the NPUSCH Format 1 transmissions, initial discussions on the DMRS design led to the following agreement [2]:
	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


For the slot structure of NPUSCH Format 1 with 3.75 kHz SCS, one important aspect to consider is the presence of the “Guard Period” (See Figure 1) which among other things is used to keep the symbol boundary aligned. Thus, it is important to preserve the location “Guard Period” even after the OCC spreading.
For illustration purposes, we refer to the “CDM of DMRS” example presented in [4], on which we have incorporated the “Guard Period” keeping its location untouched before and after the OCC spreading:
The notation on Figure 3a and 3b is as follows: The “green box” refers to “CP+Data” symbol, the “pattern box” refers to the “CP+DMRS” symbol, and the “empty box” refers to the “Guard Period”.
[image: ]
Figure 3a: Example of “CDM of DMRS” for NPUSCH Format 1 with 3.75 kHz SCS before the OCC spreading, while keeping the “Guard Period” location.

[image: ]
Figure 3b: Example of “CDM of DMRS” for NPUSCH Format 1 with 3.75 kHz SCS after the OCC spreading, while keeping the “Guard Period” location

[bookmark: _Toc166105136]For NPUSCH Format 1 with 3.75 kHz SCS, the legacy slot structure includes after the seven symbols a “Guard Period” which all together result in a slot duration of 2ms. The “Guard Period” is among other things used to keep the symbol boundary aligned, thus it is important to preserve its location even after the OCC spreading.

[bookmark: _Toc166105156]On the study of supporting OCC for NPUSCH format 1 single-tone with 3.75 kHz SCS, the following is adopted:
· [bookmark: _Toc166105157]The OCC spreads across “symbol-level”.
· [bookmark: _Toc166105158]The DMRS scheme accounts for the presence of the “Guard Period,” keeping its location as per legacy before and after the OCC spreading.  
2.2	NPUSCH Format 1 single-tone with 15 kHz SCS


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

	CP+Data symbol
	CP+Data symbol
	CP+Data symbol
	CP+DMRS symbol
	CP+Data symbol
	CP+Data symbol
	CP+Data symbol

	Slot (0.5 ms)


Figure 4: slot format for NPUSCH Format 1 with 15 kHz SCS.

In the case of the NPUSCH Format 1 with 15 kHz SCS, if a “slot-level” OCC spreading were applied, the DMRS phase difference is not expected to go beyond ℼ/- ℼ since the slot duration is 0.5 ms. Thus, a “slot-level OCC” spreading is foreseen to be a suitable choice. Nonetheless if both “NPUSCH Format 1 with 15 kHz SCS” and “NPUSCH Format 1 with 3.75 kHz SCS” were to be supported, then a “symbol-level OCC” spreading can be used aiming at adopting a common design.


[bookmark: _Toc166105137] 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: _Toc166105138]In the case of the NPUSCH Format 1 with 15 kHz SCS, even if a “slot-level” OCC spreading were applied, the DMRS phase difference is not expected to go beyond ℼ/- ℼ since the slot duration is 0.5ms. Thus, a “slot-level OCC” spreading is foreseen to be a suitable choice. Nonetheless, if both 15 kHz and 3.75 kHz SCSs were to be supported, then a “symbol-level” OCC spreading can be adopted to strive for a common design.
Moreover, no DMRS design seems to be needed for applying OCC on NPUSCH Format 1 with 15 kHz SCS since the slot duration is 0.5 ms. The figure below shows the legacy slot format for NPUSCH Format 1 with 15 kHz SCS before and after the OCC spreading:
The notation on Figure 5a and 5b is as follows: The “gold box” refers to “CP+Data” symbol, whereas the “pattern box” refers to the “CP+DMRS” symbol.
[image: ]
Figure 5a: Example of legacy DMRS distributions using the legacy slot format for NPUSCH Format 1 with 15 kHz SCS before the OCC spreading.

[image: ]
Figure 5b: Example of legacy DMRS distributions using the legacy slot format for NPUSCH Format 1 with 15 kHz SCS after the OCC spreading.

From the figure above we can see that after the OCC spreading, the distance between adjacent DMRSs is 12 symbols which is ~ 0.85 ms.
[bookmark: _Toc166105159]On the study of supporting OCC for NPUSCH format 1 single-tone with 15 kHz SCS, the following is adopted:
· [bookmark: _Toc166105160]If only NPUSCH format 1 single-tone with 15 kHz SCS is supported, then OCC spreads across “slot-level”. However, if both 3.75 kHz SCS and 15 kHz SCS are supported for NPUSCH format 1 single-tone, then RAN1 aims for a common design and OCC spreads across “symbol-level” for both SCSs.
· [bookmark: _Toc166105161]Legacy DMRS is reused. That is, slot format for NPUSCH Format 1 with 15 kHz SCS is reused without modifications.
2.3	NPUSCH Format 1 multi-tone with 15 kHz SCS


[bookmark: _Hlk156572369]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. 
On the potential support of OCC for NPUSCH with multi-tone, we have the following observations:


[bookmark: _Toc166105139]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: _Toc166105140]In our understanding, the motivation behind applying OCC to NPUSCH transmissions relies on exploiting the possibility of adding at least one more simultaneous transmission on top of a transmission that unavoidably requires utilizing time-frequency resources during a long-time (e.g., single-tone where the one RU is 32 ms) because the UE is in low SNR conditions. Thus, multi-tone transmissions, which are typically assigned to high SNR UEs do not seem to be in line with the motivation behind introducing OCC for NPUSCH.
[bookmark: _Toc166105141]In view that the potential support of OCC for NPUSCH Format 1 requires down-selecting or supporting both 3.75 kHz SCS and 15 kHz, and that yet at least for 3.75 kHz the DMRS design for OCC needs to be discussed, RAN1 should prioritize single-tone over multi-tone.
[bookmark: _Toc166105162]RAN1 prioritizes the potential support of OCC for NPUSCH Format 1 for single-tone as to focus on deciding whether 3.75 kHz and/or 15 kHz will be supported and DMRS design aspects. OCC for NPUSCH Format 1 for multi-tone is not supported in Rel-19.
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.
Table 1: 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



[bookmark: _Toc166105142]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.
Based on the legacy frequency hopping shown in Table 1, below we illustrate the legacy co-existence of two Preamble Repetition Units. The legacy frequency hopping applies as follows:
· The first Preamble Repetition Unit (See trellis pattern in Table 2) starts from subcarrier 0, then it hops one tone down to subcarrier 1, afterwards it hops six tones down to subcarrier 7, finally it hops one tone up to subcarrier 6. 

· The second Preamble Repetition Unit (See horizontal-lines pattern in Table 2) starts from subcarrier 1, then it hops one tone up to subcarrier 1, afterwards it hops six tones down to subcarrier 6, finally it hops one tone up to subcarrier 5.
Table 2: Legacy co-existence of two Preamble Repetition Units
	NPRACH Preamble
	Tone Index k(l) for symbol group l

	0
	0
	1
	7
	6

	1
	1
	0
	6
	7

	2
	2
	3
	9
	8

	3
	3
	2
	8
	9

	4
	4
	5
	11
	10

	5
	5
	4
	10
	11

	6
	6
	7
	1
	0

	7
	7
	6
	0
	1

	8
	8
	9
	3
	2

	9
	9
	8
	2
	3

	10
	10
	11
	5
	4

	11
	11
	10
	4
	5



The symbol groups composing a preamble repetition unit are designed for hopping according with certain patterns across 45 kHz. Because of the inherent hopping in our view is not that straight forward introducing OCC for NPRACH.
Assuming an OCC symbol group spreading is applied, below we illustrate the co-existence of two OCC’d Preamble Repetition Units.
Example 1: All UEs have the capability of performing OCC-based transmissions.  
Table 3: Co-existence of two OCC’d Preamble Repetition Units
	NPRACH Preamble
	Tone Index k(l) for the OCC’d symbol group l

	0
	0
	0
	1
	1
	7
	7
	6
	6

	1
	1
	1
	0
	0
	6
	6
	7
	7

	2
	2
	2
	3
	3
	9
	9
	8
	8

	3
	3
	3
	2
	2
	8
	8
	9
	9

	4
	4
	4
	5
	5
	11
	11
	10
	10

	5
	5
	5
	4
	4
	10
	10
	11
	11

	6
	6
	6
	7
	7
	1
	1
	0
	0

	7
	7
	7
	6
	6
	0
	0
	1
	1

	8
	8
	8
	9
	9
	3
	3
	2
	2

	9
	9
	9
	8
	8
	2
	2
	3
	3

	10
	10
	11
	5
	4
	
	
	
	

	11
	11
	10
	4
	5
	
	
	
	



Example 2: Not all UEs have the capability of performing OCC-based transmissions.  
Table 4: Co-existence of two Preamble Repetition Units, one as per legacy and one using OCC.
	NPRACH Preamble
	Tone Index k(l) for the OCC’d symbol group l

	0
	0
	0
	1
	1
	7
	7
	6
	6

	1
	1
	1
	0
	0
	6
	6
	7
	7

	2
	2
	2
	3
	3
	9
	9
	8
	8

	3
	3
	3
	2
	2
	8
	8
	9
	9

	4
	4
	4
	5
	5
	11
	11
	10
	10

	5
	5
	5
	4
	4
	10
	10
	11
	11

	6
	6
	6
	7
	7
	1
	1
	0
	0

	7
	7
	7
	6
	6
	0
	0
	1
	1

	8
	8
	8
	9
	9
	3
	3
	2
	2

	9
	9
	9
	8
	8
	2
	2
	3
	3

	10
	10
	11
	5
	4
	
	
	
	

	11
	11
	10
	4
	5
	
	
	
	



Based on the analysis above, we have the following observations:
[bookmark: _Toc166105143]For applying OCC to NPRACH the following points can be highlighted:
· [bookmark: _Toc166105144]For the OCC scheme to work on NPRACH, likely all the UEs co-existing on the 45 kHz PRACH resource would have to be Rel-19 UEs.
· [bookmark: _Toc166105145]Applying OCC on PRACH does not seem to be backward compatible (legacy UE will collide with the spread transmission).
· [bookmark: _Toc166105146]The non-backward compatibility may imply having to perform a partition of PRACH resources.
· [bookmark: _Toc166105147]UEs using the same time-frequency resources based on OCC transmissions will require a different Random Access Preamble ID (RAPID) so they can be distinguished by Random Access Response.

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: _Toc166105148]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: _Toc166105163]Based on the foreseen backward compatibility issues and specification impact, OCC for NPRACH is not supported in Rel-19. RAN1 prioritizes the potential support of OCC for NPUSCH Format 1 for single tone. 
4	Other considerations on OCC
4.1	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 6: 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: _Toc166105149]The NPRACH periodicity causes the NPUSCH transmission to be postponed, thus an OCC’d NPUSCH transmission is prone to more postponements. 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: _Toc166105150]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: _Toc166105151]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: _Toc166105164]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 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: _Toc166105165]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	In relation with “For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 4 UEs”, the following aspect should be considered:
	The UEs to be paired should have similar characteristics (e.g., traffic characteristics, number of repetitions, modulation schemes, location, power, etc). Thus, finding suitable candidate UEs that match similar characteristics will become more difficult as more UEs are sought to be matched.
	The UL OCC-based transmissions will be orthogonal; however, the DL transmissions won’t be orthogonal. Thus, scheduling 4UEs to transmit simultaneously on the same time-frequency UL resources will require 4 independent DCIs.
	If 4UEs transmit simultaneously on the same time-frequency UL resources, 4 independent DCIs will be required to schedule them in DL. For the DCIs to point out to the exact same UL resources, contiguous scheduling delays k0 will be required, however this possibility is not available today in the standard (See Table 16.5.1-1 in TS 36.213).
	The length of the orthogonal sequence is in principle expected to be longer in the time-domain as more UEs are paired to transmit in UL. On this matter, shorter sequences are preferred since the RU length of single-tone transmission are already lengthy (e.g., the RU length for single-tone with 3.75 kHz SCS is 32ms). Moreover, we need to keep in mind that depending on Transport Block intended to be transmitted, more than one RU (and up to 10 RUs) will be required for the UL transmission. Yet, the longer the orthogonal sequences, the UL transmission will be more prone to collisions with e.g., NPRACH.
Observation 2	For OCC of NPUSCH format 1, supporting no more than 2 UEs is preferred. Otherwise, for supporting up to 4 UEs studying on DL aspects would be needed for avoiding a DL signalling overhead, a potential bottle-neck issue, and the lack of available scheduling delays “k0” for the DCIs to point out to the exact same UL resources.


Observation 3	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 4	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 5	For NPUSCH Format 1 with 3.75 kHz SCS, the legacy slot structure includes after the seven symbols a “Guard Period” which all together result in a slot duration of 2ms. The “Guard Period” is among other things used to keep the symbol boundary aligned, thus it is important to preserve its location even after the OCC spreading.


Observation 6	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 7	In the case of the NPUSCH Format 1 with 15 kHz SCS, even if a “slot-level” OCC spreading were applied, the DMRS phase difference is not expected to go beyond ℼ/- ℼ since the slot duration is 0.5ms. Thus, a “slot-level OCC” spreading is foreseen to be a suitable choice. Nonetheless, if both 15 kHz and 3.75 kHz SCSs were to be supported, then a “symbol-level” OCC spreading can be adopted to strive for a common design.


Observation 8	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 9	In our understanding, the motivation behind applying OCC to NPUSCH transmissions relies on exploiting the possibility of adding at least one more simultaneous transmission on top of a transmission that unavoidably requires utilizing time-frequency resources during a long-time (e.g., single-tone where the one RU is 32 ms) because the UE is in low SNR conditions. Thus, multi-tone transmissions, which are typically assigned to high SNR UEs do not seem to be in line with the motivation behind introducing OCC for NPUSCH.
Observation 10	In view that the potential support of OCC for NPUSCH Format 1 requires down-selecting or supporting both 3.75 kHz SCS and 15 kHz, and that yet at least for 3.75 kHz the DMRS design for OCC needs to be discussed, RAN1 should prioritize single-tone over multi-tone.
Observation 11	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 12	For applying OCC to NPRACH the following points can be highlighted:
	For the OCC scheme to work on NPRACH, likely all the UEs co-existing on the 45 kHz PRACH resource would have to be Rel-19 UEs.
o	Applying OCC on PRACH does not seem to be backward compatible (legacy UE will collide with the spread transmission).
o	The non-backward compatibility may imply having to perform a partition of PRACH resources.
	UEs using the same time-frequency resources based on OCC transmissions will require a different Random Access Preamble ID (RAPID) so they can be distinguished by Random Access Response.
Observation 13	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 14	The NPRACH periodicity causes the NPUSCH transmission to be postponed, thus an OCC’d NPUSCH transmission is prone to more postponements. Thus, it is preferred using a short OCC spreading (i.e., a short OCC sequence length) rather than a long OCC spreading.
Observation 15	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 16	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	For OCC of NPUSCH format 1, RAN1 will not consider multiplexing more than 2 UEs. Otherwise, if up to 4 UEs were to be multiplexed using OCC for NPUSCH format 1, then following DL aspects should be studied:
	DL signalling overhead (4 DCIs will be required to schedule 4 UEs to transmit using OCC on the same UL resources).
	Lack of scheduling delays “k0” for the 4 DCIs to point out the exact same UL resources.
	Pairing: Suitability of finding 4 UEs having similar characteristics (e.g., traffic characteristics, number of repetitions, modulation schemes, location, power, etc).
Proposal 2	On the study of supporting OCC for NPUSCH format 1 single-tone with 3.75 kHz SCS, the following is adopted:
	The OCC spreads across “symbol-level”.
	The DMRS scheme accounts for the presence of the “Guard Period,” keeping its location as per legacy before and after the OCC spreading.
Proposal 3	On the study of supporting OCC for NPUSCH format 1 single-tone with 15 kHz SCS, the following is adopted:
	If only NPUSCH format 1 single-tone with 15 kHz SCS is supported, then OCC spreads across “slot-level”. However, if both 3.75 kHz SCS and 15 kHz SCS are supported for NPUSCH format 1 single-tone, then RAN1 aims for a common design and OCC spreads across “symbol-level” for both SCSs.
	Legacy DMRS is reused. That is, slot format for NPUSCH Format 1 with 15 kHz SCS is reused without modifications.
Proposal 4	RAN1 prioritizes the potential support of OCC for NPUSCH Format 1 for single-tone as to focus on deciding whether 3.75 kHz and/or 15 kHz will be supported and DMRS design aspects. OCC for NPUSCH Format 1 for multi-tone is not supported in Rel-19.
Proposal 5	Based on the foreseen backward compatibility issues and specification impact, OCC for NPRACH is not supported in Rel-19. RAN1 prioritizes the potential support of OCC for NPUSCH Format 1 for single tone.
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).
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