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Introduction
 In RANP # 102 meeting, WI for Rel19 IoT NTN [1] was approved with objective in RAN1 as:
· 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

At RAN1 #116bis the following was agreed in addition to evaluation assumptions:
	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
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.


For OCC to improve UL capacity, we will provide our view in this contribution.
Discussion
The motivation of repetition in IoT TN and NTN is for coverage of the IoT UE, while it will also impact the capacity because of the multiple times of resource occupied. OCC is used in LTE and 5G to improve capacity by multiplexing of UEs in TN. In NTN, especially for high speed of LEO, whether OCC can work well with the challenging of variation of doppler and delay along the time should be one issue to be studied in the WI.
Proposal 1: Benefit and issue for IoT NTN (possibly using repetitions) with OCC should be studied.
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Generally, OCC can be performed in time domain or in frequency domain. However, considering OCC performance may be impacted by non-coherent channel in the OCC duration in time or in frequency domain, especially considering the channel changing in IoT NTN.
Observation 1: OCC performance may be impacted by non-coherent channel in IoT NTN.
As in WID, the scope includes the case of both 15kHz SCS and 3.75kHz SCS, also including multiple different number of tones for IoT UE. There is one special case as single tone. To keep the signel tone and not introduce much impact to spec, time domain OCC for single tone may be good. RAN1 also need to consider the complexity of the implementation of OCC in IoT NTN, i.e. RAN1 need to check whether common solution should be considered for cases with different SCS and different number of tones.
As agreed in RAN1 #116 meeting, intra-symbol pre-DFT spreading OCC should be further discussed. However, it is not preferred to support two different OCC schemes for multiple different scheduling considering the complexity impact on the NB-IoT UE. 
Observation 2: To support use of a single tone, time domain OCC may be simple.
Observatoin 3: Complexity will be increased to support more than one OCC scheme by one UE.
Proposal 2: RAN1 should discuss whether to use a common solution for different cases in IoT NTN, considering both complexity and performance.
Proposal 3: Time domain OCC scheme is supported for both single-tone and multi-tone cases. 
OCC in segments 
In legacy IoT the link budget is enhanced by use of repetitions and this also includes repetitions of NPUSCH transmissions. In release 17, the 3GPP defined repetitions when used in NTN are divided into segments. This enables time/frequency adjustment at each segment to handle the synchronization drift caused by satellite movement. Between the segments the UE can apply a gap, which may cause dropping of one or more symbols.
Observation 4: Legacy IoT NTN rely on segmented repetition periods to facilitate time/frequency synchronization.
One open issue is thus how the UE shall apply OCC when one or more symbols are dropped as part of a segmented transmission in a repetition period. For example, if the UE drops one symbol when an OCC length of four is used (i.e. spreading the single symbol to four symbols), it may cause challenges in the eNB receiver due to the orthogonality of the OCC is not completed preserved.
Observation 5: The dropping of symbols as part of segmented transmissions may impact the orthogonality of the OCC. 
In order to ensure the eNB decoding performance one approach could be that the UE drops an entire OCC unit, i.e. the symbols that are spread according to the OCC code length. Referring to the above example, the UE should thus drop not only the symbol in the gap, but also the corresponding three symbols outside the gap that belong to the same OCC unit (length four). 
Proposal 4: RAN1 to discuss whether the UE shall drop all symbols that are spread according to the OCC length, when at least one symbol is part of the segmentation gap.
Compatibility of OCC
Legacy IoT NTN in Rel17/18 do not support OCC. Considering the cost of the satellite, one satellite/serving cell should support both legacy IoT NTN UE and new Rel19 IoT NTN UE. Thus the compatibility of legacy IoT and NTN and IoT NTN with OCC should be considered and also the coexistence between UE supporting OCC and UE not supporting OCC should be considered.
Proposal 5: Compatibility and co-existence between OCC and non-OCC should be studied.
If OCC does not require additional resource but only take the same resource as non-OCC UE, there may be no or less impact to UE not supporting OCC. While if OCC should take more resource, then at least UE not supporting OCC will have less resource. Additionally, the impact to scheduling for both UE supporting OCC and not supporting OCC should behavior with more complexity.
Observatoin 6: If OCC request different size of resource than non-OCC, then there may be impact to UE not supporting OCC.
[bookmark: OLE_LINK1]Proposal 6: RAN1 should discuss the coexistence of UE supporting and not supporting OCC in IoT NTN.
DMRS
When OCC is applied to NPUSCH, the impact to DMRS also needs to be considered. In the RAN1 #116bis the use of TDM and CDM for DMRS was discussed. 
If TDM is applied to the DMRS symbols, different UEs will transmit DMRS in different symbols i.e. in different points in time to avoid the collision of multiple UEs’ DMRS in one symbol. This will impact which symbols are used to transmit NPUSCH with OCC, because different symbols will be used for DMRS by different UEs, and may impact the orthogonality between UEs. It may also impact the distance between two DMRS symbols of a UE, because the multiplexing with another UE’s DMRS may result in the individual UE only using every second of the original DMRS symbol locations. The increased distance could impact the receiver’s decoding performance because the distance between two adjacent DMRS symbol will increase and it may exceed the coherence time.  Finally, the use of additional DMRS symbols/positions is also not compatible with legacy UEs’ DMRS transmissions.
Observation 7: Applying TDM to DMRS may cause several impairments.
If CDM is applied to the DMRS symbols they will require more resources due to the spreading. It is also not clear at this stage whether the combination of OCC and the DMRS sequence will deteriorate the orthogonality. Furthermore, the distance between DMRS symbols of a single UE may become large due to the spreading of the NPUSCH symbols in between two DMRS symbols. This could impact the receiver’s decoding performance if the channel coherence time is exceeded.
Observation 8: Applying CDM to DMRS may cause several impairments.
In our view, a simple option could be to reuse the legacy specification for defining the DMRS symbol location and instead use different DMRS sequences based on the OCC the UE applies on the NPUSCH. This will ensure the DMRS is not spread in time and maintain orthogonality between legacy and new UEs. 
Currently the UE selects a sequence based on the cell ID, e.g. using  for single-tone without group-hopping. When using OCC, the UE could take into account the OCC index configured by the eNB when selecting the sequence. In this way, the 16 existing w(n) sequences can be simply reused and not spread the DMRS in time. 
Proposal 7: RAN1 to discuss reusing legacy DMRS sequences and multiple DMRS sequences allocated to UEs with different OCC index, e.g. simply DMRS sequence selected for UE based on cell ID and OCC index for NPUSCH of this UE. 
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For Rel19 IoT NTN, UL capacity enhancement should be seen as composed by two parts: 1) OCC for NPRACH is to improve the capacity for cell access and 2) OCC for NPUSCH is to improve the capacity of data transmission. Both of them are for system UL capacity enhancement, i.e. UL data capacity can be improved by OCC only when more UE can access into the cell by OCC.
Proposal 8: NPRACH with OCC should have same priority as NPUSCH with OCC, to provide UL capacity improvement in cell-accessing phase.

In RAN1 #116bis meeting, 3 OCC granularity were agreed to be studied. Considering time domain OCC, time error sensitivity should be considered in the OCC scheme selection in the study, together with both UE and eNB complexity for random access.
Proposal 9: Time error sensitivity should be considered in the OCC scheme selection in the study.
Conclusion
In this contribution, we discussed our view on OCC for IoT NTN. Our observations ans proposals are as follows:
Observation 1: OCC performance may be impacted by non-coherent channel in IoT NTN.
Observation 2: To support use of a single tone, time domain OCC may be simple.
Observatoin 3: Complexity will be increased to support more than one OCC scheme by one UE.
Observation 4: Legacy IoT NTN rely on segmented repetition periods to facilitate time/frequency synchronization.
Observation 5: The dropping of symbols as part of segmented transmissions may impact the orthogonality of the OCC. 
Observatoin 6: If OCC request different size of resource than non-OCC, then there may be impact to UE not supporting OCC.
Observation 7: Applying TDM to DMRS may cause several impairments.
Observation 8: Applying CDM to DMRS may cause several impairments.

Proposal 1: Benefit and issue for IoT NTN (possibly using repetitions) with OCC should be studied.
Proposal 2: RAN1 should discuss whether to use a common solution for different cases in IoT NTN, considering both complexity and performance.
Proposal 3: Time domain OCC scheme is supported for both single-tone and multi-tone cases. 
Proposal 4: RAN1 to discuss whether the UE shall drop all symbols that are spread according to the OCC length, when at least one symbol is part of the segmentation gap.
Proposal 5: Compatibility and co-existence between OCC and non-OCC should be studied.
Proposal 6: RAN1 should discuss the coexistence of UE supporting and not supporting OCC in IoT NTN.
Proposal 7: RAN1 to discuss reusing legacy DMRS sequences and multiple DMRS sequences allocated to UEs with different OCC index, e.g. simply DMRS sequence selected for UE based on cell ID and OCC index for NPUSCH of this UE. 
Proposal 8: NPRACH with OCC should have same priority as NPUSCH with OCC, to provide UL capacity improvement in cell-accessing phase.
Proposal 9: Time error sensitivity should be considered in the OCC scheme selection in the study.
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