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1. Introduction
In RAN #102, a WI [1] was agreed to study uplink capacity enhancements for Internet of Things Non-Terrestrial Networks (IoT-NTN. In RAN1 #116 [2] and RAN1 #116bis [3], multiplexing of UEs with orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH were discussed with several options listed for evaluation. 
In this revised contribution on [4], we analyze the pros and cons of the OCC options, and present our preference on down-selecting the options for further study.

2. OCC Options for NPUSCH Format 1
In RAN1#116, the following agreements were made for NPUSCH Format 1 OCC methods.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 


More clarification and down-selection agreements were made inn RAN1#116 bis for NPUSCH Format 1 OCC methods, e.g. the OCC multiplexing is limited to up to 4 UEs [3]. 
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

For single tone NPUSCH format 1, only time domain OCC is considered with the following options. 
· Symbol-level OCC
With symbol-level OCC, OCC is applied between data carrying symbols in a slot. An NPUSCH slot has 7 symbols including a DMRS symbol. Thus, OCC 2 or 3 can be considered. However, with OCC, the number of encoded bits is reduced by the multiplexing factor, and the rate matching and bit loading should be further specified. 
Moreover, the same multiplexing factor should be enhanced for the DMRS symbol as well. Thus, the specification impact would be high, as shown in the agreement for DMRS enhancementnt..
· Slot-level OCC
Comparatively, with slot-level OCC, the existing NPUSCH slot structure and bit loading can be reused in a slot. OCC is applied in consecutive slots. Additional methods should be supported to adjust the rate matching output into different set of OCC slots. The rate matching impact of slot level OCC is comparable to symbol level OCC.  But slot level OCC is easier to implement with existing NPUSCH slot structure.
· Repetition-level OCC
With repetition level OCC, the exisitng NPUSCH slot structure and TBS/MCS determination can be used without change. And OCC is applied among NPUSCH repetitions. Thus, it is easy to implement with a restriction that the OCC can only be applied beween repetitions with the same redundancy version (RV).	Phase continuity/stability should be assumed in the OCC duration. Due to long time interval of multiple repetitions, the phase shift may be a potential issue if the NPUSCH resource units occupy a larger number of slots.
· RV-level OCC
The RV level OCC is similar to repetition-level OCC, but goes even further on the OCC duration. In RV-level OCC, all repetitions with the same RV are maintained as a group, and OCC is applied among the repetition groups. However, RV-level OCC basically destroyed the RV switching, and may lead to use of only one RV only. Furthermore, the phase shift will cause a bigger issue since the OCC duration becomes very long.
Based on the analysis, it is better to down select the options. To reduce specification impact, RAN1 can focus on the slot level and repetition level OCC only for single tone NPUSCH.
The multi-tone NPUSCH is more complicated than single-tone NPUSCH. But the same arguments can be applied for the listed time domain OCC options. Symbol-level OCC needs too much specification changes, and RV level OCC duration is too long to maintain good phase accuracy. The slot-level OCC and repetition-level OCC can be prioritized.
Proposal 1: Down-select the NPUSCH time domain OCC methods to focus on slot-level and repetition-level only.
Frequency domain OCC is also considered for multi-tone NPUSCH. In NPUSCH resource allocation, fractional and full RB is supported already with 1/3/6/12 subcarriers. From resource allocation point of view, the OCC in frequency domain may not possible due to limited bandwidth for NB-IoT. 
Also, the frequency domain OCC may not be easy comparable to no OCC case. If the frequency resource is available for OCC, the same resource should be applied for no OCC case as well for fair comparision. Therefore, to strive for a unified solution, RAN1 can focus on time domain solutions and deprioritize the frequency domain OCC for multi-tone NPUSCH. 
Proposal 2: Depriortize frequency domain OCC for multi-tone NPUSCH.

3. OCC Options for NPRACH
In RAN1#116bis[3], the simulation assumptions were agreed, and mostly aligned with the NPUSCH simulation parameters. Also, RAN1 excludes NPRACH format 2 since it is for TDD,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 NPRACH frame structure type 1, the physical layer random access preamble is based on single-subcarrier frequency-hopping symbol groups. A symbol group consists of a cyclic prefix of length  and a sequence of 5 identical symbols with total length . The total number of symbol groups in a preamble repetition unit is 4. Frequency hopping is performed for the symbol groups within a repetition and among NPRACH repetitions based on the hopping rules. The preamble shall be transmitted  times. 
Based on the NPRACH preamble structure, RAN1 agreed to study different OCC methods at different granularities as discussed below.
· Intra-symbol OCC 
With intra-symbol OCC symbol level OCC, OCC sequence is applied on 5 symbols in a symbol group. Thus, the existing symbol group structure is changed. Currently, there is only one CP at the beginning of the sequences of a symbol group. If OCC is applied among the symbols, CP should be included in each symbol. This will cause big changes from legacy NPRACH structure.
· Inter-symbol group OCC 
The OCC is applied on the 4 symbol groups in a NPRACH repetition. Since frequency hopping is already applied for different symbol groups, the use of OCC will not cause any change on the symbol group structure. Thus, it is simple to implement with good tradeoff between OCC interval and phase accuracy/shift. With 4 symbol groups in a repetition, OCC factor 2 and 4 can be easily supported. 
· Inter-repetition OCC
Repetition level OCC is also easy to implement without change on the symbol group structure. The multiplexing factor is more flexible and expandable compared with symbol-group level OCC. On the other hand, since the OCC duration is long, the phase continuity/accuracy in the OCC duration may be a potential problem.
Based on the analysis, at least, the symbol group level OCC should be supported with the balance of easy implementation and performance. The inter-symbol group level OCC is an intra-repetition OCC. Additionally, inter-repetition OCC can be considered for better flexibility.
Proposal 3: Support inter-symbol group OCC at least. Consider inter-repetition OCC for more flexibility.
If both inter-symbol group and inter-repetition OCC are supported, RAN1 can further study if it is necessary to jointly apply them to provide higher OCC multiplexing factor. 
Jointly apply inter-symbol group OCC and inter-repetition OCC can achieve higher multiplexing capabilities/factors to further reduce the collision probability since more UEs can access the channel with different OCC indexes. 
On the other hand, to simplify the OCC, only one OCC can be applied. Thus, if both OCC methods are configured, the inter-repetition OCC can override the inter-symbol OCC OCC, i.e. if inter-repetition OCC is configured, inter-symbol group OCC is disabled. This is somehow like the frequency hopping configurations in PUCCH and PUSCH repetitions.
Proposal 4: Further study how to apply the OCC if more than one OCC methods are supported.

4. Conclusions
In this contribution, we discuss the OCC methods for IoT NTN NPUSCH and NPRACH. Based on the discussions, we propose the following:
For NPUSCH, we peopose
Proposal 1: Down-select the NPUSCH time domain OCC methods to focus on slot-level and repetition-level only.
Proposal 2: Depriortize frequency domain OCC for multi-tone NPUSCH.
For NPRACH, we propose
Proposal 3: Support inter-symbol group OCC at least. Consider inter-repetition OCC for more flexibility.
Proposal 4: Further study how to apply the OCC if more than one OCC methods are supported.
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