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Introduction
This contribution presents ETRI’s views on NR-NTN uplink capacity/throughput enhancement.

Discussion
In RAN1#116 meeting, evaluation assumptions for NR NTN UL capacity and throughput enhancement had been made [1]. Table 1 shows a set of the agreed evaluation assumptions for NR NTN UL capacity and throughput enhancement. Per Table 1, it seems that the evaluation campaign will focus on NTN-TDL-C Rural scenarios for pedestrian UEs with 30° elevation angle.

[bookmark: _Ref163033561]Table 1. Agreed evaluation assumptions for NR NTN UL capacity and throughput enhancement.
	Parameter
	Value

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

	UE speed
	· 3 km/h



However, given the increasing commercial interests on NTN-based aircraft services [2], [3], we think the evaluation efforts (and the follow-up specification supports, as well) may cover one more scenario for aircrafts in where the UL capacity and throughput enhancements can be actually valuable. Furthermore, we think elevation angles other than 30° also can be worth to be evaluated, for example, to see potential gains from low-order multiplexing (e.g., up to 2 OCC codes) for 10° elevation angle or from high-order multiplexing (e.g., up to 8 OCC codes) for 60° elevation angle. It is noted that the dwell time with initial elevation angle of 60° (i.e., time duration from 60° elevation angle to -60° elevation angle) can be more than 3 minutes for LEO-1200, for example.

Proposal 1. Consider the following parameters for NR NTN UL capacity and throughput enhancements in addition to the agreed ones:
	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, {10°, 30°, 60°} elevation angle

	UE speed and altitude
	· 3 km/h, 1.5 m (i.e., pedestrian)
· 1200 km/h, 10 km (i.e., an aircraft)



Figure 1 shows several cases on the range of time variation (TA variation calculated by [4] with additional consideration of UE height) of {GEO, LEO-1200, LEO-600} according to 2 UE types of {pedestrian=(3 𝑘𝑚/ℎ, 1.5m), aircraft=(1200 𝑘𝑚/ℎ, 10 km)}. As in Figure 1, (lower elevation angle, lower altitude, higher UE velocity) may cause the higher TA variation and the TA variation can be up to (~93.2 us/s) when {LEO-600, 𝛼=10°, aircraft UE=(1200𝑘𝑚/ℎ, 10 km)}.
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[bookmark: _Ref163053780]Figure 1. TA variation vs. elevation angle for various types of satellites and UEs

As aforementioned, it is foreseen that commercial NTN deployments in near future need cover a scenario with different types of UEs. Therefore, even if we assume a certain level of UE grouping by network implementation to multiplex UEs with similar channel properties considering OCC demuxing performance, required details for the OCC-based multiplexing (e.g., OCC length, maximum number of multiplexed UEs, etc.) could be dynamically varying. For instance, for a UE group comprises UEs with high FO and/or TO, the gNB may want to allocate short (e.g., 2) OCC sequence length over narrow grid of OCC resource (e.g., 1 symbol per OCC element). On the other hand, for a UE group comprises UEs with low FO and/or TO, the gNB may prefer to apply long (e.g., 8) OCC sequence length over wide grid of OCC resource (e.g., 1 slot or 1 repetition per OCC element).
Therefore, we think both 1) OCC sequence book from semi-static configuration perspective and 2) OCC sequence indication/allocation from semi-static and/or dynamic signalling perspective should be studied in RAN1 and a clear recommendation from the study should be delivered to RAN and RAN2 for the follow-up specification works.

Proposal 2. RAN1 to study following details on OCC sequence configuration/indication:
· Details on OCC sequence book configuration, including sequence type (e.g., DFT or Walsh), sequence spread (e.g., symbol-level, slot-level, or repetition-level, etc.), sequence length, and signalling method (e.g., RRC or MAC CE), etc.
· Details on OCC sequence indication, including sequence index allocation, implicit/explicit OCC ON-OFF, basis OCC resource grid (time-freq. resource size for 1 OCC element), and signalling method (e.g., RRC, MAC CE or DCI), etc.

[bookmark: _Ref165982018]Table 2. Agreements on OCC for PUSCH from RAN1#116-bis [5].
	[bookmark: _Hlk164098130]Agreement
Support OCC for PUSCH in Rel-19 NR NTN:
· [bookmark: _Hlk165988122]At least PUSCH with Type A repetition
· FFS PUSCH without Type A repetition for intra-symbol and/or inter-symbol cases
· At least code length 2 or 4, FFS code length 8 
· FFS: number of RBs
· Potential OCC techniques listed below are for further down-selection:
· Inter-slot time-domain OCC with PUSCH repetition Type A 
· Inter-symbol(s) time domain OCC 
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4)
· Combinations of OCC techniques
· TBoMS for OCC techniques is FFS

Agreement
RAN1 to at least further study the potential specification aspects on OCC techniques:
· TBS calculation / Rate matching
· UCI multiplexing
· RV cycling across repetitions
· Frequency hopping, e.g. intra /inter slot
· OCC indication/configuration
· Power control
· FFS others aspects



The agreements on OCC for PUSCH in NTN were made as in Table 2. Regarding the FFS point on the (maximum) number of RBs to apply OCC, we think this issue is up to network implementation. Even if it is true that OCC with more than 2 RBs cannot provide any multiplexing gain, the specification does not have any duty to educate the network for that but the network itself has full responsibility to choose a proper frequency resource allocation and OCC indication/configuration. Furthermore, it also should be noted that some of possible OCC indication methods (e.g., DCI-based OCC indication) may be able to implicitly cover such tight correlation between OCC indication/configuration and frequency resource allocation. 

Observation 1. On the (maximum) number of RBs to apply OCC for PUSCH in NTN,
· the network has full responsibility to choose a proper frequency resource allocation and OCC indication/configuration, and
· some of possible OCC indication methods (e.g., DCI-based OCC indication) may be able to implicitly cover such tight correlation between OCC indication/configuration and frequency resource allocation.

Table 3 shows TBoMS RRC configurations by TS 38.331. As in Table 3 various combinations of “number of slots for single TBoMS (configured by numberOfSlotsTBoMS)” and “repetition (configured by numberOfRepetitions)”.

[bookmark: _Ref165986183]Table 3. RRC configurations for TBoMS.
	PUSCH-Allocation-r16 ::=  SEQUENCE {
    mappingType-r16                           ENUMERATED {typeA, typeB}                     OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbolAndLength-r16                  INTEGER (0..127)                              OPTIONAL,   -- Cond NotFormat01-02-Or-TypeA
    startSymbol-r16                           INTEGER (0..13)                               OPTIONAL,   -- Cond RepTypeB
    length-r16                                INTEGER (1..14)                               OPTIONAL,   -- Cond RepTypeB
    numberOfRepetitions-r16                   ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16} OPTIONAL,   -- Cond Format01-02
    ...,
    [[
    numberOfRepetitionsExt-r17                ENUMERATED {n1, n2, n3, n4, n7, n8, n12, n16, n20, n24, n28, n32, spare4, spare3, spare2,
                                                          spare1}                           OPTIONAL,   -- Cond Format01-02-For-TypeA
    numberOfSlotsTBoMS-r17                   ENUMERATED {n1, n2, n4, n8, spare4, spare3, spare2, spare1}   OPTIONAL,   -- Need R
    extendedK2-r17                            INTEGER (0..128)                              OPTIONAL    -- Cond MultiPUSCH
    ]]
}



Given that RAN1 already agreed to support OCC for PUSCH with Type A repetition with code length 4, it seems that the examples of OCC for TBoMS transmission (2 slots are allocated for the single TBoMS and 2 repetitions are configured) as shown by Table 4 can be agreeable, spontaneously.

[bookmark: _Ref165988213]Table 4. Examples of OCC for TBoMS transmission (2 slots are allocated for the single TBoMS and 2 repetitions are configured).
	0
	1
	2
	3
	Slot number

	0
	0
	2
	2
	Used RV index per slot 

	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	OCC #2



Proposal 3. RAN1 to support OCC for TBoMS transmission, at least for the following cases:
· Case #1: numberOfSlotsTBoMS = 2, numberOfRepetitions = 2
	0
	1
	2
	3
	Slot number

	0
	0
	0
	0
	Used RV index per slot 

	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	OCC #2


· Case #2: numberOfSlotsTBoMS = 2, numberOfRepetitions = 4
	0
	1
	2
	3
	4
	5
	6
	7
	Slot number

	0
	0
	0
	0
	2
	2
	2
	2
	Used RV index per slot 

	1
	1
	1
	1
	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	1
	1
	-1
	-1
	OCC #2


· Case #3: numberOfSlotsTBoMS = 2, numberOfRepetitions = 8
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Slot number

	0
	0
	0
	0
	2
	2
	2
	2
	3
	3
	3
	3
	1
	1
	1
	1
	Used RV index per slot

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	OCC #2




Conclusion
In this contribution, ETRI’s views on NR-NTN uplink capacity/throughput enhancement were shown and the following observations and proposals were made:

Observation 1. On the (maximum) number of RBs to apply OCC for PUSCH in NTN,
· the network has full responsibility to choose a proper frequency resource allocation and OCC indication/configuration, and
· some of possible OCC indication methods (e.g., DCI-based OCC indication) may be able to implicitly cover such tight correlation between OCC indication/configuration and frequency resource allocation.

Proposal 1. Consider the following parameters for NR NTN UL capacity and throughput enhancements in addition to the agreed ones:
	Parameter
	Value

	Channel model
	· NTN-TDL-C Rural, {10°, 30°, 60°} elevation angle

	UE speed and altitude
	· 3 km/h, 1.5 m (i.e., pedestrian)
· 1200 km/h, 10 km (i.e., an aircraft)



Proposal 2. RAN1 to study following details on OCC sequence configuration/indication:
· Details on OCC sequence book configuration, including sequence type (e.g., DFT or Walsh), sequence spread (e.g., symbol-level, slot-level, or repetition-level, etc.), sequence length, and signalling method (e.g., RRC or MAC CE), etc.
· Details on OCC sequence indication, including sequence index allocation, implicit/explicit OCC ON-OFF, basis OCC resource grid (time-freq. resource size for 1 OCC element), and signalling method (e.g., RRC, MAC CE or DCI), etc.

Proposal 3. RAN1 to support OCC for TBoMS transmission, at least for the following cases:
· Case #1: numberOfSlotsTBoMS = 2, numberOfRepetitions = 2
	0
	1
	2
	3
	Slot number

	0
	0
	0
	0
	Used RV index per slot 

	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	OCC #2


· Case #2: numberOfSlotsTBoMS = 2, numberOfRepetitions = 4
	0
	1
	2
	3
	4
	5
	6
	7
	Slot number

	0
	0
	0
	0
	2
	2
	2
	2
	Used RV index per slot 

	1
	1
	1
	1
	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	1
	1
	-1
	-1
	OCC #2


· Case #3: numberOfSlotsTBoMS = 2, numberOfRepetitions = 8
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Slot number

	0
	0
	0
	0
	2
	2
	2
	2
	3
	3
	3
	3
	1
	1
	1
	1
	Used RV index per slot

	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	OCC #1

	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	1
	1
	-1
	-1
	OCC #2
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