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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#102, the New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 is approved [1]:

	The aim of this WI is the enhancement of IoT-NTN with the following objectives:

· 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


· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:
· Msg3 transmission without msg1/RAR
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete



In RAN1#116, the following agreements on NPUSCH were made [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 

Agreement
The following evaluation assumptions are used for the study of OCC for NPUSCH format 1:


	
	Parameter
	value

	scenario
	orbit
	GEO
	LEO600

	
	Elevation angle 
	12.5 degree
	30degree

	Channel and impairments
	carrier frequency
	2GHz

	
	Channel model
	NTN-TDL-C
The channels from different UE are independent.

	
	Frequency error
	Uniform random selection from [-0.1 ppm, +0.1 ppm] for all UEs
Variation of frequency error is negligible.

	
	Timing error
	Uniform random selection from [-97Ts, +97Ts] for all UEs
Timing drift 80us/s for LEO600 and 0 for GEO.

	
	Power imbalance
	Uniformly distributed between +Pimb and -Pimb for all UEs

Proponent to report the value of Pimb (can be zero) and justification for the chosen value

	transmitter 
	SCS
	3.75KHz and 15KHz
	15kHz

	
	Number of tones
	Single tone 
	Single tone and multi tone up to 12 tones

	
	Waveform
	DFT-s-OFDM

	
	Frequency hopping 
	w/o frequency hopping

	
	MIMO scheme
	SISO

	
	DMRS configuration 
	For baseline evaluations:
OS#3 per slot for 3.75kHz
OS#4 per slot for 15kHz

For OCC evaluations:
Up to proponent

	For baseline evaluations:
OS#4 per slot for 15kHz

For OCC evaluations:
Up to proponent


	
	Number of resource unit () 
	Up to proponent

	Up to proponent


	
	Modulation order 
	Up to proponent

	Up to proponent


	
	TBS ()
	Up to proponent

	Up to proponent


	
	Number of repetitions ()
	Up to proponent


	
	OCC length 
	Up to 4

	
	OCC sequence
	Up to proponent

	
	Number of UE
	Up to 4

	
	Velocity of UE
	3km/h

	receiver
	Receiver algorithm
	MMSE

	
	Channel estimation
	Real channel estimation

	KPI
	SNR at 10% BLER
	Report for baseline and OCC schemes

	
	Aggregated throughput 
	Total throughput of up to 4 UEs multiplexed







In this contribution, we provide our further views on the uplink capacity enhancement for IoT-NTN.
[bookmark: _Ref129681832]Discussion 
The NPRACH of different coverage levels can be multiplex in either TDM, FDM, or TDM +FDM manner. To support legacy UEs and new UEs with occ capabilities to transmit NPRACH simultaneously, the NPRACH resources could also be multiplexed by TDM, FDM, or TDM+FDM.    

Proposal 1: Support study multiplex NPRACH with OCC and legacy NPRACH in uplink capacity enhancement for IoT-NTN. 

The legacy PRACH can be partitioned into one or two groups for single/multi-tone Msg3 transmission by nprach-SubcarrierMSG3-RangeStart and nprach-NumCBRA-StartSubcarriers as specified in TS 36.211 [3], clause 10.1.6.1. In [4], nprach-SubcarrierMSG3-RangeStart is further explained as:
	nprach-SubcarrierMSG3-RangeStart
Fraction for calculating the starting subcarrier index of the range reserved for indication of UE support for multi-tone Msg3 transmission, within the NPRACH resource, see TS 36.211 [21], clause 10.1.6. Multi-tone Msg3 transmission is not supported for {32, 64, 128} repetitions of NPRACH. For at least one of the NPRACH resources with the number of NPRACH repetitions other than {32, 64, 128}, the value of nprach-SubcarrierMSG3-RangeStart should not be 0.
If nprach-SubcarrierMSG3-RangeStart is equal to zero, no start subcarrier index for the single-tone Msg3 NPRACH is allocated and the start subcarrier indexes for the multi-tone Msg3 NPRACH partition are given by nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1].
If nprach-SubcarrierMSG3-RangeStart is equal to oneThird or twoThird, the start subcarrier indexes for the two partitions are given by:
nprach-SubcarrierOffset + [0, FLOOR (nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart) -1]
for the single-tone Msg3 NPRACH partition;
nprach-SubcarrierOffset + [FLOOR (nprach-NumCBRA-StartSubcarriers * nprach-SubcarrierMSG3-RangeStart), nprach-NumCBRA-StartSubcarriers - 1]
for the multi-tone Msg3 NPRACH partition;
If nprach-SubcarrierMSG3-RangeStart is equal to one, the start subcarrier indexes for the single-tone Msg3 NPRACH are given by nprach-SubcarrierOffset + [0, nprach-NumCBRA-StartSubcarriers - 1] and no start subcarrier index for the multi-tone Msg3 NPRACH partition is allocated.
See NOTE.



Proposal 2: Support study if the legacy PRACH partition mechanism for UEs with single/multi-tone Msg3 transmission capability can be reused for NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.



Fig. 1 Multiplexing NPRACH with different NPRACH coverage levels

The legacy Random Access procedure is performed on the anchor carrier or one of the non-anchor carriers for which the PRACH resource has been configured in system information. For a legacy NB-IoT UE, when multiple carriers provide PRACH resources for the same enhanced coverage level, the UE will randomly select one of them using the following selection probabilities [4]:
· the selection probability of the anchor carrier PRACH resource for the given enhanced coverage level, nprach-ProbabilityAnchor, is given by the corresponding entry in nprach-ProbabilityAnchorList
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting one PRACH resource on a given non-anchor carrier is (1- nprach-ProbabilityAnchor)/(number of non-anchor NPRACH resources)

Proposal 3: Support study if the anchor carrier and non-anchor carrier selection probability could be enhanced to multiplex NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

For the legacy NPRACH preamble component, each preamble repetition contains P symbol groups, each group contains one CP + N symbols as illustrated in Fig. 2 and 3.   



Fig. 2 NPRACH symbol


Fig. 3 NPRACH symbol group
Observation 1: There are different ways to spread the NPRACH components with OCC.

Proposal 4: Support study of the performance of NPRACH multiplexing transmission with different spreading modes (e.g. symbol-level, symbol group-level, repetition-level) in uplink capacity enhancement for IoT-NTN.

The supported preamble repetition numbers are 1, 2, 4, 8, 16, 32, 64, and 128. During the NPRACH transmission, there are three different levels of frequency hopping for preamble format 0 / 1 in frame structure type 1 as illustrated in Fig. 3:
· Level 1 Hopping: between the 1st and 2nd symbol group, and the 3rd and 4th symbol group, hopping one subcarrier
· Level 2 Hopping: hopping 6 subcarriers between the 2nd and 3rd symbol group
· Level 3 Hopping: hopping between each repetition in a pseudo-random fashion within 12 contiguous subcarriers
If spreading the NPRACH with OCC, the definition of the NPRACH symbol group and NPRACH symbol group order are not clear to reuse the legacy frequency hopping rule.

Observation 2: The frequency hopping rule of an NPRACH is not clear after the spreading with OCC. 

Proposal 5: Support study of the performance of different frequency hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

For PUCCH with OCC, the codebook index is configured by the Network. During a random access procedure, the codebook index will be selected randomly.  The UEs might select the same codebook index resulting in codebook index conflicts. 

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 6: Support study of the performance of different codebook index hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Without losing the orthogonal properties of the OCC, more accurate timing and frequency synchronizing might be required. For legacy NPRACH transmission, the segment transmission and gap are configured by the network for UE to handle the precompensations [3]. 

Proposal 7: Support study on whether the timing and frequency synchronizing should be enhanced to support NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Due to the different transmission mechanisms between single-tone and multi-tone NPUSCH, the NPUSH enhancement with OCC has to be discussed separately. 

Proposal 8: Support study of the single-tone and multi-tone NPUSH format 1 enhancement with OCC for IoT-NTN, separately.

Conclusion
From the discussion, we have the following observations and proposals.

Observation 1: There are different ways to spread the NPRACH components with OCC.

Observation 2: The frequency hopping rule of an NPRACH is not clear after the spreading with OCC. 

Proposal 1: Support study multiplex NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

Proposal 2: Support study if the legacy PRACH partition mechanism for UEs with single/multi-tone Msg3 transmission capability can be reused for NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

Proposal 3: Support study if the anchor carrier and non-anchor carrier selection probability could be enhanced to multiplex NPRACH with OCC and legacy NPRACH  in uplink capacity enhancement for IoT-NTN.

Proposal 4: Support study of the performance of NPRACH multiplexing transmission with different spreading modes (e.g. symbol-level, symbol group-level, repetition-level) in uplink capacity enhancement for IoT-NTN.

Proposal 5: Support study of the performance of different frequency hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Proposal 6: Support study of the performance of different codebook index hopping mechanisms for NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Proposal 7: Support study on whether the timing and frequency synchronizing should be enhanced to support NPRACH with OCC in uplink capacity enhancement for IoT-NTN.

Proposal 8: Support study of the single-tone and multi-tone NPUSH format 1 enhancement with OCC for IoT-NTN, separately.
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