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Motivation
In RAN#90e, NR coverage enhancement was approved as a work item [1] that will address the following objectives
· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.
· The number of repetitions counted on the basis of available UL slots.
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]
· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary, by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded
· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]

Further, the following are the coverage goals that should be achieved using these enhancements as agreed in [2]-
1. For Scenario dependent targets, e.g., ISD/MPL
· For each scenario, multiple target ISD values can be used to draw observations, and a single target ISD value can be used to identify bottlenecks (if applicable)
2. Target ISD values for each scenario are as follows:
· Urban 4GHz TDD –400, 500m for observation and 400m for bottleneck identification 
· Urban 2.6GHz TDD –400, 500m for observation and 400m for bottleneck identification
· Rural 4GHz TDD NLOS O2I – 1732 and 3000 m for observation and 1732m with 33dBm/MHz BS transmit power for bottleneck identification
· Rural 2.6 GHz TDD NLOS O2I – 1732m for observation and bottleneck identification
· Rural 2 GHz FDD NLOS O2I – 1732m for observation and bottleneck identification
· Rural 700MHz FDD NLOS O2I –3000m, 4000m for observation and 4000m for bottleneck identification
In this document, we will discuss about how repetitions of the type-A can be used to enhance the coverage of the PUSCH channel. We focus on the Rural 4GHz deployment scenario. 
Coverage enhancement using Repetition Type-A
Repetition type A has been agreed as a technique to be studied further for coverage enhancement [1], [2]. For the repetition type-A simulations, we generate 1 new transport block (TB) and transmit it for numberOfRepetitions-r16 number of uplink slots, where, numberOfRepetitions-r16 is the RRC parameter defining the number of repetitions as defined in Rel-16. At the end of the numberOfRepetitions-r16 th slot transmission current TB is dropped and a new TB is generated for next numberOfRepetitions-r16 uplink slot transmission. 

To show the performance of repetition type-A for coverage scenarios, we have considered MCS 3 and 4 PRBs to achieve defined throughput for the scenario defined in Table 2. A total of two DMRS symbols are allocated at 2nd and 11th position in the slot. We performed link level simulations to find the required numberOfRepetitions-r16 value to achieve the target ISD 1.732Km in Rural 4 GHz NLOS TDD setting. 

The following simulation criteria is considered in our analysis
Table 1: Simulation settings for repetition type A
	Parameter
	Value

	Frequency
	4 GHz (TDD)

	Frame structure for TDD
	DDDSU only for 4GHz; No scheduling for UL in S slot. 

	BWP
	100MHz

	SCS
	30 kHz

	Channel Model
	TDL-C, 300ns (valid for Rural)

	UE velocity
	3 kmph

	Frequency Hopping
	No

	Waveform
	DFT-s-OFDM

	BLER
	10% iBLER

	HARQ
	No

	UE Tx
	1

	gNB Rx
	2

	Number of TxRUs for gNB
	2 receive chains simulated in LLS

	DMRS configuration
	2 symbols, no multiplexing with data. 2nd and 11th OFDM symbols. Type-I

	TBS size
	288

	Repetition
	Type-A, 2, 4, 8, 16, 32, 64, 128 repetitions

	PUSCH duration	
	14 OS

	PUSCH 
	Mapping type-A

	Modulation
	MCS 3; QPSK
Table 6.1.4.1-1: MCS index table for PUSCH with transform precoding and 64QAM 38.214. 

	Channel Estimation
	Non-Ideal (channel is estimated using appropriate methods)



Parameters for link budget evaluation is in table 2 and all the link budget results are summarised in Table 3. 
Table 2: Parameters for link budget evaluations
	Parameter
	Value

	Fc
	4GHz

	BS Height
	35m

	UE Height
	1.5m

	Lognormal shadow fading std deviation (dB)
	8 dB

	Pathloss Model
	Rural, NLOS, O2I

	Number of antenna elements
	64

	Number of RF chains in LLS
	2

	Antenna gain per element
	8 dBi

	Antenna gain loss
	3 dB

	Cable loss
	3 dB

	BS Noise Figure
	5 dB

	Thermal Noise Density
	-174 dBm/Hz

	Receiver Intf Density
	-165 dBm/Hz  (from ITU IMT 2020)

	Receiver implementation margin (dB)
	2 dB

	Shadow fading margin
	10.26 dB

	HARQ gain(dB)
	0.5


	The required SNR
	MCL
	MIL
	MPL
	Range (m)
	ISD (m)
	LOS/
NLOS
	O2I/
O2O
	Key assumptions

	0.73
	122.73
	139.78
	115.52
	384.15 
	665.34
	NLOS
	O2I
	numberOfRepetitions-r16 = 1

	-1.9
	125.36
	142.41
	118.15
	449.34
	778.25
	NLOS
	O2I
	numberOfRepetitions-r16 = 2

	-4.9
	128.36
	145.41
	121.15
	537.311
	930.62
	NLOS
	O2I
	numberOfRepetitions-r16 = 4

	-7.2
	130.48
	147.53
	123.27
	609.67
	1055.96
	NLOS
	O2I
	numberOfRepetitions-r16 = 8

	-9.08
	132.54
	149.59
	125.33
	689.323
	1193.91
	NLOS
	O2I
	numberOfRepetitions-r16 = 16

	-11.64
	135.1
	152.15
	127.89
	802.95
	1390.7
	NLOS
	O2I
	numberOfRepetitions-r16 = 32

	-14.2
	137.66
	154.11
	130.45
	935.29
	1619.94
	NLOS
	O2I
	numberOfRepetitions-r16 = 64

	-16.82
	140.28
	157.33
	133.07
	1093
	1893.15
	NLOS
	O2I
	numberOfRepetitions-r16 =128


Table 3: Link evaluation for repetition type-A for 100Kbps throughput
[image: ]
Figure 1: Link level performance results with different numberOfRepetitions-r16 values
From figure 1, which has link level performance results with different numberOfRepetitions-r16 values, there is ~2-3 dB gain in MPL value every-time when numberOfRepetitions-r16 value is doubled. To achieve the ISD target of the parameters defined in Table 2, a total of 128 repetitions are required to achieve the required coverage. 
Proposal: Increase the numberOfRepetitions-r16 value to support 128 repetitions to support coverage enhancement. 
Proposal: Handling of special slots in the TDD frame structure when the number of repetitions are increased to 128 may be studied in more detail. 
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