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NB M2M – Optimization of DCI Burst Structure
1 Introduction
The DCI burst is used to carry cell-specific (e.g. random access resource indicator) or UE-specific control information (e.g. scheduling information) for both the uplink and the downlink in the NB M2M system [1]. A flexible structure for the DCI burst supporting variable burst length is designed and captured in the technical report.
This document proposes an optimized structure for the DCI burst.

2 Discussions
2.1 Motivations of optimization
In the previous design, the DCI burst comprises a fixed-length part and a variable-length part [1] where the length of the variable-length part is indicated in the fixed-length part. The information bits corresponding to the two parts are independently interleaved and encoded. 
Based on this two-part structure, the length of the DCI burst can be adapted according to the actual payload size for the control information in each DCI interval, which improves the scheduling flexibility and transmission efficiency. However, the link-level performance of a DCI burst is limited by the partition design which leads to DCI reception failure once either part is decoded unsuccessfully. In addition, compared to a single-part structure, the smaller code block size of the two-part structure may decrease the channel coding gain and time diversity gain due to the independent interleaving and coding.
2.2 Optimized DCI burst structure

To maintain the flexibility of a variable DCI burst size while improving DCI transmission performance, an optimized DCI burst structure is proposed in this paper. The optimized structure is shown in Figure 1. 
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Figure 1  Optimized DCI burst structure

Compared to the previous design of the DCI burst, no fixed-length part is supported by the optimized DCI burst structure. In addition, a longer preamble (40-bits instead of 20-bits, per repetition) is inserted at the beginning of each optimized DCI burst to indicate the length of the DCI burst and to facilitate re-synchronization of MTC devices on wake-up from short DRX/DTX. As a result, the length indication in the payload is not necessary any more. The 40-bit length preamble ensures the robustness of information transmission while fitting into the optimized DCI burst structure. Padding bits may be included in the DCI payload to match the quantized burst lengths. The pilot pattern is the same as previous design, i.e. pilot symbols are inserted at regular intervals into the stream of payload data symbols, using 2 pilots for every 8 data symbols (no pilot symbols are inserted into the preamble). 24-bit CRC is attached as the last part of the burst.
2.3 Preamble design
The DCI burst length is indicated by the corresponding 40-bit preamble sequence p(n), where n=0, 1,…, 39. 
The 40-bit preamble sequence p(n) is generated by applying an XOR logical operation between each bit of sequence s(n) and the corresponding bit of a mask sequence c(n) according to: 
p(n)=c(n)⊕s(n), n=0, 1,…, 39
where c(n) is the length-31 Gold sequence generator described by subclause 7.1.2.1.2.3 in [1]. The Gold sequence generator is initialised at the start of each DCI interval with a seed that depends on the downlink channel index, DL_CHAN, the physical cell identifier, CELL_ID, and the frame index corresponding to the start of the burst, FRAME, as follows:

Cinit = {15’b0, DL_CHAN[3:0], FRAME[5:0], CELL_ID[5:0]} ^ 3

The sequence s(n) is a row sequence of the matrix S which is formed by two Hadamard matrices according to:
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where H32 and H8 denote the 32-order and the 8-order Hadamard matrix respectively.
Finally, the sequence p(n) is modulated using BPSK to generate the preamble symbols.
The spreading and/or repetitions, if required, are implemented independently for the preamble and the payload, so that the repetitions of the preamble and the repetitions of the payload are each contiguous in time. Figure 2 shows two examples: no spreading / no repetitions, and 2x spreading / 2x repetitions.
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Figure 2  Illustration of applying spreading and repetition to the preamble
2.4 CBS table and burst length
The CBS table used for the payload part of the optimized DCI burst is updated accordingly, as shown in Table 1. The DCI burst length, defined by the DL CBS index, is indicated by the preamble sequence. Specifically, the DL CBS index is indicated by the selected row of the matrix S used to generate the preamble sequence, such that a DL CBS index of n results in row (n+1) of the matrix S being selected. As a result, the DCI CBS is defined by the DCI MCS index (as indicated by the system information) and the DL CBS index (as indicated by the preamble sequence). 
Table 1  CBS table for the DCI burst
	DCI MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7

	
	Burst length (ms)

	
	80
	120
	160
	200
	240
	280
	320
	360

	0~3
	80
	128
	176
	224
	272
	320
	368
	416

	DCI MCS index
	DL CBS index

	
	8
	9
	10
	11
	12
	13
	14
	15

	
	Burst length (ms)

	
	400
	440
	480
	520
	560
	600
	640
	680

	0~3
	464
	512
	560
	608
	656
	704
	752
	800

	DCI MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7

	
	Burst length (ms)

	
	40
	60
	80
	100
	120
	140
	160
	180

	4
	80
	128
	176
	224
	272
	320
	368
	416

	DCI MCS index
	DL CBS index

	
	8
	9
	10
	11
	12
	13
	14
	15

	
	Burst length (ms)

	
	200
	220
	240
	260
	280
	300
	320
	340

	4
	464
	512
	560
	608
	656
	704
	752
	800

	DCI MCS index
	DL CBS index

	
	0
	1
	2
	3
	4
	5
	6
	7

	
	Burst length (ms)

	
	20
	30
	40
	50
	60
	70
	80
	90

	5
	80
	128
	176
	224
	272
	320
	368
	416

	6
	160
	256
	352
	448
	544
	640
	736
	832

	7
	240
	384
	528
	672
	816
	960
	1104
	1248

	8
	320
	512
	704
	896
	1088
	1280
	1472
	1664

	9
	480
	768
	1056
	1344
	1632
	1920
	2208
	2496

	DCI MCS index
	DL CBS index

	
	8
	9
	10
	11
	12
	13
	14
	15

	
	Burst length (ms)

	
	100
	110
	120
	130
	140
	150
	160
	170

	5
	464
	512
	560
	608
	656
	704
	752
	800

	6
	928
	1024
	1120
	1216
	1312
	1408
	1504
	1600

	7
	1392
	1536
	1680
	1824
	1968
	2112
	2256
	2400

	8
	1856
	2048
	2240
	2432
	2624
	2816
	3008
	3200

	9
	2784
	3072
	3360
	3648
	3936
	4224
	4512
	4800


3 Simulations

3.1 Simulation settings
Table 2:  Simulation assumptions

	Parameter
	Value

	Frequency band (MHz)
	900

	Base station antenna configuration
	1T2R

	UE antenna configuration
	1T1R

	Interference/noise

	Sensitivity

	Propagation channel model
	TU

	Doppler spread (Hz)
	1

	Subsequent timing error
	[-1/8, +1/8]

	Frequency error
	[-45Hz, 45Hz]


Simulations are performed to evaluate the performance of the optimized DCI burst structure. The performance of the existing structure is also simulated for comparison purpose. Three levels of coverage enhancement are considered in the simulations, corresponding to coupling loss values of 164 dB, 154 dB and 144 dB. The simulation assumptions are illustrated in Table 2. The burst configurations applied in the simulations for the previous structure are listed in Table 3. The MCSs applied in the simulations can meet the 10% BLER requirement for the different target coupling loss values. The same MCSs are applied to the optimized burst structure in the simulation. The DCI duration (including repetitions) for the optimized structure is set to 30 ms, 120 ms and 480 ms respectively for 144 dB, 154 dB and 164 dB MCL target to get a comparable code block size.
Table 3:  Configurations for the previous and optimised DCI burst structures
	MCL target
	Modulation
	Code rate
	Spreading factor
	Repetition factor
	CBS for the old structure (bits)
	CBS for the optimized structure (bits)
	MCS index

	
	
	
	
	
	Fixed
	Variable
	
	

	144 dB
	π/2-QPSK
	3/4
	1
	1
	408
	-
	384
	DL MCS-7

	154 dB
	π/2-BPSK
	1/2
	2
	1
	136
	144
	272
	DL MCS-4

	164 dB
	π/2-BPSK
	1/2
	4
	2
	136
	144
	272
	DL MCS-2


3.2 Simulation results
Figure 3, Figure 4 and Figure 5 show the simulation results for 144 dB, 154dB and 164dB coupling loss, respectively. In the simulation results, the impact of preamble detection is considered together with the payload decoding. That means that either incorrect preamble detection or incorrect payload decoding is recorded as a DCI burst decoding failure.
For 144 dB coupling loss, it can be seen from Figure 3 that the optimized structure achieves slightly better performance than the previous design at 10% BLER. Both of the structures can meet this coupling loss target with MCS-7.
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Figure 3  Performance of the DCI burst at 144 dB MCL
For 154 dB coupling loss, it can be seen from Figure 4 that the performance of the optimized structure is about 1.9 dB better than the previous structure. The optimized structure can comfortably meet the target of 154 dB coupling loss with MCS-4 (about 1.7 dB margin) whereas the previous design can only reach about 153.8 dB coupling loss with the same MCS at 10% BLER (which means that a lower MCS would have been needed with the previous structure to achieve the coupling loss target).
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Figure 4  Performance of the DCI burst at 154 dB MCL

For 164 dB coupling loss, it can be seen from Figure 5 that the performance of the optimized structure is about 3.2 dB better than the previous structure. The optimized structure can achieve 164.2 dB coupling loss with MCS-2, while the previous design can only achieve about 161 dB coupling loss with this MCS (which means that a lower MCS would have been needed with the previous structure to achieve the coupling loss target). 
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Figure 5  Performance of the DCI burst at 164dB MCL
4 Conclusions
This document proposes an optimized DCI burst structure for the NB M2M system. Compared to the previous design, the optimized structure achieves better link-level performance, and so allows the use of higher DCI MCS values in some coupling loss scenarios, while maintaining the same degree of configuration flexibility.
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