3GPP TSG RAN WG1 Meeting #83
R1-157699
Anaheim, USA, November 15-22, 2015
Agenda Item:
6.2.6.1
Source:
Huawei, HiSilicon

Title:
Device complexity results and observations
Document for:
Discussion and decision
1 Introduction
This document presents the current status of results and observations on device complexity.
2 Discussion
2.1 Device complexity

[Sourcing company names will not be included in the report to RAN#70.

Source 1 = Intel
Source 2 = Neul, Huawei, HiSilicon]
Source 1(R1-156524): OFDMA DL and SC-FDMA uplink
· Baseband complexity

· Cell search

Table 1. Memory requirements for cell search 
	Operation
	Memory

	Total memory for NB-PSS detection 
	17.4 kB

	Memory for NB-SSS 
	7.2 kB

	Estimated Sum
	24.6 kB


Table 2. Computational complexity of cell search 
	Operation
	Complexity 

	NB-PSS effort
	26.04 Mops

	NB-SSS effort
	0.84 Mops

	Estimated Max
	26.04 Mops


· Demodulation

Table 3. Computational complexity demands for NB-PDSCH decoding 
	Operation
	Complexity 

	
	TM1 (Single AP Tx)
	TM2 (2 Tx @ eNodeB)

	FFT (# of operations)
	2352
	2352

	Channel estimation (total # of operations)
	1968
	3936

	Equalization (total # of operations)
	2040
	3100

	Channel decoding (total # of operations)
	36960
	36960

	Complexity demands (assuming a total of 1ms time-budget for all post-buffering reception steps and a DL data rate of 128 kbps)
	43.3 Mops
	46.3 Mops


Table 4. Complexity of most demanding baseband operations – A summary
	Operation
	Max load
(Mops)
	Memory

(kB)

	Cell Search
	26.04
	24.6

	Decode NB-PDSCH (assuming TM2)
	46.3 
	19.6

	Limiting computational complexity and memory requirements
	46.3 
	24.6


Table 6. Complexity of baseband operations for GPRS Reference
	Operation
	Max load
(Mops)
	Memory RAM

(kB)

	FCCH detection
	10.7
	5.7

	Decode SCH
	11.1
	9.2

	Decode PDTCH 
	56.3
	12.2

	Limiting computational complexity and memory requirements
	56.3
	12.2


Table 5. Code and data memory requirements from RP-151381
	Function
	Size

	
	Code
(kB)
	Data
(kB)

	L1 DSP
	32
	40

	L1 Control
	8
	1

	L2 Data Plane
	35
	34

	L3 RRC
	256
	75

	System overhead
	72
	66

	TOTAL
	403
	216


Source 2 (R1-157340): OFDMA downlink and FDMA uplink
· SoC hardware complexity estimate
Table 1: SoC hardware complexity estimate assuming 65nm process node

	Function
	Gates

(kgates)
	Area

(mm2)
	Comment

	Receiver

	LNA
	-
	0.15
	Including RX pads

	Quadrature mixer and amplifier
	-
	0.05
	

	Analogue baseband  filters
	-
	0.35
	Including both I and Q channels

	ADC
	-
	0.15
	Sigma-delta, including both I and Q channels

	Hardware digital processing
	50
	0.10
	Digital filtering, decimation, resampling, AGC, etc.

	Transmitter

	Transmit pre-PA and balun
	-
	0.65
	Including TX pads, dominated by balun area

	Additional circuity for 23 dBm PA
	-
	0.80
	Due to larger devices and support for much higher currents

	Envelope DAC and filter
	-
	0.10
	

	Hardware digital processing
	40
	0.08
	Digital filtering, up-sampling, cordic, resampling, etc.

	Local oscillator

	Fractional-N synthesiser
	-
	0.85
	Including VCO and sigma-delta phase modulation injection

	Processor platform

	32-bit MCU core 
	30
	0.06
	Including glue-logic such as memory arbitration

	32-bit DSP core (dual MAC)
	140
	0.27
	Including glue-logic such as memory arbitration

	System overhead
	20
	0.04
	For example, FLASH controller

	512 kB embedded FLASH
	-
	0.75
	Code memory for MCU and DSP

	192 kB embedded SRAM
	-
	1.00
	Data memory plus copy of code memory for DSP

	Complete SoC

	TOTAL (external PA)
	-
	4.60
	

	TOTAL (integrated PA)
	-
	5.40
	


· Software complexity estimate
· Table 2: DSP complexity estimate

	Function
	Peak load
(Mops)
	Data RAM (kB)1
	Target decode latency 
(ms)

	PSS detection (a)
	30
	15
	-

	SSS decode (b)
	<10
	8
	20

	PSI decode (c)
	<10
	4
	20

	PDSCH decode (d)
	<30
	16
	20

	System overhead (e)
	-
	4
	-

	Limiting value
= max(a+b,c,d) + e
	40
	27
	-

	Note 1: Memory estimates assume 16 bits for each of I and Q, which is considered to be a more realistic than 8 bits for each of I and Q


Table 3: Software complexity estimate

	Function
	Legacy GPRS reference
	NB-IoT estimate

	
	Code
(kB)
	Data
(kB)
	Code
(kB)
	Data
(kB)

	Layer 1 (DSP)
	128
	64
	32
	32

	Layer 1 (MCU)
	800
	180
	8
	2

	Layer 2 (MCU)
	
	
	24
	16

	Layer 3 (MCU)
	
	
	360
	96

	System overhead
	40
	16
	40
	16

	TOTAL
	968
	260
	464
	162


2.1.1 Observations
Note: Come back to consider how to reflect the results in these observations.

1. SC-FDMA based UL reduces the maximum processing load (Mop/s) by approximately 12% compared to the legacy GPRS reference. It approximately doubles the memory (kBytes) required.

· This observation is based on the most demanding baseband operations.
2. FDMA based UL reduces code software complexity (kBytes) by approximately 60% and data software complexity by approximately 50% compared to the legacy GPRS reference case.

3. Using an integrated PA for FDMA based UL could reduce SoC area by approximately 15%, assuming a 65 nm process node. This observation makes no statement about SC-FDMA.

Come back to these after discussion of adding protocol and BB complexity to respective sources
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