3GPP TSG GERAN Cellular IoT Ad Hoc	Tdoc GPC150069
Feb.2-5, 2015

Source: 	Qualcomm Incorporated
Title:    	Narrow Band OFDMA- Support of Large Cells
Agenda:	1.4.3, 2.4.4
[bookmark: DocumentFor]Document for:	Discussion
Introduction
[bookmark: _Ref400985609]At GERAN #64 a narrowband OFDMA solution for GERAN Cellular IoT was proposed and physical-layer design is provided for cell range up to 9 km [1]. This paper describes the design of cyclic prefix and PRACH for larger cells.
Discussions
In [1], the cyclic prefix (CP) lengths of normal slots and extended slots are chosen for typical cell radii of no more than 9 km. For larger cell radii, the lengths of both normal CP and extended CP must be increased to support larger channel delay spreads and round-trip delays, respectively. In addition, larger round-trip delays preclude the use of large micro-hopping gap [2], which can lead to lower timing estimation accuracy [2]. Consequently, PRACH resource segmentation and associated pilot pattern need to be revisited. 
It is proposed to have two frame structures: the normal one as described in [1] and [2] for cells with radii up to 9 km, another frame structure with longer CP and associated PRACH segmentation for large cells with radii greater than 9 km but smaller than 35 km.
Below, the proposed CP and associated PRACH design for large cells with radii from 9 to 35 km is described.
Cyclic Prefix
Normal CP
To avoid inter-carrier interference, the CP of normal slots need to be longer than channel delay spread. It is expected that the delay spread increases as cell radius increases. In [3], it is shown that the RMS delay spread can be modelled as 

where T is the medium value of delay spread when d=1 km and y is a lognormal variant. The standard deviation of 10log(y), a Gaussian random variable, is about 2 to 4.7 dB in suburban areas and 4 to 5.3 dB for rural areas, and T is about 0.075 s in rural areas and 0.28 s in suburban areas. The exponent  is typically around 0.5 for urban, suburban, and rural areas and can reach 1 for mountainous areas. 

According to the above model and assuming deviation 4.7 dB for suburban and 5.3 dB for rural areas, the delay spread for cell radius of 35 km is less than 3.3 s and 9.8 s for rural and suburban, respectively, with 95% confidence level. In reality, a cellular cell of radius 35km will unlikely be all in a typical suburban area. The actual delay spread of a cell of 35 km radius will likely be smaller than 9.8 s. As a comparison, the maximal delay spread considered is 16.7 s for cell radius up to 100 km in LTE and 20s in GSM for hilly terrains. At 288 kHz sampling rate, the delay spread is about 2.8 sample durations if 10 us is considered and 5.6 sample durations if 20 s is to considered. Providing certain margin for timing errors, it is proposed to have the CP length of normal slots 10 samples for extended cells.
Extended CP
In the narrow-band OFDMA design [1], extended CP needs to be long enough to accommodate the sum of round-trip delay and channel delay spread. For a distance of 35 km, the round trip delay is 230 s or 67 sample durations. Consequently, the CP length must have more than 67+5.6=73.6 samples. This becomes inefficient for PUSCH traffics during the extended slots although their UL timings have already been acquired and compensated. For better efficiency of PUSCH during extended slots, PRACH symbol length is doubled and each PRACH symbol has a CP of 84 samples. For PUSCH traffic during extended slots, a silent period of 64 samples is inserted before each even-numbered symbol. Consequently, the average time overhead is 42/128 and power overhead is 10/128 for PUSCH during extended slots.

The proposed PRACH and PUSCH symbol alignment is depicted in Figure 1.


Figure 1 Symbol time alignment in extended slots.
PRACH 
At the transmitter, a PRACH symbol with 256 samples is generated as a repetition of two of the 128-point IFFT output. At the receiver 128-point FFT are taken at PUSCH symbol boundaries. For PRACH, two FFT outputs are phase shifted and then combined to obtain a symbol estimate. With symbol timing and CP as in Figure 1, UL symbols including PUSCH and PRACH symbols are orthogonal to each other within a PUSCH symbol duration. Since PRACH symbol duration is doubled, the corresponding symbol signal to noise ratio is increase by 3 dB when compared to that of PUSCH with the same receive power. 
To support round trip delays up to 67 sample durations, the micro-hopping gap can be at most 1 tone due to phase ambiguity [2]. This can significantly reduce the accuracy of timing estimation as compared to the case with a micro-hopping gap 6 [2]. For better timing estimation when path loss is large, TPSK(2,2) [4] is used for PRACH to reduce the effect of estimation error of frequency offset.
For large cells, the first 24 UL slots are extended slots, each with 14 PUSCH symbols and 7 PRACH symbols. A total of 3 modulation and coding schemes (MCS’s) are used for PRACH as described in Table 1. And their corresponding pilot patterns are shown in Figure 2. 
Table 1 PRACH MCS of large cells.
	Modulation and Coding Scheme (MCS)
	1
	2
	3

	
	QPSK, 3/4
	BPSK 1/2
	TPSK(2,2), 1/6

	Pilot Pattern
	1
	1
	2

	Number of slots for a PRACH segment
	4
	12
	24

	Number of segments per 2 tone per frame 
	12
	4
	1







Figure 2 PRACH pilot patterns of large cells.

A PRACH segment associated with MCS 1 or MCS 2 is only assigned a single tone. For these two MCS’s, phase offset between pilots of two consecutive slots are used to estimate timing as described in [2].  For MCS 3, one PRACH segment takes two tones over 24 slots and the phase offset between two consecutive pilot symbols is used for timing offset. 

Using only pilot symbols, the CDF of timing error for MCS 3 over TU 1Hz channel is shown in Figure 3. 
[image: ]
Figure 3 CDF of timing error with TPSK (2,2) and 24 slots (-1 dB SINR corresponding to 164.5 dB MCL)

Summary
This document presents CP and PRACH designs for large cells with radii up to 35 km. It is proposed to have 10 samples for PUSCH symbols. In extended slots, it is proposed to insert a silent period of a duration of 34 samples before each even-numbered PUSCH symbol. A PRACH symbol has twice the duration of a PUSCH symbol and a CP of 84 samples. 
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