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1. Introduction

In the last meeting, two options for BS IC time and frequency offset were agreed [1]:
· Option 1: No timing delay and frequency offset for all the intra-cell and inter-cell UEs.
· Option 2: Non-zero timing delay and non-zero frequency offset for the intra-cell UEs, zero timing delay and frequency offset for the inter-cell UEs.
This contribution presents our views on time and frequency offset for BS IC.
2. Discussion
2.1. Time offset
Transmission timing adjustment operation is introduced for LTE. As specified in TS 36.213, UE shall adjust its uplink transmission timing for PUCCH/PUSCH/SRS according to the timing advance (TA) command from BS. So, the received timing for the co-scheduled UEs within one cell is expected to be aligned. Meanwhile, there are some errors that may be considered: 1) TA quantization error, 2) UE timing error.
1) TA quantization error
As specified in TS 36.213, the timing advance command indicates the change of the uplink timing relative to the current uplink timing as multiples of 16 Ts. Thus the maximal TA quantization error is 16 Ts, where Ts = 1/ (2048 ( (f) and (f is the sub-carrier spacing (i.e., (f = 15 kHz).
2) UE timing error
According to TS 36.133, UE timing error requirements are defined as: when the transmission timing error between the UE and the reference timing exceeds (Te, the UE is required to adjust its timing to within (Te. The reference timing shall be 
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Table 1. Te Timing Error Limit (Table 7.1.2-1 in TS 36.133)
	Downlink Bandwidth (MHz)
	Te_

	1.4
	24*TS

	≥3
	12*TS

	Note: TS is the basic timing unit defined in TS 36.211
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Figure 1. Uplink-downlink timing relation (Figure 8.1-1 in TS 36.211)
As a result, for bandwidth no smaller than 3 MHz, the received timing difference between two intra-cell UEs is 16+24 = 40 Ts (i.e., 1.3 us) at maximal. So we have the following proposal:
Proposal 1: If time offset is to be modeled for the intra-cell UEs, the following values can be used:

· {0.6, 1.2} us for 2 intra-cell UEs

· {0.3, 0.6, 0.9, 1.2} us for 4 intra-cell UEs

2.2. Frequency offset
According to TS 36.101, The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the E-UTRA Node B.
The frequency offset varies with the carrier frequency. Assuming a typical LTE deployment of 2 GHz carrier frequency, the maximal frequency offset of one UE is ± 200 Hz. Therefore we have the following proposal:
Proposal 2: If frequency offset is to be modeled for the intra-cell UEs, the following values can be used:

· {-100, 200} Hz for 2 intra-cell UEs

· {-200, -100, 100, 200} Hz for 4 intra-cell UEs

3. Initial simulation results
To evaluate the impact of time/frequency offset on link performance, we conduct some initial simulations. The simulation assumptions are given in Table 2. As listed in Table 3, the simulation cases agreed in the last meeting [1] are evaluated. Simulation results with zero time/frequency offset for intra-cell UEs are also presented for comparison.
Note that for cases with EPA5 serving channel, there is some difference in the channel estimation algorithm used in our companion paper [2] and this paper. In [2], the average of the channel response at the two DMRS REs in the two slots within one TTI is taken; while in this paper, linear interpolation within one TTI in time domain is implemented. This is because with the former algorithm, the performance degradation due to frequency offset is expected to be much larger.
Table 2. Link simulation parameters
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

	Maximal number of HARQ transmissions 
(including 1st Tx and re-Tx)
	4

	Channel bandwidth
	50 PRBs

	Antenna number
	1Tx 2Rx, 1Tx 4Rx

	Number of co-scheduled intra-cell UEs
	2 UEs for 2Rx, 4 UEs for 4Rx

	Frequency hopping, TTI bundling
	Disabled

	Modulation of inter-cell interferers
	16 QAM

	Timing offset (when modelled)
	{0.6, 1.2} us for two intra-cell UEs

{0.3, 0.6, 0.9, 1.2} us for four intra-cell UEs

	Frequency offset (when modelled)
	{-100, 200} Hz for two intra-cell UEs

{-200, -100, 100, 200} Hz for four intra-cell UEs


Table 3. Link simulation cases
	Case No.
	No. of co-scheduled UEs
	Propagation condition
	MCS level 
(intra-cell UEs)
	Inter-cell interference scenario

	1-1
	2Rx BS, 2 UEs with equal SNR
	(EPA5 low, ETU5 low)
	MCS10 (QPSK 0.61)
	High interference level in HetNet: DIP1= -0.43 dB

	1-2
	
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB

	2-1
	4Rx BS, 4 UEs with equal SNR
	(EPA5 low, ETU5 low)
	MCS10 (QPSK 0.61)
	High interference level in HetNet: DIP1= -0.43 dB

	2-3
	
	(EVA70 low, ETU70 low)
	MCS15 (16QAM 0.5)
	Low interference level in HomNet: DIP1 = -5.45 dB
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Figure 2. Case 1-1, 2Rx, EPA5 serving channel, MCS 10, high interference level
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Figure 3. Case 1-2, 2Rx, EVA70 serving channel, MCS 15, low interference level
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Figure 4. Case 2-1, 4Rx, EPA5 serving channel, MCS 10, high interference level
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Figure 5. Case 2-3, 4Rx, EVA70 serving channel, MCS 15, low interference level
Table 3. SINR working point (dB) at 85% maximum throughput
	
	
	Baseline receiver
	IC reference receiver
	Gain of IC

	Case 1-1
	without offset
	4.71
	1.51
	3.20

	
	with offset
	4.92
	1.65
	3.27

	Case 1-2
	without offset
	12.92
	11.07
	1.85

	
	with offset
	13.03
	11.17
	1.86

	Case 2-1
	without offset
	0.21
	-3.68
	3.89

	
	with offset
	0.14
	-3.55
	3.69

	Case 2-3
	without offset
	11.61
	8.75
	2.86

	
	with offset
	11.80
	8.83
	2.97


Observation 1: Based on our initial simulation results, the performance degradation due to time and frequency offset is not obvious.
4. Conclusion
This contribution discussed the time and frequency offset for BS IC, with the following observations and proposals:

Proposal 1: If time offset is to be modeled for the intra-cell UEs, the following values can be used:

· {0.6, 1.2} us for 2 intra-cell UEs

· {0.3, 0.6, 0.9, 1.2} us for 4 intra-cell UEs

Proposal 2: If frequency offset is to be modeled for the intra-cell UEs, the following values can be used:

· {-100, 200} Hz for 2 intra-cell UEs

· {-200, -100, 100, 200} Hz for 4 intra-cell UEs

Observation 1: Based on our initial simulation results, the performance degradation due to time and frequency offset is not obvious.
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