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1. Introduction
During the last RAN1 meeting in Seoul, great strides have been made for downlink RS structure, which was summarized in [1]. However, it is yet to be decided whether the application of frequency separation among adjacent Node B or frequency hopping between consecutive TTIs should be allowed for downlink RS.
The necessity of frequency shifting or frequency hopping of downlink reference signal is tightly related to the necessity of downlink reference signal power level boosting. In other words, downlink RS frequency shifting/hopping may not be necessary at all if the power level of downlink reference signal is not to be boosted up. Only if downlink reference signal power level is boosted up over other control or data parts, frequency shifting or hopping may provide gain in data demodulation performance and in the interference randomization aspect. 
In this contribution, the necessity of downlink RS frequency shifting or frequency hopping is evaluated by taking the boosting of downlink RS power level into account in the course of link level simulation. From the simulation results, it is shown that boosting of downlink RS provides some gain in data demodulation performance especially in case of low data rates as far as either frequency shifting or frequency hopping is utilized for downlink RS. Therefore, it is suggested frequency shifting or frequency hopping be positively examined as well as boosting the power level of downlink RS.
2. Frequency shifting or frequency hopping operation for downlink RS
The frequency shifting among adjacent Node B can be done by assigning different frequency offset for each different Node B in static or semi-static manner by means of inter-Node B coordination[2][3]. By doing so, it is possible to completely separate reference signals among Node Bs so that they don’t coincide on top of each other. Therefore, if one considers the case where the power level of downlink RS is boosted up, frequency separation will provide some performance gain. If boosting on the downlink RS power level is not to be used on the other hand, it is no use applying frequency separation for downlink reference signal.

Frequency hopping between consecutive TTI might achieve similar aims to frequency shifting without resorting to the inter-Node B coordination [4][5]. One difference from frequency shifting is that this operation has its benefits from the randomization of interferences coming from other cells belonging to the different Node B while frequency shifting tries to avoid any interference by complete separation of reference signal from the other cell. Therefore, frequency shifting would be the best in performance if proper separation could be provided by means of stringent inter-Node B coordination. However, the necessity of frequency hopping operation will increase if MIMO transmission is to be considered since the effective reference signal spacing resulting from multiple transmission antennas becomes too small to provide enough frequency separations among adjacent Node Bs even with strict inter-Node B coordination. Just like the case of frequency shifting among adjacent Node B, frequency hopping between consecutive TTIs would have some meaning only when there is necessity of boosting up the power level for downlink RS. 
If downlink RS is boosted, special consideration should be taken so that one can at least avoid the case where time and frequency positions for boosted reference signal from different Node B collide with each other every time. If boosted reference signals from different Node B, by accident, are overlapping on top of each other for every TTI, one cannot enjoy the potential gain (if any) from boosted reference signal. 
In order to evaluate the potential gain of boosting the power level of downlink RS and the usefulness of frequency shifting or frequency hopping on downlink RS, some link level simulations have been performed with simulation scenarios described in Figure 1. Four different cases were simulated as summarized below. The following test cases have been updated from the simulation configurations from our previous contribution [6] to reflect the more harsh assumptions of power level deboosting for data signal or control signal in case of boosted downlink RS [7].  It should be clarified that we are not proposing to decrease the power level for data or control signal in case of downlink RS power boosting, but we just want to evaluate the worst case performance of downlink RS power boosting.
(1) Case 1: power boosting is not used for downlink reference signals. 
(2) Case 2: the power level of downlink RS is boosted by 3dB. In this case, boosted reference signals are out of joint with each other for all the time. This case can be seen as one good example of nice frequency shifting among adjacent cell, showing how much gain boosting of downlink RS power level can provide together with frequency shifting among adjacent Node B. In order to keep the total power at the same level, the transmission power level of control signal or data signal within the same OFDM symbols containing downlink reference signal is decreased by the exact amount that downlink RS power level is boosted by. The interference from other cell on data signal subcarrier or control signal subcarrier will also increase due to the boosted downlink RS from the other cell.
(3) Case 3: 3dB power boosting for reference signal is applied. In this case, boosted reference signals from two cells are overlapping with each other for all the time. This case is shown as example where neither frequency shift nor frequency hopping is utilized even though downlink RS power level is boosted.
(4) Case 4: 3dB power boosting for reference signal is applied. The positions of reference signal from the other cell vary in time so that collision between boosted reference signals happens at fixed probability of 1/6. This case is given as an example where one can infer the necessity of frequency hopping in case of downlink RS power level boosting.
In the above, case 1 is just given as example, which is expected to provide baseline performance without any special treatment on reference signal. Case 2 represents typical example which shows the potential gain that can be achieved with nice frequency separation and reference signal power boosting. This case is expected to provide the best performance among all the cases. Case 3 represents typical example which shows there would be no gain at all with boosted reference signal if neither frequency separation nor randomization by frequency hopping is applied. This case is expected to provide similar performance as case 1. Finally, case 4 is one example that shows the potential gain with frequency hopping on reference signal in consecutive TTI. The performance of this case is expected to lie in the middle of case 2 and case 3. 
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Figure 1. Simulation scenarios

Figure 2 shows the resulting performance curves for each case. In the simulations, it is assumed only one other cell belonging to the different Node B makes the interference to the target cell. The details of simulation configurations and parameters are summarized in Table 1 in Appendix section. 
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                        (a) RB: 75, QPSK, TU 3kmph                             (b) RB: 75, 16QAM, TU 3kmph

Figure 2. Performance curves for four test cases

As can be seen in Figure 2, boosting power level of reference signal provides up to 0.6 or 0.2dB gain respectively for QPSK and 16QAM, compared to no power boosting, as long as perfect frequency separation can be guaranteed between cells. As expected, there is no gain at all with boosted reference signal if they overlap with each other all the time as can be observed in performance curves for case 3. It should be noted performance curves for case 1 are not visible because they are almost on top of those for case 3. It is because one cannot get any SINR gain for reference signal from power level boosting due to the increase of interference level by the same amount. Especially, if the simulations were performed under low SNR region (the simulations have been performed with fixed SNR of 20dB), case 3 would perform slightly worse than case 1 due to the reduced signal power level in data. If frequency hopping is applied as in case 4, some performance improvement can be achieved compared to case 3. The performance will get close to case 2. The differences in performances between case 2 and case 4 are within 0.1 dB. 

From the simulation results, it can be concluded that boosting the power level of downlink RS offers some performance gain in data demodulation performance especially in case of low data rates, as long as either frequency separation or frequency hopping is utilized for downlink RS. However, in case of high data rates, one may not observe a lot of performance gain from boosting of downlink RS power level, as observed in 16QAM performance in Figure 2. But, it should be noted that UEs who would enjoy the benefits from the boosted downlink RS are mostly those UEs who are in the cell edge and hence receive downlink traffic with low data rates. Therefore, it can be inferred boosting of downlink RS together with frequency separation or frequency hopping would be beneficial in terms of cell edge UE throughput. Regarding the choice between two options, LGE is still sitting on the fence since two options have its own pros and cons. Frequency shifting would be best in performance if stringent coordination could be provided. However, frequency hopping has the advantage of not relying on inter-Node B coordination over frequency shifting while it may have harmful effect on the UE complexity due to the complicated measurement for the reference signal from the other cells for HO. Also, the hopping period should coincide with the period of SCH transmission in order not to complicate the cell search procedure, which was agreed to rely on downlink RS for cell ID detection. Therefore, these kinds of considerations should be taken into account before finally choosing one scheme over the other. Also, it may be worthwhile to check the possibility of both options’ standing together.

On the other hand, frequency shifting or frequency hopping may have some implications with the discussion on the SFN reference signal for MBMS. If it is generally agreed to have separate SFN reference signal for MBMS, both options can be done without causing any problem for SFN operation of MBMS.  

3. Conclusions

In this paper, some considerations have been taken for boosting power level of downlink RS. According to our simulation results, it was found that either frequency shifting or frequency hopping may be necessary in order to achieve any potential gain from boosted downlink RS power level. Therefore, these options should be positively examined as interference mitigation techniques for downlink reference signal. Their respective implications on the other aspects should be carefully investigated before one of these options is finally agreed for inclusion in LTE specification.
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Appendix

Table 1 contains the simulation configurations that were used in the simulations. 

Table 1. Simulation parameters

	Parameters
	Value

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3), 16QAM (Turbo R=1/3)

	User traffic allocation
	Localized Resource Block

	Amount of resource used in data
	75 subcarriers over 12 OFDM symbols (1ms TTI)

(Except for 1st, 2nd OFDM symbol)

	TB Size
	600 (75RB, QPSK), 1200 (75RB, 16QAM)

	Channel model
	COST207 Typical Urban

	UE speed (km/h)
	3km/h

	Pilot channel allocation
	CDM Pilot: every 6th  subcarrier in 1st, 5th, 8th, 12th OFDM symbol

	Channel estimation
	FFT based interpolation

	Number of antennas
	Tx 1, Rx 2
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