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1. Introduction
During the last RAN1 meeting in Tallinn, CDM was agreed as basic multiplexing scheme for the reference signal among cells belonging to the same Node B. Also, it was agreed to utilize FDM between reference signals for different antennas in order to support MIMO. However, there are still several issues remaining for further considerations on the reference signal in downlink. The followings are some parts of the issues that need to be decided as early as possible.

(1) Multiplexing option for the reference signal for downlink MIMO

(2) Application of FH (frequency hopping) among adjacent Node Bs

(3) Application of FH in consecutive TTIs
(4) Continuous reference signal vs. DTXed reference signal

In this document, LGE’s views on the above aspects are given with corresponding rationale and some simulation results. This contribution is revision of previous submission [1], reflecting the recent decision and discussion. 
2. Various Aspects of Downlink Reference Signal Design
· Multiplexing option for the reference signal for downlink MIMO

During the last RAN1 meeting, it was agreed to utilize FDM between reference signals from different antennas in order to support multiple transmission antenna in case of MIMO [2]. More specifically, it was agreed not to transmit data on the subcarriers overlapping in frequency and time with the RS transmissions for another antenna. However, there is still one remaining issue. The issue is how to support 4 transmit antennas with FDM. Currently, there are three alternatives on the table. One is to maintain the reference signal overhead up to 9.5 % even for 4 transmission antenna, resulting in the reduced frequency spacing in one transmission antenna [3]. The second proposal is to utilize two more OFDM symbols for third and fourth antenna, resulting in reference signal overhead twice larger than that of two transmission antenna [4]. The last proposal is to modify the reference signal density for single antenna transmission from 6 to 8 in order to facilitate the pure FDM in case of 4 transmission antennas, while keeping the reference signal density for each antenna as 8 [5]. Unlike the first two schemes, the third option cannot be decided only in the viewpoint of MIMO transmission since it modifies the current working assumption for reference signal density in case of single antenna transmission. Therefore, decision for this option should be tied with decision in reference signal density in case of single antenna transmission. Among the first two schemes, our slight preference is on the first one (keeping the overhead up to 9.5%) since the second scheme would require two much reference signal overhead. Therefore, the performance gain should be large enough to make up for the additional overhead in order for the latter scheme to be selected as reference signal multiplexing method for 4 transmission antenna.
· Application of FH on RS among adjacent Node B
The FH among adjacent Node B can be done by assigning different frequency offset for each different Node B in static or semi-static manner[4][6] by means of inter-Node B coordination. By doing so, it is possible to separate reference signals among Node Bs. Also, this option goes well with interference coordination. However, it may have some implication with the discussion on the SFN reference signal for MBMS. If it is generally agreed to have separate SFN reference signal for MBMS, frequency hopping on RS among adjacent Node B can be done without any problem. Otherwise, it should be carefully re-considered.
· Application of FH on RS in consecutive TTI [6]
According to the simulation results submitted so far, it seems performance gain of FH in consecutive TTI exists only when the delay spread of the channel is very large. Their insistence was that current frequency spacing is not enough to support such channels with extremely large delay spread that are not defined in the current LTE evaluation. However, considering the rare frequency of encountering such channel models in practice, we are not convinced whether there is any considerable system level gain by this feature. But other than this aspect, LGE thinks FH between consecutive TTI might provide some benefits on the randomization of interferences coming from other cells belonging to the different Node B without resorting to the inter-Node B coordination. Also, if it is used together with FH among adjacent Node B, it can randomize the interferences from other cells that are not fully separated by inter-Node B coordination. Moreover, the necessity of this 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. Also if one considers application of reference signal power level boosting in order to enhance the coverage for reference signal, 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 from boosted reference signal. FH on reference signal in consecutive TTI helps to mitigate this situation. In order to evaluate the potential gain and the usefulness of FH on reference signal in consecutive TTI, some link level simulations have been performed with simulation scenarios described in Figure 1. Four different cases were simulated as summarized below.
(1) Case 1: power boosting is not used for reference signals. 
(2) Case 2: 3dB power boosting for reference signal is applied. In this case, boosted reference signals are out of joint with each other for all the time. One good example of nice frequency separation among adjacent Node B.
(3) Case 3: 3dB power boosting for reference signal is applied. In this case, boosted reference signals are overlapping with each other for all the time.

(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.
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. The details of simulation configurations and parameters are summarized in Table 1 in Appendix section. As can be seen in Figure 2, boosting power level of reference signal provides up to 1.2 dB or 0.9dB 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. 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 0.2~0.3 dB. Therefore, it is thought that frequency hopping in consecutive TTI has a potential benefit of interference randomization when boosting of reference signal is applied.
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                        (a) RB: 75, QPSK, TU 3kmph                             (b) RB: 75, 16QAM, TU 3kmph

Figure 2. Performance curves for four test cases

On the other hand, this scheme has some restriction on the cell search discussion. That is to say, it is not clear how particular cell search methods that rely on the reference signal can function with this option. This concern has been raised several times during the discussion without appropriate response yet. One intuitive solution is to make the hopping period coincide with the period of SCH transmission, but without clear solution yet. Of course, this kind of restriction may not be so detrimental since there may be no impact at all on the cell search depending on the decision on the cell search procedure. One more drawback of this option is there might be some issues of UE complexity due to this option such as complicated measurement for the reference signal from the other cells for HO. 
However, if boosting of reference signal power is to be envisioned, this option should be examined positively, considering rather a large gain due to interference randomization between cells where one cannot provide frequency separation by cell planning.
· Large duty cycle for the transmission of DL RS in the empty cell [7]
Basically, LGE doesn’t object to this option since LGE thinks it is intuitive enough to turn downlink reference signal off whenever it is not used, it doesn’t imply much complication and it doesn’t impose any performance loss. However, we are currently not sure how much reduction in the interference level one can get with this option in reality, since downlink reference signal overhead itself is not so big and the gain may depend on the loading of surrounding cells. So currently, LGE stands neutral on this issue. 
In the previous document [1], LGE suggested that that DTX of downlink reference signal should be operated so that time domain interpolation in channel estimation process is possible even if this option is agreed to be used for downlink reference signal, since it was thought that channel estimation performance would be largely improved by means of time domain interpolation. Also, it was confirmed by simulation results. However, situation has been changed from the last meeting owing to the recent agreement on TTI length. Since TTI length is now 1ms, performance improvement by time domain interpolation may not be significant. In order to check our conjecture, some link level simulations have been performed. The details of simulation configurations are summarized in Table 1 in Appendix. The results are summarized in Figure 3 and Figure 4. Figure 3 shows link level performances when the reference signals in multiple TTIs are utilized in channel estimation. In the legend, # of TTI = N means simple time domain averaging of channel estimates was performed over the previous N-1 TTIs and current TTI. As shown in Figure 3, about 0.7 dB gain can be obtained when N equals to 4 in case of 3 km/h. However, time domain interpolation turns out to degrade performance in case of 30km/h, on the contrary. Figure 4 shows the link level performances with the same simulation configuration as Figure 3, except for 3 dB power boosting for reference signal. As can be seen in Figure 4, the achievable gain in case of 3 km/h is only 0.4 dB while severe loss in performance is observed in case of 30 km/h. From these simulation results, it can be concluded time domain interpolation could not be a detrimental factor when making a decision on the DTX operation of downlink reference signal.
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Figure 3. Block Error Rate Results for channel estimator using the reference symbols in multiple subframe

[image: image9.emf]1.E-02

1.E-01

1.E+00

-4 -3 -2 -1 0 1 2 3 4 5 6

SNR [dB]

BLER

Ideal

# of TTI = 1

# of TTI = 2

# of TTI = 3

# of TTI = 4

 [image: image10.emf]1.E-02

1.E-01

1.E+00

-4 -3 -2 -1 0 1 2 3 4 5 6

SNR [dB]

BLER

Ideal

# of TTI = 1

# of TTI = 2

# of TTI = 3

# of TTI = 4


(a) Ped B 3km/hr                                                         (b) Ped B 30km/hr

Figure 4. Block Error Rate Results for channel estimator using reference symbols in multiple subframe (3dB reference signal power boost)

3. Conclusions

In this paper, LGE’s views on the several design aspects of downlink reference signal are given. They are summarized as follows;

(1) FDM for reference signal multiplexing between antennas in case of MIMO: Slight preference on keeping the total overhead up to 9.5 % even for 4 transmission antenna
(2) FH of reference signals in adjacent Node Bs

(3) Slight preference on the FH of reference signals between consecutive TTIs: If boosting of reference signal is to be envisioned, the usage of this option should be positively considered

(4) Neutral position on the DTX of reference signal in downlink

References
[1] R1-062311, “LGE’s Views on the Various Aspects of Downlink Reference Signal Design”, LG Electronics
[2] RP-060436, “RAN WG1 Status Report”, RAN WG1 chairman

[3] R1-061656, “Text Proposal for Reference Signal Design in Downlink MIMO”, Intel, NTT DoCoMo
[4] R1-061743, “EUTRA Downlink Unicast Reference Signal Design Aspects”, Texas Instruments

[5] R1-062142, “Discussion of Pilot Density for E-UTRA DL”, Nortel

[6] R1-061821, “DL Reference Symbols with Varying Positions in Frequency - Additional Performance Results for Traffic Channels”, Huawei
[7] R1-061866, “E-UTRA Coverage Optimization (impact on reference-signal structure and common channels)”, Ericsson

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)

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

	Channel model
	ITU Pedestrian B, and COST207 Typical Urban

	UE speed (km/h)
	3km/h

	Pilot channel allocation
	CDM Pilot: every 6th  subcarrier in 1st  and 8th OFDM symbol

	Channel estimation
	FFT based interpolation

	Number of antennas
	Tx 1, Rx 2
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