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1. Introduction
In LTE multi-input and multi-output (MIMO) system, the supported target as the peak spectrum efficiency on downlink is 30 bps/Hz [1]. To realize such a target, more antennas are inevitable, that, in general, requires 
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 antenna configuration. Again, to feasible 
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 antenna configuration, new reference signal (RS) must be efficiently added without affecting the viability of LTE UEs who are operating in LTE-A cells. The most important aspects for such a RS design are backward compatibility, low overhead, and simplicity.

To accomplish LTE-A data transmission, two major solutions were proposed; one is to utilize LTE sub-frame, and other is to utilize multimedia broadcast multicast service (MBMS) sub-frame [2]-[5]. In this contribution, however, we consider the former way, and focus on 
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 new RS design in consideration of backward compatibility to the existing LTE system with 
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 antenna configuration.
The RS is efficiently designed to achieve two targets; one is channel quality measurement and the other is data coherent demodulation and detection. The required RS densities for both cases, however, are different; the former necessitates less density whereas the latter necessitates higher density. Some solutions in [2]

 REF _Ref216508128 \n \h 
[3] utilizing frequency division multiplexing (FDM) manner were proposed to realize the RS on the antenna ports 4-7. With this FDM solution, however, there exist somewhat drawbacks such as the lack of backward compatibility and poor system performance. Comparably, our proposed solution is that if the channel resource block (RB) is involved in LTE data transmission, CRS on the antenna ports 4-7 is simultaneously transmitted with data signal for LTE UE on the same channel resource relying on superposition manner. In principle, this CRS is used for channel quality measurement for LTE-A UE. If the channel RB is involved in LTE-A data transmission, alternatively, dedicated RS (DRS) on the antenna ports 4-7 (non-precoded) is transmitted relying on code division multiplexing (CDM) manner. In principle, the non-precoded DRS is used for data coherent demodulation and detection for active LTE-A UE who are delivering data packet in the same sub-frame. Meanwhile, the DRS is also functioned for channel quality measurement for other LTE-A UE as if CRS does.

2. Reference Signal Design
To insert the new RS for antenna ports 4-7 with 
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 antenna configuration, the most important principles are to ensure the backward compatibility, link adaptation support, and low overhead.

Firstly, backward compatibility requires that an LTE UE must be able to operate within a LTE-A cell. This implies that the new RS can only be inserted in resource elements (RE) which do not impact any functionality of LTE UE. Secondly, link adaptation support requires that LTE-A UEs in the cell are able to measure the channel seen by these antenna ports 4-7 to report precoding matrix index and channel quality indicator (CQI). Thirdly, low overhead requires that new RS for antenna ports 4-7 do not incur unacceptably high overhead.
Furthermore, the newly designed RS must achieve the functionalities of channel quality measurement and data coherent demodulation and detection. The general behavior of RS is that channel quality measurement requires relatively lower RS density for each antenna port, while data coherent demodulation and detection requires relatively higher RS density for each antenna port.

To realize both channel quality measurement and data coherent demodulation and detection due to the unique RS behavior, the solution, utilizing CRS in RB involved in LTE UE and DRS in RB involved in LTE-A UE, was proposed [5]. Figure 1 exemplifies a dynamic channel resource assignment in LTE-A system, where LTE RB and LTE-A RB are multiplexed, relying on a centralized scheduler.
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Figure 1: Dynamic channel resource assignment in LTE-A system.

The question raised here is that how we can efficiently insert RS for antenna ports 4-7 where each LTE-A UE is able to transparently see CRS even in LTE RB, without any knowledge of the RB status; namely, either LTE RB or LTE-A RB. Meanwhile, the newly designed RS does not introduce notable negative impact to the UE who are served in LTE RB.
Our RS design is that if the channel RB is involved in LTE data transmission, on one hand, additional CRS for antenna ports 4-7 is transmitted with data signal simultaneously delivered by LTE UE on the same RB relying on superposition manner. If the channel RB is involved in LTE-A data transmission, on the other hand, DRS is transmitted relying on CDM manner to individually enhance the RS density. In what follows, we separately discuss how to design the CRS and DRS for antenna ports 4-7, in addition to reference signal sequence design and transmit power allocation.
2.1. Common Reference Signal
For channel quality measurement, CRS on antenna ports 4-7 is employed based on a superposition manner as illustrated in Figure 2, where three channel layers are virtually structured and reflected on an OFDM channel. The first channel layer belongs to PDCCH and PDSCH, the second channel layer to CRS on antenna ports 0-3, and the third channel layer to CRS on antenna ports 4-7. The first and second channel layers are used to form a LTE OFDM channel, while the third channel layer is used to form a LTE-A OFDM channel in conjunction with the existing LTE system. The CRS on antenna ports 4-7 is transmitted in each sub-frame and monitored by LTE-A UE only.
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Figure 2: CRS using superposition manner for antenna ports 4-7.

In this channel structure, some properties need to be clarified as follows:

· There is no overlapping between PDCCH, PDSCH, and CRS on antenna ports 0-3.
· There is no overlapping between CRS on antenna ports 0-3, and CRS on antenna ports 4-7.
· There is overlapping between PDSCH and CRS on antenna ports 4-7, which are super-positioned with different power levels (higher power for PDSCH and lower power for CRS). PDSCH and CRS on antenna ports 4-7 can be distinguished by a cell specific sequence in each CRS (the sequence design will be discussed in section 2.3).
In what follows, we sophisticatedly describe the relation between PDSCH and CRS on antenna ports 4-7. Each CRS is formed by a cell specific sequence with the length of 12, and mapped on 12 REs in each RB; namely, CRS for antenna ports 4-7 is mapped on 12 REs in the 3rd, 6th, 9th, and 12th OFDM symbol, respectively. It should be noted that the index of OFDM symbol in each sub-frame is denoted from the 0th to the 13th.
In order to distinguish the super-positioned CRS and PDSCH at each UE receiver, transmission power of CRS in each RE must be lower than that of PDSCH. Due to the processing gain obtained from CRS sequence, each UE receiver is still able to estimate the channel quality even with such a comparable low transmission power. This may ensure that each UE receiver is capable of distinguishing CRS and PDSCH by slightly sacrificing system performance on PDSCH. According to the simulation results as will be provided in section 3, the SNR loss in the worst case scenario is about 1.7dB.
2.1.1. Configurable CRS Patterns
As indicated in Figure 2, CRS for antenna ports 4-7 in each sub-frame has the highest density, meaning that all the antenna ports transmit CRS in each sub-frame. In realistic channel environment, however, it is not necessary to do so, particularly when UE is travelling at a low speed. Thus, in order to mitigate the CRS burden, it is better for the transmitter to be capable of configuring the CRS interval with a sparse CRS pattern dependent on the channel conditions. Figure 3, Figure 4 and Figure 5 illustrate three CRS configurations with different CRS density.
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Figure 3: CRS using superposition manner for antenna ports 4-7 (configuration-0).
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Figure 4: CRS using superposition manner for antenna ports 4-7 (configuration-1).
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Figure 5: CRS using superposition manner for antenna ports 4-7 (configuration-2).

In Figure 3 denoted as configuration-0, CRS is transmitted on each antenna port in each sub-frame, providing the highest CRS density. In Figure 4 denoted as configuration-1, CRS is transmitted on the antenna port 4 and 5 in one sub-frame, and then on the antenna port 6 and 7 in other sub-frame and so forth. In Figure 5 denoted as configuration-2, CRS is transmitted on single antenna port 4 in one sub-frame, and then on antenna port 5 on next sub-frame and so forth, providing the lowest CRS density.
2.2. Dedicated Reference Signal
For data coherent demodulation and detection, DRS is employed based on a CDM manner as illustrated in Figure 6. This type of DRS is only inserted in the predetermined REs in the RBs where the LTE-A UE is assigned for data transmission.
The DRS is different from CRS, ensuring the complete orthogonality. The DRS is independently located as opposed to PDCCH, and PDSCH. In this case, four orthogonal sequences relying on CDM manner are mapped on 12 REs in the 3rd OFDM symbol, and then the same sequences are repeated in the 6th, 9th, and 12th OFDM symbols in each RB.
It should be noted that the index of OFDM symbol in each sub-frame is from the 0th to the 13th.
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Figure 6: DRS using CDM manner for antenna ports 4-7 in (configuration 0).

2.2.1. Configurable DRS Patterns
Similar to the discussion in section 2.1.1, DRS pattern can be configured in order to mitigate the DRS burden in realistic channel environment, particularly when UE is either travelling at a low speed. As indicated in Figure 6, DRS provides highest density in each sub-frame, however, it is better for the transmitter to be capable of configuring the DRS transmission dependent on the channel conditions. Figure 6, Figure 7 and Figure 8 illustrate three DRS configurations with different DRS density, indicated as configuration-0, configuration-1 and configuration-2.
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Figure 7: DRS using CDM manner for antenna ports 4-7 in (configuration 1).
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Figure 8: DRS using CDM manner for antenna ports 4-7 in (configuration 2).

2.2.2. DRS based Channel Estimation
In RBs assigned to the active LTE-A UE for data transmission, DRS plays an important role in estimating OFDM channel for data coherent demodulation/detection. In this case, DRS sequence can be segmented into three parts, for instance, in order to increase the estimation granularity and improve the channel estimation quality in frequency domain.

In addition, other LTE-A UEs, who expect to estimate the channel on antenna ports 4-7 in the same RB without any knowledge of the RB status (either LTE RB or LTE-A RB), transparently treat DRS as CRS and only take one corresponding sequence from four sequences to achieve the channel quality measurement. This is because CRS on antenna ports 4-7 is not transmitted in the LTE-A RB, and thus, this mission must be accomplished by DRS.
As a consequence, one of four CDM-based sequences is functioned for both DRS and CRS, and the remained three sequences are only functioned for DRS. For simple exposition, we define one sequence in DRS as dual-type sequence used for both channel quality measurement and data coherent demodulation/detection, and the other three sequences in DRS as sole-type sequence used only for data coherent demodulation/detection. The difference between dual-type sequence based DRS and sole-type sequence based DRS is the transmission power. The former must contain the same power level as that in super-positioned CRS in order to make a transparent reception for all LTE-A UEs, and the latter comparably contains the less transmission power.
Figure 9 exemplifies the implementation of the channel quality measurement using dual-type sequence based DRS in LTE-A RB for antenna ports 4-7, compared to CRS used in LTE RB. From the example, it is obvious that the designed DRS is capable of transparently estimating the channel quality as if CRS does.
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Figure 9: Channel quality measurement with DRS used in LTE-A RB for antenna ports 4-7 compared to CRS used in LTE RB.
2.3. Reference Signal Sequence Design
It is the RS sequence that should be sophisticatedly designed in order to properly work with both CRS and DRS. Due to the available sequence length of 12, we attempt to utilize Walsh sequence to achieve its complete orthogonality.

RS sequence consists of 
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 Walsh codes which are repeated by three times to form 4 concatenated sequences (sequence-0, 1, 2, and 3), each with three sequence components (component-0, 1, and 2) as illustrated in Figure 10. Each of them is transmitted on corresponding antenna port. For CRS purpose, the UE receiver can calculate its auto-correlation utilizing entire sequence in order to mitigate the interference from PDSCH data channel. For DRS purpose, three components can be separately calculated to have three auto-correlations in order to increase the channel granularity and mitigate the impact due to the channel dispersion.
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Figure 10: RS sequence with Walsh code for antenna ports 4-7.
2.4. Transmit Power Allocation
Power allocation process should be separately done between CRS and PDSCH data in LTE RB, and between dual-type DRS and sole-type DRS in LTE-A RB. The power allocation factor 
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 is exploited to allocate CRS transmit power 
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In contrast, the power allocation in DRS is different; dual-type sequence functioned for both CRS and DRS works for all the LTE-A UEs, while sole-type sequences functioned only for DRS work for the LTE-A UE who is transmitting the data on that PDSCH. Since unassigned LTE-A UE does not have knowledge of the RB status, the transmitter has to keep using the same power allocation factor 
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 in all the RBs to make it transparent CRS reception for all LTE-A UE. Therefore, each antenna port with dual-type sequence based DRS shares the same power as CRS, namely
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and the antenna port with sole-type sequence based DRS shares the less power that satisfies
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Figure 11 exemplifies the relation of transmit power with dynamic channel resource assignment in LTE-A system, described in power and frequency domains.
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Figure 11: Transmit power on CRS and DRS for antenna ports 4-7 with dynamic channel resource assignment in LTE-A system.
For more details, in RB involved in LTE UE, the total received power contains three portions; the first from LTE data, the second from CRS, and the third from noise including AWGN noise and interference from other cells. In RB involved in LTE-A UE, the received power contains three portions as well; the first from DRSs formed by sole-type sequences, the second from DRS formed by dual-type sequence which is also functioned as CRS, and the third from noise. It is worthwhile emphasizing that the power of CRS and DRS formed by dual-type sequence in different RBs should be kept the same in order to make transparent channel estimation for LTE-A UE.

3. Performance Evaluations

In this section, we simply evaluate the performance of CRS for LTE-A UE by calculating the effective SNR (Shannon capacity formula basis) within a resource block as compared to the SNR experienced by LTE UE in PDSCH channel. The detailed calculation formula is described in appendix 5. The simulation assumptions are listed in Table 1.

Table 1: Simulation assumptions.
	Parameters
	Values

	RS type
	CRS

	Number of REs in RB
	116

	Number of REs in CRS on antenna port 4-7
	12, 24, 36, 48

	Power allocation factor
	0.2, 0.4

	SNR range in dB
	0~20


Firstly, we evaluate the CRS performance in terms of SNR. Figure 12 shows the average SNR received for CRS as a function of SNR in PDSCH without CRS interference, for various specified values of 
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, the average SNR is beyond 8dB which is enough to support the channel quality measurement.
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Figure 12: Average SNR in CRS with 
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Secondly, we evaluate the PDSCH performance in terms of SNR in consideration of interference due to CRS. Figure 13 shows the effective SNR experienced by LTE UE as a function of SNR in PDSCH without CRS interference. In this case, the number of REs in CRS with 12, 24, 36 and 48 corresponds to the ratio of the number of REs in CRS to the number of REs in PDSCH
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, 0.103, 0.207, 0.310, and 0.552. It can be seen that with 
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, the effective SNR loss due to the CRS interference is marginal when number of RE in CRS is 12 or 24. In the worst case scenario, the maximum SNR loss is 1.7dB which occurs at SNR = 20dB.
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Figure 13: Effective SNR in PDSCH.
4. Conclusions

In this contribution, we have designed the reference signal (common and dedicated RS) with 
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 antenna configuration in consideration of backward compatibility to the existing LTE system with 
[image: image37.wmf]4

4

´

 antenna configuration. The designed RS is capable of realizing the channel quality measurement and data coherent demodulation and detection. In our solution, to enable the channel quality measurement, we allow the simultaneous transmission between CRS and data signal on the same channel resource relying on superposition manner. In addition, to enable data coherent demodulation and detection, we employ a DRS relying on CDM manner. Simulation results demonstrated that the SNR for CRS is enough to support the channel quality measurement, only slightly sacrificing the performance in existing LTE system.
5. Appendix: SNR for CRS and Data
It is assumed that the average signal-to-noise ratio (SNR) on PDSCH channel without superposition based CRS is 
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We further assume that the ratio of received power for CRS 
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, which can be configured by a high layer signal, e.g., broadcasting control channel (BCCH), with the relation
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Therefore, the average SNR experienced by PDSCH corrupted by super-positioned CRS and noise is given by
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and the average SNR experienced by CRS is given by
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where G is the process gain due to CRS sequence.

It is assumed that the ratio of the number of REs in CRS to the number of REs in PDSCH is 
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, the effective SNR for PDSCH by means of Shannon capacity formula, which is calculated by 
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 is the average capacity over all the PDSCH defined as
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It is worthwhile noting that the modulation coding scheme (MCS) selection should be done at the transmitter dependent on the effective SNR of 
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