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1. Introduction

In order to achieve higher capacity and coverage, various advanced MIMO schemes, including high order MIMO, MU-MIMO and CoMP are considered for LTE-A system. All these advanced MIMO schemes seem to need additional reference signals (RS). As the guideline for RS design was agreed in the way forward in [1], precoded UE-specific RSs (URS) are used for demodulation of PDSCH and complementary use of Rel-8 cell-specific RS is not precluded. According to this, some issues on MIMO schemes are discussed and a hybrid use of URS and legacy CRS for demodulation is proposed.
2. Issues on DL MIMO with precoded URS
The precoded URS allows non-codebook based precoding in downlink since the precoding vector/matrix is transparent to a UE. Furthermore, the RS overhead can also be reduced since it only requires RS from each layer. In addition, the beamforming provides higher channel estimation performance compared to that of non-precoded CRS for closed-loop SM. Despite the merits of using URS for demodulation, there are still some issues in the following aspects.
OL SM
Precoding matrix hopping with large-delay CDD is specified as an open-loop SM method in LTE system. Hence, open-loop SM should be supported in LTE-A system as well. However the precoded URS seems to be worthless for the open-loop SM transmission since eNB cannot exploit channel information to transmit RS [2], thus precoded URS is hard to be implemented in this mode. It seems non-precoded URS or CRS is more suitable to be transmitted to a UE working in open-loop SM mode. Considering the efficiency of demodulation, CRS may be preferable for open-loop SM transmission.

CL SM 
In [3], it has been stated that LTE-A could consider up to eight layers downlink spatial multiplexing. As the DL RS way forward [1] described, URS can be thought of as layer-specific RS. Possible approaches to design multiple orthogonal URS include assigning every layer of a UE a set of REs (time-frequency multiplexing, FDM) and/or code multiplexing (CDM) design. Ref [4] has observed that performance of CDM-based URS could deteriorate if UE mobility is high or the channel is very dispersive in frequency, as the orthogonality between different codes on URS could be broken. For FDM design, if two URS ports are supported (only one URS is supported in LTE) the total overhead including the current 4 CRS will be 28.6% [5]. Additional URS ports may result in unacceptable overhead as long as 4 CRS exist. Here two solutions could deal with the problem: define reserved resource blocks for LTE-A transmission only or reuse CRS for demodulation to reduce needed additional URS. 

MU-MIMO       In LTE, MU-MIMO is only supported with CRS for demodulation. URS based demodulation can be enabled with non-codebook based precoding for MU-MIMO in LTE-A. However, whether the legacy LTE UE and LTE-A UE could be paired to perform MU-MIMO would also be an issue. In LTE-A system, when the numbers of LTE-A UE and legacy UE are at the same level in quantity, it may impose a severe constraint on scheduling if LTE-A UE and legacy UE cannot be spatially multiplexed. One solution is that both the legacy UE and LTE-A UE use CRS for demodulation when LTE UE and LTE-A UE are multiplexed. 
According to the above discussion, reusing the legacy CRS for demodulation would be preferred at least in some cases or in some transmission modes and it is a proper solution for RS overhead reduction for high order MIMO. 
3. Hybrid use of URS and legacy CRS for demodulation
To support reuse of the legacy CRS, a hybrid use of URS and legacy CRS is proposed in this contribution. In this scheme, the channel is decomposed into two sub-channels (Figure 2). One is the sub-channel between CRS ports and the receiving antennas; the other is between the URS ports and the receiving antennas. Both sub-channels can be estimated separately. Accordingly, all the layers can be scheduled to be transmitted in either or both of the sub-channels. Supposing the numbers of layers transmitted on these two sub-channels are m and n respectively, then the received signal for LTE-A UE can be formulated as 
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where 
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 ,when URS ports are configured on all the physical antennas, 
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As shown in Figure 1, 4 URS ports are mapped to 8Tx antennas and 8Tx codebook is used. Alternatively, LTE-A UE can also work in the same way as the legacy UE by reusing 4Tx codebook.
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For channel rank 
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While for channel rank 
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 and all legacy CRS (4 ports) are reused (Figure 2).
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Figure 1 Mapping of URS to antennas
for lower channel rank
(RS for measurement is not noted)
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Figure 2 Mapping of URS to antennas
for high channel rank
(RS for measurement is not noted)


To support such DL MIMO scheme, corresponding DL signalling should include:

· Pre-coding vector related parameters if transmission occurs in sub-channel associated with  CRS;
· The rank of  MIMO transmission; 

· URS sequence /location if sub-channel related to URS is exploited for MIMO transmission.
All the related signalling would be transmitted via the control channel.
The above MIMO scheme could be regarded as a combination of 8Tx MIMO at low rank (Rank≤4,figure 1) and grouped 4Tx MIMO at high rank (Rank>4,figure 2). In 8Tx MIMO, all the layers would be transmitted from all the 8 Tx antennas while for grouped 4Tx MIMO, the antennas would be divided into two groups with different layers transmitted. As already evaluated in [6], when Tx antennas at eNB have high correlations, the rank of the channel tends to be low, in this case 8Tx MIMO would be preferred, the transmission power and the interference to the adjacent cells could be lowered due to the beamforming gain obtained at UE. When the antennas are low correlated, the rank of channel tends to be high and grouped 4Tx MIMO would be a good choice. 

The key issue may be the performance comparison between 8Tx MIMO and grouped 4Tx MIMO. As for the comparison, two extreme cases are considered here. One is that all the antennas experience independent rayleigh fading. In this case, there may be little difference in terms of capacity between these two solutions without CSI at eNB as shown in Figure 3. In addition, the capacity with CSI and without CSI at eNB for 8Tx MIMO converges in high SNR regimes, which implies the capacity with CSI for grouped 4Tx MIMO would also stay closely to them. The other is that there would be at most 3dB gap due to the beamforming gain difference when all the antennas are coherent. Hence, in practical implementation, 8Tx MIMO and grouped 4Tx MIMO would behave similarly in terms of spectrum efficiency if the cross-interference between two antenna groups could be ignored or advanced receiver is implemented at UE (e.g. the capacity-achieving MMSE-SIC receiver [7])
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Figure 3 Capacity comparison of 8Tx(with/no waterfilling) and grouped 4Tx(without waterfilling)  

However, the overhead should also be considered in the performance comparison. Supposing the spectrum efficiencies or channel capacities for 8Tx MIMO and grouped 4Tx MIMO are C1 and C2 at the same SNR respectively, two throughputs could be calculated with the same physical resources. Assuming the density of URS in a subframe is d, and the number of OFDM symbols for PDCCH is 2, the number of PRB is N. The rank of MIMO transmission is 8, which means 8 URS ports would be required. The total physical resources for PDSCH and throughputs of both schemes can be compared as shown in Table 1.
Table 1 Comparison between 8Tx MIMO and grouped 4Tx MIMO 
	
	Total physical resources
	spectrum efficiency or channel capacity
	Throughput
(per subframe)

	8Tx MIMO
	(128-d×8)×N
	C1
	T1=(128-d×8)×N× C1

	grouped 4Tx MIMO
	(128-d×4)×N
	C2
	T2=(128-d×4)×N× C2


If the throughput of 8Tx MIMO is assumed to be larger than grouped 4Tx MIMO, that is, T1 ≥ T2, it is equivalent to 
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We can find the relation between spectrum efficiencies and optimum URS density as Table.2. There should be a large gap between two spectrum efficiencies. However, since the actual difference between C1 and C2 may be small as shown in figure 3, 8Tx MIMO may not necessarily outperform grouped 4Tx MIMO if only URS is used for demodulation in 8Tx MIMO. Hence, it ensures the necessity of reusing legacy CRS for demodulation. 

Table 2 Requirement when T1 ≥ T2
	d=12
	d=6
	d=4
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The proposed grouped 4Tx MIMO scheme would be efficient for many scenarios. Since the size of 8Tx antennas may be a little big, two possible configurations may ease the installation. One is the distributed antenna groups and another may be the dual-polarized antennas. Both types of antennas may reduce the correlations among the antenna elements which increase the possibility of high rank transmission, besides, the legacy codebook for 4Tx could also be reused for LTE-A UE.
As an alternative, 8Tx MIMO with precoded URS for demodulation for all ranks could be applied in a band with LTE-A UE only.
4. Conclusions

There are indeed lots of conveniences by using URS for demodulation; however, too much overhead may be introduced in the case of high rank transmission and there are also cases which require the CRS for demodulation. Hence, it is proper to adopt the hybrid use of URS and legacy CRS for backward compatible subcarriers if no spectrum-efficient RS else for high order MIMO could be found.
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