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1. Introduction

In order to increase the user throughput, downlink spatial multiplexing of up to eight layers is considered in LTE-Advanced [1]. To do this, however, we need to take into account the backward compatibility on RS design between Rel-8 LTE and LTE-Advanced. 

Several solutions have already been proposed in [2-3][6-7], such as reserved CCEs, reserved subframes and reserved RBs solutions. Reserved CCEs are not appropriate, because it does not fulfill the requirements of low overhead and simplicity and is unlikely to provide robust performance [3]. Reserved subframes incur a heavy scheduling restriction on both LTE UEs and LTE-A UEs, which results in scalability and efficiency issues. In our view, multiplexing LTE-A UEs and LTE UEs inside every sub-frame (also known as reserved RBs) is the preferred solution.  
In this contribution, CRS design and DMRS design for LTE-A is discussed. For CRS design, hybrid FDM and reserved RB based solution is the preferred, while rank adaptive DMRS design is recommended. 
2. Recommendations and design example

Based on the analysis in the Annex, we recommend the following guidelines for creating a DL RS design which is backward-compatible with LTE:

1- Separation between LTE RB and LTE-A RB should be supported using both FDM and reserved RBs in a basic LTE bandwidth in order to support fairness and flexibility, as shown in Table 1. This FDM limit should be configured based on the number ratio of LTE-A UEs and LTE UEs with data to transmit. The density of reserved RBs should be determined by the accuracy requirement of measurements. In addition, both FDM and reserved RB should support frequency hopping. 

2- To support measurements for LTE-A UEs on LTE RBs, antenna switching introduces the problem of inaccuracy for LTE UEs. If minimal signaling or 1-bit feedback added for LTE rel.8 is possible, an antenna switching based solution is preferred. 

3- On DMRS design, the trade-off between overhead and measurement accuracy should be considered. We say only that we prefer rank-adaptive design combining the three options in Table 2. As to when to reuse CRSs design for 8-antennas MIMO array, when to insert more additional #5-#8 antenna CRSs with a higher density, and when to resort to rank-adaptive dedicated RSs, it depends on the transmission rank. 

4- The solutions for compatible CRS and DRS design for LTE-A and our preference are summarized as follows:
Table 1 CRS design for LTE-A

	
	Option-1:FDM-based solution
	Option-2:Reserved RB based solution

	Measurement
	low accuracy with antenna switching
	reasonable depending on the density 

	Data scheduling
	easy to tune adaptive to the ratio of LTE users and LTE-A users
	unfair for LTE when few LTE-A UEs exist with data to receive

	Implementation
	additional signalling or feedback is required to improve accuracy 
	compatible with LTE rel.8, but more scheduling restrictions for LTE UEs


Conclusion: A combined FDM and reserved RB approach is proposed. 

Accordingly, we recommend a design as in Figure 1:
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Figure 1 The proposed resource allocation and CRS mapping 
Table 2 DMRS design for LTE-A

	
	Option-1: reusing CRSs only
	Option-2: dedicated RS

	ACCURACY
	reasonable for high-rank channel
	good with enough sequence length

	OVERHEAD
	low and no relation to rank
	high for high-rank channel

	Implementation
	PMI required.
	no PMI needed


Conclusion: we propose a rank-adaptive design combining the two solutions above.

Accordingly, we recommend a design as below:

RANK=1, 2:  dedicated RSs as DMRSs.

RANK > 2:    reusing #1-#8 CRSs for LTE-A as DMRSs.

Annex A: Backward compatibility design issues and analysis
A.1 Views 
It is essential to design a new RS structure that supports an 8 Tx MIMO transmission, allocated for LTE-A UEs [2]. However, cell specific RS as defined in Rel-8 LTE should be kept and integrated into new design for LTE-A UEs. The new RS structure need to be transparent to legacy LTE UEs and cell specific RS should be kept for data and control as defined in Rel-8 LTE. Here, we divide the RBs into LTE RBs and LTE-A RBs in respect to the user domain. The RBs can be divided into RBs for data transmission, called as D-RBs, and RBs for measurement, called as M-RBs. We provide a detailed review of RB based data multiplexing and RB based CRS/DRS design to support backward compatibility as follows:

LTE D-RB vs. LTE-A D-RB: In view of scheduling and data transmission, the proposal in [5] divides the RB resources within a component carrier into LTE RBs and LTE-A RBs in FDM mode. This FDM limit should be configured semi-statically based on the ratio of LTE-A UEs to LTE UEs. LTE RBs can be allocated to both LTE-A UEs and LTE UEs for data transmission. However, LTE-A RBs only can be allocated to LTE-A UEs. This design facilitates the evolution from LTE to LTE-A. Meanwhile, the demodulation reference signal (DMRS) design is related to the data transmission for LTE or LTE-A UEs. Thus, the DMRS pattern is determined by the D-RB types.

LTE M-RB vs. LTE-A M-RB: In view of measurement, LTE-A UEs and LTE UEs must share the common RS resources to do channel measurement, including CQI, PMI and RI. However, LTE-A UEs will likely require 8 CRSs, while LTE UEs require CRSs #1-#4 only. A practical solution is to insert the additional CRSs (#5-#8) in the RB’s reserved for LTE-A UEs. We identify this M-RB as LTE-A M-RB. 

CQI RS vs. Demodulation RS (DMRS): This definition is given based on the real functionality of RSs. CQI-RS is the RS for measurement, while DMRS is the RS to do channel estimation for data demodulation. For LTE rel. 8 UEs, CQI-RS and DMRS are all the same common RS. In order to keep the compatibility, LTE RBs support legacy pilot pattern in LTE rel. 8 for LTE UEs. LTE RBs support a pilot pattern with 4-port CRSs and x-port DRSs for LTE-A UEs. For LTE RBs, CQI measurement for LTE-A UEs can be completed in two consecutive TTIs and channel estimation for demodulation can be done every TTI.
Common RS vs. Dedicated RS (DRS): This is defined with respect to the UE for RSs with or without precoding. Usually, Common RS is non-precoded and DRS can be precoded in LTE rel. 8. However, it is pointed out that CRS could be precoded and DRS can be also non-precoded in [6]. As a result, we consider the non-precoded CRS and the precoded DRS to act as DMRS to demodulate the data.

A.2 Solution-1: RS mapping for UEs through Reserved RB

In the view of measurement, some RB can be reserved for LTE-A UEs to measurement, called LTE-A M-RB. In addition, these RBs can also be scheduled to LTE-A UE, known as LTE-A D-RB. In the view of data demodulation, all RBs can be scheduled for LTE-A UEs to transmit data with DMRSs, but LTE UEs only can be scheduled to the non-LTE-A DRBs. In this solution, the LTE-A M-RBs should be scattered uniformly into every compatible component carrier. The density of LTE-A M-RBs should be configured based on the system requirement for the accuracy of channel estimation.

Now, we consider the measurement and demodulation performance for this solution. This impact for channel measurement of LTE UEs is very little, but the density of LTE-A M-RBs will impact on the accuracy of channel measurement for LTE-A UEs on the LTE-RB bandwidth heavily, because the interpolation is difficult and inaccurate for less LTE-A M-RBs. Especially, when the number of LTE-A UEs is less in the cell, this solution for RS design is unfair for LTE UEs. So, we resort to solution 2 to improve it on this aspect.

The DMRS design for LTE-A UEs has two choices, Common RS or Dedicated RS. For MIMO transceivers, CRSs usually is antennas-specific while DRSs is beam-specific. Two alternative ways of allocating these RSs for DMRS design are available. First, compared with CRSs in LTE-A RBs, we can reuse CRSs #5-8 in even numbered sub-frames or CRSs #1-4 in odd numbered sub-frames as DMRSs, which is simple and explained in detail in section A.3. Second, the Dedicated RSs can be designed separated with CRSs in LTE RBs as rank-adaptive. Which one is best? The one combined of the above two based on the rank. We argue that DMRS design for LTE-A UEs should achieve the best trade-off between overhead and accuracy. We claim this because the number of CRSs usually depends on the number of antenna, and the number of DRSs depends on the rank, so a rank-adaptive design to combine the above two solutions is expected. For example, choose 2 when rank is equal to 1 or 2, choose 1 when rank is above 2. 
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Figure 2 The resource allocation and CRS mapping for Solution 1

A.3 Solution-2: RS mapping for UEs through antenna switching
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Figure 3 The resource allocation and CRS mapping for Solution 2

In solution-1, reserved LTE-A RBs for measurement are distributed uniformly amongst RBs for LTE, which results unfairness for LTE UEs or LTE-A UEs in some situations. So we resort to FDM for LTE-A UEs and LTE UEs in solution-2. LTE UEs only can transmit data in range of LTE RB bandwidth, but LTE-A UEs can do data transmission in the whole compatible component carrier, including both LTE RBs and LTE-A RBs. However, in order guarantee the QoS for LTE-A UEs, how to implement that LTE-A UEs do channel measurement on LTE RBs? Channel measurement can by done using the physical antennas via group switching every TTI. For example, in TTI #0, #1-#4 CRSs are mapping to one antenna group, and in the TTI #1, #5-#8 CRSs are mapping to the other antenna group. In this way, eNodeBs do physical antenna switching without any additional signalling for LTE rel.8 UEs, but for LTE-A UEs, LTE-A UEs only need to discriminate LTE RB and LTE-A RB to insert different RS patterns. Accordingly, the LTE-A UE can complete CQI measurement in two consecutive TTIs. We describe the details as below.

Here, pilots can be also divided into two groups in LTE-A: Common RS (CRS) and Demodulation RS (DMRS). CRSs are used for CQI measurement and DMRSs are used for data demodulation. DMRSs can be required for demodulation with rank adaption every sub-frame while CRSs for CQI measurement are not necessary every sub-frame. 

Several pilot patterns and scenarios are supported in LTE-A:

· Pilots for LTE-A RBs include legacy 8-port CRSs, referring to [4].
· Pilots for LTE RBs include 4-port CRSs+ x-port DMRSs. 

In order to make LTE-A UEs do measurement on LTE RBs, physical antenna group switching between #1-4 antennas and #5-8 antenna for CRS mapping is introduced one TTI by one TTI[7]. Although the antenna grouping is not supported in current LTE rel.8, physical antenna time-switching is more feasible, especially for dual-polarized antenna mapping: 
· For eNodeB with LTE RBs, Physical Antenna time-switching for 4-port CRSs between Group A&B for LTE UEs: 

          For example: #N sub-frame, CRSs mapping to Physical Antenna Group A(#1-4);

                                #N+1 sub-frame, CRSs mapping to Physical Antenna Group B(#5-8);

· For LTE-A UEs with LTE RBs, 1-8 CRSs can be derived in the consecutive two TTIs from Physical Antenna Group A&B:
          For example: #N sub-frame, read as #1-4 port CRSs;

                                #N+1 sub-frame, read as #5-8 port CRSs;     

Considering the compatibility, this method has no impact on LTE rel.8 specification but only a little bandwidth constrained for scheduling and less accurate measurements are introduced for LTE UEs. To improve the accuracy better, the additional control signalling and feedback to support antenna switching should be appended. On scheduling, most of LTE-A UEs should be scheduled into LTE-A RB bandwidth, while LTE UEs should be scheduled into LTE RB bandwidth.
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