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1. Introduction

Supporting 8Tx transmission was agreed for LTE-A downlink system in order to reach a peak data throughput requirement [1]. As a first step to enable 8Tx antenna transmissions, reference signal (RS) structure which is also backward compatible to a legacy UE (i.e., Rel-8 UE) should be designed.
In RAN1 #55bis meeting, for higher order MIMO transmission, it was agreed to allow two new types of RS such as demodulation RS and measurement RS [2]. Two different types of RS can be separately optimized to minimize RS overhead while providing reasonable channel estimation performance. In addition to the DL-RS issue, multiplexing of LTE/LTE-A UE within a subframe and/or radio frame was discussed as well. These two issues always come together since the RS structure could be depends on multiplexing structure (i.e., subframe type [9]). To move one more step, following issues could be discussed further and we may narrow down candidates.

· LTE/LTE-A UE multiplexing

· Time domain multiplexing (TDM)
· Frequency domain multiplexing (FDM)
· TDM /FDM (supporting both types of multiplexing)

· RS Design
· Demodulation RS (DRS)

· Measurement RS (MRS)
In this contribution, we mainly focus on aforementioned issues based on codebook-based precoding system so that any other types of multiplexing and RS types can be employed for better supporting CoMP and beamforming modes.
______________________________________________________________________
2. Multiplexing of LTE and LTE-A UEs
In [9], subframe identification was proposed to support both LTE/LTE-A UE within a subframe and/or a radio frame and which is closely related to the multiplexing method. In general, we may categorize three types of multiplexing method such as TDM, FDM and TDM/FDM 
· Alt1. TDM

LTE UE and LTE-A UE can be separated by a subframe and each group of UE is only scheduled to corresponding subframe. In this case, two types of subframe may be defined for multiplexing purpose such as LTE only subframe and LTE-A only subframe and both subframes can be fully optimized for LTE UE and LTE-A UE, respectively. However, one major drawback could be a scheduling restriction since LTE-A UE cannot be scheduled in LTE only subframe and vice versa.
· Alt2. FDM 

RB-level or frequency zone-based multiplexing can be considered to support both LTE UE and LTE-A UE within a subframe. The RB-level multiplexing allows more flexible scheduling as compared with zone-based approach. In this case, subframe identification is not necessary since all subframes can be used for both types of UE and this type of subframe can be regarded as mixed subframe in [9]. However, full subframe optimization might be complicated due to some design restrictions such as legacy support in all RBs which may cause unnecessary overhead to LTE-A UE.
· Alt3. TDM and FDM

Abovementioned both multiplexing types can be employed and used as a complementary according to the eNB scheduler since the TDM approach seems to be better than FDM in term of system optimization except for scheduling restriction problem. Therefore, the FDM may be employed additionally to give more scheduling freedom. In this case, three types of subframe need to designed such as LTE only, Mixed and LTE-A only subframe.
Among three alternatives, Alt1 or Alt3 seems to be appropriate as a baseline for designing backward compatible LTE-A system.

______________________________________________________________________
3. Reference Signal Design for LTE-A UE
In general, reference signal is employed for the purpose of demodulation and measurement, and RS type can be different according to the purpose. LTE supports CRS up to 4Tx for both demodulation and measurement and the RS overhead depends only on the number of antennas. This 4Tx CRS should be retained in all the subframes including LTE-A only subframe at least in PDCCH region for legacy support with antenna virtualization [8]-[11]. Therefore, the 4Tx CRS can be reused for LTE-A UE and the MRS for antenna ports #4~7 is only needed to be transmitted.
· Demodulation RS
The DRS may be transmitted to a specific UE and it is not seen by other UEs, thus flexible RS design is possible according to the purpose. Two types of DRS can be considered such as precoded RS and non-precoded RS.

· Alt1. Precoded RS

The precoded RS allows non-codebook based precoding in downlink since the precoding vector/matrix is transparent to a UE. Hence, more precise beamforming is possible. Furthermore, the RS overhead can also be reduced since it only requires RS from virtual layers, where the virtual layer could be equal to the Rank in closed-loop MIMO. In addition, the precoded RS may exploit beamforming gain, thus providing higher channel estimation performance compared to that of non-precoded RS.
· Alt2. Non-precoded RS

The non-precoded RS seems to be beneficial for the open-loop transmission since eNB cannot exploit channel information to transmit RS, thus beamformed RS is hard to be implemented in this mode. Hence, non-precoded RS can be transmitted to a UE receiving open-loop transmission mode. The virtualized CRS retained for LTE UE can be regarded as non-precoded RS as far as the LTE-A UE reuses LTE MIMO schemes such as TxD and OL-SM.

As a demodulation RS, both Alt1 and Alt2 can be employed according to a MIMO transmission mode since each alternative have advantages according to channel and system scenarios.

· Measurement RS
In addition to DRS, MRS should be transmitted to let LTE-A UE measure channel state information such as CQI, PMI and Rank. Since the MRS is existed only for measurement, a density and duty cycle could be lower than that of DRS. So far, several MRS proposals [5]-[10] have been discussed on this issue and we may categorize as follows:
· Alt1. MRS in PDCCH region

An MRS for antenna ports 4~7 could be transmitted in PDCCH region by reserving a bunch of REGs or CCEs for the RS [6],[10]. The reserved REGs or CCEs could be unused PHICH or PDCCH in a subframe. This type of MRS can be transmitted in any subframe so that it can support various number of duty cycle of CQI/PMI/RI feedback. Furthermore, it is backward compatible to Rel-8 UE without interference from MRS. However, following drawbacks should be also considered.
· Potential scheduling restriction from the reservation of logical CCE for MRS transmission. 

· High UE implementation complexity for channel estimation due to time-varying MRS position.
· Low channel estimation quality due to CCE interleaver which is not optimized for channel  estimation.

· Alt2. MRS in PDSCH region

Newly designed wideband MRS can be transmitted in PDSCH region for supporting LTE-A UE. This type of MRS is fully backward compatible unless it is transmitted in LTE only/Mixed subframe since it is not seen by LTE UE in LTE only and/or Mixed subframe. Therefore, this type of RS may have restriction of transmitting MRS if the MRS is confined to employ only for LTE-A only subframe in order not to interfering LTE UE in PDSCH. However, if the interference from MRS to LTE UE is not that significant, we may consider this type of MRS for all kind of subframe with tolerable interference level. To minimize interference from MRS, we may consider a restriction of MRS power boosting in LTE only/Mixed subframe.
· Alt3. MRS with virtual antenna switching

For supporting LTE UE, virtualized CRS is employed to enable up to 4Tx transmission in 8Tx eNB. The 4Tx virtualized CRS could be a group of selected 4 virtual antenna ports from 8 virtual antenna ports. Therefore, any combination of 4 virtual antenna ports out of 8 virtual antenna ports can be used for LTE UE. Therefore, even though different group of 4 virtual antenna ports is used in a certain subframe, an LTE UE may demodulate signals. Given that situation, LTE-A UE only needs RSes of the rest of 4 virtual antenna ports. Therefore, MRS can be simply transmitted by switching virtual antenna group to an LTE-A UE. This type of MRS may have following challenging points which need to be further optimized.
· LTE UE may suffer from channel estimation performance degradation due to interpolation between different antenna ports.

· It may increase inaccuracy of CQI/PMI/RI of LTE UE
As candidates of MRS, Alt2 and Alt3 seems worthy to be further investigated to provide better estimation performance and we may nail Alt1 down since it causes significant UE implementation complexity increment and scheduling restriction.
______________________________________________________________________
4. Summary
In this contribution, we discussed high-level issues on DL-RS design for 8Tx support. Several types of demodulation RS and measurement RS are discussed with LTE/LTE-A UE multiplexing modes. Following table 1 shows a summary of the discussions.

Table 1. Summary of discussions
	
	Alternatives
	Preferred Alternative(s) and Reasons

	LTE/LTE-A Mutiplexing
	· Alt1. TDM (LTE / LTE-A subframe)
· Alt2. FDM (Mixed subframe only)
· Alt3. TDM/FDM (supporting both)
	Alt1 or Alt3 seems to be appropriate since the existence of LTE-A subframe may provide higher system performance by optimizing a subframe for LTE-A UE. For Alt3, by employing mixed subframe additionally the system may have more freedom for scheduling.

	DL-RS
	Demodulation RS
	· Alt1. Precoded RS

· Alt2. Non-precoded RS
	Both alternatives can be employed according to MIMO transmission mode. For instance, Alt1 is proper to closed-loop MIMO mode and Alt2 is more appropriate to open-MIMO transmission.

	
	Measurement RS
	· Alt1. MRS in PDCCH

· Alt2. MRS in PDSCH

· Alt3. MRS w/ Virtual antenna switching
	We may more focus on Alt2 and Alt3 approaches since Alt1 seem to be problematic in terms of UE implementation complexity and potential scheduling restriction.


In table 1, we showed our view on the DL-RS design issues and tried to narrow down possible candidates in order to move forward and focus on more specific RS design.
______________________________________________________________________
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