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1. Introduction
RAN1 #80 made the following agreements for feedback design:

Agreements:
· “High level categories” (sections for the TR) agreed in principle: 

· Potential CSI-RS and feedback enhancements

· Enhancements related to beamformed CSI-RS-based schemes

· Enhancements related to non-precoded CSI-RS-based schemes

· Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS

· Enhancements related to non-codebook based CSI reporting for TDD

· Enhancements related to SRS

In RAN1 #80, we have submitted proposal on feedback framework based on hybrid RS [1]. In this contribution, we further explain details of operation of hybrid RS. We start with the major bottleneck problem of 3D-MIMO TDD and FDD systems respectively, and then we explain how this generic hybrid RS framework can solve the problems in both TDD and FDD systems.
2. Discussion for TDD system
This section discusses issues in TDD 3D-MIMO system, and then propose corresponding solutions.
2.1. Potential Issues in TDD Operation
Current TDD operation is based on channel reciprocity, in which DL channel can be estimated based on UL SRS. It should be noted that DL interference (mainly inter-cell-interference) power cannot be estimated via SRS, which is a necessary information for PDSCH MCS calculation. To feedback DL interference power, a TxD CQI can be feedback to eNB. If the TxD CQI is much lower than the CQI predicted by SRS, then DL interference is significant. Then, PDSCH MCS can be calculated based on DL interference power.
The above procedure works well in real system. However it should be noted that such CQI compensation procedure would inevitably increase eNB complexity, and the compensation accuracy would greatly depend on eNB implementation, which could vary a lot among vendors. From operator perspective, it is better to enable all vendors to provide best performance with minimum effort, which implies to avoid CQI compensation at eNB if possible.

Therefore the first obsesrvation is:

Issue 1 : Current TxD CQI feedback in TDD system inevitably need CQI compensation, which may increase eNB complexity and implementation effort.
Another issue in current TDD system is partial reciprocity. Because UE UL RF chain is more expensive than DL RF chain, currently most commercial UEs are equipped with two DL Rx antenna and one UL Tx antenna, therefore only 1xNT channel can be obtained via SRS, but the actual DL channel is 2xNT, where NT is the number of transmit antenna at eNB. Please note that SRS antenna switching is not used in CMCC network due to power loss.

In the case of partial reciprocity, the straightforward eNB implementation is to allow only single rank transmission per user, which causes quite much performance degradation. However there is a number of eNB implementation to enable single user rank two transmission. One example is to use rank 2 transmission when rank 1 CQI is very high, and the second layer precoder can use different co-phase among polarizations from the first layer. Again the implementation may increase eNB complexity, and will increase vendor’s effort.

Therefore the second observation is :

 Issue 2 : Solving partial reciprocity at eNB may require additional effort in eNB implementation and increase eNB complexity.

The straightforward way to avoid CQI mismatch and partial reciprocity is to feedback PMI based CQI, however this would sacrifice the flexibility and accuracy of SRS based channel information, and also yield more UCI overhead in UL. In next section we discuss how to operate hybrid RS
2.2. Operation of Hybrid RS in TDD system

A basic observation of cross-polarized antenna is that rank 2 transmission is mainly due to the co-phase between polarizations, but not due to angular spread. In other words, rank 2 precoder is mainly in the form of [V, αV;V, -αV], where α is the co-phase between polarizations and  V corresponds to the channel direction for one polarization. At the same time, rank 1 precoder is mainly in the form of [V, αV].

In this case, it is possible to virtualize one polarization to one CSI-RS port, and another polarization to another CSI-RS port. The virtualization weight can be obtained by partial reciprocity. The concept is illustrated in figure 1.
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Figure 1. Basic TDD Operation based on CSI-RS port virtualization
In figure 1, the first polarization is virtualized to the first CSI-RS port, the CSI-RS virtualization weight can be obtained from partial reciprocity. Similarly another polarization is virtualized to the second CSI-RS port, and the virtualization weight can also be obtained from partial reciprocity. If UE determine RI=1 based on the two virtualized CSI-RS port, UE would feedback co-phase α and a single rank CQI. If UE determine RI=2 based on the two virtualized CSI-RS port, UE would feedback co-phase [α, -α], and rank two CQI.

Using the above method, CQI mismatch issue can be avoided because eNB can directly use UE feedback CQI for PDSCH transmission. Moreover, the partial recirprocity issue can be solved because UE can feedback rank 2 CQI. Therefore the following observation is made :
Observation 1 : One CSI-RS port per polarization can effectively solve CQI mismatch and partial reciprocity issues without increasing eNB complexity. The CSI-RS virtualization weight can be obtained via partial  reciprocity.

One thinking is that the above concept is mainly eNB implementation and no need of spec change. However we note that at least the following spec change needs to be discussed :

· The CSI-RS transmission is UE-specific, therefore the CSI-RS overhead increases proportionally to the number of users. For 8 active UEs, the CSI-RS overhead is 16 CSI-RS port, which is acceptable. For a larger number of UEs, the CSI-RS overhead may need further discussion.
· One possible way to reduce CSI-RS overhead is to adapt number of CSI-RS port according to UE reported RI. For example, a UE is configured with a long-term non-precoded CSI-RS. If the UE reports RI=1 based on the long-term CSI-RS, then the number of short-term UE specific CSI-RS port is 1. If UE reports RI = 2  based on the long-term CSI-RS, then the number of short-term UE specific CSI-RS port is 1. Such method can effective reduce CSI-RS overhead.
· Another possible way to reduce CSI-RS overhead is aperiodic CSI-RS, which means the CSI-RS is transmitted only when need. This will cause some delay in PDSCH transmission and some solutions can be discussed.

· It is not yet clear if the current 2Tx codebook granularity is sufficient for the above operation. In general the [1 -1 j –j] codebook may be sufficient for SU-MIMO but it is not so clear if it is still sufficient if  MU-MIMO operation is targeted, where the codebook has to be combined with CSI via reciprocity. A coarse codebook granularity would definitely reduce MU-MIMO performance.

· Current UEs are equipped with two receive antennas so we need to optimize rank 2 transmission. However it should be noted that 4 Rx UEs are currently discussed in RAN4. From RAN1 spec perspective, it is better to support at least up to rank 4 transmission. How to virtualize CSI-RS and design feedback for more than rank 2 transmission can be discussed in 3D-MIMO WI phase.

· UE needs to rate match more number of ZP CSI-RS configuration, compared with R11 CoMP spec.
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Figure 2. Operation of Hybrid RS in TDD system based on short-term reciprocity

A typical operation of hybrid RS in TDD system is shown in figure 2. The long-term RI-RS is mainly for the purpose of reducing overhead of short-term CSI-RS. For example, if RI=1 based on RI-RS, the eNB may configure only one CSI-RS port for a UE, where the CSI-RS port is virtualized from both polarizations (co-phase can be obtained from partial recirprocity). Moreover, if RI=2 based on RI-RS, eNB may configure two CSI-RS port for a UE, where each CSI-RS port corresponds to one polarization, as shown in the figure.
Overall we make the following proposal :

Proposal 1: Operation based on mixed recirprocity and UE feedback sounds attractive for 3D-MIMO deployment. One example of such operation is “one CSI-RS port per polarization”, where CSI-RS virtualization weight can be obtained by partial reciprocity. It is proposed to conduct proper optimization of such operation in 3D-MIMO WI phase.
3. Discussion for FDD System
This section discusses potential issues in FDD 3D-MIMO system, and then propose corresponding solutions.
3.1. Potential Issues in FDD System
The traditional FDD operation, codebook based feedback, faces certain challenges in 3D-MIMO system. 

Firstly the CSI-RS overhead is significant because it increases proportionally to the number of TXRU at eNB side. For large number of TXRU, such as 32 and 64, the CSI-RS overhead can even completely offset the gain of multiple antenna. Without CSI-RS rate matching among multiple cells, the CSI-RS overhead can be 6% and 12% for 32 and 64 TXRU cases, respectively. With CSI-RS rate matching among 3 cells, the CSI-RS overhead can be 18% and 36% for 32 and 64 TXRUs, respectively.
Secondly the codebook design is time-consuming and may delay the SI completion time. In Rel-10, the 8Tx codebook design takes almost a year to nail down the codebook details, and only closely spaced cross-pol antenna is optimized. In 3D-MIMO, for a given number of TXRU, there are more than 10 types of antenna configurations. It is hard to design codebook for all of the antenna configurations because channel property seen at eNB is vastly different for different antenna configurations. Codebook design for a particular antenna configuration can save some design time however such approach is not so preferred from operator perspective, because 3GPP specification should be designed to allow flexible product implementations instead of precluding possible product implementations. Therefore it is foreseen codebook design would be time-consuming and may delay the SI completion time.
Thirdly the UCI overhead is significant. The 2/4/8 Tx codebook size are 2/4/7 bits respectively. It is likely that the 16 Tx codebook will be larger than 8 Tx codebook. For a certain 16 Tx antenna configuration, it is likely 10 bits, and the number of bits could be even more bits if diverse antenna configurations are considered. Eventually double codebook can be used to reduce overhead, however overhead is still expected to be larger than 8Tx codebook.
Finally the codebook based feedback is not forward compatible. In future, antennas are expected to be more than 64, especially in higher frequency bands. It is hard to imagine how to design codebook in such case. It is better to consider how to design feedback for such system from now.
3.2. Operation of Hybrid RS in FDD System
There are two types of operation of Hybrid RS in FDD system.

The first one does not need to design feedback for more than 8 CSI-RS ports, and can solve the above issues completely. The second one needs to design feedback for more than 8 CSI-RS ports, and can partly solve the above issues.

3.2.1. Operation 1: Hybrid RS with Long-term Reciprocity

The first operation is similar to the operation in section 2 (TDD operation), namely the CSI-RS port is transmitted per polarization. The only difference is that the CSI-RS virtualization weight can be obtained via long-term reciprocity. Therefore the virtualization weight is wideband, otherwise the operation is the same as TDD.

Such operation can effectively deal with the issues in FDD systems. The UCI overhead, CSI-RS overhead can be effectively reduced. The design is perhaps forward compatible because it works fine for large number of antennas. There is some need to design codebook for 2 CSI-RS ports, but the effort is expected to be much less than 16 Tx codebook design.
Therefore the proposal is :

Proposal 2 : Consider “one CSI-RS port per polarization” for FDD system as well. The CSI-RS virtualization weight can be obtained from long-term channel reciprocity.

The operation of FDD operation with long-term reciprocity is shown in Figure 3.
[image: image3.emf]RI-RS

RI report

One CSI-RS port per polarization

Co-phase and CQI

eNB

CSI-RS virtualization 

weight is based on 

reciprocity

Long-term reciprocity


Figure 3. Operation of Hybrid RS in FDD system based on long-term reciprocity
It may be argued that long-term channel reciprocity is not accurate. To answer this question, we evaluate hybrid RS with long-term channel reciprocity in our companion paper [2] based on the model from [3]. It is observed that such operation can obtain optimal performance, even under diverse antenna configurations.
Similar with TDD operation, the long-term RI-RS can be used to reduce overhead of short-term CSI-RS. If RI=1 based on RI-RS, it is possible to configure only one CSI-RS port for one UE.
3.2.2. Operation 2: Hybrid RS with Long-term PMI
Long-term recirprocity has been implemented in certain eNB systems according to R10 CoMP discussions. However 3GPP has not carefully considered to optimize spec based on long-term reciprocity. Just for the sake of inheriting traditional operations, it is possible to consider FDD operation without long-term reciprocity.

Firstly it is still possible to use the approach of one CSI-RS port per polarization. However the difference is that the CSI-RS virtualization weight cannot be obtained by long-term reciprocity. In such case, long-term PMI feedback is necessary to decide CSI-RS virtualization weight. The operation is in Figure 4.
In figure 3, the CSI-RS virtualization weight is determined based on long-term PMI. For example, if a UE reports long-term PMI for one polarization, it is possible to transmit one CSI-RS port per polarization to the UE and gather feedback. .
The CSI-RS overhead is similar to previous reciprocity based operation. Similarly if CSI-RS overhead is concerned for large number of UEs, it is possible to report both RI and long-term PMI together to reduce overhead of short-term CSI-RS.

With this approach, the CSI-RS and UCI overhead can be greatly reduced. However the FDD issue of codebook design effort and forward compatibility is not solved, so this approach, if specified, is only for the sake of inheriting traditional operations. It should be noted that long-term PMI codebook may be designed for one polarization only, which is similar to previous R8 double codebook design.
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Figure 4. Operation of Hybrid RS in FDD system with long-term PMI
4. Conclusions
A summary of issues and solutions in TDD and FDD systems is summarized as follows :
	issues
	One port per polarization with short-term reciprocity

	CQI mismatch
	(

	Partial reciprocity
	(


Table 1 : TDD issue and solution.

	issues
	One port per polarization with long-term reciprocity
	One port per polarization with long-term PMI

	CSI-RS overhead
	(
	(

	UCI overhead
	(
	(

	Codebook design effort
	(
	(

	Forward compatibility
	(
	(


Table 2 : FDD issue and solution.

Based on the above comparison, we slightly prefer to use reciprocity based operation for both TDD and FDD system. If there is a strong view to keep traditional pure codebook based feedback, it is possible to also specify long-term/short-term PMI approach, however it should noted that such approach would be time-consuming and may delay WI completion time.
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