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1 Introduction
To achieve the desired increase in peak data rate, the advanced E-UTRA (termed LTE-Advanced – LTE-A) will support eNBs with eight transmit antennas. It is then necessary to define cell-specific reference signal (CRS) structures for eight antenna ports, to enable user equipment (UE) in the cell to do channel estimation. Specifically, there is a need to create reference signals for the new antenna ports (indexed ports 4-7), in addition to CRS for existing antenna ports. Clearly, to harvest the promised increase in data rates, these CRS have to be added efficiently. At the same time, these new CRS must be inserted without affecting the viability of release-8 UEs operating in a cell supporting LTE-A transmissions. 
In this document, we first propose, in Section 2, some basic principles for the insertion of the new RS. We review some other existing proposals to illustrate the apparent shortcomings. In Section 3, we propose enhancements to existing proposals, resulting in an efficient, backward-compatible method to support both LTE and LTE-A UEs in a LTE-A cell, while maintaining a low signaling overhead. 
2 Basic Principles for The Insertion of New CRS

The following principles for the insertion of the new CRS seem reasonable. 
1. Backward Compatibility [1]: Backward compatibility requires that a release 8 UE should be able to operate within a LTE-A cell. This implies that the new CRS can only be inserted in resource elements (REs) which will not be interpreted by release 8 UEs as CRS for antenna ports 0-3, or as control channel REs, or as PDSCH REs.

2. Link Adaptation Support: For the additional transmit antennas to fully utilized, LTE-A UEs in the cell should be able to measure the channel seen by these antennas to report precoding matrix index / channel quality indicator (CQI). Therefore, there must be at least some part of the CRS on the additional antennas which are transmitted in locations known to all LTE-A UEs in the cell. Furthermore, it would be desirable to ensure that such UEs do not have to wake up on every subframe to determine whether the CRS on antennas 4-7 are available in that subframe.
3. Low Overhead: As always, it is desirable to ensure that the additional CRS do not incur unacceptably high overhead. 

We now review some existing proposals, and evaluate their conformance with the principles mentioned above.

2.1 Proposal R1-083157

In [1], the proposal is to put in CRS for antennas 4-7 on control channel symbols.  It is also suggested that further CRS maybe added to support high-mobility UEs in resource blocks where they are scheduled. The proposal does have a low overhead. However, it is not quite backward-compatible, since release 8 UEs do not know about the presence of the extra CRS in the control symbols, they will not, in general, decode their control signal correctly. Alternatively, considerable scheduling restrictions are necessary to ensure that release-8 UEs are able to encode control signals so that the PDCCH of release-8 UEs is not affected. This aspect is further discussed in Section 3.2.
2.2 Proposal R1-083224
 In [2], the following proposals were made to accommodate CRS. Subframes are divided into different types. Release 8 UEs are constrained to operate in “release-8” subframes, where no CRS is transmitted on antenna ports 4-7. LTE-A UEs operate in other kinds of subframes (denoted release 9+ subframes), which support different formats for CRS transmission. It is suggested in [2] to signal the CRS format for a release 9+ subframe using the unused PCFICH state. We first evaluate the proposal in terms of the basic principles listed above.

· Backward Compatibility: It is proposed that the type of each subframe in a block of K contiguous subframes be signaled on an SIB in the BCCH. While such signaling can be decoded by LTE-A UEs, the current LTE specifications do not allow for a release 8 UE to read and interpret such signals. 

· Link Adaptation Support: The proposal does provide for a block of contiguous RBs to carry CRS for antenna ports 4-7. However, since the CRS type is signaled on the PCFICH, each UE would have to first decode PCFICH to locate the CRS and use it for RSSI / CQI measurement on antenna ports 4-7. In particular, if the PCFICH is incorrectly decoded, the RSSI / CQI information could be significantly erroneous.

· Efficiency: Note that CRS for antenna ports 4-7 are only present on subframes which cannot carry release-8 UEs. Thus, to support even a few LTE-A UEs in the cell, whole subframes have to be reserved on a semi-static, long-term basis, even if the LTE-A UEs do not have much downlink data to receiver. 
2.3 Need for Refinements to Existing Proposals

In our view, the main disadvantage of proposal [2] is its scheduling restriction. Specifically, the only way to enable some CQI measurement on antenna ports 4-7 is to steal resources from release-8 UEs. In different flavors of the proposal, the resources stolen are either the entire subframe, or entire subbands in given subframes. In either case, the proposal seems wasteful when only a few LTE-A UEs with low traffic need to be supported in a cell with mostly release-8 UEs. Note that the proposal in [1] does not have this issue, because CRS on antenna ports 4-7 are transmitted to all LTE-A UEs on all subframes. The problem with the proposal, however, is that it does in a backward-incompatible fashion, and impacts release-8 UEs. 

In the next section, we propose a scheme that combines the merits of the two schemes, while avoiding the disadvantages.

3 Proposed Hybrid Scheme for 8-tx CRS Signaling
A brief overview of the proposed scheme is as follows: As proposed in [2], different types of subframes are defined. In our opinion, four subframe types should suffice. The first two types of subframes can be used for unicast transmission to release-8 UEs. However, one of these subframe types also supports cell-specific RS transmission on antenna ports 4-7, embedded in the control channel in a backward-compatible manner. Thus, we solve the efficiency problem mentioned in Section 2.2. The 3rd subframe type supports unicast transmission only to LTE-A UEs, similar to the proposals in [2]. The 4th subframe type supports MBSFN transmission which UEs may choose to decode.
The proposal is described in greater detail below.  The four different subframe types are shown in Figure 1.  The actions of the node-B, release-8 UEs and LTE-A UEs are listed for each subframe type in Table 1.
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Figure 1. Proposed Subframe Types & Actions For Release ‘8 UEs

Table 1. Actions & Signaling For Each Subframe Type

	Subframe Type
	Node-B Action
	Release-8 UE
	LTE-A UE
	Signaling

	Unicast Release-8 Subframe with no embedded CRS for ports 4-7
	Backward compatible release-8 unicast subframe.

UE-specific RS may be added on antenna ports 4-7 for LTE-A UEs, but only in scheduled RBs
	Treat as release-8 unicast subframe, including channel estimation, control channel decoding, PDSCH decoding, RSRP / CQI measurement
	Same as release-8 UEs
	Signaled as release-8 unicast UE

	Unicast Release-8-compliant subframe with embedded CRS for ports 4-7 in control channel
	Same as above. In addition, some PDCCH reserved for CRS transmission for LTE-A UEs
	Same as above
	Same as release-8 UE. In addition, use embedded CRS for channel estimation, RSRP / CQI measurement on antennas 4-7
	Signaled as release-8 unicast UE. In addition, special signaling for LTE-A UEs to give indices of reserved PDCCHs

	Unicast LTE-A subframes
	Schedule only LTE-A UEs

Explicit CRS on antenna ports 4-7 for LTE-A UEs
	Treat as MBSFN subframe. Only decode PHICH and PDCCH. 
	Use for control channel, PDSCH decoding. Also use all CRS for channel estimation / RSRP / CQI measurement
	Signaled as MBSFN subframe to release-8 UEs. In addition, special signaling for LTE-A UEs to distinguish from MBSFN.

	MBSFN subframes
	Unicast CRS + control on first few symbols, MBSFN on the rest
	Treat as MBSFN subframe. Only decode PHICH and PDCCH.
	Treat as MBSFN subframe. Only decode PHICH and PDCCH. May also decode MBSFN
	Signaled as MBSFN subframe to release-8 and LTE-A UEs.


Further details on the various subframe types are provided below.

1. Release 8 Unicast Subframes with No RS for LTE-A UEs: These can be used by both release 8 and LTE-A UEs for unicast data reception. Cell-specific RS are transmitted on antenna ports 0-3 on the same locations as LTE release 8 unicast subframes. The CRS and control regions are the same as in existing release 8 LTE. In addition, UE-specific RS maybe transmitted on resource blocks allocated to LTE-A UEs to support channel estimation on antenna ports 4-7 (or a subset thereof), if they are used in PDSCH transmission. 

2. Release-8-compliant Unicast Subframes with Embedded RS for LTE-A UEs: These subframes are similar to other release-8 unicast subframes, except that cell-specific RS on antenna ports 4-7 may be embedded in the control region in a manner transparent to release-8 UEs. This is further described in Section 3.2.

3. LTE-A unicast subframes: These subframes contain cell-specific RS on antenna ports 0-7 (or a subset thereof). Release-8 UEs treat these subframes in the same way they treat MBSFN subframes, i.e., they may use the RS on the first two OFDM symbols and may attempt to decode PDCCH / PHICH in the first two symbols. 

4. MBSFN subframes: These subframes contain unicast RS for antenna ports 0-3 and some unicast control information (ex. PCFICH, PHICH, PDCCH) in the first two (in general some Nu) symbols, and MBSFN RS and data in the remaining symbols. In addition, they may also contain some embedded RS for antenna ports, as described in Section 3.2.

Two aspects of the proposal need elaboration: how the subframe types are signaled to all UEs; and how the RS for antenna ports 4-7 are embedded in the control channel. These aspects are discussed in the next two subsections. 
3.1 Subframe Types & Signaling Types to All UEs
We now describe a signaling method to help UEs distinguish between the above four types of subframes, in a manner backward-compatible with current release-8 LTE signaling. In the current LTE spec [4], a release-8 UE reads binary flags from the BCCH to help it distinguish between unicast and MBSFN subframes. In the proposed scheme, the binary flag for each subframe is set to 0 for subframe types 1 and 2, and to 1 for subframe types 3 and 4. Note that this is sufficient information for a release-8 UE: it treats subframe types 1 and 2 as unicast subframes, and subframe types 3 and 4 as MBSFN subframes.

In addition, to support LTE-A UEs, separate signaling is carried on SIB in the BCCH, helping them to get the exact subframe type. Thus, the additional signaling helps LTE-A UEs know if a release-8 unicast subframe contains embedded CRS. (Further, there may also be additional signaling to indicate the indices of the reserved PDCCHs for each subframe.) Also, the additional signaling helps LTE-A UEs distinguish between true MBSFN subframes and LTE-A unicast subframes.

Some further remarks: We do not see the need for using the reserved PCFICH state to indicate the subframe CRS type, as proposed in [2]. One reason is that erroneous PCFICH decoding would lead the receiver to assume the wrong CRS type, and hence result in incorrect receiver measurements. Further, switching the CRS type from one subframe to the next restricts time interpolation across subframes, with no clear advantage. Consequently, we would like to limit the number of subframe types to four, as mentioned here.
3.2 Embedding of Cell-Specific RS in PDCCH Resources

We now describe the embedding of CRS on antenna ports 4-7 in PDCCH resources of subframes. As described earlier, creating independent reserved CRS sub-carriers on the control channel symbols would impact PDCCH decoding by release 8 UEs, which are unaware of these CRS resources. Two methods are possible. 
The first, shown in Figure 2, is to create these new RS resources, but schedule release-8 UEs so that their PDCCH does not collide with these dedicated RS. While this sounds workable in theory, it causes undue scheduling restrictions. In particular, since the PDCCH for a given UE is dispersed over the time-frequency grid by the channel interleaver, it is likely that every PDCCH channel has some collision with the resources reserved for the new RS. 
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Figure 2. Inserting CRS Resources in the control channel region

Note that the essential problem with the above method is that the new CRS resources are multiplexed at the output of the channel interleaver. A more viable alternative is to multiplex the new CRS resources at the input to the interleaving module. Further, since LTE-A UEs need prior knowledge of where the CRS resources are embedded in the control channel, an easy solution is to create one or more reserved PDCCH channels for the purpose of carrying the new RS, as shown pictorially in Figure 3.  As seen in the figure, a set of valid PDCCHs are reserved for CRS transmission on antenna ports 4-7. Since these reserved PDCCHs have the same size as regular UE-specific PDCCHs, no special care is needed while multiplexing them into the control channel. 
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Figure 3. RS Insertion By Adding Dummy PDCCH Resources
Some remarks about the above embedding procedure are given below: 

1. Backward Compatibility: Note that release-8 UEs need to have no knowledge of the presence of the reserved PDCCHs. If these new PDCCHs fall in the UE’s search space in a given subframe, they will try to decode them and, with high probability, encounter failed CRC.
2. Signaling Of Reserved PDCCH Resources to LTE-A UEs: LTE-A UEs need to know which subframes carry the reserved PDCCHs and, further, which PDCCHs are reserved for CRS transmission. This signaling is broadcast on the SIB, where LTE-A UEs are required to read them. Note that the reserved PDCCH indices may vary from one subframe to the next, as a function of the subframe index, the cell id, the control channel size (as indicated by the PCFICH), and so on. For simplicity, however, it is possible to fix designated PDCCH indices. 
3. Use of Reserved PDCCHs by LTE-A UEs: Given the reserved PDCCH resources, LTE-A UEs may perform time interpolation. At the output of the time interpolation, reference signals are available on CCEs consisting of four contiguous REs. Frequency interpolation may then be performed to obtain channel estimates on desired REs. Unlike cell-specific CRS for antenna ports 0-3, the output of the time interpolation may not be regularly spaced in frequency. One method to avoid this is to reserve enough PDCCHs to guarantee that every N CCEs (N may be one or two) carries CRS after interpolation. Another method is to do a best-effort reservation of resources and allow for some interpolation error in areas where there are holes in the time-interpolated RS. This aspect needs further study. 
4 Conclusions
This document reviewed existing proposals for supporting reference signal transmission on antenna ports 4-7 in enhanced E-UTRA. Issues with backward compatibility and efficiency of signaling were identified with existing proposals. Enhancements to these proposals were put forward, along with a description of signaling to ensure backward compatibility.

The proposal involves dividing subframes into unicast subframes for release-8 UEs, and other subframes decodable only by LTE-A UEs, which may further be divided into MBSFN subframes and unicast subframes for LTE-A UEs. To support RSRP and CQI measurements for LTE-A UEs, CRS on antenna ports 4-7 are embedded in the control channel of release-8 unicast subframes as a set of reserved PDCCH resources. The proposed scheme was efficient and backward-compatible. Signaling to support the proposed scheme was also presented.
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