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1. Introduction
In order to support LTE-Advanced components such as up to eight layer MIMO and COMP, additional reference signals (RS) have to be defined. Although the details of the RS design still require further study, the RS design framework agreed in RAN1 #56 gives some guidance. There is however still a need for progressing the issue further. Progress on RS design is important not only on its own for the pending ITU submission, but also since it has substantial impact on several other topics such as DL MIMO and COMP.

2. Issues Related to RS Design Framework

The remainder of this section discusses various aspects of the RS design in an attempt at refining the presently agreed framework [1]. 

2.1. Evaluation of ITU Submission

3GPP’s proposal to ITU obviously needs to be possible to evaluate, not only internally within 3GPP but also by external parties. An important factor in any evaluation is to take overhead into account. It is thus clear that we need to obtain some estimates on the overhead incurred by the RS design and some studies on the RS density required for reasonable performance are therefore needed. Providing such overhead estimates in turn implies that further decisions probably need to be taken in order to narrow down the assumptions.

Observation

· Urgent need of estimates on RS overhead, possibly including studies on RS density versus performance

2.2. Duty Cycle of CSI RS

One of the benefits of the exisisting RS framework is the separation into demodulation and CSI RS. This allows the CSI RS to not be present in all subframes and thus substantial overhead can be saved. There is hence motivation for having the possibility to configure the periodicity of the CSI RS transmission. Periodicities including 5, 10, 20, 40 ms seem reasonable. 

Proposal
· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

2.3. Rel-8 subframes versus LTE-Advanced Subframes

The agreed RS design framework relies on a methodology based on UE specific RS. This is in contrast to Rel-8 which is more focused towards a cell-specific RS approach. Bearing the overhead of both the Rel-8 cell specific antenna ports 0-3 and the new RS for Rel-10 is clearly wasteful. For this purpose, proposals have been made on introducing so-called LTE-Advanced only subframes. These would correspond to MBSFN subframes where PDSCH transmissions to Rel-10 UEs would be allowed and where Rel-8 RS are confined to only the two first OFDM symbols. This is a reasonable optimization that is especially beneficial in scenarios where LTE-Advanced components are particularly advantageous and where Rel-8 UEs are relatively scarce. In such subframes, Rel-8 UEs would not receive any PDSCH transmissions and would therefore not suffer if the cell specific CSI RS are transmitted.

Proposal

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

Even though overhead may be minimized by the use of MBSFN subframes, this cannot be the only option of using LTE-Advanced specific features since that would involve a rather static division of resources among Rel-8 and Rel-10 UEs. Keeping in mind that the amount of resources needed for Rel-8 and Rel-10 UEs may vary in a highly bursty and non-predictive fashion, such a division of resources appears unattractive. It should therefore be possible to run the LTE-Advanced components without any LTE-Advanced subframes and it is then up to the scheduler to decide how the different releases of UEs will be scheduled over the subframes. Obviously, this implies that the CSI RS needs to be transmitted in Rel-8 subframes. The CSI RS will then interfere with PDSCH transmissions to Rel-8, unless the CSI RS are hidden in the control region. Ion thje former case, the impact on Rel-8 performance needs to be assessed while in the latter case impact on implementation complexity and channel estimation accuracy should be investigated.

Proposal

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

Observation

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

Regardless of in which subframe the RS is transmitted, there is a benefit from implementation complexity and validation point of view if the RS pattern can be kept the same. This of course needs to be weighed against the possible benefits of more specialized designs, but there should be strong reasons for departing from such a uniform methodology.

Ambition

· Strive for same RS pattern regardless of subframe type

2.4. Re-use of Rel-8 Cell-Specific Antenna Ports 0 — 3 for CSI RS

The downlink control channels rely on the up to four Rel-8 cell-specific RS. When more than 4 Tx antennas is present, antenna virtualization techniques have to be used to map the RS to all the antennas in order to more fully utilize the available power amplifiers (PAs). This is an issue also for 4 Tx and less since reducing overhead is an important reason for why the number of Rel-8 antenna ports needs to be kept low in LTE-Advanced friendly scenarios. Even the use of only 1 Rel-8 antenna port and relying on the new Rel-10 RS design should therefore be supported. 

Antenna virtualization includes standard transparent techniques such as small delay CDD or even broad beams. The UE is thus not aware of whether antenna virtualization is used or not on these antenna ports since the antenna virtualization is tacitly absorbed into the channel estimates of the corresponding antenna ports. At the same time, the transmission from the eNodeB is likely to target the actual channel and not a transformed, virtualized version of it. In other words, the PDSCH transmissions, including its associated UE specific RS would not pass through the antenna virtualization transform. The UE feedback should therefore reflect the actual channel as opposed to including virtualized channels. Note that this is also in line with the text in the TR36.814 which only mentions complementary use of Rel-8 RS in conjunction with demodulation RS. In any case, further discussions seem to be needed before it can be concluded that possibility for such re-use of Rel-8 antenna ports is needed. 
Using for example small delay CDD to perform antenna virtualization on antenna ports 0 and 1 would mean that those antenna ports see a higher frequency-selectivity than the actual channel. This will degrade the performance of precoding since its ability to track the channel variations is hampered, requiring potentially much higher overhead to compensate for the increased frequency-selectivity. Even worse would be to partly use Rel-8 antenna ports 0—3 as well as new Rel-10 antenna ports for CSI RS. This would destroy the channel properties that normally are to be expected such as similar long-term delay spread on all antenna ports, similar path-loss, spatial correlation properties etc. Those kinds of channel properties may thus not be possible to exploit for e.g. efficient compression of the CSI feedback.

Observation

· Baseline is that UE measurements for CSI feedback are not to be performed using Rel-8 antenna ports in combination with Rel-10 CSI antenna ports
· Re-use of Rel-8 antenna ports FFS

· FFS whether possible to solely use Rel-8 antenna ports 0 — 3 for CSI feedback measurements when total number of CSI antenna ports per cell equals the number of configured Rel-8 antenna ports.
Proposal
· Define eight new CSI RS and eight new demodulation RS

· Support new RS in conjunction with having 1 and 2 Rel-8 cell specific antenna ports configured in the cell
3. Conclusions
This contribution outlines some refinements on the agreed framework for RS design for LTE-Advanced. The discussions above are summarized as 

· Urgent need of estimates on RS overhead, possibly including studies on RS density versus performance

· Possibility to configure the periodicity of CSI RS transmissions in terms of an integer number of subframes. 

· Allow transmissions of PDSCH to Rel-10 UEs in MBSFN (LTE-Advanced) subframes

· Possible to configure CSI RS for transmission in LTE-Advanced subframes

· Possible to use LTE-Advanced features without any LTE-Advanced subframes

· Cell specific CSI RS possible to transmit in normal, Rel-8, subframes.

· Studies on CSI RS impact on PDSCH transmissions to Rel-8 UEs for various RS densities needed

· Consider implementation complexity and achievable channel estimation accuracy when considering hiding CSI RS as part of the control region

· Strive for same RS pattern regardless of subframe type

· Baseline is that UE measurements for CSI feedback are not to be performed using Rel-8 antenna ports in combination with Rel-10 CSI antenna ports
· Re-use of Rel-8 antenna ports FFS

· FFS whether possible to solely use Rel-8 antenna ports 0 — 3 for CSI feedback measurements when total number of CSI antenna ports per cell equals the number of configured Rel-8 antenna ports.
· Define eight new CSI RS and eight new demodulation RS

· Support new RS in conjunction with having 1 and 2 Rel-8 cell specific antenna ports configured in the cell
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