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1
Introduction

RAN1 has received an LS from RAN4 on “LS on Geographically separated antenna and impact on CSI estimation” [1] with the following action:
“Therefore, RAN4 would like to ask RAN 1 to clarify whether some assumptions may be provided by RAN 1 in order to reduce the number of supported combinations; hence, RAN 4 asks feedbacks on the following items:

1.
To clarify whether any RS ports may be assumed as co-located or not, in particular whether CRS ports, DM-RSs or CSI-RSs can be considered as co-located or not;

2.
To provide information on the most relevant scenarios in terms of antenna ports deployment and power imbalance which need to be considered in RAN4.”

The LS is essentially a reply to the LS sent from RAN1 to RAN4 as a result of the study item on DL MIMO enhancements where rank reporting in presence of received power imbalances between antenna ports was seen as a problem for some UE implementations. Essentially, RAN4 started discussing the topic under TEI11 and is concerned about the number of combinations of antenna ports that may be colocated or non-colocated as this may increase both test case count and testing complexity. RAN4 also noted that arbitrary RS ports location may potentially incur increased UE complexity. Therefore RAN4 would like some guidance from RAN1 on which combinations of colocated and non-colocated antenna ports are the most relevant ones to be considered for new performance requirements.

In this contribution we discuss the issue of which antenna ports could be assumed co-located at UE side and provide our views on the topic. 

2
Discussion
The main targets of the discussion are clearly the following:
· Antenna ports 0-3: Common reference signals

· Antenna ports 7-14: UE-specific reference signals

· Antenna ports 15-22: CSI reference signals

Regarding antenna ports 0-3 and 7-22, there are essentially two questions: 
1. Whether antenna ports of the same type can be assumed colocated; 

2. Whether antenna ports of different types can be assumed colocated.

2.1
UE impacts

Obviously from network perspective the possibility to map logical antenna ports to any colocated or non-colocated physical antenna ports would provide more flexibility. However from UE implementation perspective this comes with a significant cost and may not even always be feasible.

Up to LTE Release 10, UEs may be estimating statistics required for CSI-RS or UE-specific RS –based channel estimation from CRS due to implicit assumption about colocated antenna ports. At least the following channel statistics typically need to be estimated by the UE:

-
Delay spread of the channel (or equivalently frequency correlation properties);

-
Doppler spread of the channel (or equivalently time correlation properties);

-
Time and frequency error (fine time and frequency synchronization);

-
Signal-to-interference-and-noise ratio (SINR) or more generally interference covariance matrix for CSI feedback as well as for demodulation.

The above statistics allow the UE to parametrize its channel estimator such that the derived channel estimation filter coefficients match as close as possible the power-delay and Doppler profiles of the channel impulse response to be estimated. The operation point in terms of SINR needs also to be set properly for optimum filtering performance. Another aspect relates to above mentioned time and frequency tracking typically performed over reference signals: the estimated fine time and frequency synchronization parameters are typically taken into account when deriving CSI feedback or when performing demodulation.

Obviously channel statistics corresponding to different physically located antenna ports will be completely different: Different physical locations introduce different propagation delays and hence different timing, possibly different frequency errors due to imperfectly synchronized oscillators and also potentially different propagation conditions. Hence, from this perspective the UE should, in the estimation of the statistics, only rely on antenna ports that can be safely assumed to be colocated. However, the complexity arises from the fact that some antenna ports have not been designed for estimation of such statistics. In particular, CSI-RS may lack the density to do proper estimation of these statistics. Furthermore, UE-specific RS can be assumed to be transmitted only within a PRB pair or at most within a subband from the same physical antenna port (hence from the same physical location). As such also UE-specific RS may lack the number of samples required to do estimation of required statistics with sufficient accuracy. Hence without any assumptions about colocation of antenna ports, the estimation tasks at the UE side are made significantly more complex and may even go beyond feasible limits.

Observations:

· For proper channel estimation and demodulation, UE needs to have estimates on channel statistics, including time and frequency error and interference covariance.
· Estimation of these quantities is made significantly more complex by non-colocated antenna ports.
· CSI-RS may lack the required density, especially for proper time tracking.
· UE-specific RS may also lack the required number of samples for estimation of channel statistics.
To quantify the issue, the impact of false assumption about OFDM symbol timing was simulated. We simulated the impact of timing error by delaying the signal by {0.0, 1.0, 2.0} microseconds while keeping the UE-specific channel estimation filter unchanged. To isolate the impacts of CSI-RS channel estimation inaccuracies from demodulation, we kept channel estimation for CSI feedback ideal. As such the simulation results illustrate exactly the impact of timing error on UE demodulation. The exact simulation assumptions are listed in Appendix A. 
The simulation results are shown in Figure 1. It is observed that the performance completely collapses in presence of timing error. This happens because of the phase rotation induced in frequency domain by the timing error. The phase rotation causes the raw channel estimation to be combined destructively in channel estimation instead of providing coherent averaging. Hence channel estimation fails. The results illustrate clearly that in demodulation the UE should be using a proper reference for estimating the channel statistics.
[image: image1.png]T3, 10 MHz, 50PRB, QPSK-1/3, 4x2 low corr., EPAS, channel est. tuned to EPAS
4

=
£

SNR [dB]



[image: image2.png]TMI, 10 MHz, 50PRE, 16QAM-172, 4x2 low corr., EPAS, channel est. tuned to EPAS
12

Throughput [Mbit/s]

SNR [dB]



[image: image3.png]TMI, 10 MHz, 50PRE, 64QAM-34, 4x2 low corr., EPAS, channel est. tuned to EPAS
Eil

E3

Throughput [Mbit/s]

10

4 8 B M0 12 14 18 18 o 2 2
SNR [dB]




Figure 1. Link results on the impact of timing error in demodulation.
Observations:


-
Assuming false timing causes severe degradation in demodulation performance.
· CoMP performance could be compromised if UE is not provided with the means to estimate correct timing!
- 
UE needs to be provided with proper reference for estimation of channel statistics.
2.2
Colocated and non-colocated antenna ports
In this section we discuss which of CRS, CSI-RS and UE-specific RS antenna ports can be assumed colocated by the UE. First, we note that UE should not assume anything about the colocation of CRS antenna ports 0-3 with either CSI-RS antenna ports 15-22 or UE-specific RS antenna ports 7-14 for the following reasons:

· CSI-RS corresponding to a certain CSI-RS resource, while fundamentally associated with a cell, can be transmitted only from a subset of physical antenna ports within the cell, or can be transmitted from any set of physical antenna ports associated with a non-serving cell. It is noted that physical antenna ports within one cell may also be non-colocated (e.g. scenario 4).
· Similarly, UE-specific RS and PDSCH transmission using UE-specific RS are not necessarily linked to any cell ID and can be transmitted only from a subset of physical antenna ports within one cell or can be transmitted from physical antenna ports of a completely different cell.

Hence clearly UE cannot assume colocation between CRS antenna ports 0-3 and any configured CSI-RS antenna ports, or between CRS antenna ports 0-3 and any UE-specific RS antenna ports used for PDSCH transmission. 
Proposal:

· UE shall not assume that antenna ports 0-3 are colocated with antenna ports 7-22.
Common reference signals

During the study item on downlink MIMO enhancements, rank reporting in case of received power imbalances between antenna ports was studied as part of real-life issues of DL MIMO. It was found out that some UEs cannot handle rank reporting properly in presence of such power imbalances, and in fact major throughput losses were observed in such deployments with distributed antennas. Essentially, these measurement results show that deploying a shared cell ID network with CRS antenna ports 0-3 physically pulled apart does not make sense as long as there are Release 8/9/10 UEs connecting to it.
On the other hand, in Release 11, network deployments with non-colocated antennas can be supported with CSI-RS and UE-specific RS –based operation. In this case, if the CRS antenna ports are kept colocated, also the legacy UEs are able to operate in the same network with good performance. As such there does not seem to be any strong need to additionally support non-colocated CRS antenna ports.
Observations:
· Some legacy UEs have severe problems with rank reporting in case of power imbalances.
· Deploying a network with non-colocated CRS ports may lead to poor performance.
· Distributed antenna deployments can be supported for Release 11 UEs using CSI-RS and UE-specific RS.
With the LS, RAN4 clearly would like to reduce the workload (i.e. test case count and testing complexity) by reducing the number of combinations of which antenna ports can be assumed colocated by the UE and which cannot be. Since from legacy UE perspective it anyway does not make sense to have CRS antenna ports non-colocated, the first target for simplification is clearly making it possible for the UE to assume colocated CRS antenna ports. It is noted that in addition to RAN4 workload and UE complexity, it has been pointed out that proper support of non-colocated CRS ports would also require changes to e.g. RSRP definition in TS 36.214 that currently implicitly assumes colocated CRS ports. This would also require additional RAN1 work.

Proposal:

· UE may assume that antenna ports 0-3 are co-located.

CSI-RS

RAN1 has agreed that multiple CSI-RS resources can be configured to the UE for purposes of supporting multi-point CSI feedback. Hence by definition, CSI-RS ports corresponding to different CSI-RS resources can not be assumed colocated by the UE. However within one CSI-RS resource the antenna ports can be assumed colocated.
Proposals:

· UE shall not assume anything about colocation of antenna ports 15-22 between different CSI-RS resources.

· UE may assume that antenna ports 15-22 within one CSI-RS resource are colocated.

UE-specific RS

CSI-RS and UE-specific RS are inherently linked and this linkage is visible in the specification, that is, in CQI reference resource definitions already in Release 10. Essentially this relates to the fact that when reporting CSI feedback, UE will need to assume UE-specific RS –based demodulation for the transmissions done using CSI-RS antenna ports. Hence in CSI feedback, UE implicitly has to assume colocation between the CSI-RS resources assumed to be transmitting according to the transmission scheme assumed in CQI calculation and the UE-specific RS ports.
However, in practice the eNB might choose the transmitting CSI-RS resources (points) even on PRB pair level, and this may be transparent to the UE. But, we note that for purposes of correct PDSCH rate matching some signaling will be needed to provide the UE with some information about which CSI-RS resources are involved in the transmission [3]. While full PRB-level information about the transmitting CSI-RS resources most likely cannot be provided in all situations without heavy signaling overhead, the UE could for example be aware of what is recommended e.g. in the CSI feedback for transmitting CSI-RS resources. This can be done either explicitly, for example in form of a CSI-RS resource selection indicator, or implicitly via per-CSI-RS resource CQIs. Furthermore, wideband CSI-RS selection can be as well indicated to the UE with simple signaling. Hence, in principle the UE could be provided with information about transmitting CSI-RS resources at least in most relevant situations.
Observations:

· In CSI feedback UE has to make an assumption about colocation of CSI-RS and UE-specific RS.

· On the other hand, the network may choose freely the transmitting CSI-RS resources (points).
· It is in principle possible to give the UE some information about the transmitting CSI-RS resources.
If the UE would have the information about transmitting CSI-RS resources, obviously timing could be based on CSI-RS timing measurements. The problem may still be, as mentioned, that UE might not always be aware of the exact transmitting CSI-RS resources on every PRB pair. However, from the UE perspective this could be circumvented by developing performance requirements only for the cases where the UE knows the transmitting CSI-RS resources. Then it would be up to the network to take care of the cases where UE is not aware of exact transmitting CSI-RS resources (also for this case it should be defined which timing the UE should assume). 

However, even if CSI-RS could be used as timing reference, the question may be whether current CSI-RS density is too sparse for timing estimation – at least the timing estimation range is readily halved compared to CRS due to 12 subcarrier spacing instead of 6 subcarrier spacing. Furthermore, due to low density the noise suppression capabilities are highly reduced which would significantly impact timing estimation performance especially when system bandwidth is low.
We emphasize that as discussed in the previous section, not knowing a proper timing reference in CoMP demodulation could compromise the usefulness of the whole feature of CoMP transmission. Estimating the required statistics at PRB pair level, including timing, from UE-specific RS seems rather infeasible and would require further verification should RAN1 agree that CSI-RS cannot be used as a timing reference for CoMP transmissions.

Hence we essentially identify two options, both of which may require further study: First option is that CSI-RS are allowed to be used as a timing reference, essentially meaning that the UE would assume colocation between a certain CSI-RS resource and the UE-specific RS used for transmission. In this case the density of CSI-RS may require further checking, as well as the possible signaling to be used to inform the UE about which CSI-RS resource can be used as the timing reference. Related to this we note that RAN1 has not yet discussed control signaling for CoMP. The second option is that the UE only relies on UE-specific RS. Considering the very small number of samples within a PRB for time tracking etc., the feasibility of this option would certainly require further verification.

Proposal:

· Study whether it is feasible to assume CSI-RS –based timing in demodulation also when configured with multiple CSI-RS resources. 
· I.e. UE can effectively assume that UE-specific RS antenna ports are colocated with one of the CSI-RS resources.

· UE can be informed about the transmitting CSI-RS resources.

· If CSI-RS are to be used as a timing reference, it should be verified whether current CSI-RS density is enough for proper time tracking.

· If CSI-RS are not to be used as a timing reference, feasibility of using UE-specific RS for time tracking prior to demodulation should be further verified.
3
Conclusions

In this contribution we have discussed the UE impacts of not being able to assume colocated antenna ports and provided our views on the issues raised in the RAN4 LS. Our proposals are as follows:
Proposals:

· UE shall not assume that antenna ports 0-3 are colocated with antenna ports 7-22.

· UE may assume that antenna ports 0-3 are co-located.

· UE shall not assume anything about colocation of antenna ports 15-22 between different CSI-RS resources.

· UE may assume that antenna ports 15-22 within one CSI-RS resource are colocated.
· Study whether it is feasible to assume CSI-RS –based timing in demodulation also when configured with multiple CSI-RS resources. 
· I.e. UE can effectively assume that UE-specific RS antenna ports are colocated with one of the CSI-RS resources.

· UE can be informed about the transmitting CSI-RS resources.

· If CSI-RS are to be used as a timing reference, it should be verified whether current CSI-RS density is enough for proper time tracking.

· If CSI-RS are not to be used as a timing reference, feasibility of using UE-specific RS for time tracking prior to demodulation should be further verified.
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Appendix A – Link simulation assumptions

	Parameter
	Value

	System bandwidth
	50 PRBs

	Carrier frequency
	2.0 GHz

	Antenna configurations
	4x2, low correlation

	Channel model
	EPA5

	Transmission scheme
	Transmission mode 9, closed-loop rank-1 transmission

	Codebook for CL-MIMO
	Rel-10 codebook for 4-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	8 ms

	PMI reporting periodicity
	5 ms

	Modulation and coding
	QPSK 1/3
16QAM 1/2
64QAM 3/4

	CSI-RS configuration
	4-Tx CSI-RS, 5 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1

	Channel estimation algorithm
	CSI-RS: Ideal channel estimation

DM-RS: Realistic channel estimation over 1 PRG


