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1
Introduction

In RAN1#67 the following was concluded on interference measurements: 
“Conclusions:

· The support provided in Rel-10 for interference measurements is not satisfactory for Rel-11.

· Interference measurements using CRS REs alone is not satisfactory for Rel-11.


Agreement:

· Specify in RAN1 specifications the possibility to UE-specifically configure specific REs for interference measurement. 


Study further until RAN1#68 which REs to use. “

In [1], we have provided some conceptual analysis of the schemes under discussion, i.e. non-zero-power and zero-power CSI-RS. Simulation results were provided for single point transmission and dynamic point selection schemes with and without blanking in [2], while in [3] we have provided simulation results for JT transmission. In this contribution we provide further analysis on the configurability of zero/non-zero power CSI-RS resources and also present further results on interference measurements in case of dynamic point selection CoMP taking into account different ways of utilizing zero-power CSI-RS. 
2
Design considerations for interference resources

From contributions submitted in previous meetings, two main candidates have been identified for interference estimation: zero-power (ZP) or non-zero-power (NZP) CSI-RS resources. These types of resources have been already specified in Release 10, while the question to be answered is if their current designs are suitable for reliable interference estimation. 
Interference estimation reliability. Resource elements configured for interference measurement should enable reliable interference estimation. One should note that the signal component is another element of the SINR/CQI computation, hence good quality estimation for both the interference and signal components are required.  
Support for multiple CQI hypothesis: The interference estimation resource should support flexible configurability with respect to the multiple CoMP schemes which need to be supported, according to the working assumption that one need to find “a common feedback/signalling framework suitable for scenarios 1-4 that can support CoMP JT, DPS and CS/CB.”. In addition, non-CoMP CQI hypothesis need to be supported as well for fallback purposes. 

Configurability and signalling: eNB is configuring a CSI-RS resource for the purpose of signal measurement. In addition, eNB configures an interference resource for the purpose of interference estimation. One should differentiate between the measurements done on configured interference resource and the calculation of CQI for specific hypothesis. For example using NZP CSI-RS for interference estimation implies one interference measurement, and based on the CQI hypothesis the UE constructs the corresponding CQI. If ZP CSI-RS are utilized for interference estimation, specific ZP configurations may need to be signaled for specific CQI hypothesis, hence increasing the number of measurements the UE needs to perform as well as the corresponding signalling. Signaling of interference measurement resources is UE specific. 

UE complexity: Interference measurements should be performed on a single type of resource. As the signal part may be estimated from the same or different resource as the interference, one should strive to have both the signal and interference resources configured in the same subframe. While different CQI hypothesis might require different interference resources, it may drastically increase UE complexity as multiple measurements need to be performed.  
Observations:

· In the selection of interference measurement resources, the following factors should be considered: interference estimation reliability, support for multiple CQI hypotheses, the flexibility in configurability and signalling, UE complexity.
3
Configurability of interference resources

Let us consider the example of two points in measurement set and further elaborate the configuration of ZP and NZP CSI-RS resources. These examples have been also used in the simulation results presented later in the paper. 
Non-zero-power CSI-RS resources

Having two points in the measurement set obviously the UE would be configured with two CSI-RS resources in order to estimate the channel for the two points. These patterns are configured with muting as shown in Figure 1. The use of muting is recommended due to the low density of CSI-RS in order to reliably estimate precoding information and signal power term in the CQI estimate. For each point, channel is first estimated and then the reference signal contribution is cancelled from the received signal in order to obtain the residual signal which corresponds to the desired interference, essentially the interference from outside of the CoMP measurement set. Average power is then calculated from the residual signal.
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Figure 1. Non-zero-power CSI-RS configurations: left: without muting, right: with muting.

Different CoMP hypotheses can be supported by having the UE compensate for the intra-measurement set interference by using the CSI-RS channel estimates according to each CoMP hypothesis, for example as in equation (1) later in the paper. Problem with this approach could be claimed to be that such interference adjustment according to CoMP hypothesis corresponds to full load for points within the CoMP measurement set and as such may be slightly biased compared to real interference situation. However, the amount of interference taken into account by the UE can be controlled by the eNB by having a separate power offset configured for interfering CSI-RS resources. This could be configured for example according to average load such that the average interference is reflected into the CQI. As shown later, this approach works very well even in fractional load scenarios.
Zero-power CSI-RS resources
In this case, ZP CSI-RS resources need to be configured in addition to the NZP CSI-RS resources used for the estimation of the channel for each point in the CoMP measurement set as shown in Figure 2. In order to support multiple CQI hypotheses, several ZP CSI-RS configurations may be needed, e.g. one for each different assumption about the interference behind the CQI hypothesis, as shown in Figure 2. These are used for the interference estimation. The CFG-3 is needed for DPS without muting while having the hypothesis that TP1 is transmitting. The CFG-4 is needed when making the hypothesis that TP2 is transmitting and finally CFG-5 is needed either for DPS with muting or for joint transmission.  
Comparing Figure 1 and Figure 2 reveals that ZP interference estimation resources are additional overhead on top of the NZP CSI-RS resources that are anyway required. In addition, extra resource allocation computation is needed while deciding which REs are available for data because the TP of origin impacts the free resources in the DPS case, however these computations may be performed at same time when considering various CRS shifts Furthermore, for the JT any reserved RE in any TP basically means that the RE can not be used for data transmission, increasing the overhead further for the ZP CSI-RS case. The use of JT also means that CFG-3 or CFG-4 in Figure 2 can not be used since data cannot be allocated, meaning that coexistence of JT and DPS is challenging. 
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Figure 2. Zero-power CSI-RS configurations for multiple CQI hypotheses.
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Figure 3. Three point configurations for multiple CQI hyphothesis.

Considering the example of two or three points (see Figure 3) in the measurement set, resource overheads are presented in Table 1. We observe that the number of resources is less for NZP case with current density. If density is increased, a similar or lower overhead is still obtained in case multiple CQI hypothesis need to be supported. However, the NZP configuration comes with the advantage of more simple resource configuration as only two or three patterns need indication compared to five or ten as for the ZP configuration for two and three TPs. Less configurations translates also to less impact to legacy UEs and also to simplified implementation for both network side which can easier configure the NZP resources (in terms of finding the specific subframe shift and avoiding collisions) and also UE which performs both channel and interference estimation on same resources and in the same subframe, albeit with negligible complexity increase due to the residual operation. 

Table 1. RE overhead for various schemes per PRB (4 Tx per transmit point).

	Scheme
	Single cell MIMO
	2-cell CoMP
	3-cell CoMP

	
	Channel estimation samples
	Interference estimation samples
	Total overhead
	Channel estimation samples per transmit point
	Interference estimation samples
	Total overhead
	Channel estimation samples per transmit point
	Interference estimation samples
	Total overhead

	NZP CSI-RS 1RE
	4
	4
	4
	4
	8
	8
	4
	12
	12

	NZP CSI-RS 2RE
	8
	8
	8
	8
	16
	16
	8
	24
	24

	ZP CSI-RS
	4
	4
	8
	4
	4 per estimate / configuration 

	12 JT only

16 DPS only 
20 JT and DPS*
	4
	4 per estimate / configuration 

	28 JT only

24 DPS only 
40 JT and DPS*


* If multiple hypothesis are supported

Hence this scheme with multiple zero-power configurations seems to suffer from overhead problems in case of having multiple different CQI hypotheses for which the UE needs to provide feedback. Of course, such operation would also imply significant UE complexity as the UE would need to do a separate measurement for each CQI hypothesis. The potential benefit of the scheme could be claimed to be that the measurements will directly reflect the real interference conditions; however as discussed earlier and shown by simulation results later in this paper, performance will be just as good or even better by having the UE measure the interference outside the CoMP measurement set and compensate for the intra-measurement interference using channel estimates with potential weighting controlled by the eNB.
Observations:

· Non-zero-power CSI-RS resources require less configurability and support different CoMP CQI hypotheses flexibly.

· UE measures the interference outside the CoMP measurement set and interference from points within the CoMP measurement set can be compensated for at the UE side.
· Interference measurements using different zero-power CSI-RS resources for different CQI hypotheses imply high overhead and significant UE measurement complexity. 

4
Extended link evaluations 
In this section we study the SINR estimation framework proposed in [1] by conducting CoMP interference and SINR estimation through extended link simulations. Details on the simulation assumptions can be found from Appendix 1.

A single UE is dropped into the hexagonal cell network (3GPP Case 1). The dropping is done uniformly within the CoMP area which consists of 2 cells in the center site (CoMP measurement set). Statistics are shown only for UEs that are in a CoMP favourable conditions. In these simulations we used a path loss window of 6 dB to determine the CoMP UEs. For all simulations the network is assumed to be synchronous but two cases of system load were studied in order to see the impact of load on the different interference estimation methods. The system was assumed to be fully loaded, i.e. all cells transmit all the time, or partially loaded where each basestation has probability of 0.5 for generating a wideband scheduled data subframe. Fast fading is correlated according to the SCM Urban Macro channel model.

The simulated CoMP scheme is a single user dynamic point selection SU-(DPS) scheme. The UE selects the rank, PMI and CQI for each transmission point and selects the transmission point that produces the highest throughput. The precoding feedback is frequency selective (per subband), and the selected transmission point may change from subband to subband. Since a single user scheme is simulated it is assumed that the eNB always also schedules according to the requested feedback.

SINR estimation methods
As also discussed in [1] a unified approach of SINR estimation for various schemes should be targeted. Hence, two SINR estimation approaches are compared. The first method is as presented in [1] where the interference outside of the CoMP measurement set is estimated and further compensation is done at the UE side based on channel estimates. The other scheme is based on multiple non-zero-power CSI-RS, each reflecting interference for certain CoMP hypothesis directly.

SINR estimation method 1 based on unified approach:
In the unified approach from [1] it is assumed that the SINR is obtained as
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Where Hi equals channel of transmission point i, Wi is the corresponding PMI and RI equals interference and noise outside the CoMP measurement set. For the serving cell the precoding is based on a PMI that maximizes the throughput and for the interfering cells inside the CoMP measurement set, PMI is assumed that also maximize the received power. The interference offset parameter αi is used by the eNB to adapt between different CoMP schemes. In this case we used αi = 1.0 for full load and for partial load αi = 0.5. In the conducted simulations, the channel and hence intra CoMP measurement set interference estimates are based on NZP CSI-RS but two methods are used for estimating the interference outside the CoMP measurement set, i.e. RI. The RI is based either on
· NZP CSI-RS like CFG-1 and CFG-2 in the right hand side of the Figure 1, or

· ZP CSI-RS like CFG-5 in Figure 2.
SINR estimation method 2 based on per transmission point interference estimate:
In this method, candidate SINR for each transmission point is calculated based on different configuration of the ZP CSI-RS like in the Figure 2. In other words,
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is calculated for each transmission point i, and the RI,i is calculated from the ZP CSI-RS configured like in the CFG-3, CFG-4 or CFG-5 in Figure 2.
Performance metrics

The performance of the SINR estimation algorithms is measured as an average of absolute value of the SINR estimation error i.e. ε = (1/N)Σ(|SINRest-SINRideal|) where SINRest and SINRideal are both in dB scale. The dB scale is selected because it matches relatively well with the CQI quantization of the SINR. Such a metric was chosen because the interference and hence SINR estimation accuracy should be matched with the CQI granularity which with the current 4-bit reporting roughly corresponds to 2 dB SINR intervals.
The average SINR error is calculated per subcarrier and subframe basis. In the extended link simulations for CoMP, the error is shown as a mean square error fitted polynomial curve against the observation samples. These samples are the average SINR errors of the UE drops that are in favourable CoMP conditions.
The user throughput CDF for the CoMP users is also shown in addition to the average throughput of CoMP users.

Simulation results

Here we show the performance of the SINR and interference estimators in a DPS without blanking CoMP context. Figure 5 depicts rank 1 SINR estimator performance for UE drops. In these figures, error is shown as a curve which is a mean square error fit to UE drop data. Only the UEs being in favorable CoMP location are simulated meaning that the cells from the two cell CoMP measurement set need to be inside 6 dB pathloss window totalling roughly 13% of uniformly dropped UEs. The x-axis depicts the geometry factor resulting from CoMP operation which is calculated assuming that both cells are part of the useful signal. The following legends are used: 
· NZP (2RE): Channel estimate and interference estimate are based on Rel’10 NZP CSI-RS with increased density to 2REs/port. The unified SINR estimation method 1 is used using the configured patterns of Figure 1. 
· Single ZP: Channel estimate is based on Rel’10 NZP CSI-RS. The unified SINR estimation method 1 is used but the outside CoMP area interference is estimated from one configured ZP CSI-RS pattern. (e.g. CFG-5 in Figure 2). In other words the UE does similar compensation for intra-measurement interference as with non-zero-power CSI-RS.
· Multiple ZP: Channel is estimated from Rel’10 NZP CSI-RS but interference is estimated from the multiple ZP CSI-RS patterns according to CoMP CQI hypothesis (e.g CFG-3 and CFG-4 in Figure 2). This is the SINR estimation method 2.
The performance of the estimators is shown in Figure 5. Similar performance of the two variants from the unified method 1 is observed. Although the CSI-RS signal replica needs to be subtracted in the NZP case, the larger number of samples can be seen as a benefit. The per transmission point method 2 shows slightly worse performance. 
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Figure 4. The SINR estimation error in fully loaded (left) and partially loaded case (right).

The UE throughput performance is shown in Figure 5 and Figure 6 for full and partial system loads, respectively. The unified method 1 (with compensation at UE side) performs better in general than the method 2 where the interference measurement directly reflects the real interference conditions. This is partly due to the increased overhead and partly due to the different handling of intra-measurement set interference. More precisely, in method 1 channel estimates are used in forming the intra-measurement set interference estimate, and since the intra-measurement set interference corresponds to a dominant part of the total interference, good quality channel estimates actually translate to good overall performance. Furthermore, there is no benefit of having extra ZP CSI-RS for interference measurement on the unified method. Hence, the usage of NZP CSI-RS and the method 1 is seen sufficient.
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Figure 5. User throughput CDF and average user throughput of CoMP UEs in fully loaded network.
[image: image8.png]0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

——NZP(2RE) H
= Single ZP
= Multiple ZP

throughput

8 9 10
6
x10




Figure 6. User throughput CDF and average user throughput of CoMP UEs in partially loaded network.
5
Conclusions
In this paper, we have studied SINR estimation method and related CSI-RS configurations that can be used for the CQI feedback for various antenna processing shemes such as the DPS CoMP transmission. It can be observed that the unified SINR estimation method leads to compact overhead. Furhermore, it can be observed from the simulations that the overall best performance is achieved by using the NZP CSI-RS for the interference estimation.

Observations:

· In the selection of interference measurement resources, the following factors should be considered: interference estimation reliability, support for multiple CQI hypotheses, the flexibility in configurability and signalling, UE complexity.
· Non-zero-power CSI-RS resources require less configurability and support different CoMP CQI hypotheses flexibly.

· UE measures the interference outside the CoMP measurement set and interference from points within the CoMP measurement set can be compensated for at the UE side.

· Interference measurements using different zero-power CSI-RS resources for different CQI hypotheses imply high overhead and significant UE measurement complexity. 
· Non-zero-power CSI-RS based interference estimation combined with compensation of intra-measurement interference at the UE side provides overall the best performance.

· This is confirmed in both full and partially loaded network.

· Increased density with 2RE/port non-zero-power CSI-RS should be considered as baseline method for interference estimation.
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Appendix 1 – Simulation assumptions
	Parameter
	Assumption

	Carrier frequency
	2 GHz

	Bandwidth 
	10 MHz

	Simulation scenario
	3GPP Case 1

	Fast fading model
	SCM Urban Macro

	Interference model
	2 cell tiers, inter site distance 500 m

	System load
	1) Full load

2) Partial load  (0.5 probability of scheduling data in a subframe)

	UEs per cell
	1 

	UE PRB allocation
	Full band

	Mobile speed
	3 km/h 

	MIMO scheme
	Precoded 4x2 MIMO with LTE Release 10 codebook 
Link and rank adaptation modeled

	CSI-RS
	Yes, 5 ms periodicity
Realistic modeling of CSI-RS channel estimation

	DM-RS
	Rel-10 DM-RS
Realistic modeling of DM-RS channel estimation

	PMI reporting bandwidth
	5 PRBs

	CQI reporting bandwidth
	Wideband

	Channel estimation
	2D MMSE

	Receiver
	MMSE Option 1


� EMBED Visio.Drawing.11  ���








[image: image10.emf]CSI-RS1

CSI-RS2

TP1 TP2

CFG-1

CFG-2

..

muting

muting

_1393686035.vsd
CSI-RS1


ZP3


CSI-RS2


ZP3


TP1


TP2


CFG-1


CFG-5


CFG-3


..


ZP1


CFG-2


ZP2



_1393686056.vsd
Text


CSI-RS1


ZP7


CSI-RS2


TP1


TP2


CFG-1


CFG-5


CFG-3


..


ZP2


CFG-2


ZP1



_1393525269.vsd
CSI-RS1


CSI-RS2


TP1


TP2


CFG-1


CFG-2


..


muting


muting



