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1
Introduction

The RAN1#68bis agreement statest that “at least one Interference Measurement Resource (IMR) can be configured for a Rel-11 UE” while “each IMR consists of only REs which can be configured as Rel-10 CSI-RS resources”.
Several open points are left for discussion:

· Number of IMRs that can be configured for a Rel-11 UE

· Whether REs of an IMR are allowed to be configured as non-zero-power CSI-RS resources

· Whether an IMR can have finer granularity than 4 REs/PRB

In addition to above issues, one needs to clarify how the intra CoMP set interference is taken into account in different IMR configuration options.
In [1], [2], [3] and [4] we have provided detailed conceptual analysis and simulations results for dynamic point selection (DPS) and joint transmission (JT) schemes with respect to interference resources. In this contribution we address these open issues and provide further overhead analysis and simulation results in support of the proposed choices.

2
SINR estimation methods
From a high level perspective, two main SINR estimation methods are possible. In the first unified method [1][4], the UE is allowed to compute multiple CQI hyphothesis where the interference outside  the CoMP measurement set is estimated and further compensation is done at the UE side based on channel estimates. In the second method, multiple IMR are used, 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
	[image: image1.png]9" HoWoWiHl g

SR = a;HWWIHT) g + gHR;g





	(1)




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 precoder is based on a PMI that maximizes the throughput. Also for the interfering cells inside the CoMP measurement set, PMIs that maximize the received power are assumed. The interference offset parameter αi is used by the eNB to adapt between different CoMP schemes, interferences assumptions and/or network loads. For example one can use αi = 1.0 for full load and αi = 0.5 for partial load. 
Observation:
· Compensation of intra-measurement interference at the UE side allows for multiple CQI hyphothesis calculation and compensates the traffic load.
SINR estimation method 2 based on per transmission point interference estimate:
This option is tailored for the per point CQI approach. In this method, each CSI-RS configuration is accompanied with an IMR configuration. The SINR per point is 
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where the RI,i is calculated from the IMR specific to the i:th transmission point.

3
Configurability of interference resources

The following IMR configuration options are possible:

Table 1: IMR and CSI-RS alternatives.
	
	Pros
	Cons

	Alt 1.: one IMR per CSI-RS configuration


	· Can implement multiple CoMP hyphothesis provided these are indicated to the UE.
	· DPS with muting cannot be implemented as it needs 4 interference configurations to accommodate the fallback.

· The current agreement of “per CSI-RS” feedback needs to be clarified on what interference assumptions are considered.

	Alt. 2: multiple IMR per CSI-RS configuration


	· No pros.
	· Creates a lot of CQI complexity as multiple CQIs need to be computed in the UE.

· The case of fallback CQI and DPS with muting CQIs should be exempt in this configuration.

	Alt 3A.: one IMR per multiple CSI-RS configurations with CQI hyphothesis approximation at eNB
	· Simple configuration 
	· Fallback CQI needs to be approximated at eNB:

· May lead to poor performance

· Heavy CQI approximations for almost all schemes.

	Alt 3B.: one IMR per multiple CSI-RS configurations with CQI hyphothesis calculation at UE.
	· Simple configuration 

· With interference weighting , can emulate any CQI hyphothesis at UE side 
	· none


Proposals:

· One IMR configuration is linked to multiple CSI-RS configurations. This IMR configuration reflects the outer CoMP measurement set interference.
· For a UE scheduled in single cell/point, the IMR reflects the outer-point interference.

· Interference weighting is signalled to the UE. 

· If multiple CQIs are desired, multiple interference weighting factors are signalled.
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 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 an allocated resource block. 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.

We also study the impact of the αi variable in the SINR estimation method 1 of equation (1). 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 3,
 or

· ZP CSI-RS like CFG-5 in Figure 3.
For SINR estimation method 2, the RI,i is calculated from the ZP CSI-RS configured like in the CFG-3, CFG-4 or CFG-5 in Figure 3.
Simulation results

Here we show the user throughput performance in a DPS without blanking CoMP context. 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: 
· 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 3). The UE does compensation for intra-measurement interference.
· 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 3). This is the SINR estimation method 2.
The UE throughput performance is shown in Figure 1 for fractional and full system loads, respectively assuming the ZP CSI-RS interference estimation method. It can be observed that the selection of alpha factor has impact on performance. As expected, the optimum alpha values is approximately 0.5 or 0.3 for the fractionally loaded case where our modelling consisted in each basestation having probability of 0.5 for generating an allocated resource block.  For the full load case, the impact of alpha selection is smaller because outer loop link adaptation can compensate some of the error. The optimum alpha value is approximately 0.7 being larger than in the fractional load case. Note that alpha also compensates the assumed precoding scheme in the interference calculation.

 Observations:

· Benefits of interference weighting factor α are seen in fractional loaded case.
· Interference weighting factor α also compensates the assumed precoding scheme in the interference calculation in full buffer.
	
[image: image3]
	
[image: image4]


Figure 1. Average user throughput and throughput CDF and of CoMP UEs in fractionally loaded network (left) fully loaded network (right) and assuming ZP interference estimation.
	
	


In Figure 2 we compare different SINR estimation methods with selected good quality interference weighting alpha values. It can be observed that single ZP method outperforms the multiple ZP scheme. The quality of outer CoMP interference is similar in both methods, hence the performance differences come from the estimation quality of the intra-CoMP interference. For a single ZP, this interference is reconstructed from the estimated channel for that CSI-RS resource, hence a rather good approximation can be obtained. For multiple ZP one uses the PDSCH samples observed through the muted resources, however the equivalent channel should have been captured in order to reflect the correct interference power level. A similar issue was observed when dealing with data versus DM-RS samples IRC receiver where better performance is obtained when averaging less good interference samples rather than averaging a largenumber of less accurate samples.
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Figure 2. Average user throughput and throughput CDF and of CoMP UEs in fractioanlly loaded network (left) and fully loaded network (right) for different interference estimation schemes.
6
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. 
Proposals:

· One IMR configuration is linked to multiple CSI-RS configurations. This IMR configuration reflects the outer CoMP measurement set interference.

· For a UE scheduled in single cell/point, the IMR reflects the outer-point interference.

· Interference weighting is signalled to the UE. 

· If multiple CQIs are desired, multiple interference weighting factors are signalled.
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Appendix 1 – Extended link 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 resource block)

	UEs per cell
	1 

	UE PRB allocation
	Full band

	Mobile speed
	3 km/h 

	MIMO scheme
	Frequency selectively 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


Appendix 2 – IMR configurations 
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Figure 3. Zero-power CSI-RS configurations for multiple CQI hypotheses.
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