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1. Introduction

Two scenarios (Scenario 3 and 4) were agreed during RAN1#64 meeting for CoMP evaluations in HetNet (heterogeneous networks) [1]. The scenarios are different in terms of Cell IDs assignment to the transmission nodes. In the Scenario 3 a distinct Cell IDs are assigned to each transmission node, while in Scenario 4 a common cell ID is assigned to low Tx power and overlay high Tx power transmission nodes.
The Cell ID defines the position of cell-specific reference signals (CRS) in the downlink subframe and therefore may introduce a collision between PDSCH and CRS of transmission nodes. Since the CRS are usually precoded in a different way than PDSCH and transmitted regardless of PDSCH, the structure of interference on PDSCH highly depends on Cell ID assignment scheme of interfering nodes.
The performance evaluations of Scenario 3 and 4 without consideration of CRS and PDCCH collisions were obtained in the documents [2,3]. In this contribution we investigate impact of CRS and PDSCH collisions on the CoMP performance for Scenarios 3 and 4 by explicit modeling of CRS transmissions.
2. CRS and PDSCH collision
In Releases 8-10 the positions of CRS in the subframe is defined by cell specific frequency shift parameter which is calculated from Cell ID of the transmission node. Depending on Cell ID configuration of the transmission nodes CRS and PDSCH may occupy different resource elements within downlink subframe. In this case CRS and PDSCH collision of different transmission nodes can occur. For the considered scenarios it can be seen that (refer to Figure 1)
· In Scenario 3: CRS and PDSCH are collided between low Tx power nodes and overlay high Tx power node
· In Scenario 4: CRS and PDSCH are not collided between low Tx power nodes and overlay high Tx power node
· In Scenario 3 and 4: СRS and PDSCH collisions occur with transmission nodes of different macro cells. 
It should be noted that Cell IDs in Scenario 3 can be configured in modular way so that the CRS and PDSCH collisions are avoided in a similar to Scenario 4 way. Since the Scenario 3 can be configured either to avoid CRS and PDSCH collisions as Scenario 4 or to achieve CRS and PDSCH collisions it can be considered as more general case.
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Figure 1: Illustration of CRS and PDSCH collisions in Scenario 3 and 4
Despite this in the following analysis we will focus on the comparison of the scenarios assuming CRS and PDSCH collisions for Scenario 3 within macro cell.
As mentioned earlier, the CRS are usually precoded in a different way than PDSCH and transmitted regardless of PDSCH. In this case Scenario 3 and Scenario 4 will be different in the following parts:
· In Scenario 3 hardening of interference fluctuation comparing to Scenario 4 should be observed due to fixed precoding scheme applied on CRS.
· In Scenario 3 non zero interference level from CRS on PDSCH can be observed for the interfering node without PDSCH transmissions.
· In Scenario 3 no suppression of interference at the Tx side for CSCB CoMP on the resource elements occupied by CRS of cooperating interfering node.
· In Scenario 3 PDSCH mapping pattern mismatch for JP CoMP (see Figure 2).
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Figure 2: PDSCH mapping pattern mismatch for JP CoMP
PDSCH mapping pattern mismatch doesn’t allow JP CoMP to transmit cooperatively data on some of the resource elements highlighted in yellow. The problem can be solved using UE-specific PDSCH muting scheme for the resource elements occupied by CRS of cooperating nodes (as illustrated in Figure 3) to achieve the same PDSCH mapping pattern across cooperation nodes.
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Figure 3: UE specific PDSCH muting on CRS for JP CoMP
It should be noted that the UE-specific PDSCH muting on CRS of cooperating node may introduce additional overhead for JP CoMP UEs for Scenario 3 in the range of 0-30.7%. The exact overhead value depends on the number of CRS antenna ports, number of cooperating nodes and their Cell ID values.
3. Evaluation of Scenario 3 and 4 with PDSCH and CRS collisions
In this section the performance comparison of Scenario 3 and 4 is provided with CRS and PDSCH collision modeling. In the analysis we will focus on the PDSCH performance, i.e. the performance of CRS channel estimation is not considered. Two CRS antenna ports, MU-MIMO transmission mode and 10 downlink subframes configured as non-MBSFN are assumed. The other simulation assumptions are provided in the Appendix.
First, the Scenario 3 and 4 were compared for CSCB CoMP assuming coordination across 5 nodes (1 high Tx and 4 low Tx power node). The results for co-polarized and cross-polarized antenna configuration are summarized in Table 1 and Table 2 for full buffer traffic model and in Table 3 and Table 4 for non-full buffer traffic model.
Table 1: CSCB05 performance in full buffer traffic mode and co-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	3, 2TX
	1
	1.57 (0.0%)
	1.68 (0.0%)
	1.66 (0.0%)
	0.030 (0.0%)
	0.087 (0.0%)
	0.037 (0.0%)

	4, 2TX
	1
	1.57 (0.0%)
	1.69 (0.7%)
	1.66 (0.2%)
	0.031 (2.3%)
	0.080 (-8.2%)
	0.038 (3.4%)

	3, 2TX
	4b
	1.54 (0.0%)
	1.99 (0.0%)
	1.90 (0.0%)
	0.053 (0.0%)
	0.096 (0.0%)
	0.069 (0.0%)

	4, 2TX
	4b
	1.54 (0.2%)
	1.99 (0.2%)
	1.90 (0.2%)
	0.051 (-3.7%)
	0.102 (6.2%)
	0.069 (0.0%)

	3, 4TX
	1
	1.95 (0.0%)
	2.12 (0.0%)
	2.09 (0.0%)
	0.040 (0.0%)
	0.118 (0.0%)
	0.048 (0.0%)

	4, 4TX
	1
	1.95 (0.1%)
	2.15 (1.3%)
	2.11 (1.1%)
	0.040 (1.1%)
	0.125 (6.2%)
	0.049 (1.3%)

	3, 4TX
	4b
	1.95 (0.0%)
	2.44 (0.0%)
	2.34 (0.0%)
	0.067 (0.0%)
	0.123 (0.0%)
	0.090 (0.0%)

	4, 2TX
	4b
	1.96 (0.8%)
	2.45 (0.4%)
	2.35 (0.3%)
	0.069 (2.3%)
	0.131 (6.7%)
	0.092 (2.7%)


Table 2: CSCB05 performance in full buffer traffic mode and cross-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	3, 2TX
	1
	1.62 (0.0%)
	1.61 (0.0%)
	1.61 (0.0%)
	0.031 (0.0%)
	0.078 (0.0%)
	0.039 (0.0%)

	4, 2TX
	1
	1.62 (0.1%)
	1.62 (0.5%)
	1.62 (0.5%)
	0.031 (0.4%)
	0.073 (-6.2%)
	0.038 (-1.8%)

	3, 2TX
	4b
	1.55 (0.0%)
	1.99 (0.0%)
	1.90 (0.0%)
	0.054 (0.0%)
	0.091 (0.0%)
	0.070 (0.0%)

	4, 2TX
	4b
	1.56 (0.7%)
	2.00 (0.4%)
	1.91 (0.3%)
	0.051 (-5.4%)
	0.092 (0.9%)
	0.071 (1.6%)

	3, 4TX
	1
	1.48 (0.0%)
	1.49 (0.0%)
	1.48 (0.0%)
	0.026 (0.0%)
	0.063 (0.0%)
	0.034 (0.0%)

	4, 4TX
	1
	1.45 (-2.3%)
	1.43 (-3.7%)
	1.43 (-3.7%)
	0.025 (-4.3%)
	0.059 (-6.6%)
	0.031 (-9.9%)

	3, 4TX
	4b
	1.42 (0.0%)
	1.78 (0.0%)
	1.71 (0.0%)
	0.042 (0.0%)
	0.071 (0.0%)
	0.060 (0.0%)

	4, 2TX
	4b
	1.46 (2.9%)
	1.84 (3.3%)
	1.76 (3.0%)
	0.044 (5.3%)
	0.078 (9.4%)
	0.062 (2.6%)


It can be seen that for full buffer traffic the cell edge CSCB CoMP performance in both scenarios is similar to each other, except for cross-polarized antenna configuration with uniform UE dropping, where Scenario 4 has some loss comparing to Scenario 3. The loss can be explained by improvement coming from hardening of interference fluctuations in full buffer traffic model. 

Table 3: CSCB05 performance in non full buffer traffic mode and co-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	3, 2TX
	1
	1.05 (0.0%)
	0.34 (0.0%)
	0.48 (0.0%)
	0.116 (0.0%)
	0.522 (0.0%)
	0.175 (0.0%)

	4, 2TX
	1
	1.05 (-0.3%)
	0.34 (0.3%)
	0.48 (-0.4%)
	0.136 (17.7%)
	0.514 (-1.6%)
	0.186 (6.4%)

	3, 2TX
	4b
	0.70 (0.0%)
	0.44 (0.0%)
	0.49 (0.0%)
	0.395 (0.0%)
	0.704 (0.0%)
	0.541 (0.0%)

	4, 2TX
	4b
	0.67 (-4.2%)
	0.45 (1.6%)
	0.49 (-0.9%)
	0.388 (-1.7%)
	0.730 (3.7%)
	0.579 (7.1%)

	3, 4TX
	1
	1.11 (0.0%)
	0.34 (0.0%)
	0.49 (0.0%)
	0.315 (0.0%)
	0.868 (0.0%)
	0.384 (0.0%)

	4, 4TX
	1
	1.09 (-1.4%)
	0.34 (0.9%)
	0.49 (-0.2%)
	0.314 (-0.4%)
	0.925 (6.6%)
	0.406 (5.7%)

	3, 4TX
	4b
	0.68 (0.0%)
	0.45 (0.0%)
	0.50 (0.0%)
	0.697 (0.0%)
	0.976 (0.0%)
	0.876 (0.0%)

	4, 2TX
	4b
	0.70 (2.7%)
	0.44 (-1.9%)
	0.49 (-1.0%)
	0.661 (-5.1%)
	1.019 (4.4%)
	0.876 (0.0%)


Table 4: CSCB05 performance in non full buffer traffic mode and cross-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	3, 2TX
	1
	1.03 (0.0%)
	0.34 (0.0%)
	0.48 (0.0%)
	0.106 (0.0%)
	0.363 (0.0%)
	0.159 (0.0%)

	4, 2TX
	1
	1.03 (0.1%)
	0.34 (-1.1%)
	0.48 (-0.1%)
	0.115 (8.1%)
	0.360 (-0.8%)
	0.161 (1.5%)

	3, 2TX
	4b
	0.68 (0.0%)
	0.45 (0.0%)
	0.49 (0.0%)
	0.387 (0.0%)
	0.680 (0.0%)
	0.517 (0.0%)

	4, 2TX
	4b
	0.68 (-0.3%)
	0.45 (0.8%)
	0.49 (-0.7%)
	0.353 (-8.8%)
	0.675 (-0.7%)
	0.542 (4.9%)

	3, 4TX
	1
	1.11 (0.0%)
	0.33 (0.0%)
	0.49 (0.0%)
	0.228 (0.0%)
	0.663 (0.0%)
	0.302 (0.0%)

	4, 4TX
	1
	1.10 (-0.9%)
	0.33 (-1.2%)
	0.49 (0.2%)
	0.220 (-3.6%)
	0.659 (-0.7%)
	0.302 (0.1%)

	3, 4TX
	4b
	0.69 (0.0%)
	0.45 (0.0%)
	0.49 (0.0%)
	0.575 (0.0%)
	0.930 (0.0%)
	0.782 (0.0%)

	4, 2TX
	4b
	0.69 (0.1%)
	0.45 (1.0%)
	0.49 (-0.9%)
	0.607 (5.5%)
	0.916 (-1.5%)
	0.794 (1.5%)


For non full buffer case the cell edge performance of Scenario 3 is worse than in Scenario 4 in most of the cases due to non zero interference power coming from CRS of the not active nodes.

Second, the Scenario 3 and 4 were compared for JP CoMP assuming coordination across 5 nodes (1 high Tx and 4 low Tx power node). The results are summarized in Table 5 and Table 6 for co-polarized and cross-polarized antenna configuration in full buffer traffic models. For modeling of JP CoMP in Scenario 3 the UE-specific PDSCH muting scheme was used. 
Table 5: JP05 performance in full buffer traffic mode and co-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	Scn-3, 2TX
	1
	1.61 (0.0%)
	1.63 (0.0%)
	1.63 (0.0%)
	0.034 (0.0%)
	0.094 (0.0%)
	0.041 (0.0%)

	Scn-4, 2TX
	1
	1.65 (2.0%)
	1.69 (3.6%)
	1.68 (3.3%)
	0.032 (-5.9%)
	0.101 (7.4%)
	0.041 (0.0%)

	Scn-3, 2TX
	4b
	1.56 (0.0%)
	2.00 (0.0%)
	1.91 (0.0%)
	0.054 (0.0%)
	0.115 (0.0%)
	0.080 (0.0%)

	Scn-4, 2TX
	4b
	1.61 (3.0%)
	2.06 (3.1%)
	1.97 (3.0%)
	0.055 (1.9%)
	0.124 (7.8%)
	0.086 (7.5%)

	Scn-3, 4TX
	1
	2.03 (0.0%)
	2.08 (0.0%)
	2.07 (0.0%)
	0.042 (0.0%)
	0.132 (0.0%)
	0.053 (0.0%)

	Scn-4, 4TX
	1
	2.06 (1.8%)
	2.16 (3.8%)
	2.14 (3.4%)
	0.042 (0.0%)
	0.155 (17.4%)
	0.054 (1.9%)

	Scn-3, 4TX
	4b
	2.06 (0.0%)
	2.56 (0.0%)
	2.46 (0.0%)
	0.075 (0.0%)
	0.155 (0.0%)
	0.101 (0.0%)

	Scn-4, 2TX
	4b
	2.09 (1.8%)
	2.64 (3.1%)
	2.53 (2.9%)
	0.072 (-4.0%)
	0.154 (-0.6%)
	0.104 (3.0%)


Table 6: JP05 performance in full buffer traffic mode and cross-polarized antennas

	Scenario
	UE Dropping
	MCN

AV-SE
	LPN

AV-SE
	JNT

AV-SE
	MCN

CE-SE
	LPN

CE-SE
	JNT

CE-SE

	Scn-3, 2TX
	1
	1.65 (0.0%)
	1.62 (0.0%)
	1.63 (0.0%)
	0.035 (0.0%)
	0.087 (0.0%)
	0.043 (0.0%)

	Scn-4, 2TX
	1
	1.66 (1.0%)
	1.67 (2.7%)
	1.67 (2.4%)
	0.037 (5.7%)
	0.090 (3.4%)
	0.043 (0.0%)

	Scn-3, 2TX
	4b
	1.47 (0.0%)
	2.08 (0.0%)
	1.96 (0.0%)
	0.048 (0.0%)
	0.111 (0.0%)
	0.071 (0.0%)

	Scn-4, 2TX
	4b
	1.51 (2.5%)
	2.13 (2.5%)
	2.01 (2.6%)
	0.047 (-2.1%)
	0.121 (9.0%)
	0.072 (1.4%)

	Scn-3, 4TX
	1
	1.49 (0.0%)
	1.42 (0.0%)
	1.43 (0.0%)
	0.033 (0.0%)
	0.066 (0.0%)
	0.039 (0.0%)

	Scn-4, 4TX
	1
	1.49 (0.3%)
	1.43 (1.0%)
	1.44 (0.9%)
	0.033 (0.0%)
	0.066 (0.0%)
	0.039 (0.0%)

	Scn-3, 4TX
	4b
	1.34 (0.0%)
	1.78 (0.0%)
	1.69 (0.0%)
	0.044 (0.0%)
	0.084 (0.0%)
	0.064 (0.0%)

	Scn-4, 2TX
	4b
	1.37 (2.6%)
	1.82 (2.3%)
	1.73 (2.4%)
	0.049 (11.4%)
	0.094 (11.9%)
	0.070 (9.4%)


It can be seen that scenario 4 has some advantage over Scenario 3 for cell edge user throughput. The performance loss of Scenario 3 comparing to Scenario 4 is explained by additional overhead incurred by PDSCH muting. This is clearly seen from cell edge performance of low TX power nodes UEs that participate in joint transmission with overlay high TX power node with different cell ID. Although the overhead increase may be relatively large for some of CoMP UEs the overall impact on system performance metrics is not significant.
4. Conclusions

In this document the performance comparison of Scenarios 3 and 4 was carried out with consideration of CRS and PDSCH collisions. It has been found that in most simulation cases CRS and PDSCH collisions between low TX power node and overlay high TX power node (Scenario 3) have some negative impact (up to 9.4% for cell edge UE throughput) on CoMP performance comparing to the system without collisions (Scenario 4). It should be noted however that Scenario 3 can be also configured to avoid CRS and PDSCH collisions within macro area and achieve similar to Scenario 4 performance. 
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Appendix

	Parameters 
	Assumption 

	Channel model
	ITU UMa/UMi

	System BW 
	FDD 10MHz 

	Number of UEs, Number of Tx points 
	(1710, 285) 

	Number of antennas at UE,  Number of antennas at Tx Point 
	 (2, 2), (2,4)

	Antenna configuration 
	eNB: co-polarized antennas
UE: co-polarized antennas 

	Transmission scheme
	MU-MIMO

	RSRP bias
	0 dB

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport formats 

	HARQ scheme 
	CC

	DL overhead
	30.95% 

	Handover Margin 
	1 dB 

	Initial transmission + Maximum number of retransmissions
	4 

	Feedback and control channel errors 
	No Error 

	Scheduler 
	Greedy search algorithm based on PF metric 

	UE speed
	3kmph 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer

	Maximum Rank per UE 
	1 for MU-MIMO

	Maximum number of UEs in MU-MIMO
	2 

	Receiver type 
	Interference unaware MMSE (option 1 in R1-110586) 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity in frequency
	5 PRBs

	PMI feedback 
	Rel.-10 LTE codebook 
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