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1. Introduction

Intra-cell interference model for BS IC was discussed in the last meeting, and the following agreements on SNR distribution and spatial correlation level for the multiple co-scheduled intra-cell UEs was reached [1]:
· For 2Rx BS:
· 2 intra-cell UEs
· Option a: equal SNR; low correlation between UEs (i.e., uncorrelated)
· Option b: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting
· Option c: unequal SNR, SNR difference is [3-6] dB; low correlation between UEs
· For 4/8Rx BS:
· Option 1: 4 intra-cell UEs
· equal SNR; low correlation between UEs
· Option 2: 4 intra-cell UEs and 2 UEs per spatial layer
· UEs within the same spatial layer: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting
· UEs in different spatial layers: low correlation
· Option 3: 2 intra-cell UEs
· Option 3a: equal SNR; low correlation between UEs
· Option 3b: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting
· Option 3c: unequal SNR, SNR difference is [3-6] dB; low correlation between UEs; 
· Down-selection on intra-cell interference model will be made in the next meeting
Furthermore, it was found that it is much easier to set the MCS level for cases with equal SNR (in such cases, the same MCS can be set for the intra-cell UEs). Thus for the first batch of simulation cases, equal SNR for the intra-cell UEs are assumed, and interested companies are expected to bring initial link results for these cases at this meeting [2]. Our simulation results for cases with equal SNR are given in [3].
In this contribution, we further discuss the intra-cell interference model, mainly on the number of intra-cell UEs for 4Rx BS, and SNR/MCS setting and spatial correlation level for cases with unequal SNR.
2. Discussion
2.1. Number of intra-cell UEs for 4Rx BS
As discussed in the last meeting, for 4Rx BS, 2 or 4 intra-cell UEs are to be modeled. We suggest to model 4 intra-cell UEs due to the following reasons:
1) It is true that the BS may not always co-schedule 4 UEs on the same resource. But if one BS can pass the test with 4 intra-cell UEs, it can also handle the cases with less than 4 UEs in practical; but not vice versa.
2) As known, the DMRSs for the multiple intra-cell UEs are based on a combination of OCC and different phase rotations, and good channel estimation algorithm is essential to obtain the orthogonality of DMRSs at the receiver side. Thus the channel estimation performance with 4 intra-cell UEs needs to be checked.
3) To achieve the IC performance gain, the BS should properly decide the order of UEs for decoding, i.e., which UE(s) are to be decoded at first, and which UE(s) could gain the benefits from IC of other UE(s). Obviously, this decision is more complicated for 4 intra-cell UEs compared to 2 intra-cell UEs.

Thus we have the following observations and proposal:
Observation 1: For 4Rx BS, if it can pass the test with 4 intra-cell UEs, it can also handle the cases with less than 4 UEs in practical; but not vice versa.
Observation 2: The channel estimation performance with 4 intra-cell UEs should be checked.
Observation 3: Proper decoding order for 4 intra-cell UEs should be checked.

Proposal 1: Model 4 co-scheduled intra-cell UEs for 4Rx BS.
2.2. SNR/MCS setting and spatial correlation level for cases with unequal SNR
The following was agreed as one of the options for the intra-cell interference model for 4Rx BS:
· Option 2: 4 intra-cell UEs and 2 UEs per spatial layer

· UEs within the same spatial layer: unequal SNR, SNR difference is [3-6] dB; high correlation between UEs; details to be discussed in the next meeting

· UEs in different spatial layers: low correlation

This option was firstly discussed in [4] [5], and the basic idea is to reuse the multi-user scenario from Rel-14 DL MUST. For this option, as illustrated in Figure 1, there are two aspects to be considered, one is the SNR /MCS setting for UEs within the same spatial layer, and the other is modeling of spatial correlation level for intra-cell UEs.
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Figure 1. Illustration of 4 intra-cell UEs and 2 UEs per spatial layer 
2.2.1 SNR/MCS setting for UEs with unequal SNR
For simplicity and without loss of generality, we have the following assumptions to proceed with the analysis:

· SNR_UE1 = SNR_UE3, SNR_UE2 = SNR_UE4
· SNR_UE1 - SNR_UE2 = 3 dB
For two UEs with unequal SNR, it is straightforward to use different MCSs, and the MCS gap between the two UEs needs to be configured appropriately.
When the SNR gap of the two UEs is decided, the MCS gap for two UEs depends on UEs’ decoding order, and the following two options are possible:

· Option 1: Assume the UEs with higher SNR (i.e., UE1 and UE3) to be decoded at first

· Option 2: Assume the UEs with lower SNR (i.e., UE2 and UE4) to be decoded at first
Assuming the the correlation of the radio channel of two UEs within the same layer is: Correlation (UE1, UE2) = Correlation (UE3, UE4) = ( = 0.9, we will calculate the MCS gap with two examples. In the two examples, the SNR gap between two UEs is the same, and UEs’ absolute SNR level is different.
· Example #1: SignalPower_UE1 = 4, SignalPower_UE2 = 2, I+N =1; SINR_UE1_SU = 6dB, SINR_UE2_SU = 3dB
· Option 1: Assume UE1 to be decoded at first

· SINR_UE1_MU ~= 4/(2*(+1) = 1.55dB

· Note: just based on rough estimation, and multi-antenna reception gain is not well considered
· SINR_UE2_MU ~= 2/1 = 3 dB

· Thus, MCS_UE1 - MCS_UE2 ~= -2
· Option 2: Assume UE2 to be decoded at first

· SINR_UE2_MU ~= 2/(4*(+1) = -3.6dB

· SINR_UE1_MU ~= 4/1= 6 dB

· Thus, MCS_UE1 - MCS_UE2 ~= 12
· Example #2: SignalPower_UE1 = 8, SignalPower_UE2 = 4, I+N =1; SINR_UE1_SU = 9dB, SINR_UE2_SU = 6dB
· Option 1: Assume UE1 to be decoded at first

· SINR_UE1_MU ~= 8/(4*(+1) = 2.4dB

· Note: just based on rough estimation, and multi-antenna reception gain is not well considered

· SINR_UE2_MU ~= 4/1 = 6 dB

· Thus, MCS_UE1 - MCS_UE2 ~= -5
· Option 2: Assume UE2 to be decoded at first

· SINR_UE2_MU ~= 4/(8*(+1) = -3.1dB

· SINR_UE1_MU ~= 8/1 = 9 dB

· Thus, MCS_UE1 - MCS_UE2 ~= 15
Table 1. Summary of SNR/MCS setting in the two examples
	
	SINR_UE1_SU
	SINR_UE2_SU
	SNR gap of UE1 and UE2
	MCS gap of UE1 and UE2

	
	
	
	
	UE1 to be decoded at first
	UE2 to be decoded at first

	Example #1
	6dB
	3dB
	3dB
	~ -2
	~ 12

	Example #2
	9dB
	6dB
	3dB
	~ -5
	~ 15


Although the initial analysis is not very accurate, we can make some general observations:
Observation 4: For two UEs with fixed SNR gap, the MCS gap depends on: a) UEs’ decoding order, b) UEs’ absolute SNR levels.
In link level simulation, the perfomance for a given SNR range is to be evaluated, i.e., the SNR level is changing during the simulation. Thus, for two UEs with unequal SNR, it is hard to find one MCS gap which matches all the evaluated SNR levels.
Observation 5: Since the SNR level is changing during the link level simulation, for two UEs with fixed SNR gap, it is hard to find one MCS gap which matches all the evaluated SNR levels.
2.2.2 Modeling of spatial correlation level for intra-cell UEs
As for the spatial correlation level for intra-cell UEs, generally three correlation levels (i.e., low, medium and full/high correlation) can be considered as proposed in [4]. As discussed at the last meeting [5], currently we are open on the correlation level to be used, and we think it is important to discuss the definition and modeling of different correlation levels at first.

In TS 36.101, low, medium and high correlation levels are defined for multiple antennas at UE/BS side, which are copies as below.
Table 2. eNodeB correlation matrix (Table B.2.3.1-1 in TS 36.101)

	
	One antenna
	Two antennas

	eNode B Correlation
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Table 3. UE correlation matrix (Table B.2.3.1-2 in TS 36.101)

	
	One antenna
	Two antennas

	UE Correlation
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Table 4. Correlation for low, medium and high levels (Table B.2.3.2-1 in TS 36.101)
	Low correlation
	Medium Correlation
	
High Correlation


	(
	(
	(
	(
	(
	(

	0
	0
	0.3
	0.9
	0.9 
	0.9 


The above approach of modeling multiple antennas’ correlation for UE can be re-used to model the correlation between two UEs within the same spatial layer in this SI, and some modifications can be considered:
1) For medium correlation level, ( can be chosen from the range of [0.3, 0.7]. 
2) For high correlation level, ( can be set as 0.9 or 1.

Proposal 2: Correlation matrix of 
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 can be considered for two intra-cell UEs within the same spatial layer.
Proposal 3: ( can be set as: 0 for low correlation, one value from [0.3, 0.7] for medium correlation, 0.9 or 1 for high correlation.
2.2.3 Link level simulation setup and simulation results
In the next, some initial simulation are performed with the following assumptions:

· SNR_UE1 = SNR_UE3, SNR_UE2 = SNR_UE4
· SNR_UE1 - SNR_UE2 = 3 dB
· MCS_UE1 - MCS_UE2 ~= -5 (assmuming there is a large probability that UE1 and UE3 are to be decoded at first)
· Correlation level of the radio channel of two UEs within the same layer is: 

· Case A: High correlation
· Correlation (UE1, UE2) = Correlation (UE3, UE4) = ( = 0.9
· Correlation (UE1, UE3) = Correlation (UE2, UE4) = 0
· Case B: Low correlation
· Correlation (UE1, UE2) = Correlation (UE3, UE4) = ( = 0

· Correlation (UE1, UE3) = Correlation (UE2, UE4) = 0
Other simulation assumptions are given in Table 5, and the simulation results are given in Figure 2 and Figure 3. 

Table 5. Link simulation parameters
	Parameters
	Values

	Cyclic prefix
	Normal

	HARQ RV sequence
	0, 2, 3, 1

	Maximal number of HARQ transmissions 
(including 1st Tx and re-Tx)
	4

	Channel bandwidth
	6 PRBs

	Antenna number
	1Tx 4 Rx

	Number of co-scheduled intra-cell UEs
	4 UEs

	MCS of the intra-cell UEs
	· MCS10 for UE1 and UE3
· MCS15 for UE2 and UE4

	Propagation condition
	(EPA5 low, ETU5 low)

	Frequency hopping, TTI bundling
	Disabled

	Inter-cell interference level
	High interference level in HetNet:
(DIP1, DIP2) = (-0.43, -13.78) dB

	Modulation of inter-cell interferers
	16 QAM

	Timing delay and frequency offset
	Zero

	Reference receiver assumption
	First decode the UE(s) with a larger probability to be correctly decoded
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Figure 2. Case A, high correlation between UE1 and UE2, and between UE3 and UE4
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Figure 3. Case B, low correlation among the four UEs
Note that in Figur 2 and Figure 3, the horizontal axis represents the SINR of UE 2/4, and as described above, the SINR of UE 1/3 is 3dB higher than that of UE 2/4. The following observations can be made from the simulation results: 
Observation 6: When the SNR of UE 1/3 is 3 dB higher than that of UE 2/4, and the MCS level for UE 1/3 and UE 2/4 is 10 and 15 respectively,
· With IC ultilized, the performance of UE 1/3 is improved by around 2-3 dB.
· With IC ultilized, the performance of UE 2/4 is improved by around 10-13 dB, since there is a large probability that UE 1/3 are to be decoded at first, and UE 2/4 could gain the benefits from IC.
· If the correlation level between UE 1 and UE 2, and between UE 3 and UE 4 is high, the interference between the two UEs with high correlation is stronger, which results in higher gain by IC.
Proposal 4: If unequal SNR is also used, the following setup can be considered for initial simulation, and these assumptions need to be checked further:

· SNR setting: the SNR of UE 1 and UE 3 is the same, the SNR of UE 2 and UE 4 is the same, the SNR of UE 1/3 is 3 dB higher than that of UE 2/4.

· MCS setting: the MCS of UE 1 and UE 3 is 10, the MCS of UE 2 and UE 4 is 15. 

· Correlation level: the correlation between UE 1 and UE 2, and between UE 3 and UE 4 is high or low; the correaltion between UEs in different layers is low.
3. Conclusion
This contribution discussed the BS IC intra-cell interference model, made the following proposals on:

Regarding the number of intra-cell UEs for 4Rx BS:
Observation 1: For 4Rx BS, if it can pass the test with 4 intra-cell UEs, it can also handle the cases with less than 4 UEs in practical; but not vice versa.
Observation 2: The channel estimation performance with 4 intra-cell UEs should be checked.

Observation 3: Proper decoding order for 4 intra-cell UEs should be checked.

Proposal 1: Model 4 co-scheduled intra-cell UEs for 4Rx BS.

Regarding the SNR/MCS setting for UEs with unequal SNR:
Observation 4: For two UEs with fixed SNR gap, the MCS gap depends on: a) UEs’ decoding order, b) UEs’ absolute SNR levels.
Observation 5: Since the SNR level is changing during the link level simulation, for two UEs with fixed SNR gap, it is hard to find one MCS gap which matches all the evaluated SNR levels.
Regarding the modeling of spatial correlation level for intra-cell UEs:
Proposal 2: Correlation matrix of 
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 can be considered for two intra-cell UEs within the same spatial layer.
Proposal 3: ( can be set as: 0 for low correlation, one value from [0.3, 0.7] for medium correlation, 0.9 or 1 for high correlation.
Regarding the link level simulation setup and simulation results:
Observation 6: When the SNR of UE 1/3 is 3 dB higher than that of UE 2/4, and the MCS level for UE 1/3 and UE 2/4 is 10 and 15 respectively,

· With IC ultilized, the performance of UE 1/3 is improved by around 2-3 dB.

· With IC ultilized, the performance of UE 2/4 is improved by around 10-13 dB, since there is a large probability that UE 1/3 are to be decoded at first, and UE 2/4 could gain the benefits from IC.
· If the correlation level between UE 1 and UE 2, and between UE 3 and UE 4 is high, the interference between the two UEs with high correlation is stronger, which results in higher gain by IC.
Proposal 4: If unequal SNR is also used, the following setup can be considered for initial simulation, and these assumptions need to be checked further:

· SNR setting: the SNR of UE 1 and UE 3 is the same, the SNR of UE 2 and UE 4 is the same, the SNR of UE 1/3 is 3 dB higher than that of UE 2/4.

· MCS setting: the MCS of UE 1 and UE 3 is 10, the MCS of UE 2 and UE 4 is 15. 

· Correlation level: the correlation between UE 1 and UE 2, and between UE 3 and UE 4 is high or low; the correaltion between UEs in different layers is low.
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