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1 Introduction
In RAN1 #94bis, the following evaluation assumptions for eMBB multi-TRP/panel enhancement were agreed [1].
Agreement:
· For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 

· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms(FFS, optional)

· Companies to provide the delay values used in their evaluations
In RAN1 #96bis, the following agreements on multi-TRP based URLLC transmission were achieved [2] :

Agreement

For multi-TRP based URLLC, scheduled by single DCI, 

· Support scheme 1a as agreed in email discussion [96-NR-09]

· FFS: Whether additional specification impact is necessary for URLLC

· On the support of schemes 2a, 2b

· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none

· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results

· Specification impact, and UE complexity need to be considered as well.

· Companies are encouraged to provide simulation results for LLS using at least the following parameters

· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 

· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)

In this contribution, the system level and link level simulation results for eMBB and URLLC multi-TRP transmission are provided according to the above agreements. For SLS, the performance of SDM and FDM schemes are evaluated under different traffic loads. For LLS, schemes 2a and 2b are evaluated in terms of BLER using different PL delta, MCS, deep fading and the number of PRBs. 
2 Simulation results for eMBB multi-TRP transmission
In order to investigate the effect of delay offset between two coordinated TRPs, CDFs of propagation delay are shown in Figure 1 based on system level simulation. In the simulation, information of NCJT UEs are extracted who are selected if RSRP level difference between two TRPs is less than a threshold. The UEs observing RSRP difference which is below the threshold can be considered as NCJT UEs. In Figure 1 following two different delay assumptions respectively:
· Assumption 1: The UE performs timing according to the primary TRP. The arriving time of signal from the other TRP can be earlier or later, as observed in the left curve in Figure 1.
· Assumption 2: The UE always tracks the earlier timing between two TRPs, e.g. according to TRS from each TRP. Then, only positive delay is observed in the right curve in Figure 1.
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Figure 1 CDF for time delay between TRPs from SLS

Based on SLS results, about 95% cases the delay offset would be within 1.0us.
As in LTE test bench, 2us is used as timing offset of TRP2 relative to TRP1 [3]. For UEs that can track the first-coming signals, delay offsets are always positive. Throughput performance can be evaluated under different positive delays, similar to LTE test bench. Link level simulation results shown in Figure 2(a) indicates that the delay would impact performance of NCJT especially at low SNR. However as is shown in Figure 2(b), as long as the UE can correct the delay based on RSs, such performance loss due to the timing offset among TRPs can be reduced. For positive delay, the performance loss is roughly fully eliminated in the medium to high SNR region. In low SNR, minor performance loss can be observed due to estimation error of delays compared to the ideal case. 
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       (a) Without correction                                        (b) With correction
Figure 2 LLS results for time delay between TRPs

Observation 1:  Positive timing offset among TRPs can be corrected by the UE implementation. 
3 Simulation results for reliability/robustness enhancement
3.1 System level simulation results for SDM and FDM schemes
System level simulations are performed to evaluate the gains of different schemes described below. Detailed simulation parameters can refer to Table-II in the Appendix. In all the simulations, UEs observing similar RSRP levels to two TRPs can be selected as multi-TRP UEs. Once the UEs are chosen as multi-TRP UEs, they will always operate in multi-TRP mode for URLLC data transmission. The RSRP difference threshold is set as 5dB, which allows around 40% UEs served as multi-TRP UEs, whereas the rest UEs are considered as single-TRP UEs and they will be constantly served by single TRP without PDSCH repetition. The scheme modelling details in SLS are described below. 
3.1.1 Scheme Modelling Details in SLS
SDM Scheme

For SDM scheme, the resource allocations from different TRPs are fully overlapped in time and frequency domain, which is shown in Figure 3(a) below. MCS is selected according to UE’s feedback, and is further refined according to actual resource allocation, and then it was observed that MCS would be decreased due to the small buffer size.
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Figure 3 Different PDSCH repetition schemes with different FD-RA
FDM scheme

For FDM scheme, non-overlapped frequency resource allocations are used for transmission from two TRPs with same TD-RA within a single slot. There will be two different resource allocation methods: 1) flexible assignment for both TRPs, and 2) fixed FD-RA patterns. 
· 1) flexible assignment for both TRPs 

For the flexible FD-RA method, two TRPs can allocate all RBG combination possibilities, i.e. RBG combinations for TRP1 and TRP2 as {RBG 0, RBG 1}, {RBG 0, RBG 2}… {RBG 0, RBG n-1}, {RBG1, RBG2}, {RBG 1, RBG 3} ... {RBG n-2, RBG n-1}, where n is the total number of RBGs.  
An illustration is shown in Figure 3(b). Firstly, the scheduler selects the optimal RBG combination from all possibilities. Secondly, TRP muting is applied for a selected RBG combination, i.e. half of the RBG combination is used for data transmission by TRP1 while the same part is muted at TRP2, and vice versa. Take one RBG combination as an example. RBG x and y (which can be adjacent or non-adjacent) are selected for TRP1 and TRP2. TRP1 can only use part of the RBGs (e.g. x or y) for data transmission while TRP2 mutes that part. Meanwhile, TRP2 will use the rest part for data transmission which is muted by TRP1. Since each TRP mutes half of the scheduled RBG, a power boosting with 3dB is applied. 
· 2) fixed FDMed FD-RA patterns 
For fixed FD-RA pattern method, only limited FD-RA patterns will be applied. FD-RA pattern is preconfigured for both TRPs.
One FD-RA pattern is shown in Figure 3(c). We define a frequency offset ∆ as half of the total bandwidth (∆=n/2), and the RBG combinations for both TRPs are limited to {RBG x, RBG x+∆}. i.e. {RBG 0, RBG ∆}, {RBG 1, RBG ∆+1} ..., where x is the index of RBGs and it belongs to [0, n-1]. Meanwhile, n is the total number of RBGs. Therefore, the frequency resources for two TRPs is non-overlapped. The TRP muting process is the same as previous method.

For flexible FD-RA method, the performance is the upper bound from the FD-RA perspective due to the selection of all RBG combination possibilities. However, extra indication field in DCI may be needed since the FD-RA pattern for both TRP is not fixed and varies from each transmission. Therefore large DCI overhead will be introduced. 
For fixed FD-RA pattern method, although the FD-RA performance is not optimal, the DCI overhead can be maintained as Rel-15 so the method is more realistic.
3.1.2 SLS results for SDM and FDM schemes
The SLS results of SDM scheme and FDM schemes (most flexible FD-RA method and limited fixed FD-RA pattern method) are shown in the figure below. The performance metric is defined as the UE ratios satisfying reliability and latency (1ms) requirements. Figure 4(a) (b) (c) show the performance of SDM and FDM schemes in three different traffic scenarios, where packet arriving rates are 500p/s (low traffic), 1000p/s (high traffic), and 2000p/s (very high traffic), respectively. Some clarifications are made below for better understanding:
· Purple curve: SDM scheme

· Blue curve: FDM scheme with flexible FD-RA for each TRP, corresponding to two separate indication fields in DCI with increased overhead.
· Yellow curve: FDM scheme with fixed FD-RA pattern for each TRP, corresponding to one indication field in DCI with the same size as Rel-15.

· Effective observation range: UE ratio with horizontal coordinate x (Reliability (%)) at 10^-5 (99.999% reliability) or larger than 10^-5 ((1-x) % reliability). 
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                            (a) Packet arriving rate:500p/s                                           (b) Packet arriving rate:1000p/s              
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(c) Packet arriving rate:2000p/s   
Figure 4 Reliability gain of SDM and FDM schemes  
	


Observation of two FDM schemes: 

· For low traffic scenario (packet arriving rates 500p/s), there is a relatively large gap (8% gain) between flexible FD-RA method and fixed FD-RA pattern method at high reliability (10^-5) region, which is shown in Figure 4(a). It means that fixed FD-RA pattern method can result in the performance degradation.
· For high traffic scenario (packet arriving rates 1000p/s), the gap between fixed FD-RA pattern method and flexible FD-RA method is small at high reliability (10^-5) region, but fixed FD-RA pattern method performs poorly at modest reliability (10^-4 to 10^-3) region.

· For very high traffic scenario (packet arriving rates 2000p/s), besides the performance degradation at high reliability (10^-5) and modest reliability (10^-4 to 10^-3) regions, both FDM schemes endures significant degradation especially at basic reliability (10^-2 to 10^-1) region. It infers that RA of multi-TRP UEs severely affects the resource allocation/selection of other UEs, and the competition is so intensive that other UEs cannot even satisfy the basic latency and reliability requirements of URLLC.

It can be observed that for low and high traffic scenarios, the performance of fixed FD-RA pattern method degrades at high reliability (10^-5) region compared with flexible FD-RA method. The main reason is that fixed pattern of RBG-combination can lead to a non-optimal FD-RA. However, it is more suitable for the practical transmission since the flexible FD-RA method (select from all RBG combinations) will introduce extra (e.g. doubled at most) DCI overhead for resource indication. Therefore, flexible FD-RA method is merely the theoretical optimal which may not be suitable in realistic transmission scenario, and it makes more sense comparing SDM scheme and FDM scheme with fixed FD-RA pattern. 
Observation 2: With different traffic models, FDM scheme with fixed FD-RA pattern always give rise to performance degradation compared to FDM scheme with flexible FD-RA, up to 8% at 10^-5.
Observation of SDM scheme and FDM scheme with fixed FD-RA pattern: 

· For low traffic scenario (packet arriving rates 500p/s), all UEs can meet basic reliability (10^-2 to 10^-1) requirements for both schemes. Comparing to the FDM scheme with fixed FD-RA pattern, SDM scheme can achieve a significant gain at high reliability (10^-5) region for all low and high traffic scenarios. The ratio of UEs satisfying 99.999% reliability and 1ms latency requirements for SDM scheme outperforms fixed FD-RA pattern FDM scheme with about 3% gain for low traffic scenario.
· For high traffic scenario (packet arriving rates 1000p/s), the SDM scheme outperforms FDM scheme at all reliability requirement regions. SDM scheme can obtain about 23% gain compared with FDM scheme at high reliability (10^-5) region. The main reason is that for FDM scheme, the network need to allocate much more resources for Multi-TRP UEs. Therefore under high traffic load, RA competition could be very intensive and it will severely impact the opportunity of other UEs to satisfy the requirements of URLLC. The single-TRP UEs which are affected by Multi-TRP UEs are forced to be allocated with less preferred resources so that their transmission reliability will be decreased.
· For very high traffic scenario (packet arriving rates 2000p/s), the FDM scheme cannot even satisfy the basic latency and reliability requirements of URLLC, and SDM scheme can obtain about 36% gain compared with FDM scheme at high reliability (10^-5) region.
As for the 3dB power boosting of FDM scheme, it cannot bring any performance gain from the system perspective. The reason is that at network side, MCS is already scaled down according to the actual resource allocation and buffer size when packet size is small in URLLC case (i.e. 32 bytes in our SLS). Whether to apply power boosting has negligible influence on MCS selection as well as the scheduling results. At UE side, the decoding SINR is increased by the power boosting and the power boosting can enhance the BLER performance. This can be directly reflected in LLS results, but in SLS, the benefits would not be as much as expected under typical URLLC simulation setup. Several UEs are observed to benefit from applying 3 dB power boost with FDM scheme. However, only very few UEs can actually meet reliability requirement, i.e. 10^-5. It’s because for these UEs, even some packets are correctly transmitted, the remaining wrongly transmitted packets still lead to total ratio higher than URLLC reliability requirement. Thus, the power boosting method will make minor performance enhancement with respect to URLLC metric, i.e. the ratio of UEs meeting URLLC requirements. The detail analysis can be found in our companion paper [4].
Observation 3: SDM scheme outperforms FDM scheme with fixed FD-RA pattern at high reliability (10^-5) region for both low and high traffic loads. For SDM scheme, the ratio of UEs satisfying latency and reliability requirements of URLLC in the network can obtain up to 36% gain compared with FDM scheme with fixed FD-RA pattern. 
3.2 Link level simulation results for scheme 2a and 2b
Link level simulation results for scheme 2a and 2b are also provided. Based on the analysis in our companion paper [5], as for scheme 2 (FDM), the multi-RV based rate matching method has a better performance than single-RV based method, when coding rate is lower enough and the channels from TRPs to the UE are quite different.  
According to the email discussion in [96b-NR-06], some parameters are given for simulation and evaluation. During our link level simulation, the number of PRBs equals to 8 and 40. MCS equals to 6 and 12 for scheme 2a. Each coding rate in scheme 2b is doubled compared with scheme 2a, which are calculated respectively according to MCS index table 3 in [6]. A path loss delta between two TRPs are set to [0dB, -3dB, -6dB]. The rest simulation assumptions can refer to Table III in the appendix and the performance impact of several parameters are analysed in the subsections below.
3.2.1 Observation: PL delta and MCS 
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(a) Coding rate=0.12/0.24 (MCS6/MCS9), PL delta=[0dB, -3dB,-6dB]   (b) Coding rate=0.44/0.88 (MCS12), PL delta=[0dB,-6dB]     
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(c) MCS=[6/9; 4/7; 3/6], PL delta = -6dB
Figure 5 Performance of scheme 2a and 2b at different PL delta and coding rates
The performances of schemes 2a and 2b in terms of BLER of different PL delta [0dB, -3dB, -6dB] between two TRPs are given in Figure 5(a). The PRG number is set to 8 and coding rate is set to 0.12 for scheme 2a and 0.24 for scheme 2b, which means MCS6/MCS9 for scheme 2a and 2b respectively. It can be observed that with the given MCS in the email discussion, there is almost no performance gap between scheme 2a and 2b at BLER 10-5 region regardless of the PL delta. For higher MCS such as MCS 12, the results is shown in Figure 5(b) and scheme 2b performs slightly better than scheme 2a when 6dB PL data exists between TRPs.
However, according to the theoretical analysis is provided in our companion paper [5], when the coding rate is lower than the certain level (below MCS5 in MCS table3 for 2a), scheme 2b outperforms scheme 2a at BLER 10-5 region when PL delta exists between TRPs, due to a better self-decodable capability of multi-RV based rate matching method and further explained in [5].
Observation 4: The schemes 2a and 2b have similar performance when coding rate is higher than 0.1/0.2 for scheme 2a and 2b. 

Observation 5: When coding rate is lower than 0.1/0.2 for scheme 2a and 2b, scheme 2b outperforms scheme 2a when there is path loss difference between TRPs.
3.2.2 Observation: Deep fading
Further evaluation results are provided in Figure 6, where larger PL deltas of 10 dB are applied to one of the TRP randomly with probability of 10%. Such channel condition could be possible especially in FR2. It can be observed that when coding rate is higher than 0.1, the BLER of both scheme 2a and 2b are both affected under deep fading case but not obvious, and there is no performance difference between scheme 2a and 2b at BLER 10-5 region. But in the low coding rate region, the BLER of scheme 2a is greatly affected since an error floor lasts about 2dB under deep fading case. In contrast, scheme 2b is almost not affected for the case of 10% PL delta of 10dB. At the BLER of 10-5, scheme 2b shows about 1.6dB gain than the scheme 2a under deep fading case. 
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     (a) Coding rate=0.12/0.24 (MCS6/MCS9)                           (b) Coding rate=0.076/0.152 (MCS4/MCS7)
Figure 6 Performance comparison of scheme 2a and 2b when one of the TRP falls into deep fading with a certain probability
Observation 6: The scheme 2b can provide better performance robustness when deep fading is applied to one of the TRPs randomly, especially within very low coding rate region, i.e. less than or equal to MCS 5/MCS 8 for scheme 2a/2b respectively.
3.2.3 Observation: Number of PRB
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Figure 7 Performance of scheme 2a and 2b using different number of PRB
The performance difference for the number of PRB is evaluated in this section. The number of PRB is set to 8 (red curve) and 40 (blue curve) for scheme 2a and 2b respectively. In figure 7, it can be observed that in low coding region, both 8 and 40 PRBs can introduce performance gains for scheme 2b over scheme 2a, which are 1.3dB and 0.9dB respectively. It means that the performance gain for scheme 2b in low coding region is robust against BW.  
Observation 7: Both scheme 2a and scheme 2b always perform better with increasing BW.

3.3 Link level simulation results for PDCCH repetition
PDCCH reliability enhancement was discussed, where PDCCH repetitions using multiple TRPs on the same or different symbols were considered. In this section, a link level evaluation for a PDCCH repetition scheme is performed to show the gain compared to a single TRP transmission scheme. In the simulation, PDCCH repetitions are transmitted from multiple TRPs with lower ALs (i.e. AL4x2 and AL8x2) in each repetition compared with single PDCCH transmission from one TRP with a higher AL (i.e. AL8 and AL16, respectively). Simulation results are shown in Figure 8. In the repetition scheme, both with and without soft combining are considered. Chase combining is used in the cases with soft combining. The results show that due to spatial diversity in the repetition with soft combining, lower BLERs can be achieved compared with the single TRP transmission scheme. Besides, PDCCH repetition without soft combining performs worse than the single TRP transmission scheme. Detailed simulation parameters are listed in Table IV in the Appendix.
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Figure 8 BLER performance comparison of PDCCH with a larger AL with repetition of smaller AL using multiple TRPs with/without soft combining, (a) AL8 vs AL4*2, (b) AL16 vs AL8*2
Observation 8: With the same number of total CCEs, PDCCH repetition scheme with lower AL using multiple TRPs has better BLER performance than PDCCH transmission scheme with larger AL but without repetition, due to spatial diversity.  

Observation 9: PDCCH repetition with soft combining can outperform that without soft combining, and also PDCCH with higher AL/without repetition, for 99.999% PDCCH reliability.

4 Conclusion
In this contribution, simulation results for eMBB/URLLC multi-TRP transmission are provided. In summary, the following observations are made. 
Observation 1:  Positive timing offset among TRPs can be corrected by the UE implementation. 
Observation 2: With different traffic models, FDM scheme with fixed FD-RA pattern always give rise to performance degradation compared to FDM scheme with flexible FD-RA, up to 8% at 10^-5.
Observation 3: SDM scheme outperforms FDM scheme with fixed FD-RA pattern at high reliability (10^-5) region for both low and high traffic loads. For SDM scheme, the ratio of UEs satisfying latency and reliability requirements of URLLC in the network can obtain up to 36% gain compared with FDM scheme with fixed FD-RA pattern. 
Observation 4: The schemes 2a and 2b have similar performance when coding rate is higher than 0.1/0.2 for scheme 2a and 2b. 

Observation 5: When coding rate is lower than 0.1/0.2 for scheme 2a and 2b, scheme 2b outperforms scheme 2a when there is path loss difference between TRPs.
Observation 6: The scheme 2b can provide better performance robustness when deep fading is applied to one of the TRPs randomly, especially within very low coding rate region, i.e. less than or equal to MCS 5/MCS 8 for scheme 2a/2b respectively.
Observation 7: Both scheme 2a and scheme 2b always perform better with increasing BW.

Observation 8: With the same number of total CCEs, PDCCH repetition scheme with lower AL using multiple TRPs has better BLER performance than PDCCH transmission scheme with larger AL but without repetition, due to spatial diversity.  

Observation 9: PDCCH repetition with soft combining can outperform that without soft combining, and also PDCCH with higher AL/without repetition, for 99.999% PDCCH reliability.
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Appendix – Simulation parameters
Table-I Link level simulation assumptions for eMBB multi-TRP transmission
	Parameters
	Value

	Carrier Frequency
	4GHz

	Sub-carrier spacing
	30kHz

	System bandwidth
	20RB

	Velocity
	3km/h

	gNB Antenna 
	4 Tx cross polarized array with 0.5λ antenna spacing 

	UE Antenna 
	4 Rx cross polarized with 0.5λ antenna spacing

	TRP Number
	2

	UE Number
	1

	Layer Number
	1 Layer/TRP

	Precoder
	SVD+EZF

	AMC
	ON

	CP
	Normal

	Channel Estimation
	ICE, RCE

	Receiver
	MMSE

	Waveform
	CP-OFDM


Table-II system simulation assumptions for PDSCH reliability/robustness enhancement
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	SCS 
	30 kHz

	Channel model 
	UMa in TR 38.901

	Transmit power per TRP
	49 dBm 

	BS antenna configuration
	4 ports: (M, N, P) = (2,1,2)

(dH, dV) = (0.5, 0.8)λ 

	BS antenna height
	25 m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5 dB

	UE antenna configurations 
	2ports 
(dH,dV) = (0.5, 0.5)λ 

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	UE distribution
	80% Indoor, 3km/h;20% Outdoor, 30km/h

	Number of UEs per cell
	10

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC

	Traffic model
	FTP3

	Packet size
	32bytes

	Arrival rate
	500 packets/s  1000packets/s  2000packet/s  

	Backhaul delay
	0ms


Table-III Link level simulation assumptions for PDSCH reliability/robustness enhancement
	Parameters
	Value

	Num TRPs
	2

	Num UE
	1

	Layer Number
	1 Layer/TRP

	Channel
	CDL-B delay spread 100

	PL Delta
	Figure 5: {0, 3, 6}dB

Figure 6: {10dB @10%}
Figure 7:  6dB

	Carrier frequency
	4 GHz

	SCS
	30 kHz

	System bandwidth
	8 PRBs, 40PRBs

	Velocity
	3km/h

	gNB Antenna
	4 Tx, cross polarized, 0.5λelement spacing

	UE Antenna 
	2 Rx, cross polarized, 0.5λ element spacing

	MCS
	[MCS3, MCS6], Coding rate [0.063, 0.126] @QPSK

[MCS4, MCS7], Coding rate [0.076, 0.152] @QPSK
[MCS6, MCS9], Coding rate [0.12, 0.24] @QPSK
[MCS12], Coding rate [0.44, 0.88] @QPSK

for single/Multi-RV based method respectively

	Channel Estimation
	RCE

	Receiver
	MMSE-IRC


Table-IV Link level simulation assumptions for PDCCH reliability/robustness enhancement
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits 

	System bandwidth
	40MHz

	Carrier Frequency
	4GHz

	Number of symbols for CORESET
	1(30kHz)

	CORESET BW (contiguous PRB allocation)
	40MHz

	Subcarrier spacing
	30kHz

	Aggregation level
	4,8,16

	Transmission type
	Interleaved

	REG bundling size
	2

	Modulation 
	QPSK

	Channel coding
	Polar code 

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	Realistic

	Channel model
	TDL-C (delay spread: 30ns) 

	UE speed
	3km/h  

	Number of BS antennas
	2Tx

	Number of UE antennas
	4Rx 


