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1 Introduction
In RAN1 #94bis, the 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 this contribution, based on the above agreements, we provide the system level simulation results for eMBB multi-TRP transmission.
2 Simulation results for eMBB multi-TRP transmission
In order to investigate the effect of delay between two coordinated TRPs, statistics is shown in Figure 1 from system level simulation. In the simulation, information of NCJT UEs are extracted according to the RSRP criteria. Two CDF results of time delay between two TRPs are shown in Figure 1 following two different 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 among 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, the delay between two coordinated TRPs is mostly within [-1.0us, CP] range observed at the primary TRP. 

As in LTE test bench, 2us is used as timing offset of TP2 relative to TP1 [4]. For UEs that can track the first-coming signals, delay offset is always positive. We can check performance results of positive delay, similar to LTE test bench. Simulation results in Figure 2 show that the delay would impact performance of NCJT. However as long as the UE can correct the delay based on RS, such performance loss due to the timing offset among TRP can be avoided. For positive delay, the performance loss is roughly fully compensated in the medium to high SNR region. In low SNR, minor performance loss can be observed due to estimation error of delay compared to the ideal case. 
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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
The following agreements were reached in last RAN1 AH1901 meeting [5],

Agreement

For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

3.1 System level simulation results for PDSCH repetition
System level simulations were performed to verify the gain of scheme1 compared to a baseline scheme described below. Detailed simulation parameters can be found in Appendix.
For scheme 1’s SLS model, UEs having similar RSRP levels to two TRPs are selected as SDM UEs. Associated RSRP threshold of selection is set as 5dB, which allows around 40% UEs observed within such threshold. Once these UEs are chosen, they will always operate in such a SDM mode for URLLC data transmission. Other un-selected UEs will be served by single TRP as normal. The data processing procedure of scheme 1 is described in [2], [3].For the SDM scheme as scheme 1, two different RVs {0, 3} are used for repetition, so that soft combining gain can be obtained for URLLC UEs. MCS is selected according to UE’s feedback, and is further refined according to actual resource allocation, and then it should be decreased according to the buffer size. It was found that the package size is small (32 bytes) so that for most cases actual MCS is even lower than the MCS determined by CSI feedback. Thus, our simulation results are not sensitive to CSI feedback error.
With regarding to the baseline scheme, time domain repetition scheme supported in Rel-15 is used as reference. All UEs in the network will receive two time domain repetitions from one TRP. Single layer transmission is applied according to the restriction described in [6].
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 Figure 3 Reliability gain of scheme 1 over Rel-15 baseline
The SLS results of scheme 1 are shown in Figure 3 and simulation parameters are given in Table-I in the Appendix. Figure 3 (a) shows the performance in a low traffic scenario with a packet arriving rate of 150 p/s. Figure 3(b) shows the performance in a higher traffic scenario with packet arriving rate 1000p/s. It can be observed that scheme 1, i.e. SDM, can obtain a significant gain over the baseline scheme. The ratio of UEs satisfying 99.999% reliability within 1ms is improved with about 8% gain for low traffic scenario and 24% gain for high traffic scenario. 
For low traffic, all UEs can meet 10^-2 to 10^-1 BLER requirements. The ratio of UEs satisfying 10^-5 BLER is increased by SDM because those UEs experiencing severe channel condition can be improved by TB repetition from two TRPs. In modest BLER requirement region, e.g. at 10^-3 BLER, the baseline scheme outperforms scheme 1. It’s because that those UEs preferring the baseline scheme in general have a medium level SINR and will not be selected and served by SDM (scheme 1) due to the restriction of 5dB RSRP threshold. However, these UEs in our SLS will use time domain repetition in the baseline scheme from the serving TRP whilst they will consider no repetition in SDM (scheme 1) served by the single/serving TRP. Therefore further scheduling optimization is still feasible to dynamically select the best URLLC scheme for given channel condition and UE. 
For high traffic, SDM (scheme 1) is always better than the baseline scheme. It’s because a UE with a good SINR, who will perform single TRP repetition in the baseline scheme but without repetition in scheme 1, may consume too much unnecessary resources in the baseline. When such UEs are forced to use time domain repetition, resource allocation competition at high traffic loading will severely impact the opportunity of other UEs satisfying requirements of URLLC. It’s also observed that for higher traffic, the performance gap between scheme 1 and the baseline scheme is much larger than that for low traffic because the baseline scheme cannot cope with traffic loading well, leading to performance decline. Some UEs from the baseline scheme may be forced to be allocated with less preferred resources so that their effective SNR are not as good as they should be.
Observation 2: Compared to time domain repetitions of TB from the single TRP as Rel-15, spatial domain repetitions (scheme 1) can significantly increase the ratio of UEs satisfying latency and reliability requirements of URLLC in the network. 
3.2 Link level simulation results for PDCCH repetition
In [3], PDCCH reliability enhancement was discussed, where PDCCH repetitions using multiple TRPs on the same or different times 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 4. 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 II in the Appendix.
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Figure 4 : 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 3: 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 4: 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: Compared to time domain repetitions of TB from the single TRP as Rel-15, spatial domain repetitions (scheme 1) can significantly increase the ratio of UEs satisfying latency and reliability requirements of URLLC in the network. 
Observation 3: 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 4: 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 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
	150 packets/s  1000packets/s


Table-II 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 
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