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Introduction
Based on the approved WID [1], multi-TRP techniques for URLLC requirements should be discussed in MIMO session.  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
To justify the efficient transmission schemes based on simulation results, evaluation assumptions should be consistent among companies. In RAN1#94 meeting, many simulation assumptions for multi-TRP for eMBB were agreed. And a guidance for URLLC requirement is also agreed as follows [2]
Agreement:
· For URLLC multi-TRP/panel performance evaluation, choose a subset of evaluation scenarios/assumptions agreed in the URLLC agenda item
Based on the agreement, we provide our simulation assumptions and the corresponding simulation results on multi-TRP transmission schemes for URLLC requirements.
Discussion
In URLLC session, multiple use cases have been agreed including Power distribution, Factory automation, Rel-15 enabled use case, Transport Industry(22.186: 5.5), Transport Industry(23.501, 22.261), etc., wherein the assumptions of power distribution with some modification can be used for Rel-15 enabled use case with urban macro (UMa) scenario, and the assumptions for Factory automation with some modification can be used for Rel-15 enabled use case with indoor hotspot scenario. In order to keep consistent with agreed eMBB simulation assumptions for multi-TRP/panel performance evaluation, we use Rel-15 enabled use case with UMa and indoor hotspot scenarios for multi-TRP transmission for URLLC in this contribution.  
For URLLC traffic, the main requirements are high reliability and low latency. Currently, TB repetition between two coordinated TRPs is under discussion to improve the reliability of URLLC traffic transmission. As shown in Figure 1, TRP 0 and TRP 1 can transmit the same TB with different RV in one slot, then UE can do the soft combining at the receiver side. However, it may have the negative impact on the transmission efficiency.
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Figure 1 Multi-TRP with repetition
Meanwhile, multi-TRP transmission schemes for eMBB including single PDCCH design and multiple PDCCH design have been agreed which can improve transmission efficiency, then the transmission latency can be reduced since the traffic packet can be finished within less time. In these cases, two separate layer groups from two coordinated TRPs are transmitted to UE simultaneously, i.e. multi-TRP transmission without repetition as shown in Figure 2. However, the reliability based on this non-repetition scheme may not be guaranteed. Because multiple PDCCH design is usually used for non-ideal backhaul scenario which is not very suitable for URLLC, we only focus on single PDCCH design in this contribution.
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Figure 2 Multi-TRP without repetition
In order to verify the performance gain for URLLC traffic, both repetition and non-repetition based on the single PDCCH design are evaluated in this contribution. The baseline is single TRP transmission scheme.
Figure 3 shows comparison of LLS performance for Single-TRP, Two-TRPs without repetition and Two-TRPs with repetition. It indicates Two-TRPs with repetition outperforms than other methods in term of BLER. That’s because receiver can do soft combining and the possibility of correct detection is increased. However, spectrum efficiency varies differently. Two-TRPs with repetition at low SNR region achieves the highest spectrum efficiency among these methods, while at high SNR region Two-TRPs without repetition performs the best. Because BLER in higher SNR region is low enough and non-repetition scheme can easily cause more layer transmission, transmission capacity is therefore increased by Two-TRPs without repetition. But in low SNR region, worse BLER causes more error detection and further causes capacity loss. For repetition scheme, lower BLER can obviously introduce higher transmission efficiency at low SNR region, but the gain is limited because of the restriction of less layers at lower SNR region. In our simulation, single layer is assumed for both TRPs. Other assumptions can be found in Table 3-1. 
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(a) QPSK
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(b) 16QAM
[image: ]
(c) 64QAM
Figure 3 Comparison of LLS performance for Single TRP, Two-TRPs without repetition and Two-TRPs with repetition 
Observation 1: Both multi-TRP transmission with repetition and non-repetition can introduce performance gain.
In order to further verify the above observation, we also provide some SLS results for Single cell, NCJT with repetition, NCJT without repetition as shown in Table 1 and 2 for Indoor hotspot and UMa scenario. Based on the performance shown on reliability and outage in the last two columns of the tables, both repetition and non-repetition can introduce gain which is consistent with our LLS results. The simulation assumptions can be found in Table 3-2 in section 3. 
Since switching between non-repetition and repetition may rely on channel condition, such as SINR in aforementioned analysis, it is better to dynamically indicate UE whether the two layer groups of PDSCH transmission from different TRPs are repetition or non-repetition in the case when UE is scheduled as NCJT. In the last row each of Table 1 and 2, we also provide the performance results for the NCJT scheme with dynamic switching between repetition and non-repetition. The performance gain can be observed from the dynamic switching. In our simulation, the criteria to judge whether PDSCH transmission in one slot is repetition or non-repetition is based on the feedback CQI. In the real deployment, some other factor besides SINR, e.g. the buffer size, previous BLER before this slot, etc. can also be considered in the criteria. 
Table 1 SLS results for Indoor hotspot scenario
(a) Packet size = 200Bytes
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	Reliability
	Outage

	Single cell
	0.3071
	3.7552
	1.1606
	3.5985
	0.99179
	0.008207

	NCJT with repetition
	0.3277
	4.2676
(13.65%)
	2.1170
(82.40%)
	4.3453
(20.75%)
	0.99594
(0.42%)
	0.004061
(102.09%)

	NCJT without repetition
	0.3261
	4.3108
(14.80%)
	2.1273
(83.29%)
	4.4474
(23.59%)
	0.99641
(0.47%)
	0.003586
(128.86%)

	NCJT with 
Dynamic Switching
between with/without repetition
	0.3267
	4.2633
(13.53%)
	2.2240
(91.63%)
	4.3557
(21.04%)
	0.99675
(0.50%)
	0.003247
(152.76%)


(b) Packet size = 32Bytes
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	Reliability
	Outage

	Single cell
	0.1734
	0.8959
	0.4704
	0.9708
	0.99454
	0.005458

	NCJT with repetition
	0.1744
	0.8970
(0.12%)
	0.4764
(1.28%)
	0.9722
(0.14%)
	0.99468
(0.01%)
	0.005323
(2.54%)

	NCJT without repetition
	0.1739
	0.8976
(0.19%)
	0.5246
(11.52%)
	0.9717
(0.09%)
	0.99469
(0.01%)
	0.005311
(2.77%)

	NCJT with 
Dynamic Switching
between with/without repetition
	0.1744
	0.8971
(0.13%)
	0.4754
(1.06%)
	0.9717
(0.09%)
	0.99470
(0.02%)
	0.005304
(2.90%)



Table 2 SLS results for UMa scenario
(a) Packet size = 200Bytes
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	Reliability
	Outage

	Single cell
	0.3886
	4.8587
	1.3236
	5.7786
	0.99328
	0.006723

	NCJT with repetition
	0.4378
	5.0053
(3.02%)
	1.5798
(19.36%)
	5.9327
(2.67%)
	0.99452
(0.13%)
	0.005475
(22.80%)

	NCJT without repetition
	0.4387
	5.0045
(3.00%)
	1.9211
(45.14%)
	5.9266
(2.56%)
	0.99443
(0.12%)
	0.005574
(20.61%)

	NCJT with 
Dynamic Switching between with/without repetition
	0.4388
	5.0067
(3.05%)
	1.6366
(23.65%)
	5.9131
(2.34%)
	0.99482
(0.16%)
	0.005178
(29.84%)



(b) Packet size =32Bytes
	
	RU
	Mean Tput.
(Mbps)
	5% Tput.
(Mbps)
	50% Tput.
(Mbps)
	Reliability
	Outage

	Single cell
	0.2385
	0.9093
	0.2961
	0.9752
	0.99115
	0.008852

	NCJT with repetition
	0.2421
	0.9125
(0.35%)
	0.3923
(32.49%)
	0.9753
(0.01%)
	0.99184
(0.07%)
	0.008156
(8.53%)

	NCJT without repetition
	0.2415
	0.9141
(0.53%)
	0.3841
(29.72%)
	0.9753
(0.01%)
	0.99204
(0.08%)
	0.007962
(11.18%)

	NCJT with
Dynamic Switching
between with/without repetition

	0.2416
	0.9135
(0.46%)
	0.3864
(30.50%)
	0.9752
(-)
	0.99218
(0.10%)
	0.007822
(13.17%)



Observation 2: Dynamic switching between repetition and non-repetition provides the best performance for URLLC.

Simulation assumptions
LLS 
In this section, we provide our LLS assumptions in one table for performance comparison of Single-TRP, Two-TRPs without repetition and Two-TRPs with repetition.
Table 3-1 LLS assumptions for URLLC multi-TRP/panel performance evaluation
	Parameters
	

	Carrier frequency for evaluation
	4GHz

	Channel model
	CDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	2 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 2)

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE

	Coordination assumptions
	0 dB SNR difference between two coordinated TRP 

	Modulation
	QPSK, 16 QAM with code rate = 1/2
64QAM with code rate = 0.92578125



SLS
In this section, we provide our SLS assumptions in one table for Rel-15 enabled use case with UMa and indoor hotspot scenarios respectively. 
Table 3-2 SLS assumptions for URLLC multi-TRP/panel performance evaluation
	Parameters
	Dense urban (Macro Only)
	Indoor hotspot

	Center frequency
	4 GHz
	4GHz

	Data packet size  and traffic model
	32 and 200 bytes, FTP model 3 

	Latency requirement
	1ms (air interface delay) for 32 bytes
 4 ms (air interface delay) for 200 bytes 

	BS antenna configuration
	8 Tx antenna ports
dH = 0.5λ, dV = 0.8λ;
For 8 Tx : (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)
	4 Tx antenna ports 
For 4 Tx : (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 


	UE antenna configuration
	4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 

	4 Rx antenna ports
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
For 4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) 


	Number of UEs per cell
	10
	10


	UE distribution
	80% of users are outdoors and 20% of users are indoors 

	100% of users are indoor: 3 km/h UE-speed

	Simulation bandwidth and SCS
	40MHz BW and 30 kHz SCS.

	40MHz BW and 30 kHz SCS.

	Backhaul
	Ideal backhaul: 0ms

	Coordination assumptions
	Cluster size 2, 
Coordination Threshold 6dB 

	Baseline 
	Single TRP transmission

	Metrics
	Throughput 
Percentage of users satisfying reliability and latency requirements



Conclusions
In this contribution, we provide the simulation assumptions for URLLC multi-TRP/panel evaluation for both SLS and LLS. 
Observation 1: Both multi-TRP transmission with repetition and non-repetition can introduce performance gain.
Observation 2: Dynamic switching between repetition and non-repetition provides the best performance for URLLC.
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