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1 Introduction
Agreement on repetition transmission for reliability enhancement for URLLC was achieved in RAN1 ad-Hoc meeting 1901 [1]:

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. 

· For further study:

· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.

· Whether to support mini-slot PDSCH repetitions 

· Signalling mechanism 

· Companies to consider how the schemes apply for FR1 and FR2

· Whether the number of repetitions can be larger than the number of TCI states (n)

· Further clarification for each scheme can be elaborated in RAN1 96 

· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations

· SFN transmission based on Rel-15 from multi-TRP with single TCI state

· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs

· Note that supporting multiple schemes in Rel-16 is not excluded.  

· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

After the RAN1 #96, an email discussion [96-NR-09] was kicked off for discussion of reliability transmission schemes, and the following conclusions were consolidated:

To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least are clarified as following：
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

· Scheme 1a:  

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 

· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 

· Scheme 1b: 

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).

· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.

· FFS: codeword-to-layer mapping when total number of layers <= 4

· Scheme 1c: 

· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.

· Applying different MCS/modulation orders for different layers or layer sets can be discussed.

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

· Each non-overlapped frequency resource allocation is associated with one TCI state.  

· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.

· Scheme 2a:

· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation.

· Scheme 2b:

· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.

· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.

· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed.

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

· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot.

· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across mini-slots with the same TCI index.

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

· Each transmission occasion of the TB has one TCI and one RV.

· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s).

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across mini-slots with the same TCI index.

In this contribution, the system level simulation results for URLLC multi-TRP transmission are provided according to the above agreements.
2 System level simulation results for PDSCH repetition
System level simulations were performed to evaluate the gains of different schemes described above compared to a baseline scheme described below. Detailed simulation parameters can be found in Table-I in the Appendix.
Scheme 1b (SDM) and 2b (FDM) are evaluated in different scenarios. 
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 observed 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. 
For the baseline scheme, time domain repetition scheme supported in Rel-15 is used as reference. All UEs in the network will receive two repetitions from one TRP in time domain. Single layer transmission is applied according to the restriction described in [2].
The data processing procedure of different schemes are described in [3] and [4]. 
For scheme 1b, the UE receives copies of the same TB from different TRPs within the single slot, and the resource allocations from different TRPs are fully overlapped in time and frequency domain. Two different RVs are used for two spatial layers respectively. Therefore soft combining gain can be obtained for multi-TRP UEs. 
For scheme 2b, non-overlapped frequency resource allocations are used for transmission from two TRPs within a single slot. In order to achieve the non-overlapped frequency resource allocation, RBGs of two TRPs are pre-combined in order to allocate all possibilities of RBG combinations (i.e. RBG combination {RBG0, RBG1}, {RBG0, RBG2} … {RBG x, RBG y} ... {RBG n-1, RBG n}, where x belongs to [0, n-1], y belongs to [1, n], and n means the number of RBG). The illustration is shown in Figure 1 below. The scheduler selects the optimal RBG combination, so that the performance is the upper bound from the resource allocation method perspective. Secondly, for a selected RBG combination, half part of the RBG combination is used for data transmission by TRP1 while TRP2 is muting in this part, vice versa. Take one RBG combination as an example. As is shown in Figure 1 below, RBG x and y (which can be contiguous or disjoint) are pre-combined from TRP1 and TRP2. TRP1 can only use part of the RBGs (e.g. x or y) for data transmission while TRP2 is muting at this part. Meanwhile, TRP2 will use the rest half for data transmission while TRP1 is muted. Since each TRP is muted in half of the scheduled RBG, a power boosting with 3dB is applied. In addition, two different RVs are used for each non-overlapped frequency resource allocation.  
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Figure 1 RBG pre-combination and TRP muting of FDM scheme
In our simulation, MCS should keep the same for both TRPs during the data transmission. In addition, MCS is selected according to UE’s feedback, and further refined according to actual resource allocation, and then it would be decreased according to the buffer size. It was found that with package size 32 bytes, for most cases actual MCS is even lower than the MCS determined by CSI feedback. Thus, our simulation results are not sensitive to CSI error. 
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 Figure 2 Reliability gain of different schemes over Rel-15 baseline
The SLS results of scheme 1b (SDM scheme) and scheme 2b (FDM scheme) are shown in Figure 2. The performance metric is defined as the UE ratios satisfying X BLER within certain time limit, which is set to 1ms for our simulation. Figure 2(a) shows the performance of SDM and FDM schemes in a relatively low traffic scenario with a packet arriving rate of 500p/s. Figure 2(b) shows the performance in a higher traffic scenario with packet arriving rate 1000p/s. It can be observed that for both low and high traffic scenarios, SDM scheme can achieve a significant gain over the baseline scheme. The ratio of UEs satisfying 99.999% reliability within 1ms is improved with about 18% gain for low traffic scenario. And for high traffic scenario, SDM scheme can obtain 24% ratio gain over baseline and 21% ratio gain over FDM scheme.
For relatively low traffic, all UEs can meet 10^-2 to 10^-1 BLER requirements. Compared with SDM scheme, FDM scheme can obtain about 7% gain for the ratio of UEs satisfying 10^-5 BLER due to the limited inter-layer interference. As for the power boosting, it cannot bring any performance gain from the system perspective. The reason is that when packet size is small in URLLC case (such as 32 bytes in our SLS), MCS is already decreased according to the actual resource allocation and buffer size as we illustrated before. According to our SLS analysis, whether to apply power boosting has no influence on MCS selection as well as the scheduling results, and the post-SINR is already good enough to decode the decreased MCS. Therefore, from the system perspective, performance improvement which is brought by TRP power boosting is very limited.  
For high traffic, SDM scheme outperforms FDM scheme at all BLER requirement region. For the UE ratio satisfying 10^-5 BLER within 1ms, SDM scheme can obtain about 21% gain compared with FDM scheme. 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, the resource allocation 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 reliability of transmission will be decreased. Therefore FDM scheme can result in a significant performance degradation in high traffic scenario.
Observation 1: Compared to time domain repetitions of TB from the single TRP as Rel-15, scheme 1b can significantly increase the ratio of UEs satisfying latency and reliability requirements of URLLC in the network. 
Observation 2: Compared with scheme 1b, scheme 2b can result in the performance degradation for the ratio of UEs satisfying latency and reliability requirements of URLLC under higher traffic scenario. 
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Figure 3 Reliability gain of specific scheme with different traffic loads
The comparison among SDM and FDM schemes over the baseline, with different traffic loads are shown in Figure 3. Figure 3(a) shows the performance of 2b in three different traffic scenarios, where packet arriving rates are 500p/s, 1000p/s and 2000p/s respectively. It can be observed that with the increasing traffic loads, the ratio of UEs satisfying 99.999% reliability decreases and under the relatively high traffic scenario (2000p/s), the performance of FDM scheme degrades significantly not only in 10^-5 BLER requirement region, but also in modest BLER requirement region (10^-3 BLER) and tail BLER requirement region (10^-2 to 10^-1 BLER). It means that the resource allocation 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. 
Figure 3(b) shows the performance of scheme 1b in four different traffic scenarios, where packet arriving rates are 500p/s, 1000p/s, 2000p/s and 4000p/s respectively. It can be observed from the figure that with the given packet arriving rate, the UE ratio satisfying 10^-5 BLER varies slightly. The reason is that for SDM scheme, the resource utilization rate is relatively low with small packet size compared to FDM scheme, which means that there still remains a lot of available resources. Therefore when traffic load is increasing, UEs can still choose relatively good resource so that the system can maintain the performance. However, it should be noted that there still exists an arriving rate limit where SDM scheme can also encounter the performance degradation. According to Figure 3(b), when the rate reaches 4000p/s the performance of SDM scheme is also degraded. 
However, comparing Figure 3(a) with 3(b), the performance degradation limit of SDM scheme is more relaxed than the limit of FDM scheme. Therefore, Figure 3 indicates that SDM scheme has better tolerance against increasing traffic compared to FDM scheme. 
Observation 3: The performance of scheme 1b has better tolerance against increasing traffic load compared to scheme 2b. 

3 Conclusion
In this contribution, simulation results for URLLC multi-TRP transmission are provided. In summary, the following observations are made. 
Observation 1: Compared to time domain repetitions of TB from the single TRP as Rel-15, scheme 1b can significantly increase the ratio of UEs satisfying latency and reliability requirements of URLLC in the network.  
Observation 2: Compared with scheme 1b, scheme 2b can result in the performance degradation for the ratio of UEs satisfying latency and reliability requirements of URLLC under higher traffic scenario. 
Observation 3: The performance of scheme 1b has better tolerance against increasing traffic load compared to scheme 2b. 
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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
	500 packets/s  1000packets/s  2000packet/s  4000packet/s

	Backhaul delay
	0ms


