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Introduction
After 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 (n<=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 slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed

In RAN1 #96bis, following agreements on multi-TRP based URLLC transmission were achieved：

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, we provide simulation results for URLLC multi-TRP of different companies.
Summary of Observations made by simulation 
Simulation contents summary

	Company
	Comments

	Huawei, 
Hisilicon

	SLS: Scheme SDM vs. Scheme FDM (different traffic load)
· 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.
· 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. 

LLS: Scheme 2a vs. Scheme 2b 
· The schemes 2a and 2b have similar performance when coding rate is higher than 0.1/0.2 for scheme 2a and 2b. 
· 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.
· 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.
· Both scheme 2a and scheme 2b always perform better with increasing BW.


	Nokia
	SLS: Scheme FDM vs. baseline
· For the factory automation use case in URLLC operating with a background full buffer traffic, all the multi-TRP FDM schemes have good performance and enable the reliability and latency requirements to be met where it is not possible for the baseline schemes. An approach combining TDM and FDM schemes may be even more beneficial.  
· For single DCI-based multi-TRP schemes for URLLC, support both FDM 2a and 2b schemes.

	ZTE
	LLS: Scheme 2a vs. Scheme2b 
· Similar performance is observed for scheme 2a and 2b, and both of them outperform the baseline.

Scheme SFN vs. Scheme SFN with more TRS
· Support SDM scheme 1c, i.e. one transmission occasion is one layer of the same TB with one DMRS port associated with two TCI states.

Single layer vs. Multi layers per TRP 
· Support more than rank 1 transmission in each FDM/TDM/SDM repetition for each TRP. 


	vivo
	LLS: Scheme 2a vs. Scheme 2b 
· Observation1：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b under all conditions agreed in the simulation assumptions.


	OPPO
	LLS: Scheme 1a vs. 2a vs. 2b 
· No further gain can be obtained from scheme 2b compared to scheme 2a.
· With pathloss difference of 0dB, the performance is similar among different schemes with CR=0.44. With lower coding rate (CR=0.12), there can be ~0.7dB gain for scheme 2a and 2b compared to 1a. 
· With pathloss difference of 3dB, scheme 1a outperforms scheme 2a/2b via ~0.5dB with CR=0.44, while scheme 2a/2b has ~0.4dB gain over scheme 1a with CR=0.12.


	Samsung
	LLS:  SDM vs. FDM
· Observation 1: FDM based diversity schemes have worse BLER performance compared to SDM based diversity scheme.
· Observation 2: For FDM based diversity schemes, scheme 2a and scheme 2b achieve similar BLER performance.
· Observation 3: For SDM based diversity schemes, allowing 2 or more ranks per TRP does not provide any performance gain for reliability perspective.         

Fixed vs. flexible RB allocation
· Observation 4: For FDM based diversity schemes, flexible PRB allocation can provide considerable BLER performance gain compared to fixed PRB allocation.
· Proposal 1: Support flexible PRB allocation for both scheme 2a and 2b.         
 

	LGE
	LLS: Scheme 2a vs. Scheme 2b 
· Without blockage, performance difference between scheme 2a and scheme 2b is marginal in both low MCS and high MCS.
· With blockage, Scheme 2b shows slightly better BLER performance than scheme 2a in both low MCS and high MCS when blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 3 for scheme 2b. However, scheme 2a shows better BLER performance in high MCS when blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 0 for scheme 2b.


	Qualcomm
	LLS:    Scheme 2a vs. 2b 
· Scheme 2a and 2b achieve similar performance in both low code rate and high code rate regimes, with or without blockage, with different values of PL delta, small and large number of RBs, and one layer and two layers scenarios.

        SFN vs. other M-TRP scheme
· Scheme 2a performs better than SFN sCDD schemes.


	Ericsson
	LLS: Scheme 2a vs. 2b
· Scheme 2a and scheme 2b are quite close, they outperform SFN with CDD in most cases. 

· FDM single RV (scheme 2a) performs slightly better than FDM multi-RV (Scheme 2b).  The two are very similar in other scenarios. 
· FDM outperforms SFN with CDD in most scenarios.

· Scheme 2b, a single codeword with one RV used for each non-overlapped frequency resource allocation is a more robust solution when a path to a TRP is suddenly blocked, compared to Scheme 2a which will have decoding issues due to single CW mapped across all RBs.

	Intel 
Corporation
	LLS: Scheme 2a vs. 2b 
· Observation -21: Scheme 2a is better than scheme 2b unless the TRP power difference is very high (a link failure occurs) and the target code-rate is moderate. In such cases SFN-CDD is significantly better than either schemes 2a or 2b. In general, SFN-CDD performs similar or better than schemes 2a/2b.
· Observation -22: In order to achieve BLER performance at 10^-4 to 10^-6, higher rank (rank-2) transmissions may be beneficial for a given link, although performance at a system level may be negative (not evaluated here).


	InterDigital 
Inc.
	LLS: Multi-dimensional modulation
· Multi-dimensional modulation achieves significant gain over basic repetition.


	NTT 
DOCOMO,
 INC
	LLS: PDSCH repetition over 1,2 and 4 TRPs (FR1 and FR2)
Support at least up to 4 TRPs for multi-TRP for URLLC.



System level simulation results for SDM and FDM schemes
Huawei R1-1906036
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.
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 1: 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 2: 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. 

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.
For example, as shown in Figure 3, 15 UEs which have the best chance to meet the requirement are extract from all power-boosting-benefitting UEs, but only 2 UEs(UE46 and UE100) can satisfy the latency requirement of 10-5 within 1ms with 3dB power boosting (red -> blue). There are 210 UEs in total scheduled in our simulations. In conclude, power boosting resulting a ratio of 1% (2/210) UEs beneficial. Therefore, the power boosting of FDM scheme has minimal impact on the reliability enhancement under the URLLC metric.
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.
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[bookmark: _Ref5139510]Figure 3 Ratio of packets not satisfying latency requirement with and without power boosting

Observation 3: The power boosting in FDM scheme has minimal impact on the reliability enhancement meeting URLLC metric, whereas the ratio of UEs satisfying latency/ BLER requirements increases by a negligible amount.

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  

	Backhaul delay
	0ms





Nokia R1-1907316
First, we evaluate several schemes with factory automation URLLC use case to see potential benefits of each of the schemes. We consider a different number of UEs from 5 to 20 (results are shown respectively in Figure 2(a) – Figure 2(d)) and evaluate packet delay distribution with the system level simulation parameters agreed in URLLC SI for the factory automation. For the results presented here, it is assumed that all TRPs serve best effort traffic to other users on resources not utilized for URLLC. Therefore, this creates a full load in the network, causing background interference to URLLC users even in the absence of URLLC interference (e.g., under low URLLC load conditions). We consider a scenario where each UE may suffer an SINR degradation due to blocking from the serving TRP. For these results, we assume a 5% blocking probability and an SINR degradation of 5 dB due to blocking. It is assumed that the blocking probability is independent in each 1-ms TTI.  
The baselines assumed here are single TRP transmission (BS) and dynamic point selection (DPS). In the case of BS, the serving TRP is selected at the beginning of the simulation, but the best beam from the serving TRP is dynamically selected. In the case of DPS, the serving TRP is also dynamically selected. It is assumed that both dynamic beam/TRP selection for BS and DPS are based on a reporting interval of 5 ms. Both FDM schemes, scheme 2a and scheme 2b, are considered in the simulations. In scheme 2a, each transmission occasion is a codeword of a single TB spread across two TRPs in non-overlapping frequency resources. The resources allocated by one TRP are muted by the other TRP. In scheme 2b each transmission occasion is a codeword of the same TB with non-overlapping frequency resource allocation. Two variants are considered here. In FDMb-CC, both codewords have the same RV and MCS, and allocated resources for each transmission are the same.  However, the resource allocation of each TRP is based on CQI feedback of supported UEs such that interference is avoided. This result non-contiguous allocation in the frequency domain of a TRP associated in FDM. In FDMb-IR, it is assumed that the codewords transmitted by the two TRPs have the same MCS but different RVs. Based on the results are shown in Figure 2, and we observe that all FDM schemes exhibit good performance compared to the baseline schemes. In particular, the baseline schemes are not able to achieve the target reliability within a 1-ms delay budget. Although DPS shows better performance than BS, it is not able to meet the requirements at even low URLLC loads in this scenario. On the other hand, the FDM schemes achieve the target reliability with much lower latency at all URLLC loads. Furthermore, the difference in performance between the different FDM schemes is negligible. With the increase of the URLLC traffic in the network, all the schemes tend to have lower reliability.
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Figure 2: Packet delay distribution for URLLC schemes with factory automation use case.
Observation 1: For the factory automation use case in URLLC operating with a background full buffer traffic, all the multi-TRP FDM schemes have good performance and enable the reliability and latency requirements to be met where it is not possible for the baseline schemes. An approach combining TDM and FDM schemes may be even more beneficial.  
Next, we discuss further details on each of the sub-schemes defined in the conclusion above. 
Scheme 2a: In this scheme, it is possible to get a lower code rate transmission for a TB transmission by using two TRPs. From TRP perspective, interleaved data transmissions are applied where each TRP uses chunks of concatenated bits when mapping to the frequency resources used by that TRP. From a UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. The use of different MCS/RV is problematic due to the changes required in TBS determination, rate matching and other physical layer procedures. Therefore, the default assumption shall be the single MCS/RV across full allocation. However, it is worth further considering the scheme due to the benefits showed by scheme 2b.
Scheme 2b: This scheme may have a higher code rate transmission per each codeword if the same RV is used by two codewords but an SINR gain due to combining the transmissions at the UE receiver. However, the use of different RVs can make sure that incremental redundancy (IR) HARQ gain (effective code rate becomes lower) is obtained. More importantly, from TRP perspective, independent data transmissions can be assumed without interleaving. From a UE perspective, UE treats the different codewords as retransmissions on non-overlapping frequency resource allocation. The use of different MCS is feasible as it is only related to the interpretation of the DCI fields, and does not require changes on physical layer procedures in TBS determination, rate matching and any other. We have seen gains of this scheme in Figure 1. 

Proposal 27: For single DCI-based multi-TRP schemes for URLLC, support both FDM 2a and 2b schemes. 
Based on the summary and performance evaluations, we see that it is worth supporting FDM and TDM schemes, and also see the possibility of improving them by using hybrid schemes of TDM/FDM.	
Proposal 28: For single DCI based multi-TRP schemes for URLLC, 
· Further study hybrid scheme for TDM and FDM 
· All the schemes should reuse Rel-15 TBS determination, rate matching, other physical layer procedures.


Link level simulation results for PDSCH repetition
Huawei R1-1906036
Observation: PL delta and MCS 
[image: 8RB_CR12_PL036][image: 8RB_CR44_PL06]
(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.
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.
Observation: Number of PRB
[image: 40RB_CR08_PL6]
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.
Table-I 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



ZTE R1-1906236 R1-1906243
Scheme 2a vs. Scheme 2b
For FDM, two TCI states correspond to two non-overlapping frequency resource parts within single slot. Since there is no inter-TRP interference based on FDM repetition, the performance can be significantly increased. For scheme 2a, low code rate is achieved. For scheme 2b, UE can get combining gain at the receiver side. In order to verify the performance of these two schemes, we provide our LLS results in Figure 2.1-1, Figure 2.1-2 and Figure 2.1-3 for QPSK with code rate = 0.12/0.44 for scheme 2a and baseline. In the simulation, the code rate of scheme 2b is double of scheme 2a. Baseline is SFN with small delay CDD. For scheme 2a, single RV=0 is used. For scheme 2b, two RVs = 0 and 2 are used. For each TRP, four PRBs are allocated. In the blockage case, the probability that the transmission of second TRP is blocked is 5% with 10dB blockage loss.
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[bookmark: OLE_LINK2](a) QPSK with code rate = 0.12 for Scheme 2a and baseline, 0.24 for Scheme 2b
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(b) QPSK with code rate = 0.44 for Scheme 2a and baseline, 0.88 for Scheme 2b
Figure 2.1-1 BLER comparison of Scheme 2a, Scheme 2b and baseline (no blockage, pathloss delta between 2TRPs is 0dB)
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Figure 2.1-2 BLER comparison of Scheme 2a, Scheme 2b and baseline (no blockage, pathloss delta between 2TRPs is 3dB, QPSK with code rate = 0.44 for Scheme 2a and baseline, 0.88 for Scheme 2b)
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Figure 2.1-3 BLER comparison of Scheme 2a, Scheme 2b and baseline (blockage, pathloss delta between 2TRPs is 0dB, 5% blocked probability with 10dB blockage loss, QPSK with code rate = 0.44 for Scheme 2a and baseline, 0.88 for Scheme 2b)
Observation 1: Similar performance is observed for scheme 2a and 2b, and both of them outperform the baseline.
From the results, the similar performance is observed for the two schemes 2a and 2b both which are better than the baseline. Since scheme 3 also supports the same or different RVs for multiple repetitions within one slot, we didn’t see any difference between scheme 2b and scheme 3. There is no motivation to use different schemes for TDM and FDM cases. Then scheme 2b is more preferred in order to make solutions unified. Furthermore, scheme 2b can lead to simpler gNB implementation because two TRPs (maybe two gNBs) can independently process CRC, channel coding and scrambling for the same TB. Then the modulated symbols from the two gNBs are independent mapped on two RB sets. From one gNB side, the procedure is the same as Rel-15.
Since the FDM scheme 2b is based on single PDCCH design. It is better to reuse the same frequency resource allocation field in DCI as Rel-15. If only one MCS field is configured in DCI, the same MCS value should be used for the two frequency resource parts. And the same number of PRB or RBGs can be predefined. Furthermore, to reduce the UE complexity, two TRP corresponding two TCI states are enough.
Therefore, we propose to support scheme 2b.
Proposal 10: Support FDM scheme 2b.
· The maximum number of indicated TCI states is 2.
· The scheduled PRBs or RBGs are equally split for the two TRPs.

If there is no much interference between two TRPs e.g. with narrow beam cases, the benefit of scheme 1a or 1b is obvious since more layers are introduced by NCJT compared with SFN transmission. However, if the interference between TRPs is severe, it is better to support SFN transmission which have two options:
· Scheme 1c: one DMRS port with two TCI states
·  UE can separately estimate frequency offsets for the two TRPs based on two indicated TRS. Based on two estimated frequency offsets, UE calculates a proper frequency offset to compensate for channel estimation on the DMRS port.
	
· Scheme 1d: SFN transmission based on Rel-15 from multi-TRP with single TCI state
·  TRS configured by the TCI state should be transmitted by the two coordinated TRPs simultaneously. UE calculates a combined frequency offset based on the combined TRS. 




For scheme 1c, two TRS, i.e. TRS1 and TRS 2 are indicated by two TCI states. It is up to UE to get a proper frequency offset based on the two TRS for the DMRS compensation. For instance, UE calculate the final frequency offset [image: ] based on , where [image: ] and are the estimated frequency offsets from TRS 1 and TRS 2.  and  are the scaling factors. At UE side, the scaling factor can be larger if the received power of the TRS is larger.
For scheme 1d, although it is standard transparent, it causes more TRS overhead since a combined TRS is introduced. 


In order to compare the performance between scheme 1c and 1d, we provide our simulation results in Figure 2.3-3. In the simulation,  and  for scheme 1c, where p1 and p2 are the received power for TRS1 and TRS2. More simulation details can be found in our companion contribution [4].
[image: ][image: ]
(a) TRS BW = 50 PRBs                  (b) TRS BW = 4PRBs
Figure 2.3-3 frequency offset for TRP1 = 100Hz, frequency offset for TRP2 = 500Hz
From the results, we can see option 1c has better performance since more accurate frequency offset is estimated.
Proposal 3: Support SDM scheme 1c, i.e. one transmission occasion is one layer of the same TB with one DMRS port associated with two TCI states.
Single layer vs. Multiple layer per TRP
In Rel-15, only rank 1 PDSCH transmission is allowed for multi-slot scheduling because only small packet sizes of URLLC traffic was considered. However, many kinds of scenarios are considered in Rel-16, such as Factory automation, AR/VR, Transport Industry. The maximum packet size is over thousands of bytes. To make transmission more efficient, the rank restriction should be released. Furthermore, cross polarization is the most typical antenna structure in the real deployment, more than rank 1 transmission is more suitable.
Here we provide the some simulation results to justify the benefit of more rank transmission. In the simulation, we compare rank 1 per TRP transmission with rank 2 per TRP transmission for SDM scheme 1a. As we can see, rank 2 per TRP can obviously introduce higher reliability because of lower code rate.
[image: ]  [image: ]
(a)QPSK, cr=0.2 and 0.1 respectively             (b)16QAM, cr=0.2 and 0.1 respectively
Figure 2.3-4 BLER comparison of one layer per TRP and two layers per TRP
Observation 2: For SDM scheme 1a, rank 2 transmission for each TRP outperforms rank 1 transmission.
Proposal 4: Support rank higher than one for each FDM/TDM/SDM transmission scheme.
Table 3-1 LLS assumptions for URLLC multi-TRP performance evaluation
	Parameters
	

	Carrier frequency for evaluation
	4GHz

	Channel model
	CDL-C (delay spread: 300ns) as described in 38.901
Two hundred meters distance between two TRPs

	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

	The number of PRBs
	8

	Modulation
	Scheme 2a: QPSK with code rate = 0.12, 0.44
Single layer per TRP: QPSK, 16 QAM with code rate = 0.1

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE



Vivo R1-1906159 R1-1906167 
The following simulation assumptions are agreed during email discussion:
· The number of PRBs: 8, 40
· Target coding rates:  
· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3
· Above target coding rate is for scheme 2a for layer 1 transmission. 
· Each CW in scheme 2b have twice the target coding rate.
· Number of Tx/Rx ports: 
· To be reported by proponent company
· The number of layers: 
· 1 or 2 layers
· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 
· LLS models: 
· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 
· DMRS configuration: 
· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company
· UE speed: 
· 3km/h
· Inter-TRP frequency(time) offsets:
· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 
· Baseline scheme: 
· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 
The simulation in this paper falls within the following categories:
· Comparison between SFN with CDD v.s. other schemes:
· There were comments regarding the following issues in previous meeting:
· Delay spread estimate may influence the performance of SFN with CDD
· Different filters and spread combinations
· Random phase offset may influence the performance of SFN with CDD
· Other baseline schemes may also include precoders cycling
· 1 layer simulation results v.s. 2 layer simulation results
· Other influencing factors:
· Coding rate: MCS6 and MCS 12
· Number of RBs: 8/40
· Different channel models:
· TDL: low correlation TDL channel models;
· CDL: The angles of AOD, ZOD, AOA, ZOA are generated by a fixed random seed in one frame(10ms) to keep channel continuity, but the seed is changed one frame by one frame to keep angles uniformly distributed;
· Number of antennas: 4Tx/2Tx per TRP,  4Rx/2Rx;

3.1 CDL-C （4Tx，4Rx）MCS6 (code rate =0.12)
[image: ][image: ]
3.2 CDL-C （4Tx，4Rx）MCS12
[image: ][image: ]
3.3 TDL-A （2Tx，2Rx）MCS6 (code rate =0.12)
[image: ][image: ]

3.4 TDL-A （2Tx，2Rx）MCS12 (code rate =0.44)
[image: ][image: ]
3.5 Impact of phase offset
[image: ][image: ]

3.6 Impact of channel estimation filters
[image: ][image: ]
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3.7 Impact of larger delay spread 
[image: ][image: ]
With above simulation assumptions, we have the following observations:
Observation1：The baseline scheme (SFN+CDD) performs similar as or better than Scheme 2a and 2b under all conditions agreed in the simulation assumptions.

For ideal backhaul scenarios, both single-PDCCH based approach and multi-PDCCH based approach could be used. For typical multi-TRP scenarios, MCS and RA from different TRPs should be different, which would leverage the most from macro diversity provided by multiple-TRP. However, further refining single-PDCCH based schemes towards such direction would involve too much new design for DCI signaling and may not be expertise for MIMO. The specification impact would be much less by enabling scheduling different PDSCH from different TRPs through different PDCCHs.
Proposal 10: Support none of scheme 2a or 2b.
OPPO R1-1906287
Scheme 1a has been supported by current agreement for NC-JT. Frequency diversity is further introduced with scheme 2a based on scheme 1a, where different layer sets can occupy different PRBs. How to acquire non-overlapped frequency resource for multiple repetitions with different TCI states should be further discussed, e.g. dynamic or semi-persistent scheme. It is likely that the frequency resource allocation field in DCI needs to be extended to support scheme 2a. That needs an amount of DCI overhead. For scheme 2b where MCS and RV could be different between layer sets compared to 2a, further specification effort to specify multiple MCSs/RVs for a PDSCH is needed, e.g. introducing new CW to layer mapping or new channel coding mechanism. The performance gain of scheme 2a/2b should be justified considering the significant signalling overhead and specification effort.
Here we compare the performance of scheme 2a/2b via LLS with agreed scheme 1a as baseline. The simulation assumptions agreed in the email discussion after RAN1#96bis meeting are used. Other assumption can be found in appendix. From the results, it can be observed that: 
· No further gain can be obtained from scheme 2b compared to scheme 2a.
· With pathloss difference of 0dB, the performance is similar among different schemes with CR=0.44. With lower coding rate (CR=0.12), there can be ~0.7dB gain for scheme 2a and 2b compared to 1a. 
· With pathloss difference of 3dB, scheme 1a outperforms scheme 2a/2b via ~0.5dB with CR=0.44, while scheme 2a/2b has ~0.4dB gain over scheme 1a with CR=0.12.
[image: ]
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It can be found that compare to scheme 1a, scheme 2a/2b can only provide gain in limited scenarios (e.g. low coding rate and no pathloss difference between TRPs). Considering the significant specification effort and UE complexity required by scheme 2a/2b, and the limited time for multiple TRPs transmission in Rel-16, it is preferred not to introduce scheme 2a/2b in addition to agreed scheme 1a/3/4 in Rel-16.
Proposal 21: Scheme 2a/2b is not supported in Rel-16.

Samsung R1-1906971
SDM vs FDM
[bookmark: _Ref528831525]In this section, BLER performances are compared for scheme 1a, 2a, and 2b. For scheme 1a, the number of layers allocated per TRP is set to one or two. For scheme 2a and 2b, single layer transmission is assumed and the same number of PRBs, 20 PRBs, are allocated to each TRP. For each scheme the code rate is aligned to the evaluation assumptions in the e-mail discussion above. Detailed values of the code rates are provided by Table 1.
Table 1. Applied code rate for each scheme
	
	SDM (Scheme 1a),
single layer per TRP
	SDM (Scheme 1a),
2 layers per TRP
	FDM with scheme 2a,
single layer
	FDM with scheme 2b,
single layer

	Code rate
	0.22
	0.11
	0.44
	0.88



[image: ]  [image: ]
(a) Pathloss gap between TRPs: 0 dB 		   (b) Pathloss gap between TRPs: 3 dB
Figure 1. BLER comparison for different multi-TRP diversity schemes
Figure 1 shows that both scheme 2a and 2b have worse BLER performance than scheme 1a. More than 2dB SNR losses are observed for scheme 2a compared to scheme 1a with single layer per TRP even for 0dB pathloss gap. As evident from Figure 1, scheme 2a and 2b achieve similar BLER performance for the given pathloss gaps. Regarding the number of layers for scheme 1a, single layer transmission per TRP achieves better BLER performance than double layer transmission, even the former one has the two times higher code rate than the latter one. As pathloss gap between TRPs increases, the BLER performance gap between single- and double-layer transmission also increases. It indicates that allowing >1 rank transmission per TRP does not provide any performance gain at least for reliability perspective in URLLC multi-TRP scenario.
Observation 1: FDM based diversity schemes have worse BLER performance compared to SDM based diversity scheme.
Observation 2: For FDM based diversity schemes, scheme 2a and scheme 2b achieve similar BLER performance.
Observation 3: For SDM based diversity schemes, allowing 2 or more ranks per TRP does not provide any performance gain for reliability perspective.
Fixed vs. flexible RB allocation
In this section, BLER performance is provided for FDM based diversity schemes with different PRB allocations. We consider two type of PRB allocations: fixed PRB allocation and flexible PRB allocation. The details of each PRB allocation are explained in the following figure.
[image: ]
Figure 2. Considered PRB allocation types.
In fixed PRB allocation, PRBs are allocated to each TRP according to the comb type of which granularity is equal to the PRB bundling size. In flexible PRB allocation, the allocation granularity is aligned to be the same with the subband size for CSI reporting. Then, each PRB is allocated to the TRP properly according to the CSI reported to each TRP.
[image: ][image: ]
(a) Pathloss gap between TRPs: 0 dB 		   (b) Pathloss gap between TRPs: 3 dB
Figure 3. BLER comparison for different PRB allocations
Figure 3 shows that BLER performance gain is achieved by flexible PRB allocation compared to the fixed PRB allocation, for both scheme 2a and 2b. As evident from Figure 3, the gain by using flexible PRB allocation is around 0.6dB even for 0dB pathloss gap between TRPs, and the gain increases as the pathloss gap increases.
Observation 4: For FDM based diversity schemes, flexible PRB allocation can provide considerable BLER performance gain compared to fixed PRB allocation.
Proposal 1: Support flexible PRB allocation for both scheme 2a and 2b.
LG Electronics R1- 1906740
Performance comparison between scheme 2a and scheme 2b
Figure 2 shows simulation results for scheme 2a and scheme 2b.
	[image: ]
	[image: ]
	[image: ]

	(a) MCS6, PL offset=0dB
	(b) MCS6, PL offset=3dB
	(c) MCS6, PL offset=6dB
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	(d) MCS12, PL offset=0dB
	(e) MCS12, PL offset=3dB
	(f) MCS12, PL offset=6dB


Figure 2. Performance comparison between scheme 2a and scheme 2b without blockage
From the simulation results, we can observe that performance difference between scheme 2a and scheme 2b is marginal in both low MCS and high MCS. 
Observation #2: Without blockage, performance difference between scheme 2a and scheme 2b is marginal in both low MCS and high MCS.
We also consider blockage model described in the previous agreement. Figure 3 shows simulation results for scheme 2a and scheme 2b considering blockage model that one out of 2 links is blocked with 10% probability and 10dB blockage loss. In the figure, ‘blockage (A)’ and ‘blockage (B)’ mean that the case that blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 3 and RV 0 for scheme 2b, respectively. 
	 [image: ]
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	(a) MCS6, 10% with 10dB blockage (A)
	(b) MCS12, 10% with 10dB blockage (A)
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	 [image: ]

	(c) MCS6, 10% with 10dB blockage (B)
	(d) MCS12, 10% with 10dB blockage (B)


Figure 3. Performance comparison between scheme 2a and scheme 2b with blockage
From Figure 3, we can observe that scheme 2b shows slightly better BLER performance than scheme 2a in both low MCS and high MCS when ‘blockage (A)’ that blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 3 for scheme 2b is considered. However, when we consider ‘blockage (B)’ that blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 0 for scheme 2b, we can observe that scheme 2a shows better BLER performance in high MCS. The reason why BLER performance of scheme 2b is degraded in case of blockage (B), compared to 2b with blockage (A), is that RV 0 has more systematic bits than RV 3.
Observation #3: With blockage, Scheme 2b shows slightly better BLER performance than scheme 2a in both low MCS and high MCS when blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 3 for scheme 2b. However, scheme 2a shows better BLER performance in high MCS when blockage with 10% probability always occurs in the link transmitting the CW corresponding to RV 0 for scheme 2b.
Based on the observations from simulation results, scheme 2a should only be supported for multi-TRP/panel based FDM URLLC scheme because performance difference between scheme 2a and scheme 2b is marginal, and scheme 2a requires low specification impact than scheme 2b.
Proposal #1: Scheme 2a should only be supported for multi-TRP/panel based FDM URLLC scheme.

Qualcomm Incorporated R1-1907289 R1-1907293
[bookmark: _Hlk7638953]Comparison Between Schemes 2a and 2b
First, we provide simulation results comparing schemes 2a and 2b. Simulation parameters in this section are summarized in Table 2 as agreed during the Email discussions. 
For scheme 2b, 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. Different RV values for scheme 2b are shown in Figure 4 for MCS=6, 12, PL delta=0, 6 dB, no blockage, number of RBs=40, and number of layers is 1. As can be seen from Figure 4, RV combination [0,2] provides better coding gain compared to RV combination [0,0] or [0,3] for scheme 2b.
[image: ]
Figure 4. Comparison between different RV combinations for Scheme 2b. 
Figures 5-7 shows the performance comparison between schemes 2a and 2b in the presence of blockage or no blockage, different PL delta values, MCS= 6, 12. For Scheme 2b, RV combination [0,2] is considered as it provides better coding gain as can be seen in Figure 4. For Figures 5, number of RBs is 8 and number of layers is 1. For Figures 6, number of RBs is 40 and number of layers is 1. For Figures 7, number of RBs is 8 and number of layers is 2. Blockage is modeled the same as the “example” in the agreement: The probability that one out of 2 links is blocked is 10% with 10dB blockage loss for the blocked link, and one of the links randomly (with probability of 50%) is chosen as the blocked link. 

[image: ]
Figure 5. Comparison between Schemes 2a and 2b: # of RBs=8; # of layer=1. 

[image: ]
Figure 6. Comparison between Schemes 2a and 2b: # of RBs=40; # of layer=1. 

[image: ]
Figure 7. Comparison between Schemes 2a and 2b: # of RBs=8; # of layer=2. 

As can be seen from Figures 5-7, Scheme 2a in all cases achieves similar performance as Scheme 2b. This is true in both low code rate and high code rate regimes, with or without blockage, with different values of PL delta, small and large number of RBs, and one layer and two layers scenarios.
Observation 3: Scheme 2a and 2b achieve similar performance in both low code rate and high code rate regimes, with or without blockage, with different values of PL delta, small and large number of RBs, and one layer and two layers scenarios.
SFN vs. other M-TRP scheme
In this section, we compare scheme 2a versus SFN scheme with sCDD. Two sCDD schemes are considered: sCDD within all Tx antennas, and sCDD within TRPs. The amount of phase ramp for both sCDD schemes is optimized (roughly delay of 1/8 of CP in time domain), and channel estimation is aware of the phase ramp value (upper bounds for sCDD schemes). The results are shown in Figure 1 below:
[image: ]
Figure 1. Performance comparison of scheme 2a versus sCDD schemes. 
Simulation parameters for Figure 1 are summarized in Table 1 and are the same as agreed values in Email discussions. As it can be seen from Figure 1, scheme 2a performs better that sCDD schemes. For sCDD within antennas, open-loop precoding results in worse performance compared to scheme 2a which benefits from closed-loop precoding per TRP. For sCDD within TRPs, while closed-loop precoding per TRP is used, over-the-air combination of two signals that are separately precoded results in performance degradation as the effective precoder can no longer achieve the best performance. It is important to note that phase coherence between the two TRPs cannot be assumed; otherwise, coherent joint transmission (upper bound in Section 2.2) achieves the best performance, and there is no need for sCDD.
Observation 1: Scheme 2a performs better than SFN sCDD schemes.

In the simulations, for the closed-loop precoding, the network uses the SRS symbols to derive through reciprocity a channel estimate of the downlink channel and use SVD-based precoding vectors across RB bundles of 2 PRBs (PRG size=2 RBs). Realistic channel estimation is performed at the network using SRS symbols.
As an upper bound, we also consider a multi-TRP coherent joint transmission (CJT) scheme in which a joint SVD is used across all the antennas belonging to both TRPs (8 total Tx antennas; 4 Tx antennas per TRP). It is important to note that this scheme is only provided for comparison, and in practice, it may not be achievable since it requires not only exact time / frequency synchronization, but also very precise phase coherence between the two TRPs.
We assume 4 transmit antennas at each TRP, and 4 received antenna at the UE. Realistic DMRS and SRS channel estimation are performed. For fair comparison between different schemes, TB size and resource size is the same for all the schemes. 4 OFDM symbols are used for PDSCH. For the simulation results in Figure 2, 8 RBs and 2 layers per TRP are used. PL delta of 0dB and 3dB are considered. Detailed simulation assumptions are summarized in Table 1. 
As illustrate in the simulation results in Figure 2, the closets scheme to the CJT scheme (upper bound) is the FDM scheme followed by the SDM scheme (the details of the SDM / FDM schemes are explained in [2]). SFN schemes are not performing as well as the non-spec-transparent schemes (FDM / SDM) especially at the tail. This is due to over the air combining of two separate closed-loop precoded signals as they can be combined destructively at the receiver. When cycling across TRPs is used, the performance becomes slightly better due to the diversity through different effective channels in different PRGs.
[image: ]
Figure 2. Performance comparison of different schemes; PL Delta between TRPs=0,3 dB. 
Observation 1: Over the air combining (SFN) of two signals that are separately precoded based on channel information (i.e. closed-loop precoding) can lead to performance degradation specially at the tail. 
Next, we also consider a third SFN scheme in which closed-loop precoding is not used at all. Instead, precoding cycling across all 8 Tx antennas (from both TRPs) are used. In order to complete one cycle, 8 PRGs are required. Hence, for simulation results in Figure 3, 16 RBs are used (PRG size is 2 RBs). This scheme (shown in the figure as “mTRP-SFN (cycling across antennas)”) does not have the issue discussed above (over the air combining of two separate closed-loop precoded signals). However, the gains of closed-loop precoding cannot be realized in this scheme. On the other hand, the non-spec-transparent schemes can benefit from closed-loop precoding for the antennas within a TRP. 
As it can be seen from Figure 3, the FDM scheme is the closets scheme to the CJT scheme (upper bound). Furthermore, the SFN scheme with cycling across antennas has a better slop compared to the other SFN schemes. Also, two single-TRP schemes (one with SVD-type of precoding and another with cycling across antennas) are shown for comparison. Simulation assumptions for Figure 3 are the same as those of Figure 2 (summarized in Table 1) except that 16 RBs and rank 1 transmission are considered.


[image: ]
Figure 3. Performance comparison of different schemes; PL Delta between TRPs=0,3 dB. 

Observation 2: SFN scheme based on precoding cycling across all antennas cannot benefit from closed-loop precoding within antennas of a TRP while non-spec-transparent multi-TRP schemes (such as FDM) achieve better performance than SFN schemes.
Table 2: Link-level simulation parameters and assumptions for PDSCH reliability (Figures 4-7).
	Parameter
	Value

	Num TRPs 
	2

	PL Delta
	{0, 3; 6} dB

	Blockage model
	One of the links is blocked by 10dB with 10% probability

	MCS
	{6, 12} in MCS Table 5.1.3.1-3

	Number of RBs
	{8, 40}

	Number of layers
	{1, 2}

	Number of symbols
	4

	Channel
	TDL-C; 100ns RMS Delay Spread

	Doppler
	11 Hz (corresponding to UE speed of 3km/h in 4GHz)

	Num Tx_Ant at each TRP
	4

	Num UE Rx_Ant 
	4

	DMRS Config
	Config Type 1, 1 symbol, no FDM with data

	Channel estimation
	RMMSE

	PRG size
	2

	Receiver
	MMSE-IRC

	Power constraint
	Per-Antenna and Per-TRP

	Precoding
	Per TRP and per PRG; Based on estimated SRS 




Ericsson R1-1907418 R1-1907425
In post RAN1#96b email discussion, some evaluation assumptions were agreed for further evaluations of Scheme 2a/2b. Based on the assumptions, further evaluations have been performed for schemes 2a/2b and SFN with CDD, i.e.

· Assumption for SFN with CDD evaluation: PDSCH transmission over two TRPs with a single layer, where separate precoders are applied to each TRP based on PMI feedback and CDD is applied over the second TRP
· Assumption for Scheme 2a evaluation: FDM with a single CW over two TRPs, each allocated with half of the scheduled RBs
· Assumption for Scheme 2b evaluation: FDM with two RVs over two TRPs, each allocated with half of the scheduled RBs
The schemes are illustrated in Figure 2.

(a) SFN with CDD
(b) FDM single RV
1. FDM multi-RV

[bookmark: _Ref4429142]Figure 3: Single RV vs. multi-RV scheme.
Two resource allocations, i.e., 8RBs by 4 OFDM symbols and 40RBs by 2 OFDM symbols,  are used, they are shown in Figure 4. A single symbol DMRS of type 1 was configured without data multiplexing. For each of RB allocations, two TB sizes with fixed QPSK modulation were used, which result in two code rates of approximately R= 0.12 and 0.44 for SFN with CDD and Scheme 2a with a single spatial layer from each TRP.   The code rates for Scheme 2b are doubled due to the fact that only half of the RBs are available for each codeword.   Other simulation assumptions can be found in the Appendix.

[bookmark: _Ref4429996]Figure 4: Resource allocations.
The simulation results with 0dB pathloss (PL) difference between the two TRPs are shown in Figure 5  For multi-RV schemes, only RV combination of (0,2) is shown. The code rate indicated in the figures is for SFN with CDD and Scheme 2a.

[bookmark: _Ref7730776]Figure 4:  0dB PL offset. 

Figure 5: 3dB PL offset.

[bookmark: _Ref7730783]Figure 6: 6dB PL offset.
[bookmark: _Toc7811042]Scheme 2a and scheme 2b are quite close, they outperform SFN with CDD in most cases. 

Figure 6 shows some results when rank 2 is configured over each TRP.

[bookmark: _Ref7768595]Figure 6: Results of schemes 2a/2b and SFN  with rank 2.
From the results we have the following observations:
[bookmark: _Toc4505649]
1. FDM single RV (scheme 2a) performs slightly better than FDM multi-RV (Scheme 2b).  The two are very similar in other scenarios. 
1. FDM outperforms SFN with CDD in most scenarios.

Results for additional code rates and different PL offsets are provided in a companion paper [6] with similar observations.  Given the above observations and that the low latency TDM scheme 3 does not perform well in FR1 given the large DMRS overhead while SDM scheme 1a is limited to 2 TRPs, we think FDM scheme 2a can be used to fill the gap within minimal spec changes, so we have the following proposal:

[bookmark: _Toc7810879]FDM single RV (Scheme 2a) is supported. 

However, the above analysis and the analysis so far in RAN1 has not taken into account of blocking. If the path to a certain TRP is suddenly blocked, then Scheme 2a will seriously degrade, basically the effective code rate is doubled if two TRPs were used initially.  For industrial applications, guaranteed low latency is essential – too many consecutive packets lost may cause application shut-down which is very costly and it may take several slots before the gNB has observed that one TRP has been blocked.  

In order to be able to guarantee a very low upper-bound latency with sufficiently high reliability it seems necessary to have a robust scheme with low latency that is also able to mitigate temporarily and suddenly blocked signals from a TRP.  The guaranteed latency would also need to be maintained during mobility. 

Scheme 2b, a single codeword with one RV used for each non-overlapped frequency resource allocation is a more robust solution when a path to a TRP is suddenly blocked, compared to Scheme 2a which will have decoding issues due to single CW mapped across all RBs.

If multi-PDCCH is used for URLLC, then it is possible to schedule two PDSCH as FDM, i.e. mimicking Scheme 2b transmission, although the multi-PDCCH case is limited to two PDSCHs. Our results [7] indicate that three and four TRPs involved in the URLLC transmission increase the reliability significantly compared to two TRPs, at the low BLER targets aimed in these applications. Hence, multi-PDCCH approach may not be an attractive way forward to resolve the blocking issue, as it consumes more PDCCH resources and PDCCH blocking becomes an issue and its performance is limited due to the two TRP restriction. Hence, we propose that also Scheme 2b needs to be supported where a single DCI triggered multiple PDSCH transmissions as follows:

[bookmark: _Toc7810880]FDM Scheme 2b is supported where a single DCI can trigger multiple PDSCH transmissions (single CW per PDSCH). Whether RV, MCS etc is the same or different per PDSCH is FFS.   

Note that this proposal is similar to Rel-15 repetition although it is in frequency domain within a slot instead of across slots. 

An additional note on UE complexity. We stated above that four TRPs gives additional benefits compared to two TRPs. However, to demand all UEs to support scheduling using four different TCI states in the same slot is not feasible. The number of TCI states, i.e. the amount of repetition per slot/symbol, should be a UE capability. For industrial applications, where UEs can have very high complexity and where they don’t run on batteries, then more advanced functionality can be supported and since the need for reliability is much higher, e.g. due to the costs involved when the machine or robot cannot operate. 
[bookmark: _Toc7810881]For URLLC, support FDM with up to at least four TCI states in the same slot. The maximum number of TCI states a UE can simultaneously handle in FDM case, is a UE capability where two is the baseline functionality. 

Appendix:  Simulation Assumptions
	Parameters
	Value

	Carrier frequency
	4GHz 

	BW
	10MHz

	Subcarrier spacing
	15kHz

	Channel model
	CDL-A with 300ns delay spread
· mean_AoD_deg, 0
· AoD_spread_deg, 15
· mean_ZoD_deg, 90
· ZoD_spread_deg, 2
· mean_AoA_deg, 0
· AoA_spread_deg, 45
· mean_ZoA_deg, 90
· ZoA_spread_deg, 10

	UE mobility
	3km/h

	Number of TRPs
	2

	Pathloss offset of the 2nd TRP
	0dB,

	Number of Tx antenna ports per TRP 
	4 

	Number of UE Rx antennas
	4

	Number of layers per TRP
	1

	DMRS configuration
	One symbol, type 1, no data and DMRS multiplexing

	Number RBs
	8,40

	Number of OFDM symbols
	4 for 8RBs and 2 for 40RBs

	Code rate
	 approximately 0.12 and 0.44

	Modulation
	QPSK

	Channel estimation
	Practical

	PRG size
	2 RBs

	Receiver
	MMSE-IRC 

	Precoding
	Wideband PMI based



Intel R1-1906815
In this section we show LLS performance evaluations for schemes 2a, 2b and SFN-CDD based on the agreed evaluation framework. We assume that a UE can receive transmission from multi-TRP on the same OFDM symbol. This applies to FR1 and also applies to simultaneously active multi-panel UEs in FR2.
As a basis of fair comparison, we assume the same time-frequency resource for all schemes. The simulation assumptions are provided in Table 1, Table 2 and Table 3.

[bookmark: _Ref4734826]Table 1: Scheme specific LLS assumptions
	
	Scheme 2a
	Scheme 2b 
	SFN-CDD

	Multiplexing
	FDM
	FDM
	SFN

	# CW
	1
	2
	1

	RV
	RV0
	RV0, RV2
	RV0

	TBS
	S
	S
	S

	Code-rate
	R (rank-1), 2R (rank-2)
	2R (rank-1)
	R (rank-1)



[bookmark: _Ref7734034]Table 2: Resource allocation, TBS (S) and R
	Resource allocation
	TBS (S)
	R

	8 PRB, 11 OS+DMRS
	256
	0.12

	8 PRB, 11 OS+DMRS
	928
	0.44

	40 PRB, 5 OS+DMRS
	576
	0.12

	40 PRB, 5 OS+DMRS
	2088
	0.44



[bookmark: _Ref4734828]Table 3: LLS assumptions for all schemes
	Parameters
	Values

	Carrier Frequency
	4 GHz

	Subcarrier Spacing for data
	15 kHz

	Modulation
	QPSK

	Channel Model
	TDL-C model
-	delay spread =300ns
-	UE speed=3km/h

	Blocking
	Probability that any of the 2 links is blocked is 5%
Blocking is modelled by a 10 dB power loss 

	BS antenna configurations
	2 TRP, 4Tx each TRP

	UE antenna configurations
	4Rx

	Transmission scheme
	Rank-1 or rank-2, CB based precoding

	UE receiver type
	MRC/LMMSE, practical channel estimation

	SFN-CDD (baseline)
	Rank-1 CB based precoding + small delay CDD





Figure 9: Description of multi-TRP schemes 2a, 2b and SFN-CDD (baseline)

Comparison of schemes 2a, 2b and SFN-CDD (rank-1)
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Figure 10: TRP offset = 0 dB
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Figure 11: TRP offset = 3 dB
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Figure 12: TRP offset = 6 dB
	[image: ]
Figure 13: TRP offset = 10 dB



Observations: The performance of scheme 2a is better than scheme 2b for R=0.12, 0.44 for TRP offsets of 0 dB, 3 dB or 6 dB. In the case TRP offset is 10 dB, scheme 2b is better than scheme 2a for R=0.44. This is expected because generally scheme 2a performs better due to lower code-rate but in cases where one of the links is of very poor quality scheme 2b can benefit as one of the two redundancy versions can be decoded correctly. This is also observed in the following figure with blockage modelling. We also note that in cases with very disparate power from the TRPs where scheme 2b is beneficial, generally SFN-CDD outperforms scheme 2b by a significant margin. Overall, we also note that SFN-CDD is of similar or better performance compared to schemes 2a or 2b. Comparison of SFN with SFN-CDD performance is in the Appendix.

[image: ]
Figure 14: Blockage, 10 dB with 5% each TRP

Observation -21: Scheme 2a is better than scheme 2b unless the TRP power difference is very high (a link failure occurs) and the target code-rate is moderate. In such cases SFN-CDD is significantly better than either schemes 2a or 2b. In general, SFN-CDD performs similar or better than schemes 2a/2b.

Comparison of rank-1 vs rank-2
[image: ]
[bookmark: _Ref7788185]Figure 15: Comparison of rank-1 and rank-2 performance for scheme 2a

Observations: In Figure 16 we compare the performance of rank-1 and rank-2 transmission considering scheme 2a. The TBS is assumed to be the same in both cases. It can be observed that rank-1 performance is better in higher BLER regime due to no inter-layer interference and 3dB higher power in DMRS but as we approach 10^-4 to 10^-6 regime, rank-2 performance tends to be better. This is because for rank-2 transmission, the code diversity is more than rank-1 transmission due to lower code-rate leading to a steeper slope. However, an aspect of rank-2 transmission that is not reflected here is that it imparts rank-2 interference which leads to more interference at the cell-edge of neighbouring cells.
Observation -22: In order to achieve BLER performance at 10^-4 to 10^-6, higher rank (rank-2) transmissions may be beneficial for a given link, although performance at a system level may be negative (not evaluated here).

InterDigital Inc. R1-1906860
	[image: ][image: ]

	Figure 2: BLER in TDL-C channels with ICE, Code rate = 0.44, 2-D modulation  vs NR-NR repetition

	

	Figure 3: BLER in TDL-C channels with RCE, Code rate = 0.44, 2-D modulation  vs NR-NR repetition
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	Figure 4: BLER in TDL-C channels with ICE, Code rate = 0.12, 2-D modulation  vs NR-NR repetition

	

	Figure 5: BLER in TDL-C channels with RCE, Code rate = 0.12, 2-D modulation vs NR-NR repetition 



Figures 2-5 compare BLER performance of a 2 TRP system with and without 2D modulation. Both ideal channel estimates (ICE) and front loaded DMRS based real channel estimates (RCE) are considered. The baseline constellation is 16QAM, where for NR-NR case the Rel-15 NR constellation is used for both transmissions. However, for the case labelled 2D, the first transmission uses Rel-15 NR constellation definition, but the second transmission is based on the modified constellation as shown in Figure 1. As demonstrated in Figures 2 and 3, for a target BLER=10-5, multi-TRP transmission using 2D modulation results in a clear and significant performance gain of around 0.8 dB compared to the NR-NR case at high coding rate (CR = 0.44 in our test setup). Figures 4 and 5 also show that considerable performance gains of around 0.2 dB can be achieved by 2D modulation over NR-NR case when the coding rate is low (CR = 0.12 in our test setup). As for RCE compared to ICE, a degradation of ~0.5 dB is observed which affects equally 2D and NR-NR case.  

Observation 1: Multi-dimensional modulation achieves significant gain over basic repetition. 

NTT DOCOMO, INC R1-1906224
Number of TRPs for multi-TRP enhancement for URLLC
Assuming that the number of repetitions of a transport block in time-domain is up to 8, in theory, up to 8 TRPs can be used for one PDSCH or PUSCH with using single TRP at one time. On other hand, using 8 TRPs for scheme 3 and/or scheme 4 implies that a PDSCH is received with 8 TCI-states or a PUSCH is transmitted with 8 spatial relation information. Considering the tradeoff between UE complexity increase and performance benefit, our suggestion is to support at least 4 TRPs for one PDSCH/PUSCH.
In order to confirm the performance benefit of more than 2 TRPs, we conducted link-level simulations. 4GHz and 30GHz with blockage are evaluated. It can be seen from Fig. 3-2 that using 4 TRPs offer non-negligible improvement in 4GHz, and significant improvement in 30GHz. Note that for a given carrier frequency, same time/frequency resource allocation for one PDSCH or PUSCH is assumed. 
[image: ][image: ]
(a) PDSCH repetitions over 1, 2, and 4 TRPs (left: 4GHz, right: 30GHz).
[image: ][image: ]
(b) PUSCH repetitions for 1, 2, and 4 TRPs (left: 4GHz, right: 30GHz).
Fig. 3-2	Average BLER performances with different number of TRPs.
Table 3-3: Simulation assumptions for PDSCH BLER evaluation
	Parameter
	Value

	Carrier frequency
	4GHz
	30GHz

	Subcarrier-spacing
	30kHz
	120kHz

	TBS
	32 Bytes

	MCS
(MCS table 3 is used)
	For 1 TRP: MCS0
For 2 TRPs: MCS 3
For 4 TRPs: MCS 7

	Number of RBs
	For 1 TRP: 51 RBs 
For 2 TRPs: 49 RBs
For 4 TRPs: 47 RBs

	Number of symbols
	For 1 TRP: 8 symbols x 1 repetition
For 2 TRPs: 4 symbols x 2 repetitions
For 4 TRPs: 2 symbols x 4 repetitions

	DMRS
	DMRS configuration Type 1
For 1 TRP: one additional DMRS is inserted

	PDSCH mapping Type
	PDSCH mapping Type B

	Channel estimation
	MMSE

	No. of BS antennas
	4
	2

	No. of UE antennas
	4
	2

	Channel model
	TDL-C (DS=100ns)
	CDL-A (DS=20ns) with blockage model A

	UE speed
	3km/h



Table 3-4: Simulation assumptions for PUSCH BLER evaluation
	Parameter
	Value

	Carrier frequency
	4GHz
	30GHz

	Subcarrier-spacing
	30kHz
	120kHz

	TBS
	32 Bytes

	MCS
(MCS table 3 is used)
	For 1 TRP: MCS2
For 2 TRPs: MCS 6
For 4 TRPs: MCS 9

	Number of RBs
	For 1 TRP: 31 RBs 
For 2 TRPs: 31 RBs
For 4 TRPs: 29 RBs

	Number of symbols
	For 1 TRP: 8 symbols x 1 repetition
For 2 TRPs: 4 symbols x 2 repetitions
For 4 TRPs: 2 symbols x 4 repetitions

	DMRS
	DMRS configuration Type 1
For 4 TRPs: FDM between DMRS and UL-SCH

	PDSCH mapping Type
	PUSCH mapping Type B

	Frequency-hopping
	Not used

	Channel estimation
	MMSE

	No. of BS antennas
	4
	2

	No. of UE antennas
	4
	2

	Channel model
	TDL-C (DS=100ns)
	CDL-A (DS=20ns) with blockage model A

	UE speed
	3km/h



Proposal 3-5:
· Support at least up to 4 TRPs for multi-TRP for URLLC.

Conclusion
In this contribution, simulation results for URLLC multi-TRP transmission are provided. In summary, the following observations are made. 
Observation 1: According to the LLS results from all companies, schemes 2a and 2b have similar performance for the given parameters in the previous discussion.

References
1. [bookmark: _Ref494186134]“3GPP RAN1 #96bis Chairman’s Notes”, Xi’an, China, 8th - 12th April, 2019
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