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Introduction
In the previous meetings, there were several agreements on multi-TRP/panel based URLLC as follows [1][2]. 
	Agreement by email discussion [96-NR-09]
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
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

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)

Agreement by email discussion [96b-NR-06]
· 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. 


In this contribution, we compare LLS results from different FDM schemes. Based on the observations, LG’s view on the scheme 2 (FDM) is proposed.
Discussion
Performance comparison of different RV combinations for scheme 2b
Regarding scheme 2b, each TRP can transmit single CW, and each CW can have different RV. Figure 1 shows simulation results for scheme 2b corresponding to different RV combination. The details on simulation assumptions are listed in Appendix. This simulation assumptions are applied to all of the simulation results.
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	(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 1. Performance comparisons between different RV combinations for scheme 2b
  From the simulation results, we can observe that there is no performance difference in low MCS (MCS 6), and RV combination (0, 3) shows slightly better performance in high MCS (MCS 12). Based on this observation, RV combination (0, 3) for scheme 2b is used to compare performance between scheme 2a and scheme 2b. 
Observation #1: Considering scheme 2b with different RV combinations, there is no performance difference in low MCS (MCS 6), and RV combination (0, 3) shows slightly better performance in high MCS (MCS 12).

Performance comparison between scheme 2a and scheme 2b
Figure 2 shows simulation results for scheme 2a and scheme 2b.
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	(a) MCS6, PL offset=0dB
	(b) MCS6, PL offset=3dB
	(c) MCS6, PL offset=6dB

	[image: ]
	[image: ]
	[image: ]

	(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. 
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	(a) MCS6, 10% with 10dB blockage (A)
	(b) MCS12, 10% with 10dB blockage (A)
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	(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.

Conclusion
In this contribution, we compare LLS results from different FDM schemes, and we can observe the followings.
Observation #1: Considering scheme 2b with different RV combinations, there is no performance difference in low MCS (MCS 6), and RV combination (0, 3) shows slightly better performance in high MCS (MCS 12).
Observation #2: Without blockage, performance difference between scheme 2a and scheme 2b is marginal in both low MCS and high MCS.
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, LG’s view on multi-TRP/panel based FDM URLLC is proposed as follow.
Proposal #1: Scheme 2a should only be supported for multi-TRP/panel based FDM URLLC scheme.
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Appendix
Table 1. Simulation assumptions for LLS
	Parameter
	Value

	Carrier frequency
	4GHz

	Simulation bandwidth
	20MHz

	Subcarrier spacing
	30kHz

	Channel model
	TDL-C, 300ns, 3km/h

	Number of TX antennas at each TRP
	2Tx

	Number of UE RX antennas
	2Rx

	DMRS configuration
	Type 1, 1 symbol, 3dB power boosting

	Resource allocation
	8 PRBs, 4 OFDM symbols

	Packet size
	70 bits for MCS6, 254 bits for MCS12

	Path loss offset between two TRPs
	0dB, 3dB, 6dB

	Blockage model
	Probability that one out of 2 links is blocked is 10% with 10dB blockage loss for the blocked link
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scheme 2b with differernt RVs, MCSS, PL offset=6dB
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scheme 2b with differernt RVs, MCS12, PL offset=0dB
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scheme 2b with differernt RVs, MCS12, PL offset
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scheme 2a and scheme 2b(0,3), MCS6, PL offset=0dB
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scheme 2a and scheme 2b(0,3), MCS6, PL offset=3dB
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scheme 2a and scheme 2b(0,3), MCS6, PL offset=6dB
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scheme 2a and scheme 2b(0,3), MCS6, PL offset=0dB
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scheme 2a and scheme 2b(0,3), MCS8, PL offst
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5 scheme 2a and scheme 2b(0,3), MCS6, PL offset=6dB
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2a and 2b(0,3), MCS8, 10% with 10dB blockage (A)
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2a and 2b(0,3), MCS12, 10% with 10dB blockage (A)

o
10 =
-, TN
=+ =2b(0.3)
107
102
107
\
o
104 Nt
10 s o s 10

15




image15.png
2a and 2b(0,3), MCS8, 10% with 10dB blockage (B)
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2a and 2b(0,3), MCS12, 10% with 10dB blockage (B)

100
-%-2
=+ =2603)
107!
102
5
3 *
10 Shrs
L8
LRl
vk
L
kS
104 *
10 5 0 5 10

SNR(dB)

15




image1.png
scheme 2b with differernt RVs, MCSS, PL offset=0dB

1008
. —w-201)
Eyad =+ =2602)
- @ -2403)
107
102
107
10
40 o 8 7 B





image2.png
scheme 2b with differernt RVs, MCSS, PL offset=3dB
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