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Introduction
In the previous meeting, scheme 1a was agreed for multi-TRP based SDM URLLC. In this contribution, we compare LLS results from scheme 1a and the conventional SFN considering blockage model. Based on the observations, LG’s view on the SFN enhancement is proposed.
Discussion
Figure 1 shows simulation results for scheme 1a and the conventional SFN considering blockage model that one out of 2 links is blocked with 10% probability and 10dB blockage loss.
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	(a) MCS6, 10% with 10dB blockage
	(b) MCS12, 10% with 10dB blockage


Figure 1. Performance comparison between scheme 1a and conventional SFN
 From Figure 1, we can observe that the conventional SFN has slightly better BLER performance in low MCS (MCS6), and two schemes show similar performance in high MCS (MCS12). When we consider blockage model, the conventional SFN can have robust performance similar to scheme 1a.
Observation #1: The conventional SFN has slightly better BLER performance in low MCS (MCS6), and both scheme 1a and the conventional SFN show similar performance in high MCS (MCS12) considering blockage model that one out of 2 links is blocked with 10% probability and 10dB blockage loss.
One of the differences between scheme 1a and the conventional SFN is the number of DMRS ports. For scheme 1a, the two links from the different TRPs have to use the different DMRS ports included in the different CDM groups because of QCL assumption. For example, considering two layer transmission, one layer corresponding to TRP A is transmitted through DMRS port #0 and the other layer corresponding to TRP B is transmitted through DMRS port #2. Based on the current agreement, the maximum number of TCI states can be indicated by single code point in TCI state field in DCI is two, so that the maximum number of TRPs that can support scheme 1a is limited to two. On the other hand, for the conventional SFN, the link from each TRP can share the same DMRS port. So, the number of TRPs to support the conventional SFN can be increased according to use case, which is more flexible and adequate to meet various reliability requirements.
Observation #2: scheme 1a supports up to two TRP transmission, but the number of TRP for the conventional SFN is flexible and various reliability requirements can be achieved.
For the conventional SFN based enhancement we can consider scheme 1c, in which an UE is configured with a single DMRS port that TRP 1 and TRP 2 transmit at the same time and multiple TCI states corresponding to multiple TRPs are configured. In this case, UE estimates SFN channel from the single DMRS port, where the large scale properties can be calculated and combined from multiple different measurements from multiple QCL RSs. How to combine large scale parameters may be up to UE implementation. 
In scheme 1c, QCL RS overhead can be reduced compared to that for conventional SFN transmission. In the conventional SFN, an UE derives QCL properties (e.g., Doppler shift, Doppler spread, average delay, delay spread) from QCL RS that multiple TRPs transmit at the same time, and the UE uses them to estimate channel from single DMRS port. It requires additional SFNed CSI-RS resources dedicated for SFN transmission. On the other hand, scheme 1c does not use additional SFNed CSI-RS and reduce QCL RS overhead. For example, considering three TRPs, among total 7 TRS, 4 TRS for the conventional SFN transmission (i.e. one for TRP A+B, one for TRP B+C, one for TRP A+C and one for TRP A+B+C) can be saved in scheme 1c, which is less than half. Considering the two CSI-RS resources in a slot for tracking, the conventional SFN needs 42 REs/PRB/slot for 7 TRS but scheme 1c needs 18 REs/PRB/slot for 3 TRS as described in Figure 2.  
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	(a) Conventional SFN
	(b) Scheme 1c


Figure 2. RS overhead comparison between conventional SFN and scheme 1c
Observation #3: For the case of three TRPs, the required amount of QCL reference RS including TRS, CSI-RS, and SSB is reduced by 57% in scheme 1c, compared to that for the conventional SFN transmission. 
Proposal #1: For SFN enhancement, Rel-16 supports association between one DMRS port and multiple TCI states.

Conclusion
In this contribution, we compare LLS results from scheme 1a and the conventional SFN considering blockage model, and we can observed the followings.
Observation #1: The conventional SFN has slightly better BLER performance in low MCS (MCS6), and both scheme 1a and the conventional SFN show similar performance in high MCS (MCS12) considering blockage model that one out of 2 links is blocked with 10% probability and 10dB blockage loss.
Observation #2: scheme 1a supports up to two TRP transmission, but the number of TRP for the conventional SFN is flexible and various reliability requirements can be achieved.
Observation #3: For the case of three TRPs, the required amount of QCL reference RS including TRS, CSI-RS, and SSB is reduced by 57% in scheme 1c, compared to that for the conventional SFN transmission. 
Based on the observations, LG’s view on the SFN enhancement is proposed as follows.
Proposal #1: For SFN enhancement, Rel-16 supports association between one DMRS port and multiple TCI states.
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Appendix
Table 1. Simulation assumption 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

	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 1a and conventional SFN, MCS12, 10% with 10dB blockage
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