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Introduction
In the previous RAN1 #96 meeting and email discussion [96-NR-09], there was an agreement on the schemes for multi-TRP based URLLC as follows.
	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 this contribution, LG’s view on SDM based URLLC schemes is provided with several simulation results.
Discussion
In scheme 1, SDM based URLLC schemes were discussed and three alternatives were agreed. Each alternative has the advantages as follows.
· Scheme 1a: Diversity gain can be obtained because of macro diversity from multi-TRP. And, if the same TB size is assumed to the UE, this scheme can have lower code rate than single TRP transmission because scheme 1a can use more spatial layers from multi-TRP. 
· Scheme 1b: This scheme also can obtain the diversity gain from multi-TRP. And, if two codeword use the same RV, it can be regarded as repetitive transmission of the same coded bits. In this case, the accumulated reception Eb/N0 can be increased. On the other hand, if two codeword use the different RV, the UE can receive more redundancy bits and can obtain more coding gain. 
· Scheme 1c: This scheme also can obtain the diversity gain from multi-TRP. And, it can be seen as the enhanced SFN scheme. The difference from the conventional SFN scheme is that it can indicate the TCI state for each TRP rather than the TCI state for the combined channel from multiple TRPs.
Figure 1 and Table 1 show simulation results and simulation assumption for SDM based URLLC schemes. 
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Figure 1. Simulation results for SDM based URLLC schemes

	Parameter
	Value

	Carrier frequency
	4GHz

	Simulation bandwidth
	20MHz

	Subcarrier spacing
	30kHz

	Channel model
	TDL-C, 300ns

	Number of TX antennas at each TRP
	4Tx

	Number of UE RX antennas
	4Rx

	DMRS configuration
	Type 1, 1 symbol

	Resource allocation
	16 PRBs, 4 OFDM symbols

	Packet size
	256 bits


Table 1. Simulation assumption

We can’t observe the performance benefit from scheme 1a/1b when compared to SFN transmission based on Rel-15. This is because more received RS power can be obtained when SFN transmission is considered. 
Observation 1: SFN transmission based on Rel-15 shows lower BLER compared to scheme 1a/1b. 
In conventional SFN transmission, multiple TRPs transmit the same TB with the same single layer and 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 uses them to estimate channel from single DMRS port. However, it may not provide proper QCL properties for accurate channel estimation since each TRP’s different QCL properties are averaged when UE derives them from single QCL RS. For example, UE experiences Doppler frequency +fd and -fd from TRP 1 and TRP 2, respectively, but what UE derives from QCL RS is zero Doppler shift, resulting in suboptimal channel estimation filter. Another pain-point of SFN transmission based on current NR framework is that it requires additional SFNed CSI-RS resources dedicated for SFN transmission. In case of three TRPs, four additional CSI-RS resources need to be transmitted for SFN transmission (i.e. one for TRP A+B, one for TRP B+C, one for TRP A+C, one for TRP A+B+C) on top of three CSI-RS resources for TRP-specific transmission, i.e., one for each TRP. If we consider SFN transmission across multiple beams/panels of a single TRP in addition to SFN across multiple TRPs, the required number of CSI-RS resources will be exponentially increased.
Observation 2: SFN transmission based on Rel-15 requires additional SFNed CSI-RS resources, one for each possible combination of TRPs/panels/beams to be involved in the SFN transmission. 
In order to improve channel estimation performance and not to increase CSI-RS overhead in SFN transmission, in scheme 1c, UE is configured with two TCI states corresponding TRP 1 and TRP 2, respectively. UE derives QCL properties of TRP 1 from the first TCI state and uses them to estimate channel from DMRS port 1 of TRP 1 and derives QCL properties of TRP 2 from the second TCI state and uses them to estimate channel from DMRS port 2 of TRP 2. Then, UE combines the two estimate channel and generates SFN channel that single data layer is transmitted through. Also, DMRS overhead can be further reduced by configuring single DMRS port instead of two ports. Specifically, UE can be configured with a single DMRS port that TRP 1 and TRP 2 transmits at the same time, and estimate SFN channel from the single DMRS port, where the large scale properties can be calculated and combined from two different measurements from two QCL RSs. How to combine large scale parameters may be up to UE implementation, therefore, gNB only needs to inform two QCL RSs to the UE for the single layer SFN transmission.
Proposal 1: For SDM based URLLC enhancement, scheme 1c for multi-TRP/panel URLLC can be considered, which enables SFN transmission based on existing per-TRP/panel NZP CSI-RS resources, i.e., without additional SFNed NZP CSI-RS resources.
Conclusion
In this contribution, LG’s view on SDM based URLLC schemes is provided with several simulation results. Our proposal is as follows.
Proposal 1: For SDM based URLLC enhancement, scheme 1c for multi-TRP/panel URLLC can be considered, which enables SFN transmission based on existing per-TRP/panel NZP CSI-RS resources, i.e., without additional SFNed NZP CSI-RS resources.
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