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Introduction
Various multi-TRP schemes have been proposed for improving PDSCH transmission reliability in URLLC. The schemes were further clarified during the post RAN1#96 email discussion for evaluation as follows:
Conclusion of Email Discussion:
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, we present some evaluation results for the various schemes including schemes 1a, 1b, 2a, 2b, and 3.
Simulation Assumptions
The simulation setup is shown in Figure 1, where two TRPs are used. Downlink transmission at 4 GHz carrier frequency with 10MHz BW and 15 kHz sub-carrier frequency spacing is considered. The channel model is CDL-A. It is assumed that the two TRPs are connected with an ideal backhaul and under the control of a single scheduler. Two cross polarized antennas are used in each TRP and at the UE.  
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[bookmark: _Ref4423743]Figure 1: Simulation setup
The schemes evaluated are illustrated in Figure 2, they include:
· Single TRP:  single layer transmission over TRP#1 only
· SFN with CDD: 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
· Scheme 1a: SDM with a single CW over two layers, one for each TRP, with fully overlapped resource
· Scheme 1b: SDM with two RVs, each over one layer and one TRP, with fully overlapped resource
· Scheme 2a: FDM with a single CW and thus single-RV over two TRPs, each allocated with half of the scheduled RBs
· Scheme 2b: FDM with two RVs over two TRPs, each allocated with half of the scheduled RBs
· Scheme 3: TDM with two RVs over two mini-slots, each over one TRP
(a) Single TRP
(b) SFN with CDD
(c) SDM/FDM multi-layer single RV
(d) SDM/FDM/TDM multi-layer  multi-RV

[bookmark: _Ref4429142]Figure 2: Various schemes evaluated
The resource allocations are shown in shown in Figure 3, where 8RB by 4 OFDM symbols are allocated for PDSCH transmission. A single symbol DMRS of type 1 was configured without data multiplexing, thus the available REs for PDSCH are the same for all schemes except for the TDM scheme, which for a fair comparison was also allocated with 4 OFDM symbols in total and thus two OFDM symbols for each PDSCH transmission from each TRP including a DMRS symbol.  Fixed TB sizes of 256bits and 128bits were simulated with fixed QPSK modulation, the corresponding coding rates are about 0.44 and 0.22, respectively, for single TRP transmission with a single layer. The coding rates for the multi-TRP schemes can be different depending on the schemes. 
· For SDM multi-RV and FDM single RV cases, the coding rates are the same as that of single TRP. 
· For SDM with single RV, the coding rates are half of the single TRP numbers. 
· For FDM with two RVs, the coding rate is doubled due to the split of the resources. 
· For TDM scheme, only TB size of 128bits was simulated, the corresponding coding rate is about 0.67. 

[bookmark: _Ref4429996]Figure 3: Resource allocation.
In case of SDM schemes 1a and 1b, joint PMI feedback by taking inter-TRP interference into account and MMSE-IRC receiver were used. For other schemes, per TRP PMI feedback and MMSE receiver were used. 
Evaluation Results
Two different pathloss (PL) offsets between the two TRPs, i.e., 0dB and -6dB, were simulated. In case of -6dB offset, the SNR associated with TRP #2 is 6dB lower. For single TRP transmission, TRP#1 was always used. 
0dB Pathloss Offset 
The evaluation results for 0dB pathloss offset between the two TRPs are shown in Figure 4 and Figure 5 for code rate of 0.44 and 0.22, respectively. Note that the coding rates indicated are for single TRP transmission. It can be seen that at code rate of 0.44, FDM single RV (Scheme 2a), SDM single (Scheme 1a) and multiple RVs (Scheme 1b) have very similar BLER performance and perform the best among all the schemes.  The single TRP performs the worst as expected. The performances of FDM multi-RV with RVs of (0,2) and SFN with CDD are close and are about 1dB worse than the best schemes.
At code rare of 0.22, similar performance (within 1dB) is observed for SDM and FDM schemes with single or multiple RVs. TDM scheme performs the worst, mainly due to fewer available REs for PDSCH and thus higher code rate as expected.
[bookmark: _Toc4505648]With 0dB pathloss offset, the performances of SDM single RV (scheme 1a) and FDM single RV (scheme 2a) schemes are similar, and both are better than single TRP or SFN with CDD.
[bookmark: _Toc4505649]With 0dB pathloss offset, SDM single RV performs similar as SDM multi-RV (Scheme 1b).  FDM single RV performs slightly better than FDM multi-RV (Scheme 2b) with RVs of (0,2).
[bookmark: _Toc4505650]With 0dB pathloss offset, TDM with mini-slot repetition (Scheme 3) performs poorly for the same amount of resources due to higher DMRS overhead and thus less available REs for PDSCH. 
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[bookmark: _Ref4445554]Figure 4: BLER of different schemes, pathloss offset = 0dB, TBS size = 256bits.
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[bookmark: _Ref4494018]Figure 5: BLER of different schemes, pathloss offset = 0dB, TBS size = 128bits.
-6dB Pathloss Offset
The evaluation results for -6dB pathloss offset between the two TRPs are shown in Figure 6 and Figure 7 for code rate of 0.44 and 0.22, respectively. In this case, the performance gap between single TRP and multi-TRP schemes is not as large as in the previous case, which is expected due to the additional 6dB more pathloss to TRP #2.  With code rate of 0.44, SDM single RV (Scheme 1a) and SDM multi-RV (Scheme 1b) perform the best.  FDM single RV (Scheme 2a) and multi-RV (Scheme 2b) are slightly worse than the SDM schemes, but still better than single TRP.  The performance of SFN with CDD is very close to the FDM schemes. SDM multi-RV performs slightly better than SDM single RV, but the difference is very small.  Also, the performance of FDM multi-RV is almost the same as FDM single RV.
With code rate of 0.22, the performances of SDM, FDM and SFN with CDD schemes are very similar, the differences are with 1dB. Again, TDM scheme performs the worst, due to fewer available REs for PDSCH and thus higher code rate as expected.

[bookmark: _Toc4505651]With -6dB pathloss offset, the performances of SDM schemes are slightly better than FDM schemes at code rate of 0.44 but are similar at code rate of 0.22.
[bookmark: _Toc4505652]With -6dB pathloss offset, the performance of SDM single RV and SDM multi-RV are very similar, so are FDM single RV and FDM multi-RV.
[bookmark: _Toc4505653]With -6dB pathloss offset, again TDM with mini-slot repetition performs poorly due to more DMRS overhead and less available REs for PDSCH.
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[bookmark: _Ref4447100]Figure 6: BLER of different schemes, pathloss offset = -6dB, TBS size = 256bits.
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[bookmark: _Ref4496089]Figure 7: BLER of different schemes, pathloss offset = -6dB, TBS size = 128bits.

Conclusions
In this contribution, we have presented our evaluation results for various multi-TRP schemes for URLLC at 4GHz. Based on the results, we have the following observation:
Observation 1	With 0dB pathloss offset, the performances of SDM single RV (scheme 1a) and FDM single RV (scheme 2a) schemes are similar, and both are better than single TRP or SFN with CDD.
Observation 2	With 0dB pathloss offset, SDM single RV performs similar as SDM multi-RV (Scheme 1b).  FDM single RV performs slightly better than FDM multi-RV (Scheme 2b) with RVs of (0,2).
Observation 3	With 0dB pathloss offset, TDM with mini-slot repetition (Scheme 3) performs poorly for the same amount of resources due to higher DMRS overhead and thus less available REs for PDSCH.
Observation 4	With -6dB pathloss offset,  the performances of SDM schemes are slightly better than FDM schemes at code rate of 0.44, but are similar at code rate of 0.22.
Observation 5	With -6dB pathloss offset, the performance of SDM single RV and SDM multi-RV are very similar, so are FDM single RV and FDM multi-RV.
Observation 6	With -6dB pathloss offset, again TDM with mini-slot repetition performs poorly due to more DMRS overhead and less available REs for PDSCH.
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Appendix:  Simulation Assumptions
	Parameters
	Value

	Carrier frequency
	4GHz 


	BW
	10MHz

	Subcarrier spacing
	15kHz

	Channel model
	CDL-A with 300ns delay spread

	UE mobility
	3km per hour

	Number of TRPs
	2

	Pathloss offset of 2nd TRP
	0dB, -6dB

	Number of Tx antenna ports per TRP 
	2 

	Number of UE Rx antennas
	2

	Number of layers per TRP
	1

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

	Number RBs
	8

	Number of OFDM symbols
	4

	TBS size
	128bits, 256bits

	Modulation
	QPSK

	Channel estimation
	Practical

	PRG size
	2 RBs

	Receiver
	MMSE-IRC 

	Precoding
	Wideband, based on PMI feedback. For SDM schemes 1a and 1b, joint CSI feedback is used. 
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