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In this contribution, we consider the single-PDCCH based design for multi-TRP and discuss the case that total number of layers (across both TRP) are equal to or smaller than 4. Furthermore, we focus on the eMBB traffic / capacity use case in this contribution.
In Rel. 15, when number of layers is equal to or smaller than 4, always one CW is used for CW-layer mapping. CW-layer mapping has been discussed extensively in Rel. 15, and the decision to support one CW for 4 or smaller number of layers was made. The following reasons, among others, for such a decision can be mentioned:   
· The performance gain of using two or more CWs in this case was not enough to justify the additional amount of UL control ACK/NAK.
· Single-CW simplifies the mapping of the MAC layer TBs into the physical resources.
· Single-CW enables fast pipeline decoding at the receiver and low-latency applications.

We think that even in the case of multi-TRP (with single-PDCCH based design), this decision should not be altered. First, the simulation results provided in this contribution for eMBB show that the gap between single-CW and multi-CW MIMO in multi-TRP (even in the case of relatively large received power difference from the two TRPs) is small in the presence of rank adaption as discussed in more details in this contribution. Second, even when the same number of layers is forced to be used at each TRP, the gap between the performance of single-CW and multi-CW can be recovered to a large extend if different modulation orders can be assigned to different layers of a single CW. It should be noted that multi-TRP transmission with different modulation orders for transmission of the same TB by different TRPs is also beneficial for the case of URLLC / reliability as shown in [2] while multi-CW is not beneficial for increasing the reliability of a given TB. Third, CW-layer mapping is out of the scope of the WID [1]:
“
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
”
As it can be seen, for the non-URLLC use cases (first two sub bullets), only DL/UL control signaling (and possibly RS) enhancements are listed. Fourth, using two CWs for the case of multi-TRP can be naturally achieved with the multiple-PDCCH based design. 
Simulation Results
In this contribution, we compare the performance of the following three cases for multi-TRP in different scenarios:
· Single-CW with the same modulation order per layer.
· Single-CW allowing for different modulation order per layer.
· Two CWs. 

When different modulation order per layers is considered for single-CW, one effective code rate is used for encoding/decoding. For example, consider 2-layer transmission where the first layer comes from the first TRP and the second layer comes from the second TRP. If the first layer is mapped to modulation order  and coding rate  , and the second layer is mapped to modulation order  and coding rate  from spectral efficiency point of view, the resulting coding rate  for transmission of one CW can be calculated as 

Spectral efficiency and hence modulation order and code rate for each layer is calculated based on inner-loop (in this contribution, based on SRS reception at the TRPs) and outer-loop (correction based on HARQ-A feedback). Resulting coding rate is then calculated based on the formula above.   
For the case of two CWs, all the layers from the first TRP are mapped to the first CW, and all the layers from the second TRP are mapped to the second TRP. For example, if the first TRP transmit 
We consider the eMBB use case, where link adaptation is employed at the network side to achieve 10% first BLER. Number of RBs is fixed in all the schemes and it is set to 50 RBs with 30KHz SCS. To change the UE received power difference from the two TRPs, we consider different PL delta values. The CINR value in the x-axis of the following curves corresponds to the CINR value of the stronger TRP.
We assume 4 transmit antennas at each TRP, and 4 received antenna at the UE. Realistic DMRS and SRS channel estimation are performed. Odd slots are used for DL, while even slots are empty and only the last symbol of the even slots is used for SRS transmission and reciprocal DL beamforming. DL slots contain 12 symbols for PDSCH. 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. The detailed simulation assumptions are summarized in Table 1 and are aligned with the evaluation methodology agreements.
Below, we provide simulation results for two cases:
· Fixed number of layers per TRP, i.e., no rank adaptation.
· With rank adaptation.

Fixed Number of Layers per TRP
In this section, we provide simulation results with fixed number of layers per TRP. Two cases are considered: 1+1 and 2+2, where 1+1 means one layer from each of the TRPs and 2+2 means two layers from each of the TRPs. It should be noted that even though rank adaptation is not performed in this section, link adaptation is still performed with target first BLER of 10%.
Figures 1 shows the comparison between single-CW with the same modulation order per layer, single-CW allowing for different modulation order per layer, and two CWs cases for PL delta 3dB and 9dB for the case of 1+1. Figure 2 shows the same for the case of 2+2.
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Figure 1. 1+1 case; PL Delta between TRPs=3,9 dB. 
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Figure 2. 2+2 case; PL Delta between TRPs=3,9 dB. 

As it can be seen from Figures 1 and 2, when PL delta between the two TRPs is small (3dB in the figures above), there is not much difference between the single-CW and two CWs curves. As the PL delta between the two TRPs become larger (9dB in the figures above), and when number of layers per TRP is kept the same (in the absence of rank adaptation), there is roughly 2dB performance difference between single-CW with the same modulation order per layer and two CWs cases. However, even under this condition, most of the gains of the two CWs case are recovered when single-CW is used but we allow for different modulation order per layer.
Observation 1: When PL delta between the two TRPs is small, the throughput gains of using more than one CW for rank 4 or smaller is negligible compared to using single CW.
Observation 2: For large PL delta between the two TRPs and in the case of equal number of layers per TRP, there are some throughput gains of using two CWs compared to using single CW with the same modulation order per layer. However, most of the gains are recovered using single CW with different modulation order per layer.
With Rank Adaptation
In this section, we provide simulation results with rank adaptation. As mentioned, we focus on the case that total number of layers at the UE is equal to or smaller than 4, and therefore, the largest throughput among the following hypotheses is selected for the curves in this section: {1+1, 2+1, 1+2, 2+2, 3+1, 1+3}. For example, the hypothesis 3+1 means that 3 layers are transmitted from TRP 1 and 1 layer is transmitted from TRP 2.
Figure 3 shows the comparison between single-CW with the same modulation order per layer, single-CW allowing for different modulation order per layer, and two CWs cases for PL delta 3dB and 9dB.
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Figure 3. With rank adaptation; PL Delta between TRPs=3,9 dB. 

[bookmark: _Hlk534582566]As it can be seen from Figure 3, in the presence of rank adaptation, the gap between single-CW with the same modulation order and two CWs cases shrink even when PL delta between the two TRPs is large. The reason is that some of the link imbalance between the two TRPs can be compensated through proper rank adaptation mainly due to the per-TRP power constraint. For example, when the link imbalance (PL delta) between the two TRPs is large, the choice of 2+1 for rank adaptation results in 3dB larger transmit Tx power for the layer transmitted from TRP 2 compared to each of the two layers transmitted from TRP 1 because of per-TRP power constraint. This can compensate some of the link imbalance between the two TRPs in the case of using single CW. Furthermore, the relatively small gain of two CWs over single CW with the same modulation order per layer is recovered by using a single CW with different modulation order per layer.
Observation 3: In the presence of rank adaptation, the gap between single-CW with the same modulation order and two CWs cases shrink even when PL delta between the two TRPs is large. The relatively small gain of two CWs over single CW with the same modulation order per layer is recovered by using a single CW with different modulation order per layer.
Proposal 1: For multi-TRP with single-PDCCH based design, using one CW for CW-Layer mapping is enough for rank 4 or smaller.

Conclusion 
Observation 1: When PL delta between the two TRPs is small, the throughput gains of using more than one CW for rank 4 or smaller is negligible compared to using single CW.
Observation 2: For large PL delta between the two TRPs and in the case of equal number of layers per TRP, there are some throughput gains of using two CWs compared to using single CW with the same modulation order per layer. However, most of the gains are recovered using single CW with different modulation order per layer.
Observation 3: In the presence of rank adaptation, the gap between single-CW with the same modulation order and two CWs cases shrink even when PL delta between the two TRPs is large. The relatively small gain of two CWs over single CW with the same modulation order per layer is recovered by using a single CW with different modulation order per layer.
Proposal 1: For multi-TRP with single-PDCCH based design, using one CW for CW-Layer mapping is enough for rank 4 or smaller.
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Appendix
Table 1: Link-level simulation parameters and assumptions.
	Parameter
	Value

	Num TRPs 
	2

	PL Delta
	{3, 9} dB

	Frequency range
	FR1 (4GHz)

	SCS
	30KHz

	Channel
	TDL-C; 100ns RMS Delay Spread

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

	Relative delay of second TRP
	60 ns

	Num Tx_Ant at each TRP
	4

	Num UE Rx_Ant 
	4

	Num DMRS symbols
	1; Config Type 1 (no FDM with data)

	Channel estimation
	RMMSE

	MCS
	MCS index table 2 in 38.214 (CP_OFDM_256QAM)

	Num RBs
	50

	PRG size
	2

	Receiver
	MMSE-IRC

	Target first BLER
	10%

	Power constraint
	Per-Antenna and Per-TRP

	Precoding
	Per TRP and per PRG; Based on estimated SRS 
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