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Introduction
The following agreement was achieved in RAN1 AH-1901 meeting regarding different schemes for reliability of PDSCH:
Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately

In this contribution, we provide simulation results to compare non-spec-transparent multi-TRP schemes (e.g., SDM / FDM schemes above) with spec-transparent multi-TRP schemes (e.g. SFN schemes). More performance evaluation results for comparison between different non-spec-transparent multi-TRP schemes and / or different possibilities for a given non-spec-transparent multi-TRP scheme can be found in our companion contribution [2].
Simulation Results
First, we focus on two SFN multi-TRP schemes in which closed-loop precoding is used for antennas within a TRP and open-loop precoding is used for cross-TRP (w/ or w/o cycling across TRPs). For the case of w/o cycling across TRPs, the signals from the two TRPs are combined over the air, and a combined signal is received at the UE. For the case of w/ cycling across TRPs, a different precoding (on top of the closed-loop precoding per TRP) is applied in different PRGs as illustrated in Figure 1, where P1 and P2 are the closed-loop precoding corresponding to the channel of TRP1 and TRP2, respectively, and the cycling across TRPs in four PRGs are , , , .   
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Figure 1. SFN scheme with cycling across the TRPs. 
In the simulations, for the closed-loop precoding, 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 (PRG size=2 RBs). Realistic channel estimation is performed at the network using SRS symbols.
As an upper bound, we also consider a multi-TRP coherent joint transmission (CJT) scheme in which a joint SVD is used across all the antennas belonging to both TRPs (8 total Tx antennas; 4 Tx antennas per TRP). It is important to note that this scheme is only provided for comparison, and in practice, it may not be achievable since it requires not only exact time / frequency synchronization, but also very precise phase coherence between the two TRPs.
We assume 4 transmit antennas at each TRP, and 4 received antenna at the UE. Realistic DMRS and SRS channel estimation are performed. For fair comparison between different schemes, TB size and resource size is the same for all the schemes. 4 OFDM symbols are used for PDSCH. For the simulation results in Figure 2, 8 RBs and 2 layers per TRP are used. PL delta of 0dB and 3dB are considered. Detailed simulation assumptions are summarized in Table 1. 
As illustrate in the simulation results in Figure 2, the closets scheme to the CJT scheme (upper bound) is the FDM scheme followed by the SDM scheme (the details of the SDM / FDM schemes are explained in [2]). SFN schemes are not performing as well as the non-spec-transparent schemes (FDM / SDM) especially at the tail. This is due to over the air combining of two separate closed-loop precoded signals as they can be combined destructively at the receiver. When cycling across TRPs is used, the performance becomes slightly better due to the diversity through different effective channels in different PRGs.
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Figure 2. Performance comparison of different schemes; PL Delta between TRPs=0,3 dB. 
Observation 1: Over the air combining (SFN) of two signals that are separately precoded based on channel information (i.e. closed-loop precoding) can lead to performance degradation specially at the tail. 
Next, we also consider a third SFN scheme in which closed-loop precoding is not used at all. Instead, precoding cycling across all 8 Tx antennas (from both TRPs) are used. In order to complete one cycle, 8 PRGs are required. Hence, for simulation results in Figure 3, 16 RBs are used (PRG size is 2 RBs). This scheme (shown in the figure as “mTRP-SFN (cycling across antennas)”) does not have the issue discussed above (over the air combining of two separate closed-loop precoded signals). However, the gains of closed-loop precoding cannot be realized in this scheme. On the other hand, the non-spec-transparent schemes can benefit from closed-loop precoding for the antennas within a TRP. 
As it can be seen from Figure 3, the FDM scheme is the closets scheme to the CJT scheme (upper bound). Furthermore, the SFN scheme with cycling across antennas has a better slop compared to the other SFN schemes. Also, two single-TRP schemes (one with SVD-type of precoding and another with cycling across antennas) are shown for comparison. Simulation assumptions for Figure 3 are the same as those of Figure 2 (summarized in Table 1) except that 16 RBs and rank 1 transmission are considered.
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Figure 3. Performance comparison of different schemes; PL Delta between TRPs=0,3 dB. 

Observation 2: SFN scheme based on precoding cycling across all antennas cannot benefit from closed-loop precoding within antennas of a TRP while non-spec-transparent multi-TRP schemes (such as FDM) achieve better performance than SFN schemes.
Conclusion 
Observation 1: Over the air combining (SFN) of two signals that are separately precoded based on channel information (i.e. closed-loop precoding) can lead to performance degradation specially at the tail.
Observation 2: SFN scheme based on precoding cycling across all antennas cannot benefit from closed-loop precoding within antennas of a TRP while non-spec-transparent multi-TRP schemes (such as FDM) achieve better performance than SFN schemes.
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Appendix
Table 1: Link-level simulation parameters and assumptions.
	Parameter
	Value

	Num TRPs 
	2

	PL Delta
	{0, 3} dB

	Frequency range
	FR1 (4GHz)

	SCS
	30KHz

	Channel
	TDL-C; 100ns RMS Delay Spread

	Doppler
	111 Hz (corresponding to UE speed of 30km/h in 4GHz)

	Relative delay of second TRP
	60 ns

	Num Tx_Ant at each TRP
	4

	Num UE Rx_Ant 
	4

	Num Layers per TRP
	[bookmark: _GoBack]2 (for Figure 2) and 1 (for Figure 3)

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

	Channel estimation
	RMMSE

	MCS
	8 (MCS index table 1 in 38.214)
For SDM scheme, MCS 4 is used to keep TBS the same

	Num RBs
	8 (for Figure 2) and 16 (for Figure 3).

	PRG size
	2

	Receiver
	MMSE-IRC

	Power constraint
	Per-Antenna and Per-TRP

	Precoding
	Per PRG; Based on estimated SRS (for closed-loop precoding)





8/8
image1.png
TRP 1 TRP 2

@D )
N

HI'PI+H2'P2  } PRG1
HIP1+H2'P2  } PRG2
HIPIHZP2  } PRG3
H1*P1-"H2"P2 } PRG4




image2.png
BLER

SIM_TAG=Delta=3 dB.

9 SIM_TAG=Delta=0 dB. 9
10 T T T T 10 T
=#=Single TRP =#=Single TRP
=#=mTRP-SFN (SVD per TRP, cycling across TRPs) =#=mTRP-SFN (SVD per TRP, cycling across TRPs)
=#=mTRP-CJT (joint SVD) =#=mTRP-CJT (joint SVD)
=# mTRP-SFN (SVD per TRP w/o cycling across TRPs) =% mTRP-SFN (SVD per TRP w/o cycling across TRPs)
10 =#=DPS 4 101 =#=DPS H
~#=mTRP-FDM (Scheme 2) ~#=mTRP-FDM (Scheme 2)
=#=mTRP-SDM (Scheme 1) =#=mTRP-SDM (Scheme 1)
%)
i
107¢ 1 Yot 4
[a1]
10°F 1 1% ]
‘0
o
...
0
-4 -4 s
10 10
-2 10 -2 2 4 6 8

CINR (dB)

CINR (dB)

10




image3.png
SIM TAG Delta 0 dB.

SIM TAG Delta 3 dB.

10° iy T T 100 v r r
-O-Slngle TRP, SVD -O-Slngle TRP, S\/D
=# Single TRP, cycling =# Single TRP, cycling
=#=mTRP-SFN (cycling across antennas) =#=mTRP-SFN (cycling across antennas)
=#=mTRP-SFN (SVD per TRP, cycling across TRPs) =#=mTRP-SFN (SVD per TRP, cycling across TRPs)
10 =#=mTRP-CJT (joint SVD) ! 107k =#=mTRP-CJT (joint SVD) )
=# mTRP-SFN (SVD per TRP w/o cycling across TRPs) =# mTRP-SFN (SVD per TRP w/o cycling across TRPs)
~#=mTRP-FDM (SVD per TRP) ~#~mTRP-FDM (SVD per TRP)
- .
% 14
4102 F 1 B2t
@ s
.
“'
W30 4 3L "
10 10 ‘.‘
“‘!
, s
104 : 10% ! ! ) !
-6 -4 -6 -4 -2 0 2 4 6





