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Introduction
In previous RAN1 meetings, the topic of enhancing PDCCH reliability with multiple TRPs was raised and some evaluation results were presented by some companies (e.g. [1]).  But the topic was not treated so far and the performance gain with multi-TRP for PDCCH is not well understood in general. 
In this contribution, we present some preliminary results with three multi-TRP schemes for PDCCH transmission and compare them with single TRP transmission. 
Simulation Assumptions
Two TRPs are used in the simulation each with 2 Tx antennas. Downlink transmission at 4 GHz carrier frequency with 20MHz BW and 15 kHz sub-carrier frequency spacing is considered.  CDL-A channel model with 300ns channel delay spread was used. 4 Rx antennas are used at the UE.  
The schemes evaluated include:
· Single TRP, which is used as the baseline
· Multi-TRP:  CCE interleaving over two TRPs, in which a PDCCH in even numbered CCEs is transmitted on a first TRP and the rest is on a second TRP
· Multi-TRP:  PDCCH repetition over two TRPs with selection, in which the PDCCH is considered successfully decoded if any one repetition is decoded successfully and no soft combining is performed at the UE
· Multi-TRP:  PDCCH repetition over two TRP with soft combining at the UE, in which the resources for the two repetitions are linked and known to the UE
Figure 1 shows the PDCCH resource allocations for the four schemes. 24 RBs by 2 OFDM symbols were allocated to the CORESET(s).  For fairness, total 8 CCEs were used for all 4 schemes.  Thus, in case of PDCCH repetition, 4 CCEs were allocated for each PDCCH.  Continuous CCE to REG mapping was assumed.  Precoding is applied to each CCE with a procoder randomly drawn from the NR  2Tx codebook.  A DCI size of 39bits was used. In case of PDCCH repetition, the same DCI is carried in each repetition. Other simulation details can be found in the Appendix.


[bookmark: _Ref7728593]Figure 1: PDCCH resource allocations.
Evaluation Results
Both with and without blocking were evaluated. In case of blocking, each TRP would experience 10dB channel blocking at 5% of probability independently.  The results are shown in Figure 2 without blocking and Figure 3 with blocking.
It can be seen that without blocking, CCE interleaving and PDCCH repetition with soft combining schemes are very close, both outperform the single TRP scheme.  PDCCH repetition without soft combining is very similar to the single TRP scheme. This is probably due to the fewer CCEs used in each repetition. 
In case blocking is present, all three multi-TRP schemes outperform the single TRP scheme. Again, CCE interleaving and PDCCH repetition with soft combining schemes are very close, both also outperform PDCCH repetition without soft combining, but by a small margin though. 
[bookmark: _Toc16678015]Without blocking, CCE interleaving and PDCCH repetition with soft combining provide better BLER performance than single TRP.
[bookmark: _Toc16678016]With blocking, all three multi-TRP schemes provide better BLER performance than single TRP.

[bookmark: _Ref16676919]Figure 2: PDCCH performance with single and multi-TRP schemes without blocking.

[bookmark: _Ref16676926]Figure 3: PDCCH performance with single and multi-TRP schemes with 10dB channel blocking.
Conclusions
In this contribution, we have presented some preliminary evaluation results comparing some multi-TRP schemes for PDCCH with single TRP scheme. Based on the results, we have the following observations:
Observation 1	Without blocking, CCE interleaving and PDCCH repetition with soft combining provide better BLER performance than single TRP.
Observation 2	With blocking,  all three multi-TRP schemes provide better BLER performance than single TRP.
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Appendix:  Simulation Assumptions
	Parameters
	Value

	Carrier frequency
	4GHz 

	BW
	20MHz

	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

	Number of Tx antenna ports per TRP 
	2

	Number of UE Rx antennas
	4

	CORESETs
	24 RBs by 2 OFDM symbols

	Aggregation Level
	8 for single TRP and CCE interleaving
4 for PDCCH repetition

	DCI size
	39 bits 

	Channel estimation
	Practical

	Receiver
	MRC

	Precoding
	Random Per CCE 
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