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1	Introduction
After the RAN #103-e meeting, the test scope has been further clarified, that is to introduce PDCCH requirement for multi-TRP repetition transmission scheme. Meanwhile, no additional PDSCH requirement for multi-TRP inter-cell operation are needed. 
	Issue 1-1-2: Whether to define PDSCH requirement for Multi-TRP inter-cell operation
Agreements:
· No PDSCH requirement for multi-TRP inter-cell operation for Rel-17 FeMIMO WI



Test setup for PDCCH requirement needs to be further discussed especially on the aggregation level and SNR setting for each TRP
In this contribution, we are going to share our views on all left open issues and provide our simulation results for information. 
2	Discussion
2.1 Test scope
During the last RAN4 #103-e meeting, it was agreed to introduce the PDCCH requirement for multi-TRP repetition transmission scheme. However, it is undetermined whether to consider the UE soft-combining. 
	Issue 1-1-1: Whether to define PDCCH requirement for multi-TRP repetition transmission schemes
Agreements:
· Introduce PDCCH requirements for multi-TRP repetition transmission
· Option 1: With UE soft-combining
· Option 2: Without UE soft-combining



Based on the RAN1’s discussion, there are four UE behavior assumptions considered:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2:   UE decodes individual PDCCH candidates
· Assumption 3:   UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4:  UE decodes each PDCCH candidate individually, and also decodes the combined candidate
According to the RAN1’s discussion, 2 BDs and 3 BDs are considered given the above, which may depend on UE capability and/or configuration.
Given the assumptions above, there are several possibilities and scenarios considering different UE reports and soft-combining assumptions. 
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On the assumptions, they were used for discussions and there was no agreement in RAN1 on which of those need to be supported. The common understanding is one of them would be implemented. A requirement with assuming no soft combining can only verify those UEs with assumption 2 and reported BD = 2. Because it is meaningless that UE reports BD = 3 but with no support on soft combining. 
From the analysis above we can conclude that introducing only one requirement with assumption of without soft-combining has its limitation on testing. However, introduce only one requirement with assumption of with soft-combining can cover all the possible assumed UE behaviors. 
Meanwhile, we also evaluated the performance of with and without soft-combining:
 [image: ]
Figure 2.1-1 Performance comparison between with and without soft-combining
From the figure above we can tell that there is a big performance gap between applying soft-combining or not. 
Observation 1: There is a big performance gap between applying soft-combining or not. 
In all, there will be two possible ways forward:
1. Introduce two different requirements for with and without soft combining, so that they can be applicable to all these 4 assumptions and also because there is big performance gap between with and without soft-combining.
2. Introduce one requirement (with soft combining) and no applicability rule, as it can cover all the possible assumptions and reported BD values. 

From our point of view, we prefer way forward 2 as it can cover all the scenarios and it is more straightforward. Way forward 1 is redundant because one requirement is enough for verifying the receiving of two PDCCHs from multi-TRPs. Another additional requirement is added also because there is a big performance difference between with and without soft-combining. 
In this case, we propose to introduce one PDCCH requirement with assuming UE doing soft-combining. 
Proposal 1: Introduce one PDCCH requirement for Multi-TRP repetition transmission schemes with assuming UE doing soft-combining
2.3 Test setup
As for the aggregation level, there are two candidates: AL = 2, AL = 4, which will be decided in this meeting by simulation results. 
	Issue 1-2-1: PDCCH requirement setup
Agreements:
· Aggregation level
· Option 1: AL=2
· Option 2: AL=4
· Decide aggregation level based on simulation results in next meeting.



Following are our simulation results for configuring AL = 2 and AL = 4:
[image: ]
Figure 2.2-1 PDCCH performance of different AL values
From the figure above we can observe that the SNR for achieve 1% BLER is too low with aggregation level AL=4 to define requirement. 
Observation 2: The SNR for achieving 1% BLER with aggregation level AL=4 is too low to define requirement.
In this case, we propose to consider AL = 2 to define performance requirement. 
Proposal 2: Consider AL = 2 to define performance requirement
Another open issue is the SNR setting for each TRP. There are two options within the discussion:
	· SNR setting for each TRP
· Option 1: Balance SNR (no blocking considered) 
· The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP
· Option 2: Blocked TRP testing
· Blocked TRP testing for Option 2 in Issue 1-1-1 (without UE soft-combining): Probability of blocking p=10% with X=10 dB blocking as a starting point 



The blocked TRP testing is more like a special scenario of PDCCH repetition feature when the channel to one TRP is blocked. 
The scenario of blocked TRP is more likely to happen in FR2 where signal to/from a TRP can easily be blocked. Since we only consider the performance requirement for FR1, the blocked TRP is not a possible scenario worth testing and defining requirement. Instead, balanced SNR is to be treated as normal case and it was considered previously in defining Rel-16 PDSCH requirements for Multi-TRP. 
Therefore, we propose to consider option 1: Balance SNR (no blocking considered) for defining performance requirement. 
Proposal 3: Consider balance SNR for each TRP.
3	Summary
In summary, we shared our views on the test scope for enhancement on multi-TRP. Here, we summarize our proposals:
Observation 1: There is a big performance gap between applying soft-combining or not. 
Proposal 1: Introduce one PDCCH requirement for Multi-TRP repetition transmission schemes with assuming UE doing soft-combining
Observation 2: The SNR for achieving 1% BLER with aggregation level AL=4 is too low to define requirement.
Proposal 2: Consider AL = 2 to define performance requirement
Proposal 3: Consider balance SNR for each TRP
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Annex
Simulation assumption for PDCCH repetition
Table 1: Parameter configurations
	Parameter 
	Value 

	
	FDD 15 kHz SCS 

	Repetition transmission schemes 
	FDM 

	CBW 
	10 MHz 

	CORESET RB 
	24 

	CORESET duration 
	2 

	Aggregation level 
	option 1: AL=2, option 2: AL=4 

	Propagation Condition 
	TDLA30-10 

	Antenna configuration 
	2x2, 2x4 

	CCE to REG mapping type 
	nonInterleaved 

	REG bundle size 
	6 

	Payload bits(without CRC) 
	39 

	Test metric 
	1% of Pm-dsg (%) 

	Operating SNR condition for selection AL 
	Option 1: SNR > [-4] dB 

	SNR setting for each TRP 
	· Option 1: Balance SNR 
· The SNRs for TRP #1 and TRP #2 are assumed to be balanced with a scaling factor of 1/sqrt(2) for the transmitted signal from each TRP 
· Option 2: Blocked TRP testing 
· Blocked TRP testing for Option 2 in Issue 1-1-1 (without UE soft-combining): Probability of blocking p=10% with X=10 dB blocking as a starting point  

	Time offset/Frequency offset for each TRP 
	· Same value as single-DCI PDSCH with FDM scheme as starting point 
· 15KHz SCS: timing offset =-0.5us, frequency offset=200Hz 
· 30KHz SCS: timing offset =-0.25us, frequency offset=300Hz 

	RB allocation 
	Option 1: Frequency non-overlapping 
Option 2: Frequency overlapping 

	Note: Reuse other test parameters of existing Rel-16 multi-DCI based on TRP transmission test case (Table 5.2.2.1.12-2) with different PCI for TP1 and TP2 
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