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1   Background
During RAN4#94-e-bis meeting, the demodulation performance requirements for multi-DCI based multi-TRP transmission under NR Rel-16 eMIMO WI were discussed [1~2], some agreement were reached, but still with many open issues for further discussion.
In this contribution, we would like to share our views on those open issues and give our proposals. 
2   Discussion
2.1   Test setup
PDSCH resource allocation
During the discussion on multi-TRP resource allocation schemes in last meeting, companies had different views on whether to introduce other scheduling schemes except non-overlapping for multi-DCI based PDSCH requirements. Candidate options that referred to agreed WF [1] are listed as follows:

	· Whether to define PDSCH requirements for other scheduling schemes

· Option 1: at least partial overlapping

· Option 1a: Both partial overlapping and full-overlapping 

· Option 2: only non-overlapping 

· Option 3: Non-overlapping and full-overlapping if no requirements for single-DCI based multi-TRP will be introduced, Otherwise only non-overlapping 

· Option 4: Non-overlapping and partial overlapping if overlapping requirements for single-DCI based on multi-TRP will be introduced, Otherwise both partial and full-overlapping 


Non-overlapping is the most typical scenario under non-ideal backhaul condition.
For full-overlapping or partial-overlapping, advanced receiver for UE is expected to be considered for cancellation of inter-layer interference to obtain better performance. While at this stage companies have not touched the discussion of advanced receiver for such scenario, it will be difficult for implementing tests and simulation results alignment. Considering the limited time slot for NR eMIMO WI, investigation and discussion on advanced receiving process is rather challenging, separate new WI proposal for different advance receivers were proposed by companies, the specific scenarios and detailed simulation assumptions need to figure out, it is not needed to discuss it in this WI. Also very limited performance gain can be observed for full-overlapping and partial-overlapping.
Furthermore, there is no need for covering all of the scheduling schemes in multi-DCI based PDSCH test case. If RAN4 agrees to define PDSCH performance requirements for single-DCI based multi-TRP transmission, the full-overlapping resource allocation will be covered naturally.
Proposal 1: Option 2, i.e. Define multi-DCI based PDSCH requirements only for non-overlapping scheduling 
UE rate-matching behavior
	· UE rate-matching behavior 

· FFS on define PDSCH requirement for UE rate-matching around a configured CRS pattern


As for the UE rate-matching behavior, it is indicated to rate match around configured CRS patterns that optionally are associated with a higher layer signaling index per CORESET(if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index. This feature is to configure CRS pattern list for each TRP and do the rate matching on each PDSCH transmitted by different TRPs. There will be no essential difference in rate matching from demodulation process for different rate-matching pattern.
Besides, this feature it is agreed to be optional with separate UE capability signaling, we prefer not to define PDSCH requirement for this optional feature.

Proposal 2: Not to define PDSCH requirement for UE rate-matching around a configured CRS patterns.

2.2   Parameter configurations
As companies agreed to define requirement for multi-DCI based non-overlapping PDSCH, here we share our views and proposals for this specific test case. 
Number of HARQ process
In last meeting, companies have reached following agreements and left the HARQ number for TDD open:

	· FR1

· FDD (15KHz SCS):  4

· TDD (30KHz SCS)

· Option 1:  The total number of HARQ process should be limited and not larger then 16 

· TDD (30KHz SCS) 7DS2U : 8; 8+8=16


The HARQ processes for two TRPs should be different and independent, the total number of HARQ process should be limited considering the UE capability. For TDD 30kHz SCS, same TDD pattern of 7DS2U as NR Rel-15 PDSCH performance requirements was agreed [1], based on our analysis, at least 8 HARQ processes should be used for each TRP:
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Proposal 3: Configure 8 HARQ processes for each TRP with TDD 30kHz SCS with TDD pattern 7DS2U, FR1
Timing offset configuration 
In last meeting, companies agreed to further study the suitable upper bounds on propagation delay difference. Here are the options listed in the agreed WF [1] for a starting point of investigation:

	· FR1  FDD (15KHz SCS)

· Positive upper bound

· Option 1:  [2] us

· Other options are not precluded

· FFS on Negative upper bound

· FR1  TDD (30KHz SCS)

· Positive upper bound

· Option 1:  [1] us

· Option 2: [2] us

· Other options are not precluded

· FFS on Negative upper bound


Timing and frequency offset setting should be differentiated as per different SCS. In last meeting, companies agreed on defining timing offset between two TRPs and ensure all paths from TRPs are within CP.

	· Timing offset configuration 

· Define with timing offset between two TRPs, the timing offset setting should be ensured that all paths from TRPs are within CP 

· FFS on Set timing offset by scaled with SCS   [image: image2.png]At = 27HAt,






We think we can follow the value defined in LTE and then scale it by SCS.

TO = 2us for 15 kHz SCS, and TO = 1us for 30 kHz SCS. 
What we see is that negative upper bound may be not needed since there is no such concept of primary and secondary TRP differentiation in multi-TRP for eMIMO. Thus, we would propose to only consider positive upper bound,
Proposal 4: Not consider negative timing offset, and set timing offset by scaled with SCS [image: image3.png]At = 27HAt,



, TO = 2us for 15 kHz SCS, and TO = 1us for 30 kHz SCS
TCI state 

During RAN4#94-e-Bis meeting, TCI state configuration and QCL-info were agreed [1], SSB #0 is assumed, here we would like to further confirm our understanding that it means that all multi-TRP are transmitting the same SSB, additionally TCI #1 associated with TRS1 and TCI #2 associated with TR2 for two different TRPs are configured, UE needs to track 2 active TCI states of TCI #1 and TCI #2 at the same time, also it assumes that the TCI state for PDSCH is identical to the TCI state applied for PDCCH by not configuring tci-PresentInDCI.
Proposal 5: Two TRPs are assumed with transmission the same SSB, UE tracks 2 active TCI states with the assumption that PDSCH has the same TCI state as PDCCH.
Frequency offset configuration 

In last meeting, companies agreed to further study the suitable frequency offset configuration with considering [0.1] ppm frequency error. Here are the values listed in the agreed WF [1] for a starting point of investigation:

	· Frequency offset configuration 

· FFS on set frequency offset by scaled with SCS

· Study suitable frequency offset configuration with considering [0.1]ppm frequency error. The following values can be used a starting point

· FR1

· FDD (15KHz SCS) :  

· Option 1: 200 Hz

· Option 2: 300Hz

· Other options are not precluded

· TDD (30KHz SCS):  

· Option 1 :300 Hz

· Option 2: 600 Hz

· Other options are not precluded


Considering the typical Band n1 and n3 for 15kHz SCS, Band n41 and n78 for 30kHz SCS, and 0.1ppm frequency error, it is suitable to set FO=200Hz for 15kHz SCS and FO=300Hz for 30kHz SCS, no need to scale the frequency offset with SCS.
Proposal 6: No need to set the frequency offset by scaled with SCS, set FO = 200Hz for 15 kHz SCS and FO = 300Hz for 30 kHz SCS.
Test configurations
The existing NR Rel-15 PDSCH test configurations should be reused as much as possible, also consider the multi-DCI based multi-TRP specific features, such as antenna ports, we propose to use the following additional test configurations except those agreed ones:
· PDSCH configuration for each TRP

· PDSCH resource mapping type: Type A

· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1

· Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers
· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs
· Starting symbol (S): 2

· Time duration (L): 12
· Frequency domain: half of the maximum bandwidth by indicating the start resource block 
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· PDCCH configuration
· K0 = 0

· AL = 8
Proposal 7: Agree the following additional test parameters for PDCCH and PDSCH for non-overlapping resource allocation :
· PDSCH configuration for each TRP

· PDSCH resource mapping type: Type A

· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1

· Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers

· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs

· Starting symbol (S): 2

· Time duration (L): 12

· Frequency domain: half of the maximum bandwidth by indicating the start resource block 
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· PDCCH configuration
· K0 = 0

· AL = 8
3   Proposals
In this contribution, we share our views on the multi-DCI based PDSCH performance requirements and give our proposals on left open issues for parameter configurations. 
Based on the analysis above, we propose the following:

Proposal 1: Option 2, i.e. Define multi-DCI based PDSCH requirements only for non-overlapping scheduling 

Proposal 2: Not to define PDSCH requirement for UE rate-matching around a configured CRS patterns.

Proposal 3: Configure 8 HARQ processes for each TRP with TDD 30kHz SCS with TDD pattern 7DS2U, FR1

Proposal 4: Not consider negative timing offset, and set timing offset by scaled with SCS [image: image8.png]At = 27HAt,



, TO = 2us for 15 kHz SCS, and TO = 1us for 30 kHz SCS
Proposal 5: Two TRPs are assumed with transmission the same SSB, UE tracks 2 active TCI states with the assumption that PDSCH has the same TCI state as PDCCH.
Proposal 6: No need to set the frequency offset by scaled with SCS, set FO = 200Hz for 15 kHz SCS and FO = 300Hz for 30 kHz SCS.
 Proposal 7: Agree the following additional test parameters for PDCCH and PDSCH for non-overlapping resource allocation :

· PDSCH configuration for each TRP

· PDSCH resource mapping type: Type A

· Resource allocation type: Type 1
· DM-RS: DM-RS configuration type 1 with single-symbol DM-RS: 1+1

· Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers

· Antenna ports indexes: such as {1000,1001} and {1002,1003}, i.e. different CDM groups for two TRPs

· Starting symbol (S): 2

· Time duration (L): 12

· Frequency domain: half of the maximum bandwidth by indicating the start resource block 
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· PDCCH configuration
· K0 = 0

· AL = 8
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5   Appendix 

Summary of on-going discussed parameters and their candidate configurations for multi-DCI based PDSCH requirements.
Agreements marked as green and undetermined marked as yellow.
Table 5-1 Initial simulation assumption for multi-DCI based PDSCH for non-overlapping
	Parameter
	Unit
	Test 1.1
	Test 1.2

	Bandwidth
	MHz
	10

	Subcarrier spacing
	kHz
	15
	30

	Duplex Mode
	
	FDD
	TDD

	PDSCH transmission mode
	
	TM10

	Propagation channel
	
	

	Antenna configuration
	
	
	

	Layer combination configuration
	
	2+2 for 2Rx and 4Rx

	Number of HARQ process
	
	4
	16

	Scheduling schemes
	
	Option 2: only non-overlapping 



	PDSCH resource mapping type
	
	Type A

	Resource allocation type
	
	Type 1

	DMRS configuration 
	
	Type 1 with single-DMRS 1+1

	Starting symbols
	
	2

	Time duration
	
	12

	Frequency domain
	
	half of the maximum bandwidth by indicating the start resource block RBstart, the allocated resource blocks LRBs

	Timing offset
	us
	

	Frequency offset
	Hz
	

	PDCCH configuration
	Symbols for PDCCH
	
	

	
	Number of PRB
	
	

	
	K0
	
	

	
	AL
	
	

	Note 1:
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