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1   Background
As per the approved WF [1~2], the demodulation performance requirements for multi-DCI based multi-TRP transmission under NR Rel-16 eMIMO WI were discussed, the following agreements were reached:

· Define PDSCH requirement scheduled by multi-DCI based multi-TRP/Panel transmission
· Define PDSCH performance requirements for non-overlapping resource allocation
But still many open issues are listed for further discussion, in this contribution, we share our views on those listed open issues and some other issues not discussed in RAN4#94-e.

2   Discussion

PDSCH resource allocation: three types of full/partial/non-overlapping resource allocation types for PDSCH under multi-DCI based scheduling for multi-TRP transmission. Non-overlapping was agreed in last RAN4 meeting. Whether additionally define PDSCH performance requirements for full-overlapping and partial overlapping is still FFS. If a UE can support full-overlapping, it definitely can support partial overlapping, partial overlapping is the mixture of full-overlapping and non-lapping and is not typical resource allocation mode. Non-overlapping resource allocation type is the most typical mode under non-ideal backhaul condition. If there is any overlapping, whatever it is partial or full overlapping, serious interference cancellation in the overlapped part needs to be considered, if interference can be cancelled very well, then full-overlapping scheme has higher resource utilization compared to partial overlapping and non-overlapping, but to cancel the interference, full information about PDSCH scheduling information from another TRP is needed, some kind of advanced receiver needs to considered, it is hard to ensure complete full-overlapping resource allocation under non-ideal backhaul, some further detailed discussion and evaluations are needed, we prefer that non-overlapping should give higher priority and full-overlapping can be studied later after non-overlapping related performance requirements are finalized. 
Proposal 1: Focus on non-overlapping PDSCH resource allocation scheme only at the current stage. 
PDSCH decoding: Considering the two TRPs cannot coordinate dynamically in non-ideal backhaul, independent multi-DCI schedule the PDSCH dynamically, independent decoding should be assumed for the minimum PDSCH performance requirements definition.

From non-ideal backhaul point of view, scheduling decisions cannot be coordinated timely, UE can decode each PDSCH separately by deriving the full scheduling information from the corresponding PDCCH and does not need to wait to detect another PDCCH for decoding PDSCH. i.e. separate decoding for two PDSCH scheduled by separate DCI. Joint decoding maybe has better performance than separate, but it is based on certain assumption that UE have the full scheduling information from two PDCCH.
Proposal 2: Separate decoding of each PDSCH scheduled by multi-DCI should be assumed for PDSCH performance requirements definition. 

HARQ-ACK feedback: As per the UE feature list for NR-eMIMO discussion [3], support of separate HARQ-ACK and joint HARQ-ACK feedback are based on UE capability, also it belongs to the test setup and does not impact the demodulation performance requirements definition, RAN4 should not mandate the specific HARQ-ACK feedback mode.
Proposal 3: Both separate and joint HARQ-ACK feedback mode can be used in the test setup based on UE capability.
HARQ: 
· The HARQ processes for two TRPs should be different and independent, the total number of HARQ process should be limited considering the UE capability. 

Proposal 4: The total number of HARQ process should be limited and not larger than 16.
Timing and frequency offset: Timing and frequency offset setting should be differentiated as per different SCS.

· Timing offset: by following LTE setting, 3us for 15kHz SCS, 1.5us for 30kHz SCS

· Frequency offset: by following LTE setting: 300Hz for 15kHz SCS, 600Hz for 30kHz SCS
Proposal 5: Set the timing and frequency offset as per different SCS
· Timing offset: by following LTE setting, 3us for 15kHz SCS, 1.5us for 30kHz SCS

· Frequency offset: by following LTE setting: 300Hz for 15kHz SCS, 600Hz for 30kHz SCS
UE rate-matching behavior: As per RAN1 UE feature list discussion for NR eMIMO [3], it is optional feature for UE supporting NR eMIMO, we prefer not consider it for the PDSCH performance requirements definition for the multi-DCI based multi-TRP transmission.
Proposal 6: Not consider UE rate match around a configured CRS patterns.
Scrambling sequences: to ensure PDSCH performance, different scrambling sequences for PDSCH scheduled by different DCIs should be configured.

TRS/CSI-RS configuration:
Company suggest to consider scenario that TRS/CSI-RS collision between 2 TRP. From our point of view, we do not think that this is a typical configuration in multi-DCI based multi-TRP transmission. The TRS/CSI-RS can be configured separately to avoid less interference as much as possible. The interference mainly comes from the resource allocated for data from another TRP under full/partial overlapping, it is not necessary additionally to consider TRS/CSI-RS collision.

Proposal 7: Not consider scenario that TRS/CSI-RS collision between 2 TRPs.
PDCCH test configurations
· PDCCH scheduling: with/without CORESET pool index configured.
As per core specification, the default value setting is without CORESETPoolIndex, UE assume CORESETPoolIndex as 0 that is for single TRP transmission. With multi-DCI based scheduling, two explicit CORESETPoolIndex with value 0 and 1 need to be configured for each TRP respectively.
· CORESET configuration for two TRPs:

Two TRPs transmit two PDCCH independently in TDM/FDM manner, although the total number of CORESET per PDCCH-config is increased to 5 and subject to UE capability, for one TRP, the number of CORESET is till up to 3 that is same as Rel-15, RAN4 agreed not to define both multi-PDCCH and single-PDCCH related performance requirements for eMIMO WI, to simplify the test setup, configuration of one CORESET per TRP should be used with FDM configuration of half bandwidth and 2 symbols in time domain.
Proposal 8: Configure two CORESETPoolIndex with value 0 and 1, each CORESETPool contains one CORESET for one TRP PDCCH scheduling,  with symbol #0 and #1 in time domain and FDMed half bandwidth respectively.
PDSCH test configurations
CBW/SCS/TDD pattern: By following NR Rel-15 performance requirements definition, the following SCS and channel bandwidth should be considered: 

· FR1 FDD: 10MHz / 15kHz SCS

· FR1 TDD: 40MHz / 30kHz SCS, TDD pattern 7DS2U, S=6:4:4
Antenna configuration: 2x2 and 2x4 and/or 4x2, 4x4 for FR1 depends on the specific MIMO layers
Layer combination: 2+2.  From PDSCH demodulation point of view, no difference compared to Rel-15 for layer mapping, it is not necessary to cover all possible layer combinations. 
Proposal 9: Consider both 2x2 and 2x4 antenna configuration with layer combination 2+2 for the following CBW/SCS/TDD patterns:
· FR1 FDD: 10MHz / 15kHz SCS

· FR1 TDD: 40MHz / 30kHz SCS, TDD pattern 7DS2U, S=6:4:4
Test configurations for PDSCH with Non-overlapping
· PDCCH configuration

· CORESETPoolIndex = 0, 1, each with one CORESET configured for each PDCCH
· Symbols for PDCCH: 0, 1

· Number of PRB: Half of the channel bandwidth with contiguous RB allocation and non-interleaved CCE-to-REG mapping

· K0 = 0

· AL = 8
· 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 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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· Layer combination: 2+2
· Number of HARQ process:

· FDD 15kHz SCS: 4
· TDD 15kHz SCS: DDDSU with 8 -> 6, 6+6=12 HARQ processes
· TDD 30kHz SCS: 7DS2U with 8, as per the current configuration, it will be 8+8=16 HARQ processes.
· Time offset and frequency offset: 

· Timing offset: 3us for 15kHz SCS, 1.5us for 30kHz SCS

· Frequency offset: 300Hz for 15kHz SCS, 600Hz for 30kHz SCS

3   Proposals
In this contribution, we share our views on PDSCH performance requirements with multi-DCI based multi-TRP transmission, and our proposals are:

Proposal 1: Focus on non-overlapping PDSCH resource allocation scheme only at the current stage. 

Proposal 2: Separate decoding of each PDSCH scheduled by multi-DCI should be assumed for PDSCH performance requirements definition. 

Proposal 3: Both separate and joint HARQ-ACK feedback mode can be used in the test setup based on UE capability.
Proposal 4: The total number of HARQ process should be limited and not larger than 16.

Proposal 5: Set the timing and frequency offset as per different SCS
· Timing offset: by following LTE setting, 3us for 15kHz SCS, 1.5us for 30kHz SCS

· Frequency offset: by following LTE setting: 300Hz for 15kHz SCS, 600Hz for 30kHz SCS
Proposal 6: Not consider UE rate match around a configured CRS patterns.
Proposal 7: Not consider scenario that TRS/CSI-RS collision between 2 TRPs.
Proposal 8: Configure two CORESETPoolIndex with value 0 and 1, each CORESETPool contains one CORESET for one TRP PDCCH scheduling,  with symbol #0 and #1 in time domain and FDMed half bandwidth respectively.
Proposal 9: Consider both 2x2 and 2x4 antenna configuration with layer combination 2+2 for the following CBW/SCS/TDD patterns:

· FR1 FDD: 10MHz / 15kHz SCS

· FR1 TDD: 40MHz / 30kHz SCS, TDD pattern 7DS2U, S=6:4:4
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