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1	Introduction
RAN1 has introduced one multi-DCI based transmission scheme and 5 single-DCI based transmission schemes as shown in Table 1 and RAN4 has agreed to define at least PDSCH with multi-DCI based scheme and single-DCI based SDM scheme. 
[bookmark: _Ref47426375]Table 1	Multi-TRP transmission schemes in traduced in NR eMIMO WI. 
	Transmission scheme
	Description

	Multi-DCI based scheme
	· Each DCI can schedule PDSCH independently. 

	Single-DCI based SDM scheme
	· Transmit one or two transport blocks.
· Two TCIs from different TRP can schedule different set of layers, e.g., layer 0 from TRP#0 and layer 1 from TRP#1.
· Two PDSCH symbols are fully-overlapped in frequency and time domain.

	Single-DCI based FDM Scheme A
	· Single PDSCH transmission occasion for one transport block scheduled with a single redundancy version.
· Some PDSCH PRBs from TRP#0, other PDSCH PRBs from TRP#1. They are non-overlapped in frequency domain, but overlapped in time domain.  

	Single-DCI based FDM Scheme B
	· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· PDSCH from different TRPs are non-overlapped in frequency domain but overlapped in time domain.
· Subject to UE capability, UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based TDM Scheme A
	· Subslot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain. 
· Two PDSCH transmission occasions for one transport block each scheduled with two redundancy versions.
· UE can combine PDSCH symbols from two PDSCH transmission occasions.

	Single-DCI based inter-slot TDM
	· Slot-based TDM, i.e., PDSCH from two TRPs are non-overlapped in time domain but overlapped in frequency domain.
· The number of repetitions is configured by RepNumR16.
· Multiple PDSCH transmission occasions for one transport block scheduled with up to four redundancy versions.
· UE can combine PDSCH symbols from multiple PDSCH transmission occasions.



RAN4#96-e agree with the WF on PDSCH demodulation requirements for multi-DCI based and single-DCI based SDM transmission [1]. This contribution discusses the remaining open issues on mDCI/sDCI-based SDM transmission schemes.  
2	Discussion
2.1	Number of test cases

	Number of test cases for single-DCI/multi-DCI
· Test 1b Single-DCI with positive time offset and overlapping scheduling.
· Test 2a Multi-DCI with frequency offset and negative time offset and non-overlapping scheduling
· FFS on Test 1a Single-DCI with frequency offset and negative time offset and overlapping scheduling.
· Applicability rule:
· Option 1 (If Test 1a will be defined):
· If UE only supports single-DCI based multi-TRP transmission for eMBB, it should be tested with test case 1a and test case 1b
· If UE can support both single-DCI and multi-DCI for eMBB, it should be tested test 2a and test 1b
· Interested companies are encouraged to provide simulation results next meeting for tests 1a, 1b and 2a.




We think the options proposed in WF [1] is a good compromise to keep the total number of test cases and verify several FO/TO settings.
Proposal 1: RAN4 defines three test cases with the following applicability rule:
If UE supports single-DCI based SDM transmission scheme (i.e., singleDCI-SDM-scheme) but not support multi-DCI based SDM transmission scheme (i.e., multiDCI-MultiTRP), it should be tested with test case 1a and test case 1b. 
If UE supports both single-DCI based SDM transmission scheme (i.e., singleDCI-SDM-scheme) and multi-DCI based SDM transmission scheme (i.e., multiDCI-MultiTRP), it should be tested test 1b and test 2a.
Test 1a/1b/2a is given as follows: 
· Test 1a: Single-DCI SDM with frequency offset, with negative time offset, and overlapping scheduling.
· Test 1b: Single-DCI SDM without frequency offset, with positive time offset, and overlapping scheduling.
· Test 2a: Multi-DCI SDM with frequency offset, with negative time offset, and non-overlapping scheduling

2.2	PDSCH FRC for mDCI/sDCI-based SDM transmission schemes
According to TS38.101-4 A.1.1, throughput is defined as follows:
The throughput values defined in the measurement channels specified in Annex A, are calculated and are valid per codeword. For multi-codeword transmissions, the throughput referenced in the minimum requirements is the sum of throughputs of all codewords
For multi-DCI based transmission, each DCI schedules the different codeword, and RAN4 agreed to allocate half of PRBs from one DCI and the rest of PRBs from another DCI. Therefore RAN4 need to define new FRC for multi-DCI transmission, where FDD case allocates 26PRBs and TDD case allocates 53PRB for each DCI.  
Another difference from Rel-15 PDSCH requirement is the number of TRS configurations. In Rel-15, RAN4 assumes one TRS configuration but Rel-16 multi-TRP transmission requirements require two TRS configurations. It means we also need to configure 2 sets of TRS configurations, and it requires new FRC for single-DCI based SDM schemes also.
Proposal 2: Introduce new FRC for multi-DCI based SDM transmission requirements with 26PRB per codeword for FDD and with 53PRB per codeword for TDD. It also configures two TRS configurations every 20ms. 
Proposal 3: Introduce new FRC for single-DCI based SDM transmission requirements with two TRS configurations every 20ms. 
We also propose to schedule PDSCH in the TDD special slots as same as the existing PDSCH rank 2 test cases. 
Proposal 4: Schedule PDSCH in the TDD special slots.
Table 2 and Table 3 give our proposals for FRC, where we assume
· R.PDSCH.1-3.2 FDD: used for single-DCI based SDM schemes in FDD
· R.PDSCH.1-3.3 FDD: used for multi-DCI based SDM schemes in FDD
· R.PDSCH.2-3.2 TDD: used for single-DCI based SDM schemes in TDD
· R.PDSCH.2-3.3 FDD: used for multi-DCI based SDM schemes in TDD

[bookmark: _Ref52543429]Table 2	Proposed FDD FRCs for single DCI and multi-DCI based SDM transmissions
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.1-3.1 FDD
	[R.PDSCH.1-3.2 FDD]
	[R.PDSCH.1-3.3 FDD]
	
	

	Channel bandwidth
	MHz
	10
	10
	10
	
	

	Subcarrier spacing
	kHz
	15
	15
	15
	
	

	Number of allocated resource blocks
	PRBs
	52
	52
	26
	
	

	Number of consecutive PDSCH symbols
	
	12
	12
	12
	
	

	Allocated slots per 2 frames
	Slots
	19
	19
	19
	
	

	MCS table
	
	64QAM
	64QAM
	64QAM
	
	

	MCS index
	
	19
	19
	19
	
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	
	

	Target Coding Rate
	
	0.51
	0.51
	0.51
	
	

	Number of MIMO layers
	
	2
	2
	2
	
	

	Number of DMRS REs
	
	12
	12
	12
	
	

	Overhead for TBS determination
	
	0
	0
	0
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 10, 11
	
	39936
	37896
	18960
	
	

	  For Slots i = 1,…, 9, 12, …, 19
	Bits
	42016
	42016
	21000
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 1,…, 19
	Bits
	24
	24
	24
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slot i = 0
	CBs
	N/A
	N/A
	N/A
	
	

	  For Slots i = 1,…, 19
	CBs
	5
	5
	3
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slot i = 0
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 10, 11
	Bits
	78624
	74800
	37440
	
	

	  For Slots i = 1,…, 9, 12, …, 19
	Bits
	82368
	82368
	41184
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	39.707
	39.503
	18.216
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames



[bookmark: _Ref52543430]Table 3	Proposed TDD FRCs for single DCI and multi-DCI based SDM transmissions
	Parameter
	Unit
	Value

	Reference channel
	
	R.PDSCH.2-3.1 TDD
	[R.PDSCH.2-3.2 TDD]
	[R.PDSCH.2-3.3 TDD]
	
	

	Channel bandwidth
	MHz
	40
	40
	40
	
	

	Subcarrier spacing
	kHz
	30
	30
	30
	
	

	Allocated resource blocks
	PRBs
	106
	106
	53
	
	

	Number of consecutive PDSCH symbols
	
	
	
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	4
	4
	4
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	
	12
	12
	12
	
	

	Allocated slots per 2 frames
	
	31
	31
	31
	
	

	MCS table
	
	64QAM
	64QAM
	64QAM
	
	

	MCS index
	
	19
	19
	19
	
	

	Modulation
	
	64QAM
	64QAM
	64QAM
	
	

	Target Coding Rate
	
	0.51
	0.51
	0.51
	
	

	Number of MIMO layers
	
	2
	2
	2
	
	

	Number of DMRS REs
	
	
	
	
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	
	6
	6
	6
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	
	12
	12
	12
	
	

	Overhead for TBS determination
	
	0
	0
	0
	
	

	Information Bit Payload per Slot 
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 20, 21
	Bits
	83976
	77896
	38936
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	27144
	27144
	13576
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,19,22,…,39}
	Bits
	83976
	83976
	42014
	
	

	Transport block CRC per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	24
	24
	24
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6}for i from {1,…,39}
	Bits
	24
	24
	24
	
	

	Number of Code Blocks per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	CBs
	N/A
	N/A
	N/A
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	CBs
	4
	4
	2
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,39}
	CBs
	10
	10
	5
	
	

	Binary Channel Bits Per Slot
	
	
	
	
	
	

	  For Slots 0 and Slot i, if mod(i, 10) = {8,9} for i from {0,…,39}
	Bits
	N/A
	N/A
	N/A
	
	

	  For Slots i = 20, 21
	Bits
	160272
	152640
	76320
	
	

	  For Slot i, if mod(i, 10) = 7 for i from {0,…,39}
	Bits
	53424
	53424
	26712
	
	

	  For Slot i, if mod(i, 10) = {0,1,2,3,4,5,6} for i from {1,…,19,22,…,39}
	Bits
	167904
	167904
	83952
	
	

	Max. Throughput averaged over 2 frames
	Mbps
	118.796
	118.188
	59.126
	
	

	Note 1:	SS/PBCH block is transmitted in slot #0 with periodicity 20 ms
Note 2:	Slot i is slot index per 2 frames



2.3	Random precoder configuration
In the Rel-15 PDSCH requirements, PDSCH & PDSCH DMRS Precoding is configured with Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity. However it is not clear whether TE sets the common random PMI for both TRPs or sets random PMI independently for each TRP in the case of multi-DCI based SDM transmission. 
Figure 1 shows our simulation result comparing the ‘common random precoder’ and ‘independent random precoder’ with multi-DCI based SDM transmission (FDD SCS=15kHz, 2Rx, TDLA30-10) according to [2]. From the simulation result, we don’t see significant performance difference due to the random PMI setting. Considering the simple TE implementation, we propose to set the common random precoder for two TRP. 
Proposal 5: For multi-DCI SDM transmission, the same precoding is applied for both codewords, where PDSCH & PDSCH DMRS Precoding is configured with Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity.
[image: ]
[bookmark: _Ref52555214]Figure 1	Comparison of random precoder setting for multi-DCI based SDM transmission. 

3	Summary
Proposal 1: RAN4 defines three test cases with the following applicability rule:
If UE supports single-DCI based SDM transmission scheme (i.e., singleDCI-SDM-scheme) but not support multi-DCI based SDM transmission scheme (i.e., multiDCI-MultiTRP), it should be tested with test case 1a and test case 1b. 
If UE supports both single-DCI based SDM transmission scheme (i.e., singleDCI-SDM-scheme) and multi-DCI based SDM transmission scheme (i.e., multiDCI-MultiTRP), it should be tested test 1b and test 2a.
Test 1a/1b/2a is given as follows: 
· Test 1a: Single-DCI SDM with frequency offset, with negative time offset, and overlapping scheduling.
· Test 1b: Single-DCI SDM without frequency offset, with positive time offset, and overlapping scheduling.
· Test 2a: Multi-DCI SDM with frequency offset, with negative time offset, and non-overlapping scheduling
Proposal 2: Introduce new FRC for multi-DCI based SDM transmission requirements with 26PRB per codeword for FDD and with 53PRB per codeword for TDD. It also configures two TRS configurations every 20ms. 
Proposal 3: Introduce new FRC for single-DCI based SDM transmission requirements with two TRS configurations every 20ms. 
Proposal 4: Schedule PDSCH in the TDD special slots.
Proposal 5: For multi-DCI SDM transmission, the same precoding is applied for both codewords, where PDSCH & PDSCH DMRS Precoding is configured with Single Panel Type I, Random precoder selection updated per slot, with equal probability of each applicable i1, i2 combination, and with PRB bundling granularity.
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