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Introduction
[bookmark: _Ref494215420][bookmark: _GoBack]The following agreements on multi-TRP/panel for eMBB have been achieved in RAN1 #96 meeting [1]:
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis

Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2
In this contribution, we will present our opinions about enhancements on multi-TRP/panel transmission, including multiple-PDCCH and single-PDCCH based transmission.
Discussion
Multiple-PDCCH based design
In our understanding, multiple-PDCCH is typically configured in non-ideal backhaul scenario. Therefore, unless otherwise stated, in this section we will focus on the discussion on multiple-PDCCH design for non-ideal backhaul scenario.
· PDSCH mapping type
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]As the agreements in RAN1 #96 meeting show, same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type should be assumed if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs, and each PDSCH DMRS from different TRPs is configured with separated CDM groups. Thus the orthogonality between DMRS ports from different TRPs can be ensured. One major consideration for all the restrictions is to reduce the UE complexity.
For combination of PDSCH mapping type A + B, the network configuration complexity perhaps will be increased, and even it is hard to satisfy the above DMRS configuration constraint. In addition, PDSCH mapping type B is typically used for URLLC. Multiple transmission with non-ideal backhaul is more applicable for eMBB service. Thus, we prefer to firstly discuss about mapping type A + A.
Proposal 1: Support the combination of PDSCH mapping type A + PDSCH mapping type A for multiple-PDCCH based transmission.
· Alignment of PRG-level grid
For full/partial overlapping PDSCHs, if the resource allocation of the PDSCHs is aligned in the PRG-level grid to the UE with PRG = 2, 4 or wideband, UE can do the channel/interference estimation for both PDSCHs in the same PRG, which could reduce the complexity of the UE implementation.
Proposal 2: For full/partial overlapping PDSCHs, alignment of PRG-level grid from multiple TRPs should be supported.
· Number of CORESET per BWP
With regarding to the relationship between TRPs and CORESETs in multi-PDCCH based transmission, it was agreed in RAN1 #96 that one CORESET in a PDCCH-config corresponds to one TRP. According to Rel-15, the network configures at most 3 CORESETs per BWP per cell. For Rel-16 multi-TRP transmission, we need to reconsider the number of CORESETs per BWP. Firstly, at least two CORESETs for UE specific transmission should be configured, and each CORESET is associated to one TRP with different QCL configuration. Secondly, at least one more CORESET should be configured for all the common signaling from TRPs. Additionally, we should configure a CORESET separately for BFR, because the CORESET associated with the recovery search space cannot be associated with another search space. Therefore, the maximum number of CORESETs in a BWP should be a least 4.
Proposal 3: The maximum number of CORESERT per BWP should be at least 4.
· ACK/NACK payload/feedback
Considering Rel-16 URLLC has supported multiple PUCCHs for HARQ-ACK in one slot, in principle we could also support it for multi-TRP/panel transmission. However, time gap between PUCCHs should be enough for beam switching and power adjustment.
Proposal 4: PUCCH resources conveying ACK/NACK feedback can be TDM within a slot with separated HARQ-ACK codebook.
For channels overlapping from different TRPs, if channels multiplexing from different TRPs is supported for non-ideal backhaul case, the latency could not be guaranteed, especially for ACK/NACK information. It will affect the efficiency of multi-TRP transmission, so predefined rule for dropping is preferred. Different from Rel-15 single TRP dropping rule, for multi-TRP use case, the priority level definition much depends on the content carried in the UL channel, e.g., the priority order could be ACK/NACK > AP CSI > SP CSI > P CSI. Based on the above the reference factors, when PUCCH/PUSCH or PUCCH/PUCCH collides, the predefined rule could be:
· Drop PUCCH if PUSCH carries ACK/NACK information
· Drop PUCCH if PUSCH carries UCI information, and PUCCH doesn’t carry ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry ACK/NACK information, and PUCCH carries ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry UCI where PUCCH carries UCI
· Drop PUCCH without ACK/NACK if another PUCCH carries ACK/NACK
· It is up to UE implementation to drop which PUCCH, if both PUCCHs carry the same UCI type.
Proposal 5: Support the following predefined rule for PUCCH/PUSCH collision from different TRPs.
· Drop PUCCH if PUSCH carries ACK/NACK information
· Drop PUCCH if PUSCH carries UCI information, and PUCCH doesn’t carry ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry ACK/NACK information, and PUCCH carries ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry UCI where PUCCH carries UCI
· Drop PUCCH without ACK/NACK if another PUCCH carries ACK/NACK
· It is up to UE implementation to drop which PUCCH, if both PUCCHs carry the same UCI type.
With regarding to simultaneous ACK/NACK transmission from multiple PUCCH resources, some performance gain possibly could be achieved. However, it would bring some challenges for UE. For example, multi-panel simultaneous transmission for FR2 should be ensured to achieve simultaneous ACK/NACK transmission from multiple PUCCH resources associated with different TRPs. 
Proposal 6: TDMed ACK/NACK transmission from multiple PUCCH resources should be firstly discussed/specified.
· If supporting simultaneous ACK/NACK transmission from multiple PUCCH resources
· It is only applied for FR1
· It should be one optional UE capability
· HARQ process related enhancement
In Rel-15 specification, the maximum number of 16 HARQ processes per cell is supported by the UE for downlink transmission, and the UE maximum soft buffer size for a single serving cell can be calculated as followed:

For multi-TRP transmission in Rel-16, if the maximum number of HARQ processes for a UE in a single serving cell remains the same, there will be some problems:
· Different from the current DCI format in Rel-15, which contains 4 bits to indicate the HARQ process ID, only 8 HARQ processes are needed for each link.
· Different from the UE maximum soft buffer in Rel-15, the UE maximum soft buffer size for multi-TRP transmission per cell is:

Based on the analysis, half of the UE soft buffer to be unoccupied, resulting in unnecessary waste. In order to maintain consistency with the maximum buffer size of the UE in Rel-15, a UE maximum number of HARQ processes should be 32 for NC-JT.
Proposal 7: A UE maximum number of HARQ processes should be 32 for NC-JT based on multi-PDCCH, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
· PDSCH scrambling
In Rel-15, PDSCH is scrambled by a pseudo-random sequence to achieve interference randomization to avoid persistent interference. The scrambling sequence is initiated differently when two CWs are scheduled. For multiple-PDCCH case, if following the Rel-15 specification, the scrambling sequences for PDSCHs from different TRPs in the same serving cell are the same for a UE. Thus, enhancement on PDSCH scrambling is necessary. When designing PDSCH scrambling sequences for TRP, two things need to be solved: the first thing is how each TRP knows its own scrambling sequence, and the second thing is how UE knows the scrambling sequence per TRP/PDSCH. One direct method is relying on NW semi-static configuration, but it would bring RAN2 spec impact. 
Observation 1: Enhancement on PDSCH scrambling for multiple-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.
· Rate matching mechanism for PDSCHs transmitted from different TRPs
For SSB, considering each TRP could transmit different SSB pattern, there possibly exist interference between PDSCH and SSB from different TRPs. However, it seems not to be necessary to avoid the interference considering gNB could control the interference.
For P/SP NZP CSI-RS except from CSI-RS for mobility and P/SP ZP CSI-RS, due to the semi-static coordination among TRPs, one TRP could be aware of the resource configuration of P/SP NZP CSI-RS from another TRP. Thus, no enhancement is needed, and a UE can perform rate matching according to existing Rel-15 NZP/ZP CSI-RS rate matching mechanism.
For AP NZP CSI-RS, in R15 neither of rate matching and puncture are adopted. Thus, similar to R15, it is possibly that for multi-TRP transmission both rate matching and puncture are not needed. 
For AP ZP CSI- RS, in R15, UE would rate match around the AP ZP CSI-RS triggered by DCI, and UE does not rate match PDSCH around the overlapped aperiodic ZP CSI-RS resource scheduled by a DL DCI other than the one which scheduled this PDSCH. It is generally known that dynamic coordination among TRPs could be not achieved for non-ideal backhaul. Therefore, reusing R15 mechanism on AP ZP CSI-RS for multi-TRP case is enough, where each PDSCH would rate match around the AP ZP-CSI-RS triggered by the associated PDCCH.
For DMRS ports, in order to avoid to cause strong interference on DMRS from another TRP, each PDSCH should rate match around DMRS from another TRP. Recent meetings have agreed that DMRS ports per TRP belong to different CDM groups. Thus, in order to achieve rate matching, for each UE NW could configure DMRS ports from all of TRPs  into the “CDM groups without data” indicated by DCI. In fact, it has been supported by R15. No enhancements are needed.
For lte-CRS-ToMatchAround which determines an LTE CRS pattern that the UE shall rate match around, it is configured by RRC signalling per cell. In our opinion, no enhancement is needed in multi-TRP transmission.
For periodical rateMatchPattern, similar to P/SP NZP CSI-RS, one TRP could be aware of the resource configuration of rateMatchPattern from another TRP, and UE can perform rate matching around all of the configured rateMatchPatterns.
For AP rateMatchPattern selected by DCI, to some degree, it is similar to AP ZP CSI-RS. Thus, each PDSCH should only rate match around the AP ZP-CSI-RS triggered by the associated PDCCH.
For PDCCH, similar to DMRS, to avoid to cause interference to PDCCH from another TRP, each PDSCH should rate match around PDCCH from another TRP. In R15, one CORESET ID could be configured in the rateMatchPattern. In addition, a PDSCH scheduled by a PDCCH should rate match around the associated PDCCH and associated PDCCH DMRS. In principle, CORESET corresponding to one TRP could be included into rateMatchPattern for another TRP semi-statically configured. 
For pre-emption indication, DCI format 2_1 is used to indicate the pre-emption behavior and resources to protect eMBB UE. For multi-TRP case, one eMBB UE could be served by multiple TRPs, and not all of served TRPs schedule URLLC UEs. Then some PDSCH resources from some TRPs can be pre-empted by URLLC UEs and only impact the PDSCH demodulation from the corresponding TRPs. For multi-DCI based multi-TRP/panel transmission, last meeting has agreed that one CORESET in a “PDCCH-config” corresponds to one TRP. Thus, DCI 2_1 for PI should only apply to the PDSCH scheduled by PDCCH associated with the same “CORESET” in a “PDCCH-config” with the DCI 2_1. No enhancement on DCI 2_1 is needed for multi-DCI based case. However, for single PDCCH case where perhaps only one TRP transmits PDCCH, further enhancement on DCI 2_1 is needed to indicate which TRP is preempted.
Proposal 8: For rate matching/puncture/pre-emption mechanisms used for PDSCH in multi-DCI based multi-TRP/panel transmission
· One PDSCH should rate match around P/SP NZP CSI-RS except from CSI-RS for mobility and P/SP ZP CSI-RS from different TRP;
· One PDSCH should rate match around periodical rateMatchPattern from different TRP;
· PI should only apply to the PDSCH scheduled by PDCCH associated with the same “CORESET” in a “PDCCH-config” with the DCI 2_1.
Single-PDCCH based design
Comparing with single-PDCCH based single-TRP transmission, the main difference for single-PDCCH based NC-JT is that the PDSCH is transmitted from two TRPs. For downlink NC-JT scheduling, we can consider using DCI format 1_1 as the starting point of DCI design. Some necessary enhancements should be studied to meet the trade-off between flexibility and complexity.
· Codeword enhancement
The link quality from different TRPs may be quite different, thus the corresponding MCS should be dedicatedly configured to achieve the performance. In order to configure different MCSs for one PDSCH, two CWs should be configured where each CW is transmitted from one TRP. That is to say, two CWs are essential for NC-JT transmission for single PDCCH case.
Proposal 9: For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP.
However, it is known that only 1 CW can be scheduled for a given UE if the total number of MIMO layers is no more than 4 in Rel-15. Thus, enhancement on CW to layer mapping is needed to support 2 CWs scheduling when the number of layers is no more than 4.
Proposal 10: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
· TCI state enhancement 
[bookmark: OLE_LINK13]In Rel-15, TCI field in DCI is 3 bits when the higher layer parameter tci-PresentInDCI  is enabled. In RAN1 #96 meeting [1], it was agreed to enhance the TCI code point to support indication of one or two TCI state indexes for multi-TRP operation. That how to map one or two TCI states for a TCI code point would be determined by RAN2. In order to keep backward compatibility and not increase UE tracking complexity, we prefer not to increase the TCI field size in DCI.
Proposal 11: For single-PDCCH based NC-JT, the size of TCI field in DCI should be kept as in Rel-15. 
· DMRS port indication enhancement
In Rel-15, DMRS ports are indicated according to Tables 7.3.1.2.2-1/2/3/4 of TS 38.212[2], which are designed for single-TRP scenario and DMRS ports are mapped to the layers in order. It could be found that for 2 CW transmission, it doesn’t support less than 5 layer transmission. Thus, some enhancement should be supported for multi-TRP scenario. Some entries for 2 CW transmission should be introduced for multiple TRP transmission with less than 5 layers. In general, there exists two options:
· Option 1: Configure dedicated antenna port tables for multi-TRP transmission
· Option 2: Add more entries into Rel-15 antenna port tables for multi-TRP transmission
Next, we would illustrate the two options with taking dmrs-Type=1, maxLength=2 as an example.
· Option 1: Configure dedicated antenna port tables
The new DMRS ports tables are only used for multi-TRP scenario with single PDCCH. The UE can chose DMRS table based on the TCI field in DCI. If one TCI code point corresponds to two valid TCI states, then chose new DMRS table as following:
Table 1: Dedicated Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	2
	0,2
	2

	1
	2
	0,2,3
	2

	2
	2
	0-2
	2

	3
	2
	0,1,2,4
	2

	4
	2
	0,2,3,6
	2

	5
	2
	0-3
	2

	6
	2
	0,2,3,6,7
	2

	7
	2
	0,1,2,4,5
	2

	8
	2
	0,1,2,3,6
	2

	9
	2
	0-4
	2

	10
	2
	0,1,2,3,6,7
	2

	11
	2
	0-5
	2

	12
	2
	0,1,2,3,4,6
	2

	13
	2
	0,1,2,3,4,6,7
	2

	14
	2
	0-6
	2

	15
	2
	0-7
	2

	16-31
	reserved
	reserved
	reserved



Option 2: Add more entries into Rel-15 antenna port tables
Adding more entries to Rel-15 antenna port tables is one straightforward way to cover the multi-TRP case, considering in R15 the value varies from 4 to 31(6 to 63) is reserved. 
Table 2: Modified Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	1
	1
	4
	2
	0,2
	2

	5
	2
	2
	1
	5
	2
	0,2,3
	2

	6
	2
	3
	1
	6
	2
	0-2
	2

	7
	2
	0,1
	1
	7
	2
	0,1,4,2
	2

	8
	2
	2,3
	1
	8
	2
	0,2,3,6
	2

	9
	2
	0-2
	1
	9
	2
	0-3
	2

	10
	2
	0-3
	1
	10
	2
	0,2,3,6,7
	2

	11
	2
	0,2
	1
	11
	2
	0,1,4,5,2
	2

	12
	2
	0
	2
	12
	2
	0,1,2,3,6
	2

	13
	2
	1
	2
	13
	2
	0,1,4,2,3
	2

	14
	2
	2
	2
	14
	2
	0,1,2,3,6,7
	2

	15
	2
	3
	2
	15
	2
	0,1,4,5,2,3
	2

	16
	2
	4
	2
	16
	2
	0,1,4,2,3,6
	2

	17
	2
	5
	2
	17
	2
	0,1,4,2,3,6,7
	2

	18
	2
	6
	2
	18
	2
	0,1,4,5,2,3,6
	2

	19
	2
	7
	2
	19
	2
	0-7
	2

	20
	2
	0,1
	2
	20-31
	reserved
	reserved
	reserved

	21
	2
	2,3
	2
	
	
	
	

	22
	2
	4,5
	2
	
	
	
	

	23
	2
	6,7
	2
	
	
	
	

	24
	2
	0,4
	2
	
	
	
	

	25
	2
	2,6
	2
	
	
	
	

	26
	2
	0,1,4
	2
	
	
	
	

	27
	2
	2,3,6
	2
	
	
	
	

	28
	2
	0,1,4,5
	2
	
	
	
	

	29
	2
	2,3,6,7
	2
	
	
	
	

	30
	2
	0,2,4,6
	2
	
	
	
	

	31
	Reserved
	Reserved
	Reserved
	
	
	
	


Proposal 12: For single-PDCCH based NC-JT transmission, support enhancement on DMRS port indication for achieving 2 CW transmission with less than 5 layers, e.g., by configuring dedicated DMRS table, or adding more entries into Rel.15 DMRS table.
Conclusion
In this contribution, we provide our opinions on enhancements on multi-TRP/panel transmission. Based on the discussions, we have the following observations and proposals:
Observation 1: Enhancement on PDSCH scrambling for multiple-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.
Proposal 1: Support the combination of PDSCH mapping type A + PDSCH mapping type A for multiple-PDCCH based transmission.
Proposal 2: For full/partial overlapping PDSCHs, alignment of PRG-level grid from multiple TRPs should be supported.
Proposal 3: The maximum number of CORESERT per BWP should be at least 4.
Proposal 4: PUCCH resources conveying ACK/NACK feedback can be TDM within a slot with separated HARQ-ACK codebook.
Proposal 5: Support the following predefined rule for PUCCH/PUSCH collision from different TRPs.
· Drop PUCCH if PUSCH carries ACK/NACK information
· Drop PUCCH if PUSCH carries UCI information, and PUCCH doesn’t carry ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry ACK/NACK information, and PUCCH carries ACK/NACK
· Drop PUSCH if PUSCH doesn’t carry UCI where PUCCH carries UCI
· Drop PUCCH without ACK/NACK if another PUCCH carries ACK/NACK
· It is up to UE implementation to drop which PUCCH, if both PUCCHs carry the same UCI type.
Proposal 6: TDMed ACK/NACK transmission from multiple PUCCH resources should be firstly discussed/specified.
· If supporting simultaneous ACK/NACK transmission from multiple PUCCH resources
· It is only applied for FR1
· It should be one optional UE capability
Proposal 7: A UE maximum number of HARQ processes should be 32 for NC-JT based on multi-PDCCH, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
Proposal 8: For rate matching/puncture/pre-emption mechanisms used for PDSCH in multi-DCI based multi-TRP/panel transmission
· One PDSCH should rate match around P/SP NZP CSI-RS except from CSI-RS for mobility and P/SP ZP CSI-RS from different TRP;
· One PDSCH should rate match around periodical rateMatchPattern from different TRP;
· PI should only apply to the PDSCH scheduled by PDCCH associated with the same “CORESET” in a “PDCCH-config” with the DCI 2_1.
Proposal 9: For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP.
Proposal 10: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
Proposal 11: For single-PDCCH based NC-JT, the size of TCI field in DCI should be kept as in Rel-15. 
Proposal 12: For single-PDCCH based NC-JT transmission, support enhancement on DMRS port indication for achieving 2 CW transmission with less than 5 layers, e.g., by configuring dedicated DMRS table, or adding more entries into Rel.15 DMRS table.
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