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1 Introduction 
In RAN#80, a new WI on NR MIMO enhancement was approved, and enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul will be discussed in Rel-16.
In this contribution, we further discuss some specification details of single PDCCH and multiple PDCCH based multi-TRP transmission design. 
2 Discussion
2.1 Single PDCCH design
In RAN1 Ad-Hoc Meeting 1901, the following agreement was made:
	Agreement

TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 

· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 

· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 

· FFS design for DMRS type 2

· FFS: TCI field in DCI, and associated MAC-CE signaling impact


In RAN1#96bis, the following agreements were made:

	Agreement 

Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  

· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 

· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced


The first agreement states that there are at most 2 TCI states can be activated within a TCI code point. Different from DMRS type 1, DMRS type 2 has at most three CDM groups. The question is whether all three CDM groups are needed for multi-TRP transmission. The additional CDM group supported by DMRS type 2 can provide more DMRS ports. For single PDCCH based multi-TRP transmission, the DMRS ports transmitted from each TRP must belong to the same CDM group. Hence, the additional DMRS ports provided by DMRS type 2 can offer more transmission layer combination {L1, L2} between two TRPs. The following table summarizes the additional layer combination {L1, L2} of multi-TRP transmission by using 3 CDM groups compared to 2 CDM groups (assuming L1 uses CDM group 1 and L2 uses CDM group 2&3): 
	
	DMRS type 2, One-symbol
	DMRS type 2, Two-symbol

	{L1,L2}
	{1,3}, {1,4}, {2,3}, {2,4}
	{1,5},{1,6},{1,7},{1,8},{2,5}, {2,6},{2,7},{2,8},{3,5},{3,6}, {3,7},{3,8},{4,5},{4,6},{4,7}, {4,8}


From the above table, we can see most of the additional layer combinations are quite asymmetry. For multi-TRP transmission, the most beneficial case is when the channel conditions from the cooperating TRPs are quite similar. Hence, it is expected the support of 3 CDM groups might not provide any benefit. One possible use case for such highly asymmetry transmission is to support multi-TRP based MU-MIMO transmission. However, multi-TRP transmission is likely to happen when the network load is low, while MU transmission happens when the network is in high load. Therefore, from our point of view, the combination of multi-TRP and MU-MIMO might not be a common use case. In addition, the additional impact on UE complexity and channel estimation accuracy should be considered. Thus, for DMRS type 2, it seems sufficient to use the first two CDM groups for multi-TRP transmission.
Proposal 1: For DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, the first TCI state corresponds to the first CDM group, while the second TCI state corresponds to the second CDM group.
For the TCI code point, we prefer not to increase the number of bits of TCI field in DCI for better backward compatibility and not to increase UE detection complexity. The TCI indication flexibility can be ensured by the MAC CE enhancement that one or two TCI states can be mapped to a TCI code point.

Proposal 2: For single PDCCH based multi-TRP transmission, the number of bits for TCI field in DCI is not increased. 
For DMRS port indication enhancement, there are two possible options:
· Option 1: Existing Rel-15 DMRS tables are reused with the possibility to add more entries using the reserved fields

· Option 2: Adding new DMRS tables for multi-TRP transmission

Compared to option 2, option 1 has the benefit of smaller specification impact. The key question is whether the number of reserved fields of existing Rel-15 DMRS tables is sufficient to support multi-TRP transmission. Following the logic in [2], we list the layers (L1, L2) supported in the first and second CDM group for the existing Rel-15 tables (DMRS type 2 assumes two CDM groups are used):
	DMRS type
	(L1, L2)

	DMRS type 1, One-symbol
	(1,0), (2,0), (0,1), (0,2), (1,1), (2,1), (2,2)

	DMRS type 1, Two-symbol
	(1,0), (2,0), (3,0), (4,0), (0,1), (0,2), (0,3), (0,4), (1,1), (2,1), (2,2)

	DMRS type 2, One-symbol
	(1,0), (2,0), (0,1), (0,2), (1,1), (2,1), (2,2)

	DMRS type 2, Two-symbol
	(1,0), (2,0), (0,1), (0,2), (1,1), (2,1), (2,2)


From the above table, we can see for one symbol case, (1, 2) is missing for both DMRS type 1 and type 2, which means the ability to schedule one layer from the first TRP and two layers from the second TRP. The existing Rel-15 DMRS tables for one symbol DMRS still have 4 and 8 reserved field for type 1 and type 2 DMRS, respectively. Hence, it is sufficient for one symbol DMRS. For two symbol case, (1,2), (3,1), and (1,3) are missing for DMRS type 1, and (3,0), (4,0), (0,3), (0,4), (1,2), (3,1), and (1,3) are missing for DMRS type 2. The existing Rel-15 DMRS tables for two symbol DMRS only have 1 and 6 reserved field for type 1 and type 2 DMRS, respectively. However, as discussed previously, the highly asymmetry transmission such as (3,1) and (1,3) might not provide any benefit for multi-TRP transmission. Thus, if we exclude the entries (3,1) and (1,3), the reserved fields of existing Rel-15 DMRS tables are sufficient.
As discussed above, multi-TRP transmission up to rank 4 can be flexibly scheduled including DPS. To support DPS above rank 4, additional TCI states can be configured for the corresponding TRPs. Another possible solution is to incorporate TCI state information in DMRS table with two codewords to indicate which TCI state is used when two TCI states are activated in DCI to support high rank DPS, which can reduce the number of TCI field to be configured. But, whether to optimize high rank DPS requires further discussion.
Proposal 3: For DMRS port indication enhancement for multi-TRP transmission, existing Rel-15 DMRS tables are reused and the following entries are added using the reserved fields.
· DMRS type 1, One-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)
· DMRS type 1, Two-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)
· DMRS type 2, One-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)
· DMRS type 2, Two-symbol: DMRS port(s) 0,1,6; DMRS port(s) 0,1,6,7; DMRS port(s) 2,3,8; DMRS port(s) 2,3,8,9; DMRS port(s) 0,2,3 (number of CDM group=2)
2.2 Multiple PDCCH design
In RAN1#96bis, the following agreements were made:
	Agreement

For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 

· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs

· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)

Above applies at least for FR1 

Agreement

For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 

· Alt 1: PUCCH resource groups can be explicitly configured by the NW.

· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 

· how to support PUCCH resource groups composed with resources or resource sets

· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 

· PUCCH resource groups are not needed.

· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 


According to the above agreements, separate ACK/NACK feedbacks for PDSCHs scheduled by multiple PDCCHs have been agreed at least for FR1. For separate HARQ feedback, TRP differentiation is required, so UE can know the PDSCHs are from the same or different TRPs (from the same TRP: joint feedback; from different TRP: separate feedback). During the offline discussion in last meeting, two options of UL TRP differentiation were been proposed:

· Option 1: introduce a group ID to explicitly define a CORESET group for UL TRP differentiation
· Option 2: reuse Rel-15 TCI state and spatial relation frameworks to implicitly define a CORESET group for UL TRP differentiation

For option 1, the reason to introduce a CORESET group ID instead of a CORESET ID for UL TRP differentiation is that one TRP may be associated with multiple CORESETs. In addition, considering the possibility of carrier aggregation, both CORESET ID and component carrier (CC) ID should be signaled to UE. Thus, it will be more efficient to introduce a global CORESET group ID across all CCs. 
On the other hand, option 2 uses implicit way to differentiate TRPs. PUCCH resources with the same spatial relation info form a PUCCH resource group implicitly. If the active TCI state of CORESET and active spatial relation info of PUCCH resource point to the same DL reference signal (RS) transmitted by the associated TRP, the implicit association between CORESET and PUCCH resource group can be made. However, the implicit method is somehow restrictive since it requires the configuration of TCI state and spatial relation info RS can only be the same DL RS, which will affect the flexibility to configure different RSs as the source RS for TCI state and spatial relation info (e.g. SSB for TCI state and SRS for spatial relation info). In addition, it may unnecessarily form too many PUCCH groups if different RSs are used for spatial relation info (e.g. SSB and CSI-RS) even though these RSs are transmitted from the same TRP.
Proposal 4: For UL TRP differentiation, introduce a global group ID across all CCs to explicitly define a CORESET group.
According to the second agreement listed above, for TDMed PUCCH transmission within a slot for separate ACK/NACK feedback, three alternatives have been proposed for PUCCH resource configuration. Alt 1 requires explicit configuration of PUCCH groups by the network., and has to specify how the PUCCH resource groups are configured, either with resources or with resource sets. In addition, the PUCCH resources in different groups do not overlap in time, which will basically split the available PUCCH resource into two groups. Thus, Alt 1 has higher specification impact and lower PUCCH resource utilization efficiency. 
Alt 2 will depend on the network configuration to ensure that the TDMed PUCCH resources do not overlap. Hence, explicit PUCCH resource group configuration is not required. Considering multiple PDCCH based multi-TRP transmission main scenario is non-ideal backhaul, semi-static exchange of PUCCH resource scheduling information is required between multi-TRPs. Thus, Alt 2 will depend on coordination mechanism of network implementation, and it has higher flexibility and lower reconfiguration overhead compared with Alt 1.
Alt 3 may configure PUCCH resources that are overlapped from multiple TRPs. It has the merit of higher PUCCH resource utilization efficiency, but it may result in collision of PUCCH transmissions. Additional dropping rule when collision happens should be defined for this alternative. Thus, Alt 3 also has higher specification impact and may cause HARQ feedback dropping, which is not desirable.
Based on the above discussion, considering specification impact and reconfiguration overhead, we have the following proposal:
Proposal 5: For TDMed PUCCH transmission within a slot for separate ACK/NACK, PUCCH resources can be configured by the network to ensure TDMed PUCCH resources do not overlap within a slot among multi-TRP.
For separate ACK/NACK feedbacks for PDSCHs scheduled by multiple PDCCHs, TDMed PUCCH transmission within a slot to convey separate ACK/NACK feedback has been agreed at least for FR1. For FR2, we think it is desirable not to limit the PUCCH resource assignment considering scheduling flexibility. UEs are highly possible equipped with multiple antenna/panels in FR2. Multiple PUCCH transmissions conveying ACK/NACK feedback to multiple TRPs with overlapping time and frequency resources should be allowed if the UE is capable of transmitting multiple PUCCHs simultaneously through multiple antennas/panels.
Proposal 6: Consider supporting multiple PUCCH transmissions conveying ACK/NACK feedbacks to multi-TRP with overlapping time and frequency resources through different antennas/panels in FR2.

3 Conclusion

In this contribution, we have discussed design details of single PDCCH and multiple PDCCH based multi-TRP transmission, and we have the following proposals. 
Proposal 1: For DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, the first TCI state corresponds to the first CDM group, while the second TCI state corresponds to the second CDM group.
Proposal 2: For single PDCCH based multi-TRP transmission, the number of bits for TCI field in DCI is not increased. 
Proposal 3: For DMRS port indication enhancement for multi-TRP transmission, existing Rel-15 DMRS tables are reused and the following entries are added using the reserved fields.

· DMRS type 1, One-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)

· DMRS type 1, Two-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)

· DMRS type 2, One-symbol: DMRS port(s) 0,2,3 (number of CDM group=2)

· DMRS type 2, Two-symbol: DMRS port(s) 0,1,6; DMRS port(s) 0,1,6,7; DMRS port(s) 2,3,8; DMRS port(s) 2,3,8,9; DMRS port(s) 0,2,3 (number of CDM group=2)
Proposal 4: For UL TRP differentiation, introduce a global group ID across all CCs to explicitly define a CORESET group.
Proposal 5: For TDMed PUCCH transmission within a slot for separate ACK/NACK, PUCCH resources can be configured by the network to ensure TDMed PUCCH resources do not overlap within a slot among multi-TRP.
Proposal 6: Consider supporting multiple PUCCH transmissions conveying ACK/NACK feedbacks to multi-TRP with overlapping time and frequency resources through different antennas/panels in FR2.
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