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1
Introduction
In RAN1#95, a number of agreements related to multi-TRP enhancements were captured in [1] that are listed in the Appendix section.
In this document, we discuss multi-TRP enhancements for both eMBB and URLLC transmissions.
2
Multi-TRP enhancements for eMBB
2.1 Single PDCCH transmission

DMRS port indication

For multi-TRP transmissions, the DMRS ports from different TRPs are generally non-QCLed. Therefore, the mapping of ports to layers that are transmitted on different TRPs should be such that the ports mapped to different TRPs should be in different QCL groups. They should be divided into different QCL groups. This has not been considered in the DMRS port indication in Rel-15 and most entries of the current DMRS port indication tables are not suitable for single PDCCH based multi-TRP transmission. As it has been agreed that DMRS ports within each CDM group are QCL-ed, certain entries are not suitable for multi-TRP transmission because DMRS ports from different TRPs are generally non-QCLed in multi-TRP/panel scenario. Therefore, DMRS port indication enhancement should be specified for multi-TRP/panel transmission. 

Proposal 1: For supporting data transmission on multiple TRPs using single PDCCH, enhancements related to DMRS port indication should be specified in NR Rel. 16.

Different possibilities can be considered for enhancing the DMRS port indication for multi-TRP transmission. One possibility is to simply design new DMRS port indication table for multi-TRP transmission, where the different layers that are scheduled on different TRPs should be assigned to non-QCLed DMRS ports. However, if this direction is considered, then additional signaling field or extension of bit-field is required to indicate the selection between the Rel. 15 DMRS port indication table and the new table(s). 
Observation 1: For supporting data transmission on multiple TRPS using single PDCCH, if new DMRS port indication table(s) is designed with new entries in comparison to existing tables, then semi-static and/or dynamic selection between the existing tables and new table(s) is needed.

The other possibility for DMRS port indication for multi-TRP transmission could be translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table. To have such semi-static configured translation table is more scalable and flexible support for higher number of TRPs. It works not only in the current release but also in future releases. Instead of simply designing new DMRS port indication table and/or entries, a new table is semi-statically configure to  indicates the combination of TRPs that are involved in transmission/reception and the corresponding entries to the existing DMRS port indication tables. Table 1 below is one such example. 
Table 1: Example of DMRS port indication for multiple TRPs using single PDCCH
	Index
	TRP combinations
	Combination of Index of existing DMRS port indication table

	0
	TRP1
	0

	1
	TRP2
	1

	2
	TRP1, TRP2
	0, 0

	3
	….
	

	…
	….
	

	….
	….
	

	M
	TRP1, TRP2
	2,3


In this table, the main motivation is allow different combinations of TRPs involved in transmission/reception, that are indicated by column 2 and the corresponding DMRS index of the existing tables are indicated by column 3. With this the combination of DMRS ports can be selected such that they are non-QCLed for transmission on different TRPs. Such approach can be scaled to allow more than two TRP transmission as well, if needed.
After the semi-static configuration of such translation table, UE receives index value of the table in the DCI. Then according to the index value and the table, UE interprets TRP combinations and DMRS port indication table entries of existing table. Therefore, 2 steps of table look-up (i.e. new semi-static table and current DMRS port indication table) are carried out after DCI reception.
Proposal 2: For enhancements related to DMRS port indication to support data transmission on multiple TRPs using single PDCCH, to consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table.
TCI state signalling

Multiple TRPs can be geographically separated which could result in quite different transmission links from the TRPs to the UE. Based on the existing specifications for single PDCCH transmission, only single TCI state is signalled via DCI with up to 3 bits. This means one of the eight configured TCI states is signalled to the UE. This is generally sufficient for a single TRP transmission, where the antennas are not quite far away and the channel conditions are not significantly different. However, if single existing TCI state signalling is used to indicate QCL assumptions for multi-TRPs to the UE, the assumptions might not be valid for all TRP links. Therefore, signalling enhancements would be needed to signal suitable TCI state for each TRP involved.

Proposal 3: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to TCI (QCL assumptions) should be specified in NR Rel. 16.
One of the straightforward solution is to have separate TCI states configured for each TRP and then introduce additional bits in DCI to indicate the TCI state for each TRP. However, this solution is not practical and scalable from the DCI overhead point of view. Another possibility is to have the each single TCI state correspond to multiple TRPs. For example, if there are three TRPs involved in transmission/reception, then each state indicates three TCI state information for three respective TRPs. Although, this is a possibility, but if all the combinations are to be included, then the number of DCI bits will be quite high. Similar to enhancement proposed for DMRS port indication, a more scalable and flexible approach could be utilized for TCI state signalling for multi-TRP transmission using single PDCCH. Semi-static translation table can be configured and signalled via RRC. Depending up on the number of TRPs and the respective channel conditions, each index of the table can point to appropriate TCI states for a corresponding TRP combination. DCI only indicates the index value of the semi-static translation table. Table 2 below is one such example.
Table 2: Example of TCI signalling for multiple TRPs using single PDCCH
	Index
	TRP combinations
	Combination of Index of TCI states for each TRP

	0
	TRP1
	TCI_state1

	1
	TRP2
	TCI_state4

	2
	TRP1, TRP2
	TCI_state2, TCI_state5

	3
	….
	

	…
	….
	

	….
	….
	

	M
	TRP1, TRP2
	TCI_state1, TCI_state3


Proposal 4: For enhancements related to TCI signalling to support data transmission on multiple TRPs using single PDCCH, to consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and TCI state for each TRP.
2.2 Multiple PDCCH transmission

In RAN1#95, a number of areas have been identified related to multiple PDCCH enhancements for multi-TRP transmission. In this section, we discuss some of the topics and provide our point of view. First high level discussion is related to PDSCH scheduling related enhancements with multi-TRP transmission. With multiple PDCCH transmission from multiple TRPs, our understanding is that although each TRP will have its own scheduler, but some degree of coordination and/or restriction is definitely required such that the existing parameters from UE perspective remain same in comparison to Rel. 15. Firstly, multiple PDCCH will schedule own codewords with specific number of layers, but the total number of layers received by the UE shouldn’t be more than the maximum number allowed in Rel. 15 MIMO. Secondly issue is related to resource allocation for PDSCH from each TRP. Mainly three cases are possible with complete overlap of resources, partial overlap and no-overlap. When there is partial overlap between the PDSCHs, the interference profile at the UE could be different for overlapped resources and for non-overlapped resources. Therefore, ideally different transmission parameters might be required between overlapped and non-overlapped resources. If no-overlap case is considered, the overall spectral efficiency could be lower.
Proposal 5: For multiple PDCCH transmission with multi-TRP, the total number of PDSCH layers from all the TRPs should not be more than the maximum number of layers i.e. 8 layers specified in Rel. 15.
Observation 2: For multiple PDCCH transmission with multi-TRP, if the resources allocated to respective PDSCH partially overlap, then the interference at the UE could be different between the overlapped resources and non-overlapped resources.
Other enhancements proposal related to multiple PDCCH transmission with multi-TRP is DCI in multiple PDCCH. In the last meeting, two possibilities are being considered for DCI transmission. One possibility is to have separate and independent DCI transmitted on respective PDCCHs from each TRP. The second possibility is dependent DCI (2-step DCI). In our understanding, we don’t see any clear motivation to introduce a 2-step DCI for multi-TRP transmission. It doesn’t provide any additional benefits and require rather additional specification effort. Moreover, this is not within the scope of MIMO work item.
Proposal 6: For multiple PDCCH transmission with multi-TRP, dependent or 2-step DCI transmission in respective PDCCHs from each TRP should not be supported in Rel. 16 NR.
2.3 UL control transmission
Similar to PDCCH, PUCCH enhancements are also considered for multi-TRP transmission/reception. From eMBB perspective, the PUCCH transmission is quite straightforward and doesn’t require any enhancements. Basically, for every PDSCH that is transmitted from each TRP, a corresponding PUCCH should be transmitted back from the UE to respective TRPs, as shown in Figure 1.
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Figure 1: Example of PDSCH and corresponding PUCCH transmission for eMBB with 2 TRPs
Observation 3: For multi-TRP in NR MIMO in Rel. 16, no PUCCH enhancements are needed for eMBB use-case.
However, still, if there seems to be a need to specify enhancements for UL control transmission for eMBB, then primarily the enhancements considered for URLLC could be simply reused completely or partially. Rather than having independent solutions, a unified approach should be considered to spend less specification effort for UL control transmission for eMBB.

Proposal 7: For eMBB in Rel. 16 NR MIMO, if there seems to be a necessity to introduce enhancements for UL control transmission, then the specification effort should be unified with URLLC.
3
Multi-TRP enhancements for URLLC
3.1 Multiple PDCCH transmission

From the URLLC point of view, multiple PDCCH transmission from different TRPs could be quite beneficial. Multiple PDCCH transmission procedure from multiple TRPs could be utilized to ensure better end-to-end reliability i.e. better reliability for PDCCH, PDSCH, PUCCH and PUSCH, because if the PDCCH is not received correctly at the UE, further transmission/reception might not be possible or reliable. For URLLC, the intention should be to schedule the same TB from multiple TRPs using respective PDCCH. Each PDSCH scheduled by the respective PDCCH carry the same data, but have the possibility to use different transmission parameters such as MCS, time-frequency resources, redundancy version, etc. With this possibility, the channel conditions from each TRP to the UE can be better utilized. Figure 2 below shows a basic example of such transmission, where PDCCH1 and PDCCH2 are transmitted from TRP1 and TRP2, respectively. Each PDCCH scheduled corresponding PDSCH1 and PDSCH2 (same TB as PDSCH 1, but with possibly different transmission parameters) from TRP1 and TRP2, respectively. 
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Figure 2: Example of multiple PDCCH transmission scheduling multiple PDSCH with same TB
Proposal 8: For URLLC in Rel. 16 NR MIMO, multiple PDCCH transmission should be supported to transmit same TB with possibly different transmission parameters on respective PDSCHs from corresponding TRPs.
For further increasing the reliability in URLLC, PDCCH repetition along with multi-TRP transmission could be utilized. PDCCH repetition with multiple TRPs means when exactly the same PDCCH is transmitted from two different TRPs. Figure 3 below shows an example of PDCCH repetition with multi-TRP transmission. As can be seen from the figure, PDCCH1 and PDCCH2 are transmitted from each TRP to the UE, where PDCCH 1 schedules PDSCH1 from TRP1 and PDCCH2 scheduled PDSCH2 (same TB but with possibly different transmission parameters) from TRP2. This would ensure highly reliable transmission of PDCCH to ensure the transmission of the TB even if one of the two links is in blockage.
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Figure 3: Example of repetition of multiple PDCCH transmission scheduling multiple PDSCH with same TB

Proposal 9: For URLLC in Rel. 16 NR MIMO, repetition along with multiple PDCCH transmission from multiple TRPs should be supported to transmit same TB with possibly different transmission parameters on respective PDSCHs from corresponding TRPs.

3.2 UL control transmission

From URLLC perspective, increased reliability and robustness are required for PUCCH transmission/reception, similar to other physical channels. One of the key issue is related to HARQ-ACK/NACK transmission corresponding to one or more PDSCH transmission from different TRPs. One of the possible scenario for URLLC with multi-TRP is to transmit same PDSCH from multiple TRPs to the UE, as shown in Figure 2. 
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Figure 4: Example of same PDSCH transmission for URLLC with 2 TRPs
The corresponding PUCCH transmission with HARQ-ACK/NACK could be handled in different ways, as shown in Figure 3. In Figure 3.a, joint decoding result is sent only on single PUCCH to TRP1, in Figure 3.b, respective decoding results are sent to respective TRPs and in Figure 3.c, joint decoding result is sent to both TRPs. From URLLC point of view, solution Figure 3.c is to provide the most robust solution as it sends the result of joint decoding of the same PDSCH on both the PUCCH to respective TRPs. This ensures that even if one TRP uplink link has poor channel conditions, the other better link can send the HARQ-ACK/NACK result of the joint coding to at least one of the TRPs. Other possibility could be to transmit joint decoding result along with decoding result of each TRP link on respective PUCCHs. This could be useful for fast dynamic point selection based on the individual decoding result of each TRP link.
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Figure 5: Examples of PUCCH transmission with HARQ-ACK/NACK corresponding to same PDSCH transmission for URLLC with 2 TRPs
Proposal 10: PUCCH enhancements such as transmitting multiple copies of joint decoding result on more than one TRP links for URLLC transmission should be considered in NR Rel. 16.

4
Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
Observation 1: For supporting data transmission on multiple TRPS using single PDCCH, if new DMRS port indication table(s) is designed with new entries in comparison to existing tables, then semi-static and/or dynamic selection between the existing tables and new table(s) is needed.
Observation 2: For multiple PDCCH transmission with multi-TRP, if the resources allocated to respective PDSCH partially overlap, then the interference at the UE could be different between the overlapped resources and non-overlapped resources.

Observation 3: For multi-TRP in NR MIMO in Rel. 16, no PUCCH enhancements are needed for eMBB use-case.

Proposal 1: For supporting data transmission on multiple TRPs using single PDCCH, enhancements related to DMRS port indication should be specified in NR Rel. 16.
Proposal 2: For enhancements related to DMRS port indication to support data transmission on multiple TRPs using single PDCCH, to consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table.
Proposal 3: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to TCI (QCL assumptions) should be specified in NR Rel. 16.
Proposal 4: For enhancements related to TCI signalling to support data transmission on multiple TRPs using single PDCCH, to consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and TCI state for each TRP.

Proposal 5: For multiple PDCCH transmission with multi-TRP, the total number of PDSCH layers from all the TRPs should not be more than the maximum number of layers i.e. 8 layers specified in Rel. 15.

Proposal 6: For multiple PDCCH transmission with multi-TRP, dependent or 2-step DCI transmission in respective PDCCHs from each TRP should not be supported in Rel. 16 NR.
Proposal 7: For eMBB in Rel. 16 NR MIMO, if there seems to be a necessity to introduce enhancements for UL control transmission, then the specification effort should be unified with URLLC.
Proposal 8: For URLLC in Rel. 16 NR MIMO, multiple PDCCH transmission should be supported to transmit same TB with possibly different transmission parameters on respective PDSCHs from corresponding TRPs.
Proposal 9: For URLLC in Rel. 16 NR MIMO, repetition along with multiple PDCCH transmission from multiple TRPs should be supported to transmit same TB with possibly different transmission parameters on respective PDSCHs from corresponding TRPs.
Proposal 10: PUCCH enhancements such as transmitting multiple copies of joint decoding result on more than one TRP links for URLLC transmission should be considered in NR Rel. 16.
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Appendix
Agreement

For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16

· Applies for eMBB
Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 

· Multiple PDCCH enhancements/restrictions, including following 

· #1: PDSCH scheduling restriction/indication, e.g. 

· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 

· no/partial/full PDSCH overlapping at T/F domains, considering 

· associated rate matching mechanism 

· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 

· #2: Configurations and monitoring of multiple PDCCH, e.g. 

· CORESET/search space configurations (including configuration details) for multi-TRP reception 

· The number of BD/CCE for multi-TRP reception  

· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 

· Associated DCI format/fields

· Applicability to non-ideal backhaul and ideal backhaul 

· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH

· UL control enhancement 

· #4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 

· separated A/N payload/DAI for PDSCH transmitted by different resources

· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 

· whether/how to do joint A/N payload considering the applicability of backhaul assumption 

· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 

· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 

· Whether/how to use joint CSI reporting and associated reporting resource

· Whether and how to enhance HARQ, e.g.

· Increasing the number of HARQ

· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.

· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 

Agreement

Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including

· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
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