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Introduction
In Rel. 15 NR, some preliminary tools, such as TCI indication and QCL relationships with RS signals, are introduced which can be used for Multi-TRP operation. Furthermore, initial discussions / agreements for various flavors of multi-TRP operation took place, while a more thorough and systematic design of NR multi-TRP was deferred to Rel. 16 due to the lack of time.
As agreed in RAN-P #80, and further revised in RAN-P #81, one of the items in WID on NR MIMO enhancements is multi-TRP as described below [1]:
“
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
”
This paper focuses on the following aspects for multi-TRP:
· Downlink control enhancements including:
· Signalling enhancements to support multi-TRP modes agreed in Rel. 15 NR
· Signalling enhancements to support transmission of a single TB across disjoint RBs from two TRPs
· Enhancements related to robust PDCCH reception for multi-TRP transmission
· Uplink control enhancements including: 
· UL ACK/NACK feedback with multi-TRP transmission
· CSI feedback for multi-TRP transmission
· Other enhancements such as DL PI indication for multi-TRP
Downlink Control Enhancements
Signalling enhancements to support multi-TRP modes agreed in Rel. 15 NR
During the Rel. 15 NR WI, the following agreement was reached in RAN1 #89 meeting allowing two modes for multi-TRP reception:
Agreements:
· Adopt the following for NR reception:
· [bookmark: _Hlk525658416]Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately

In the first mode (Mode 1), single DCI can schedule a single PDSCH where separate layers of the PDSCH are transmitted from separate TRPs. In order for the UE to obtain TCI state for each of the layers corresponding to one of the TRPs, the UE should be indicated of the relevant QCL of DMRS in the single DCI. In order to support this, the following agreement was reached in RAN1 #90 meeting:
Agreements:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
These agreements can provide the basic tools needed for supporting multi-TRP transmissions.
Proposal 1: Support NR Rel. 15 agreements for multi-TRP including the following:
· Supporting the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs (Mode 1).
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP (Mode 2).
· Support extended QCL indication of DMRS for PDSCH via DL signalling, where TCI can refer to two RS sets indicating QCL relationship for two DMRS port groups.

Even though the above agreement provides a basic tool, some additional details may be needed to fully enable Mode 1 multi-TRP support. For example, UE needs to know the association between each antenna port and the corresponding QCL information from the two RS sets, which may be achieved through antenna ports indication, TCI indication referring to two RS sets, and a rule for mapping each antenna port to one of the RS sets for QCL relationship.    
Proposal 2: Study the need for any additional enhancements needed for efficient antenna ports indication and corresponding QCL indication of DMRS/PTRS ports for multi-TRP transmission.
Signalling enhancements to support transmission of a single TB across disjoint RBs from two TRPs 
As mentioned above, in the first multi-TRP mode agreed in Rel. 15 (Mode 1), a single DCI can schedule a single TB where separate layers of the TB are transmitted from separate TRPs. Given the new additions to the scope of multi-TRP in Rel. 16 such as reliability, robustness, and URLLC use cases, it makes sense to consider other potential multi-TRP schemes and the corresponding PDCCH signalling enhancements needed to enable such schemes if they provide additional gains compared to what has been agreed in Rel. 15 in certain regimes.
Given that in the current multi-TRP schemes, the minimum rank is 2 (at least one layer comes from TRP1, and at least another layer comes from TRP2), it makes sense to study other multi-TRP schemes that support rank 1 transmission too, especially for the reliability use cases.
As an example, consider a multi-TRP scheme with the same TB being transmitted from two TRPs, where disjoint RBs are used for transmission of coded bits from the two TRPs. One benefit of this scheme compared to Mode 1 multi-TRP scheme is that there is no inter-layer interference at the UE. This can be important, in particular for reliability, because different layers might not be spatially well-separated at the transmitters especially when maintaining phase coherence across two different TRPs is not possible. Furthermore, by decreasing total number of layers at the UE for the reliability use case by separating transmission from different TRPs in the frequency domain rather than across different layers on the same resources, there is potential for additional reliability gains.
Proposal 3: For the reliability use case, study other multi-TRP schemes where the same TB is transmitted from two TRPs across disjoint set of RBs. If such schemes provide additional gains, support PDCCH signalling enhancements needed for enabling them.
Enhancements related to robust PDCCH reception for multi-TRP transmission 
Signals in NR systems may suffer from performance loss due to blockage effects, e.g. from a passing-by human body or a moving vehicle near a UE device. One effective approach to overcome such blockage effects, is to leverage macro-diversity, by receiving multiple copies of a PDCCH from beams of different angular directions. The multiple beams for a PDCCH could come from a single TRP. In the case where the channel from a single TRP does not offer sufficient angular diversity, e.g. certain LOS scenarios in FR2 frequency bands, however, PDCCH reception from multiple TRPs becomes a natural choice of solution. It can be made transparent to UE whether the multiple beams are from a single or multiple TRPs. 
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Figure 1. An example of PER performance between single beam and multi-beam PDCCH
In Figure 1, we illustrate the diversity gain in PDCCH reception from multiple beams using CDL-B channel model and Blockage model A defined in 3GPP TR 38.901. The simulation assumptions are described in the Appendix. Numerical results indicate that in the presence of blockage effects, it is essential to exploit angular diversity from beams in different directions, which significantly outperforms using a higher aggregation level on a single beam in the PER curves. Therefore, we have the following proposal.
Proposal 4: For high reliability use case, support single DCI transmission over multiple TCI states.
In general, soft-combining of the received PDCCHs from multiple beam is not required to achieve the angular diversity gain. For instance, as a more direct method, gNB can simply send multiple PDCCHs scheduling the same PDSCH assignment without informing UE the existence of the repetition; at UE side, it suffices to decode at least one PDCCH. Compared with the method that requires soft-combining, the direct method saves the overhead to convey the PDCCH repetition to UE.
Uplink Control Enhancements
UL ACK/NACK feedback with multi-TRP transmission 
In this section, we discuss Ack/Nack feedback design for multi-TRP communications with NC-JT. As described in the MIMO-WID, NR Rel-16 should support multi-TRP with NC-JT for both the ideal and non-ideal backhaul case. In addition, according to TS 38.802 [2]: 
“… both semi-static and dynamic network coordination schemes are considered. In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered, e.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.” 
Thus, the design of HARQ-Ack feedback for multi-TRP should take into account the backhaul condition as well as the network coordination and scheduling schemes. 
HARQ-Ack payload determination 
In general, two HARQ-Ack feedback design options could be considered to form the HARQ-Ack payload, as illustrated in Figure 2 below:
· Option 1: Joint HARQ-Ack payload 
· Option 2: Separate HARQ-Ack payload 
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(a) Joint HARQ-Ack payload
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(b) Separate HARQ-Ack payload
Figure 2. Options for HARQ-Ack feedback: (a) joint HARQ-Ack payload (b) separate HARQ-Ack payload. 

In Option 1, the UE maintains a joint HARQ-Ack payload for the multiple TRPs that it is connected to. The HARQ-Ack information bits corresponding to PDSCHs from different TRPs are multiplexed. And the UE follows the K1 value and the DAI (in case of dynamic HARQ-Ack codebook) in the PDCCHs to determine the HARQ-Ack payload, as in the single-TRP scenario. As clear from the description, the joint HARQ-Ack payload design is more suitable for the case in which the multiple TRPs are connected with ideal backhaul. In particular, the multiple TRPs may need to communicate the k1, ARI and DAI information over the backhaul before scheduling the HARQ-Ack feedback, and may also communicate the received HARQ-Ack bits, in case not all the TRPs are able to receive the HARQ-Ack feedback. From standardization perspective, the joint HARQ-ACK payload design may already be supported with the NR Rel-15 HARQ-Ack determination mechanism (with both semi-static HARQ-ACK codebook and joint HARQ-ACK codebook), without further enhancement.  
In Option 2, the UE maintains separate HARQ-Ack payload for each of the multiple TRPs. In other words, the UE does not multiplex the HARQ-Ack information bits corresponding to PDSCHs transmitted from different TRPs. The separate HARQ-Ack payload option may be better suited for the scenario in which the multiple TRPs are connected with non-ideal backhaul. For example, consider the downlink NCJT mode 2 discussed in Section 2.1, in which multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP. If there is a large latency in the backhaul between the multiple TRPs (e.g., a 5 ms backhaul latency per [2]), it is likely that the multiple TRPs may only have semi-static coordination and distributed scheduling. In this case, the joint HARQ-Ack payload scheme cannot work properly since the multiple TRPs cannot coordinate the DAI information dynamically. Therefore, the TRPs will not be able to interpret the HARQ-Ack payload correctly. 
Based on the discussion above, we propose the following. 
Proposal 5: NR Rel-16 supports two HARQ-ACK payload determination modes:
Mode 1: joint HARQ-ACK payload for TBs from different TRPs;
Mode 2: Separate HARQ-ACK payload for TBs from different TRPs. 
In the case of separate HARQ-Ack payload, some additional aspects need to be sorted out. One important aspect is the TRP differentiation from the UE perspective. Indeed, in order for the UE to have separate HARQ-ACK feedback, the UE needs to know whether two PDSCHs come from the same TRP (in which case the UE shall multiplex the HARQ-Acks corresponding to the two PDSCHs) or from different TRPs (in which case, the UE will not multiplex the HARQ-Acks). In other words, some PHY-layer differentiation mechanisms are required for the UE to differentiate PDSCH transmissions from different TRPs. 
For example, consider the scenario considered in Figure 3 below. A UE receives 2 PDSCHs in slot n, and 1 PDSCH in slot n+1, where the PDSCH 1 and PDSCH 3 are transmitted from TRP A and the PDSCH 2 is transmitted from TRP B. Suppose, in addition, that the UE is to transmit the HARQ-Ack information for all the PDSCHs in slot n+2, based on the k1 information indicated in the scheduling DCIs. In this case, UE needs to form two HARQ-Ack payloads: for TRP A, UE need to transmit two bits with (Ack, NAck), and for TRP B, UE needs to transmit one bit with Ack. If the TRP not differentiated at the PHY layer for the UE, then UE does not know which payload each Ack/Nack bit correspond to. Note that, this is a problem for both  semi-static HARQ-Ack codebook and dynamic HARQ-Ack codebook.   
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Figure 3. TRP differentiation for separate HARQ-Ack payload.
Based on this discussion, we propose the following. 
Proposal 6: NR Rel-16 supports PHY-layer TRP differentiation at least for the case of separate HARQ-ACK payload.
HARQ-Ack reporting in PUCCH
After the UE determines the HARQ-Ack information bits and the codebook, it needs to transmit the HARQ-Ack information bits to the multiple TRPs. In this part, we will present our view on HARQ-Ack reporting in PUCCH. 
For HARQ-Ack reporting in PUCCH, the main issue is to determine the PUCCH resource used for transmission. We shall consider two cases as discussed in the previous section. 
In the case of joint HARQ-Ack payload, one straightforward approach is to determine the PUCCH resource using the last monitored PDCCH, as is done in NR Rel-15. In order to support this, the multiple TRPs need to coordinate the ARI information over the backhaul. Notice that, in this case, the destination (i.e., the receiver) for the PUCCH transmission may be one of the TRPs or all the TRPs. After the reception of the PUCCH, the multiple TRPs may need to coordinate the received HARQ-Ack information bits to form a joint decoding/detection result. However, this part is transparent to the UE and to the RAN 1 spec. 
In the case of separate HARQ-Ack payload, it is natural to transmit the separate HARQ-Ack payload in different PUCCHs. Assuming a PHY-layer TRP differentiation is supported in Rel-16, the UE will follow the corresponding DCIs to determine the PUCCH resources for the transmission of HARQ-Ack information. One issue to solve in this case is to determine how the multiple HARQ-ACK feedbacks are transmitted from the UE perspective. For simplicity of the presentation, in the discussion below, let’s consider the case of two TRPs communicating with the UE. The extension to the case of more than 2 TRPs follows in a straightforward fashion. 
If the HARQ-Ack transmissions to the different TRPs are always scheduled in different slots (e.g., via semi-static resource coordination between the TRPs), then no further enhancement to the Rel-15 HARQ-Ack reporting mechanism is needed. However, to reduce latency, it may be desirable to allow the HARQ-Ack transmissions to the different TRPs to be scheduled in the same slot. In this case, there can be two approaches: 
· Option A: the HARQ-ACK PUCCHs are transmitted on different (non-overlapping) OFDM symbols
· Option B: the HARQ-Ack PUCCHs are transmitted on overlapping OFDM symbols via different Tx antennas/panels for a UE with MIMO capability. 


[image: ]
1. Option A: HARQ-Ack PUCCHs transmitted on different OFDM symbols
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1. Option B: HARQ-Ack PUCCHs transmitted on overlapping OFDM symbols via different Tx antennas/panels for a UE with MIMO capability
Figure 4. Intra-UE multiple HARQ-Ack transmissions per slot 


We see both options are needed for HARQ-ACK feedback with multiple TPRs in different scenarios. Option A is more suitable for a semi-static PUCCH resource sharing mode between two TRPs where the PUCCH resources configured for TRP A are TDMed with PUCCH resources for TRP B. Option B is more suitable for a dynamic PUCCH resource sharing between two TRPs where a common set of PUCCH resources are configured to a UE which is shared by TRP A and TRP B. With dynamic sharing, it could happen two TRP schedule HARQ-ACK PUCCHs on overlapped OFDM symbols.
In general, comparing option A with option B, Option B is more flexible and more PUCCH resource efficient. Another important fact is that Option B can offer better cell coverage than option A. With Option A, one PUCCH transmission duration is less than 14 symbols per slot because the symbols are TDMed between two PUCCHs. This will result in a coverage loss for PUCCH. On the other hand, with Option B, each PUCCH transmission may span the entire slot. The UE may dynamically drop one of the PUCCH transmissions if it reaches its power headroom or eNB can avoid scheduling simultaneous two PUCCH transmissions for cell edge UEs.
Proposal 7: Support intra-UE multiple HARQ-ACK transmissions per slot, where the multiple HARQ-ACK transmissions in a slot can be 
· transmitted on different OFDM symbols, or 
· transmitted on overlapping OFDM symbols via different antennas/panels for a UE with MIMO capability. 

Another important aspect of PUCCH is PUCCH reliability enhancement, especially in FR2. From section 2.3 we see that DL control channel reliability can be improved via PDCCH transmission over multiple beams.  Improving DL control channel reliability alone is not sufficient, since for closed loop communication, both the UL as well as the DL control channel should be reliable. Hence enhancements to UL control channel for robustness/reliability should be specified for R-16. PUCCH can also be repeated across multiple beams for improved UL reliability. From power saving point of view, an UL power efficient approach to achieve reliability enhancement is to allow PUCCH resource selection at the UE. The UE can be configured with multiple PUCCH resources, each associated with different TCI states and the UE may select one or more of the resources to transmit PUCCH. The selection of a subset of PUCCH resources from a configured set of PUCCH resources, for UCI transmission can be up to UE implementation.   
Proposal 8: Specify PUCCH repetition/ resource selection across multiple TCI states for enhanced reliability and robustness.
Simultaneous intra-UE PUCCH & PUSCH transmissions
In NR Rel-15 with single-TRP, when a PUCCH transmission carrying the HARQ-Ack feedbacks happen to collide with a PUSCH transmission (for the same UE), the UE may need to piggyback the HARQ-Acks on the PUSCH, as long as the timeline conditions for piggyback are satisfied. 
[bookmark: _GoBack]In the multiple-TRP scenario, UE may also need to check whether the HARQ-Ack and the PUSCH are targeted towards the same TRP or not in order to determine whether to piggyback the HARQ-Ack on the PUSCH. In particular, piggybacking may not be a good solution if the PUCCH and the PUSCH are targeted towards different TRPs with non-ideal backhaul. For example, consider the scenario illustrated in Figure 4 below. In a given slot, the UE is scheduled by TRP A to transmit PUSCH, and it is also scheduled by TRP B to transmit PUCCH carrying HARQ-Ack feedback, and the PUCCH and PUSCH channel are overlapping in time. In this case, TRP A is not aware of the HARQ-Ack feedback, and TRP B is not aware of the PUSCH transmission. In this case, piggybacking HARQ-ACK on PUSCH does not work in this scenario due to several reasons below
· When TRP A schedule PUSCH in the UL grant, it does not provision resource for HARQ-ACK piggyback. It does not provide correct beta offset values for HARQ-ACK. Piggyback HARQ-ACK blindly at UE based on a wrong beta offset value would lead to nonguaranteed decoding performance for both HARQ-ACK and PUSCH
· Even put potential performance degradation at aside, one more serious issue is that, if the UE piggybacks the HARQ-ACK on the PUSCH, then neither of two TRPs will be able to decode the desired message correctly. For TRP A, PUSCH decoding will fail, because it still attempts to decode PUSCH without knowing the rate matching of PUSCH over HARQ-ACK when HARQ-ACK is more than 2 bits. With up to 2 bits HARQ-ACK, TPR A may be able to decode PUSCH because HARQ-ACK puncture PUSCH. But TRP A still cannot guarantee the performance because lack of proper resource allocation for PUSCH and appropriate beta offset signaling.  For TRP B, it may not know HARQ-ACK is piggybacked on PUSCH rather than transmitting in PUCCH.  TRP B still monitor PUCCH resource and attempts to decode HARQ-ACK from the junk LLRs, which apparently will fail. 

One simple way to solve this problem is to allow the UE to have simultaneous PUCCH and PUSCH transmission on different Tx antennas/panels, for UEs with MIMO or multi-panel capability. The scheduling of the PUCCH will not affect the scheduling of the PUSCH, and vice versa. Of course, if the sum of the ranks of the two transmissions exceeds the maximum UL rank supported by the UE or the sum power of the two transmissions exceeds Pc_max, UE need to drop one of the channels.
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Figure 5. Problem with HARQ-Ack piggyback in PUSCH: in the case of separate HARQ-Ack codebook, HARQ-Ack for TRP A cannot be piggybacked on PUSCH for TRP B

Proposal 9: Support intra-UE simultaneous PUCCH and PUSCH transmission via different Tx antennas/panels on the same OFDM symbol for UE with MIMO capability. 
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability
	CSI feedback for multi-TRP transmission
[bookmark: _Hlk525642117]The CSI feedback design for multi-TRP depends on the following:
· Number of hypotheses that the UE is supposed to process and feedback the corresponding CSI. For example, for the case of two TRPs, UE can feedback sperate CSIs corresponding to only the first TRP, only the second TRP, and both TRPs. The network can decide the preferred operation mode based on the CSI feedbacks. 
· The multi-TRP scheme (for the case of CSI corresponding to both TRPs). For example, whether or not the same TB is transmitted from both TRPs has impacts on CSI feedback. The UE can send multiple CSI hypotheses each corresponding to a particular multi-TRP scheme, and the network can decide the preferred scheme.

For the multi-TRP CSI reports where separate layers come from different TRPs, the UE may report a pair of rank indicators from a limited set of pairs. For example, a UE with maximum rank of 4 can report one of the following rank pairs, where each pair consists of number of layers from the first TRP and number of layers from the second TRP, respectively: {(1,1),(2,1),(1,2),(2,2),(3,1),(1,3)}. Further restrictions can be applied to the set to limit the UE complexity for CSI processing.   
In addition, each CSI report can be sent to one or both of the TRPs. As in the case of HARQ feedback for multi-TRP, the design of CSI feedback should take into account the backhaul condition as well as network coordination and scheduling schemes.
Proposal 10: The design of the CSI feedback for multi-TRP should take the following into account:
· Flexibility for choosing between one or more multi-TRP transmission schemes and single-TRP transmission.
· Joint CSI reporting vs. separate CSI reporting to each TRP.
· UE complexity for CSI processing and feedback.
· Backhaul condition and network coordination.

Other Enhancements
[bookmark: _Hlk525656529]For multi-TRP transmission, it is possible that different serving TRPs have different resources unavailable for data transmission to the UE due to the following:
· Some resources are punctured by one TRP to transmit URLLC traffic but not the other TRP
· Some resources are used for one TRP to transmit SSB but not the other TRP
· Some resources are used for CSI-RS/TRS transmission but not the other TRP
· Different resource sets need to be rate matched around for each TRP

For example, consider the multi-TRP scheme where different layers come from different TRPs on the same set of RBs. If some of the RBs are not available at one of the TRPs but they are available for another TRP, enhancements on DL PI indication may enable more efficient and flexible multi-TRP transmission.
Proposal 11: Study the need for enhanced DL PI indication for multi-TRP transmission.

Conclusion 
Proposal 1: Support NR Rel. 15 agreements for multi-TRP including the following:
· Supporting the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs (Mode 1).
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP (Mode 2).
· Support extended QCL indication of DMRS for PDSCH via DL signalling, where TCI can refer to two RS sets indicating QCL relationship for two DMRS port groups.

Proposal 2: Study the need for any additional enhancements needed for efficient antenna ports indication and corresponding QCL indication of DMRS/PTRS ports for multi-TRP transmission.
Proposal 3: For the reliability use case, study other multi-TRP schemes where the same TB is transmitted from two TRPs across disjoint set of RBs. If such schemes provide additional gains, support PDCCH signalling enhancements needed for enabling them.
Proposal 4: For high reliability use case, support single DCI transmission over multiple TCI states.
Proposal 5: NR Rel-16 supports two HARQ-ACK payload determination modes:
Mode 1: joint HARQ-ACK payload for TBs from different TRPs;
Mode 2: Separate HARQ-ACK payload for TBs from different TRPs. 
Proposal 6: NR Rel-16 supports PHY-layer TRP differentiation at least for the case of separate HARQ-ACK payload.
Proposal 7: Support intra-UE multiple HARQ-ACK transmissions per slot with separate codebook, where the multiple HARQ-ACK transmissions in a slot can be 
· transmitted on different OFDM symbols, or 
transmitted on overlapping OFDM symbols via different antennas/panels for a UE with MIMO capability. 

Proposal 8: Specify PUCCH repetition/ resource selection across multiple TCI states for enhanced reliability and robustness.
Proposal 9: Support intra-UE simultaneous PUCCH and PUSCH transmission via different Tx antennas/panels on the same OFDM symbol for UE with MIMO capability. 
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability

Proposal 10: The design of the CSI feedback for multi-TRP should take the following into account:
· Flexibility for choosing between one or more multi-TRP transmission schemes and single-TRP transmission.
· Joint CSI reporting vs. separate CSI reporting to each TRP.
· UE complexity for CSI processing and feedback.
· Backhaul condition and network coordination.

Proposal 11: Study the need for enhanced DL PI indication for multi-TRP transmission.
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Appendix I


Table 1. Simulation Assumptions for Figure 1
	Carrier frequency
	28 GHz

	Antenna config
	(1,1,8,16,2) (gNB), 
(1,1,2,2,2) (UE)

	Subcarrier Spacing 
	120kHz

	Duration of CP
	0.6µs

	DCI size
	48 bits

	Channel model
	CDL-B with DS RMS 100 ns

	PDCCH frequency allocation
	Localized

	Soft combine
	Enabled if using 2 beams

	Blockage model
	38.901 Blockage model A with implementation of birth-death process of blockages w.p. 0.3

	Beamforming &
2nd beam selection
	BF to overall best beam if using 1 beam

	
	If using2 beams, BF to overall best beam as the 1st beam; select 2nd beam as best beam at least 10 deg different in AoA and AoD from the 1st beam
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