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Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. In the Taipei ad hoc meeting, the following agreements were reached on this subject:

Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs

Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

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, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

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

Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.

In our previous contribution [3], we provided our initial view on DL multi-TRP/panel transmission. In this contribution, we continue discussion related to both multiple PDCCH and single PDCCH transmissions. UL transmission with multi-TRP is discussed in our companion contribution [4]. 

Multi-TRP/panel transmissions for eMBB 

PDSCH resource usage
In the last meeting, the discussions on PDSCH resource allocation were mainly focused on two alternatives: 
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

The difference is whether partially overlapping PDSCHs are disallowed at all, or are allowed with additional constraints. We now discuss the implication of the additional constraints. The requirement for the same DMRS configuration type, number of front-loaded and additional DMRS symbols is necessary for UE to perform channel estimation for each of the allocated DMRS ports based on R15 DMRS design. This imposes significant constraints on the time domain resource allocated to the PDSCHs, as illustrated by the following two figures. Figure 1 and Figure 2 show two examples of DMRS locations with respect to the PDSCH symbol location. Figure 1 shows allowed PDSCH allocation when there is 1 front-loaded DMRS symbol and two additional 1-symbol DMRS, and Figure 2 shows allowed PDSCH allocation when there is a 2-symbol front-loaded DMRS and 1 additional 2-symbol DMRS. When the front-loaded DMRS symbols are aligned, it requires the two PDSCHs have to start from the same symbol. Given the locations of the additional DMRS symbols, especially the last additional DMRS symbol, not much flexibility is left for the last symbol of the PDSCH. The last symbol of PDSCH is allowed only in one of two positions differing by 1 OFDM symbol. Use the top left 2 figures of Figure 1 as an example. DMRS symbols are located as symbol 3, 6 and 9 of the subframe. The last symbol of PDSCH is either symbol 9 (top) or symbol 10 (bottom). This unused symbol (symbol 10) is more likely to be wasted by the non-transmitting TRP, because it cannot be used by another mini-slot based Type-B PDSCH transmission right after it. If the remaining symbols (10-13) is to be used for a mini-slot transmission, in line with the same principle, the Type-B PDSCH transmitted by the two TRPs should be aligned in their first symbol (front loaded DMRS). Even one TRP completes its Type-A PDSCH transmission 1 symbol earlier than the other, it has to wait for the other PDSCH to finish and start its Type-B PDSCH transmission in symbol 11. So although it is possible to not complete their PDSCH in the same symbol (from the point of DMRS-based channel estimation), this only leads to waste of a symbol and should not be allowed. 
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[bookmark: _Ref918949]Figure 1. PDSCH with 1 front loaded DMRS symbol and 2 additional DMRS symbols.
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[bookmark: _Ref918956]Figure 2. PDSCH with 2 front loaded DMRS symbols and 1 additional 2-symbol DMRS.

Allowing partially overlapping PDSCHs sent from different TRPs causes other problems. The interference between the two PDSCHs are different in overlapping and in non-overlapping resources, but the TRPs do not know which REs overlap and which REs do not overlap when scheduling since they make their own independent decisions. This makes it difficult to calculate the MCS accurately to match the transmission with the channel condition including MU-MIMO interference between the PDSCHs. It also makes the UE reception more difficult. Because the UE receives both PDCCHs scheduling the PDSCHs, it knows which resources overlap and which resources do not overlap. It needs to calculate and apply 3 different channels and receivers, one for the overlapped part, and two others for the non-overlapped parts. So allowing PDSCHs in partially overlapping frequency resources causes inaccurate MCS calculation at the TRP side and additional complexity at the UE side, leading to additional cost with poor performances. On the other side, when the two TRPs transmit with either completely overlapping resources, or completely non-overlapping resources, the CSI measurement can be easily be handled by the R15 CSI framework, where the UE is configured for each TRP with NZP-CSI-RS for channel measurement, and NZP-CSI-RS or CSI-IM for interference measurement. The CSI feedback from UE to gNB reflects the channel status assuming the interference measured from NZP-CSI-RS or CSI-IM is constant and uniform across the DL resources. Optimal scheduling can be achieved by each TRP independently. Alt 2 (allowing only fully or non-overlapping resources) is clearly superior to Alt 3 in every aspect. We believe Alt 2 should be adopted.

Proposal 1: Adopt Alt 2 in PDSCH resource allocation, allowing only full/non-overlapping PDSCH resources scheduled by multiple  PDCCHs.  

TCI states
 It was agreed in the Taipei meeting that TCI indication will need to be enhanced for at least eMBB. Each TCI code point can corresponds to 1 or 2 TCI states depending on whether the PDSCH is transmitted by one or two TRPs. To streamline UE receiver design, it is desirable that the same TCI indicating scheme is applied to both single-PDCCH and multi-PDCCH design. This requires a uniform TCI indicating scheme to accommodate PDSCH transmitted from single TRP and PDSCH transmitted from multi-TRP. Transmission from two TRPs requires combination of two TCI states, and this more than doubles the number of potential TCI states. MAC-CE can be used to reduce the size of TCI field in DCI, but to allow flexible scheduling from one or two TRPs, it is better to increase the number of bits allocated to TCI in PDCCH from 3 to X, where X is FFS. In our opinion, to balance the overhead and scheduling flexibility, the value of X can be 4 or 5. 

	Proposal 2: Increase the size of the TCI field in DCI from 3 to X, where X is FFS.   

Total number of transmission ranks and CWs
When a UE is receiving multiple PDSCH from multiple TRPs, it is most likely in the boundary of TRP coverage areas and is likely to experience relatively low SNR from individual TRPs. This makes high transmission rank unlikely from each TRP. In our view, the main goal for multi-TRP transmission is to provide uniform user experience to a UE across the serving area instead of enhancing the peak data rate. Because of this, there is no point supporting combined rank from all TRPs higher than 8 in all the PDSCHs concurrently received by the UE. If we further limit the transmission rank of PDSCH from each TRP up to 4, and the number of CW to 1, the codebook of R15 with rank up to 4 can be reused for CSI feedback per TRP. The gNB can configure codebook subset restriction for the UE to limit the transmission rank in the reported CSI per TRP for multi-PDCCH based multi-PDSCH transmission. In R15, UE can receive a PDSCH up to 2 CWs. When multiple TRPs transmit multiple PDSCH to a same UE, the number of CWs in all the PUSCHs should be limited to up to 2 as well. From the UE side, this does not require additional processing capability than what is already implemented for R15. This requires that 2 TRPs can each transmit a PDSCH with a single CW to a UE. These limitations, i.e. maximal rank 4 per PDSCH/CW, 1 CW from a TRP and maximal of 2 CWs (2 TRPs or 2 PDSCH), provide maximal backward compatibility to R15, and UE can reuse much of the implementations of R15. This implies that only X=2 is supported. 

Proposal 3: For multi-PDCCH based multi-PDSCH transmission,  do not support X=3. 

In R15, all the layers are mapped to the first CW when the transmission rank is no more than 4, and are split between two CWs when the rank is between 5 to 8. For multi-PDCCH multi-PDSCH transmission, each TRP transmits with rank  up to 4, there is only 1 CW per PDSCH. The transmission from two TRPs in two PDSCHs are independent. With the rank limitation, the layer mapping and resource mapping of each PDSCH can reuse the same scheme as R15.

	Proposal 4: For multi-PDCCH based multi-TRP/panel transmission, reuse the CW to RE mapping rule of R15 for each PDSCH with rank up to 4.

When a single PDCCH schedules a single PDSCH transmitted from multiple TRPs in the case of ideal backhaul, the situation may be different. This is to assume the PDSCH does not overlap with other PDSCHs We still think it is a valid constraint to limit the number of CWs to 2 and the total number of layers to 8 for the same reason before. Because the pathlosses from different TRPs may be different, in order to avoid imbalance at the UE receiver, it is best that the layers in a CW are all sent from a same TRP. This raises the question of CW to RE mapping, because the CW-to-RE mapping rule of R15 does not always meet this requirement. Therefore it is necessary to change the CW to RE mapping rule to map all the layers transmitted from a TRP to a CW.

Proposal 5: For single-PDCCH based single PDSCH transmitted from multi-TRP/panel, update the CW to RE mapping rule.
 
RS and rate matching
Each PDSCH has its own DMRS and PT-RS. Different DMRS ports should be used by different TRPs. Because transmissions from different TRPs are incoherent and may have different time and frequency offset, the DMRS sent from different TRPs should not overlap in time and frequency resources. This requirement puts the DMRS ports from different TRPs in different CDM groups. Through the backhaul interface, different TRPs can coordinate with their DMRS configuration so they use the same DMRS configuration type, number of actual front loaded and additional DMRS symbols, and DMRS symbol location to maintain the orthogonality between DMRS ports. As a baseline, R15 DMRS design can be reused. However, not all the entries in the DMRS table in TS38.212 can be reused, because some of them lead to transmissions from different TRPs end up in the same CDM group. The DMRS indication scheme also need to accommodate the new CW to RE mapping rule. Therefore we propose to update the DMRS indication table based on R15 DMRS design.

Proposal 6: Update the DL DMRS port indication scheme based on R15 DMRS design.
PT-RS is required to estimate the phase shift and phase noise of the transmitter. Different TRPs (and sometimes different panels) are driven by different oscillators that are non-coherent and require separate PT-RS. For each PDSCH, because all the layers are transmitted by a single TRP/panel, all the layers are coherent with each other and only one PT-RS is required. This is the same as R15. But R15 PT-RS transmission depends on factors including UE nRNTI, associated DMRS ports, scheduled MCS as well as RRC parameters (resourceElementOffset). Because the two TRPs making scheduling for their own PDSCH do not coordinate in real time, not all information is available for a TRP to know the PT-RS in the other PDSCH for it to conduct rate matching around the PT-RS REs. This will lead to collision between data RE of one PDSCH and PT-RS of the other PDSCH. To avoid such collision and to guarantee accurate phase tracking, it is necessary to change the PT-RS in such scenario. For a single PDSCH transmitted from multiple TRP/panel scheduled by a single PDCCH, the association of PT-RS to DMRS port of R15 can be reused. Each TRP needs its own PT-RS. Two of PT-RS ports should be supported. To summarize both cases of single-PDCCH and multi-PDCCH based PDSCH transmissions, we propose further study is needed for PT-RS for multi-PRP/panel PDSCH transmission. 

	Proposal 7:  PT-RS for multi-TRP/panel PDSCH transmission is FFS.    
 
PDCCH search space 
When two TRPs each transmitting their own PDCCHs scheduling the corresponding PDSCHs, they each appear to UE like a R15 gNB.  UE can receive PDCCH from each TRP like a R15. However, when UE needs to monitor PDCCH from multiple TRPs, the total number of CORESETs and the total number of search spaces may increase, leading to higher UE complexity. To reduce the UE complexity, it is necessary to limit the total number of CORESETs and total number of search spaces a UE needs to monitor. Given in R15 a UE can be configured with 4 CORESETs per bandwidth part and 10 search spaces per CORESET, the total configured CORESETs of all TRPs and the total number of blind decoding from all TRPs should not be significantly higher. 
Proposal 8: Limiting the number of total CORESETs and search spaces configured for all TRPs to reduce UE complexity.  

Multi-TRP/panel transmission for URLLC 
PDSCH/PUSCH repetition via Multi-TRP
PDSCH/PUSCH slot aggregation (i.e. repetition), which uses the same time-frequency resources across slots with the configured number of repetitions based on the configured sequence of redundancy versions, is supported in Rel-15. For Rel-16, it was agreed that for multi-TRP specification support for URLLC, at least one of following schemes for transmitting the same transport block from multiple TRP is supported: 
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation

In this scenario, each TRP (or a group of TRPs) associated with one TCI state may send one of the TB repetitions (different RVs). One PDCCH (new DCI format) or multiple PDCCHs can be used to indicate QCL information, the redundancy versions, and the DM RS ports. To avoid inter-stream interference, coordinated pre-coder selection across different TRPs may be required. On the other hand, using overlapping time-frequency resources would provide benefits in terms of resource utilization efficiency and latency reduction (i.e. gNB can increase the number of repetition within a slot compared to TDM), especially for UEs capable of simultaneous multi-panel operation. 

Observation 1: Transmitting TB repetitions on overlapped time/frequency resources can reduce latency with minimal expected performance impact for some deployment/operational scenarios. 

Proposal 9: Scheme 1 (SDM) is supported in Rel-16

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation

Similar to Scheme 1 (SDM), Scheme 2 (FDM) can reduce the latency by allowing more number of TB repetitions within a slot compared to TDM, for UEs capable of simultaneous multi-panel operation (Note that Nf is also related with UE antenna/RF architecture and capability). With orthogonal resource allocation, precoder coordination is not required and accordingly, less overhead and complexity associated with CSI computation and reporting are expected. 
 
Observation 2: Transmitting TB repetitions over non-overlapped frequency resource allocation can increase reliability and reduce latency. 

Proposal 10: Scheme 2 (FDM) is supported in Rel-16.

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation

Repetition of non-slot based PDSCH/PUSCH within a slot (a.k.a. mini-slot repetition) with different TCI states can increase reliability and reduce latency for a smaller size TB, and for UEs not capable of simultaneous multi-panel operation. 
Proposal 11: Support repetition of non-slot based PDSCH/PUSCH with multi-TRP transmission. 
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 

In FR2, with smaller subcarrier spacing and short slot duration (e.g. 0.125ms), PDSCH/PUSCH repetition across slots with different TCI states (or different SRIs) can increase reliability with limited latency.  Even in FR1, repetition over a small number of slots (e.g. 2 slots) with different TCI states may be useful for URLLC. The UE can be configured using RRC signaling with multiple sequences of RS indexes, TCI-states, or QCL-references, to be applied across repetitions. Instead of using semi-static cycling, the gNB, dynamically using the scheduling DCI, indicates the sequence to be applied across repetitions. This can be combined with DCI indication of RV sequence.

Proposal 12: 
· For FR1 and FR2, support transmitting TB repetitions over K different slots. 
· FFS: the value Nt2
· Support precoder/QCL-cycling across PDSCH repetitions where QCL-cycling is realized by configuring a sequence of RS indexes, TCI-states, or QCL-references. 


If multiple PDSCHs/PUSCHs carrying a same TB are transmitted from/to multiple TRPs to increase the transmission reliability, a DCI format for non-coherent joint transmission can be reused. For example, a certain bit field corresponding to information of an additional TB (e.g. MCS, NDI, RV) in the DCI format for non-coherent joint transmission can be reserved, when multiple PDSCHs/PUSCHs carrying the same TB  are scheduled. Using the same DCI format for non-coherent joint transmission and PDSCH/PUSCH repetition via multi-TRP allows gNB to dynamically switch the PDSCH/PUSCH transmission mode for a UE without increasing UE’s PDCCH blind decoding complexity.      
Proposal 13: Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition. 

Considerations for multi-PDCCH based multi-TRP PDSCH repetition
For a URLLC UE, transmitting multiple PDCCHs in different CORESETs (via multiple TRP/beam/panel having different QCL relationships between the downlink reference signals (RS) in a RS Set (TCI-State) and the PDCCH DMRS ports) scheduling the same TB can provide spatial and frequency domain diversity gains.
Enabling multiple PDCCH transmissions in different CORESETs scheduling the same transport block from multiple TRPs with overlapped time and frequency resource allocation (if supported), may require further study on different topics, such as PDSCH and corresponding PUCCH transmissions as described in the following.
· It should be discussed if different or the same PUCCH resources should be used corresponding to different PDCCHs sent in different CORESETs. Using a different PUCCH resource corresponding to PDCCHs received in different CORESETs in some cases might lead to lower latency (e.g., in case of receiving multiple PDCCHs in different CORESETs, but requires more PUCCH resources). In contrast, using a single PUCCH resource corresponding to the received PDCCHs irrespective of their CORESETs has PUCCH resource saving advantage, but could have higher latency and require some PDCCH scheduling restrictions (e.g., PDCCHs in different CORESETs may need to be sent using starting CCE indices resulting in the same PUCCH resource). To avoid higher latency, and scheduling restrictions, we prefer to at least support different PUCCH resources corresponding to PDCCHs received in different CORESETs.

· PDSCH DMRS symbol position can be dependent on the CORESET duration. In case of PDCCH transmission in multiple CORESETs, if fully overlapped PDSCH transmissions from different TRPs (TB repetitions) is supported, dependency of PDSCH DMRS symbol position on the CORESET duration should be clarified. In our view, PDSCH DMRS location can be determined based on the largest CORESET duration, where UE monitors for PDSCH transmissions from different TRPs. 

Proposal  14: if multiple PDCCH transmissions in different CORESETs supported, scheduling the same TB, 
· Separate ACK/NACK feedback for received PDSCHs is supported
· PDSCH DMRS location can be determined based on the largest CORESET duration, where UE monitors for PDSCH transmissions from different TRPs. 


Conclusion
We have discussed multi-TRP/multi-panel DL transmission. Our proposals are summarized below:
Proposal 1: Adopt Alt 2 in PDSCH resource allocation, allowing only full/non-overlapping PDSCH resources scheduled by multiple  PDCCHs.  
Proposal 2: Increase the size of the TCI field in DCI from 3 to X, where X is FFS.   
Proposal 3: For multi-PDCCH based multi-PDSCH transmission,  do not support X=3. 
Proposal 4: For multi-PDCCH based multi-TRP/panel transmission, reuse the CW to RE mapping rule of R15 for each PDSCH with rank up to 4.
Proposal 5: For single-PDCCH based single PDSCH transmitted from multi-TRP/panel, update the CW to RE mapping rule.
Proposal 6: Update the DL DMRS port indication scheme based on R15 DMRS design.
Proposal 7:  PT-RS for multi-TRP/panel PDSCH transmission is FFS.    
Proposal 8: Limiting the number of total CORESETs and search spaces configured for all TRPs to reduce UE complexity.  
Proposal 9: Scheme 1 (SDM) is supported in Rel-16
Proposal 10: Scheme 2 (FDM) is supported in Rel-16.
Proposal 11: Support repetition of non-slot based PDSCH/PUSCH with multi-TRP transmission. 
Proposal 12: 
· For FR1 and FR2, support transmitting TB repetitions over K different slots. 
· FFS: the value Nt2
· Support precoder/QCL-cycling across PDSCH repetitions where QCL-cycling is realized by configuring a sequence of RS indexes, TCI-states, or QCL-references. 
· 
Proposal 13: Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition. 
Proposal  14: if multiple PDCCH transmissions in different CORESETs supported, scheduling the same TB, 
· Separate ACK/NACK feedback for received PDSCHs is supported
· PDSCH DMRS location can be determined based on the largest CORESET duration, where UE monitors for PDSCH transmissions from different TRPs. 
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