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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. The discussion in RAN1#95 was mainly focused on the scenarios and areas to be enhanced. The following agreements were reached [2]:
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 
· [bookmark: OLE_LINK9]#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
· [bookmark: _Hlk530133533]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.
FFS: Non-ideal backhaul case

In our previous contribution [3], we mainly focused on deployment scenario. In this contribution, we discuss issues related to both multiple PDCCH and single PDCCH transmissions. UL transmission with multi-TRP is discussed in our companion contribution [4]. 

Transmissions from multiple TRPs with multiple PDCCH
[bookmark: OLE_LINK3]Long backhaul delay between the TRPs necessitates multiple TRPs each scheduling their own PDSCH transmissions with separate PDCCHs. The PUCCHs carrying the respective CSI, SR and ACK/NACK are sent from the UE to the respective TRPs. From a UE point of view, each TRP functions similarly to an gNB. This is the scenario in the following figure. 
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[bookmark: _Ref534751232]Figure 1. Multiple PDCCHs schedule multiple PDSCHs transmission from multiple TRPs. This applies to the case of non-ideal backhaul between TRPs. 

PDSCH resource usage
How the PDSCHs from the TRPs use the resources has impact on the CSI feedback as well as scheduling. The CSI feedback framework of R15 configures a UE 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. If the two PDSCH sent from the two TRPs are allowed to partially overlap, the resulting channel status is not accurately reflected by the reported CSI. It also makes the effective SINR different in different REs of the PDSCH (or increase such variation), making it difficult for the TRP to calculate the accurate MCS level of the PDSCH. Such inaccuracy and uncertainty will degrade the performance unnecessarily. Therefore we believe PDSCHs transmitted from multiple TRPs should not partially overlap in time and frequency resources. 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 CSI feedback (CRI, RI, PMI, CQI) can be sent to the corresponding TRP through PUCCH. No specification change is required in the CSI-RS resource configuration, or measurement or report configuration. From standardization as well performance point of view, PDSCHs transmitted by multiple TRPs should be either completely overlapping or completely non-overlapping, but not partially overlapping.  
Proposal 1: Support only fully overlapped and non-overlapped time and frequency resource between PDSCH transmitted by different TRPs. 

Number of overlapped PDSCHs and transmission ranks 
When PDSCHs transmitted from different TRPs do not overlap, UE can treat each non-overlapping PDSCH independently the same way as in R15. No change is required in this case. We focus on the case of completely overlapped PDSCHs in the following discussion. When a UE is transmitted from multiple TRPs, it is in the boundary of TRP coverage areas, and is likely to experience relatively low SNR from individual TRPs. This makes high transmission rank from each TRP unlikely. The main goal for multi-TRP transmission is providing uniform user experience to a UE instead of enhancing the peak data rate. Because of this, there is no point to support rank higher than 8 including transmissions from all TRPs. With multiple TRPs, the total transmission rank from all the TRPs combined should not be higher than 8, and the transmission rank from each TRP should not be higher than 4. This allows reuse of the codebook of R15 with rank up to 4 for CSI feedback per TRP. Codebook subset restriction can be used to limit the transmission rank in the reported CSI. 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. This requires that up to 2 TRPs can each transmit a PDSCH to a UE, each with a single CW. 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. 
Proposal 2: For the multi-PDCCH case, UE can receive up to 2 PDSCHs each scheduled by a PDCCH and transmitted from a TRP, where each PDSCH with a single CW is transmitted with up to rank 4.

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.

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 in turn requires them to occupy different CDM groups. Through X2 interface, different TRPs can coordinate with their DMRS configuration so they use the same DMRS configuration types, length and position to maintain the orthogonality between DMRS ports. As a baseline, R15 DMRS port indication scheme can be used. 

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. 

Proposal 3: Reuse R15 DMRS design and port indication scheme for multi-PDCCH, multi-PDSCH transmission as a baseline.  
Proposal 4:  PT-RS for multi-PDCCH, multi-PDSCH transmission is FFS.    

PDCCH 
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 3 CORESETs per bandwidth part and 44 search spaces (for 15kHz subcarrier spacing), the total configured CORESETs of all TRPs and the total number of candidate search spaces from all TRPs should not be significantly higher. 
Proposal 5: Limiting the number of total CORESETs and search spaces configured for all TRPs to reduce UE complexity.  

Transmissions from multiple TRPs with single PDCCH

PDSCH 
With ideal backhaul connecting two TRPs, transmission for both TRPs can be scheduled with a single PDCCH. The PDCCH can be sent from either TRP, depending on the CORESET configuration and gNB decision. PUCCH with CSI, ACK/NACK and SR can be sent from UE to either TRP depending on the PUCCH resource configuration and gNB scheduling decision. Allowing PDCCH sent from either TRP, and PUCCH sent to either TRP based on gNB implementation gives the system more flexibility and robustness. We concentrate the following discussion on the PDSCH transmission. Figure 2 shows two alternatives for PDSCH transmission.  Transmissions from two TRPs can take the form of one or two PDSCH. 
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Figure 2. A single PDCCH transmitted from one of two TRPs may schedule two PDSCH (top) or one PDSCH (bottom) from two TRPs to a UE. The single PDCCH can be sent from either TRP based on CORESET configuration, and PUCCH with CSI and ACK/NACK can be sent to either TRP based on RRC configuration and scheduling. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For either case, a single PDCCH is sent from one of the two TRPs to schedule PDSCH transmitted from both TRPs. Ideal backhaul connecting TRP1 and TRP2 ensures that data can be sent to both TRPs in time for PDSCH transmission based on the DCI. When the PDCCH schedules two PDSCHs to the UE, one PDSCH from a TRP (Figure 2, top), the PDSCHs are not different from those of Figure 1(multi-PDCCH, multi-PDSCH transmission). To indicate two PDSCH, two DCIs (or equivalently one large DCI) are required in the PDCCH. This incurs large overhead in the PDCCH. To reduce the control overhead, it is better for the single PDCCH to schedule transmissions from both TRPs as a single PDSCH (Figure 2, bottom) with separate CW sent from each TRP. The same limitation on the total transmission rank (up to 8) and individual transmission rank per TRP (up to 4) should apply as  the multiple PDCCH case. Because the link from the two TRPs to the UE have very different path losses, they should not be mixed in the same CW. Two CWs are sent to the UE, one from each TRP with up to 4 layers. For CSI measurement, the CSI-RS for channel measurement and NZP-CSI-RS for interference measurement should be separately configured for the TRPs to reflect the inter-CW interference. The gNB can configure the CSI-RS for channel measurement for one TRP as the NZP-CSI-RS for interference measurement for the other TRP. Individual CSI report should be computed for the two TRPs (CWs). DCI format 1_1 can be reused with only minor modifications. We propose to only support single PDCCH scheduling single PDSCH, not multiple  PDSCH for ideal backhaul: 
Proposal 6: Do not support single PDCCH scheduling multiple PDSCHs from multiple TRPs.

The DMRS ports transmitted from a TRP are in a DMRS group and assume QCL type A and type D (for FR2). These DMRS ports are mapped to a same codeword, and no DMRS ports from different TRPs are mixed in the same codeword. TCI indicating the QCL relationship for both DMRS groups will be required in the DCI. DMRS port indication can also be enhanced. To use only DMRS ports from a TRP in a CW also requires change to the codeword-to-layer mapping rule. Because different TRPs are driven by different oscillators and are non-coherent, they require separate PT-RS ports for phase tracking. With 2 DMRS groups, two ports PT-RS needs to be supported. 
Proposal 7: DM-RS, TCI, PT-RS, and codeword-to-layer mapping rule need be enhanced for single PDCCH, single PDSCH transmission from two TRPs.  

PDCCH
For single PDCCH transmission, the PDCCH may be always transmitted from a same TRP, or can be transmitted from one of two TRPs flexibly. The latter approach can improve the system robustness. From the UE point of view, it is not necessary to tell from which TRP the PDCCH is sent, as long as it is received in configured CORESET and search space. Even when the single PDCCH can be sent flexibly from the TRPs, there is no need to increase the CORESET and search space. Therefore we propose to reuse the R15 definition of PDCCH for this case.
Proposal 8: Reuse R15 PDCCH design for single PDCCH, multiple TRP transmission.

URLLC aspects  
PDCCH repetition via Multi-TRP
As discussed in our companion contribution [5] for URLLC, multiple PDCCH transmissions, scheduling the same TB with the same DL assignment, in different CORESETs with different QCL should be further studied to improve PDCCH detection reliability. Enabling multiple PDCCH transmissions in different CORESETs scheduling the same TB 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. Also, 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. 
Proposal 9: Enabling multiple PDCCH transmissions in different CORESETs, scheduling the same TB, may require additional studies on the following aspects:
a) should different PUCCH resources be assigned to multiple PDCCH transmissions in different CORESETs, scheduling the same TB?
b) if fully overlapped PDSCH transmissions from different TRPs (TB repetitions) is supported, how to determine PDSCH DMRS symbol(s)?  

PDSCH/PUSCH repetition via Multi-TRP
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 10: Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition. 

Conclusion
We have discussed different schemes for multi-TRP/multi-panel transmission under different backhaul assumptions, and issues arisen with them. Our proposals are summarized below:

Proposal 1: Support only fully overlapped and non-overlapped time and frequency resource between PDSCH transmitted by different TRPs. 
Proposal 2: For the multi-PDCCH case, UE can receive up to 2 PDSCHs each scheduled by a PDCCH and transmitted from a TRP, where each PDSCH with a single CW is transmitted with up to rank 4.
Proposal 3: Reuse R15 DMRS design and port indication scheme for multi-PDCCH, multi-PDSCH transmission as a baseline.  
Proposal 4:  PT-RS for multi-PDCCH, multi-PDSCH transmission is FFS.    
Proposal 5: Limiting the number of total CORESETs and search spaces configured for all TRPs to reduce UE complexity.  
Proposal 6: Do not support single PDCCH scheduling multiple PDSCHs from multiple TRPs.
Proposal 7: DM-RS, TCI, PT-RS, and codeword-to-layer mapping rule need be enhanced for single PDCCH, single PDSCH transmission from two TRPs.  
	Proposal 8: Reuse R15 PDCCH design for single PDCCH, multiple TRP transmission.
Proposal 9: Enabling multiple PDCCH transmissions in different CORESETs, scheduling the same TB, may require additional studies on the following aspects:
a) should different PUCCH resources be assigned to multiple PDCCH transmissions in different CORESETs, scheduling the same TB?
b) if fully overlapped PDSCH transmissions from different TRPs (TB repetitions) is supported, how to determine PDSCH DMRS symbol(s)?  
[bookmark: _GoBack]Proposal 10: Adopt a DCI format which can support both non-coherent joint transmission and multi-TRP based PDSCH/PUSCH repetition.
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