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Introduction
In RAN1#89 meeting, the following agreements on the DL transmission with multiple TRPs are achieved [1]:
· Adopt the following for NR reception:
· Single N R-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
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
Moreover, in RAN1 NR Ad-hoc#2 meeting, the following progress is made [2]:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
In this contribution, the detailed designs on the joint transmission, e.g., maximum number of PDCCH, control signalling and resource to layer mapping are elaborated. 
Discussion on the joint of transmission
· Maximum of PDCCH
Practically, for the coordination transmission, different backhaul conditions, i.e., ideal and non-ideal, should be considered among TRPs within a coordinating set based on network deployment. Considering the impact of backhaul on performance and scheduling flexibility, e.g., performance degradation due to the delay for CSI exchange, the implementation of single PDSCH or two PDSCHs transmission can be adaptively adopted based on the backhaul condition. For example, in case of non-ideal backhaul, transmission of two PDSCHs, which are scheduled by two PDCCH correspondingly, should be supported for achieving less coordination. 
Moreover, if N (N>1) bandwidth parts in one component carrier are considered, since different numerologies can be used for different BWP and one CORESET with UE-specific search space will be included within each configured DL BWP, both independent or cross BWP scheduling can be considered. Under this condition, the maximum number of PDCCH per component in case of multiple BWP can be determined later based on discussion in other AI.
Proposal 1: The maximum supported number of PDCCH should be 2 per component carrier basis in case of single bandwidth part for the component carrier.
· QCL indication
As different channel properties will be experienced on the data or control channels via the links between UE and TRPs, the corresponding QCL indication for DM-RS port groups should be supported in both single and multiple PDSCH(s)/PDCCH(s) cases based on methods listed in our company’s contribution[3]. More specifically, it can be done in a way similar to the FeCoMP enhancements introduced in LTE. In case of transmission with single PDCCH, as shown Table 1, each PQI state refers to a PQI parameter set which contains multiple RS resources (e.g., 2), which are configured by higher layer, e.g., by RRC and/or MAC CE for QCL association with different DMRS port groups. In each RS set, resource ID of QCLed CSI-RS or TRS and PTRS port index, can be introduced. In case of two DMRS port groups sharing with the same oscillator, the same PTRS port index for these two DMRS port groups can be configured for saving PTRS overhead [4]. In this case, these two DMRS port groups are QCLed w.r.t {Doppler spread, Doppler shift}. 
[bookmark: _Ref489814990]Table 1 NR-PQI configuration
	PQI Parameters
	RS for PDSCH RE mapping
	NZP CSI-RS
	…
	PTRS

	ith parameters set
	DM-RS port group 1
	…
	CSI-RS index 1
	…
	PTRS port a

	
	DM-RS port group 2
	…
	CSI-RS index 2
	…
	PTRS port b



In addition, in case of multiple PDCCHs/PDSCHs transmission, since only one DM-RS port groups is allowed for each TRP within a coordinating set, two RS sets with the same RS indexes can be configured in each PQI state within DCI from corresponding TRPs for minimizing the number of DCI format.
Proposal 2: Multiple RS resources for different DMRS port groups are configured in each NR-PQI state for indication of QCL association at least with NZ-CSI-RS and PTRS.
· CW/CBG-to-resource mapping
In case of multiple TRP transmission, different channel properties can be expected between each TRP to UE, which will lead to various numbers of ranks and reception conditions per link. For achieving the maximum performance, the link adaptation should be considered in per link manner. 
According to current agreement, in case of single PDSCH transmission, especially with lower rank (e.g., rank <= 4), a CW should be mapped across multiple TRPs (e.g., 2). For enhancing the transmission under this situation, the following mapping scheme can be considered:
·  Layer set 1 FrequencyTimeLayer set2Frequency Time
More specifically, the first and second part of CW (e.g., two CBGs) will be mapped to layer set 1 and layer set 2, respectively. In this way, ACK/NACK feedback can be assigned per layer set. It can be expected to minimize the re-transmission of whole CW since independent error probability can be achieved in per layer set manner based on different channel condition.  In addition, ACK/NACK based outer loop link adaptation can be done per layer set.  According to the simulation results listed in our company’s contribution [5], large performance gain can be obtained via implementation of proposed mapping scheme.



In case of multiple PDSCHs, total number of transmitted layers of these PDSCHs should not exceed the maximum supported number of layers L (e.g., L = 8) by the UE. For example, if N PDSCHs are considered, the number of transmitted layers of ith PDSCH  should be limited as  . refers to the maximum supported number of layers of i-th PDSCH, which can be adapted by coordination among TRPs based on obtained CSIs or can be reported by UE to each TR. 
Proposal 3: The proposed resource to layer mapping order (i.e., Layer set 1 FrequencyTimeLayer set2Frequency Time) should be supported in case of coordinated transmission with single PDCCH/PDSCH.
· Control signaling on resource allocation
Comparing with LTE, more flexible DL/UL grant can be supported via either single or multiple PDCCHs for multiple TRPs transmission. In order to minimize the type and size of DCI, and reduce the complexity for UE decoding, the use of single or multiple DCIs can be determined according to several factors, e.g., backhaul condition, RA schemes and UE capability. For example, if ideal backhaul is used among TRPs, the scheme with single PDCCH can be considered. Since ideal backhaul is assumed, resource allocation can be dynamically coordinated to support only fully overlapping and non-overlapping cases. The RA design for multi-TRP transmission with single PDCCH should support fully overlapping non-coherent JT and non-overlapping frequency selective DPS. Performance benefits of supporting non-overlapping scheme have been observed in [6].  
On the other hand, multiple PDCCH/PDSCH transmission is more robust to backhaul condition and independent RA per TRP can be supported in each DCI. Moreover, the configurable start and duration for each PDSCH scheduled by corresponding PDCCH can also be considered as shown in Figure 1. In this case, higher layer configured DPS pattern in time domain can be supported.


[bookmark: _Ref485061752]Figure 1 Illustration of transmission for multiple PDSCH
Proposal 4: Both fully-overlapping and non-overlapping RAs should be supported for NCJT with single PDSCH/PDCCH transmission.
· CSI feedback
In LTE, multiple CSI processes are used to support CSI feedback for multi-TRP transmission.  CSIs are derived in independent manner for each TRP except for the case of reference CSI process.  In NR, the same mechanism can also be configured. More specifically, one reporting setting is associated with multiple CSI-RS resources within single RS set. Design of aperiodic CSI can be more flexible so that multiple CSI-RS resources can be selected for channel measurement considering JT. CSI feedback considering different codeword to layer mapping should also be supported.
For multiple PDCCHs scenario, multiple reporting settings can be used for CSI calculation with introducing different interference hypotheses for each associated PDSCH. The corresponding feedback via multiple PUCCH/PUSCH(s) is preferred. Moreover, if UE capability is limited, relaxation on time offset between CSI triggering and CSI reporting can be considered
Proposal 5: In case of multiple PDCCH/PDSCHs transmission, CSI calculation with different interference hypotheses should be supported.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides further details on supporting multi-TRP transmission with following proposals: 
Proposal 1: The maximum supported number of PDCCH should be 2 per component carrier basis in case of single bandwidth part for the component carrier.
[bookmark: _GoBack]Proposal 2: Multiple RS resources for different DMRS port groups are configured in each NR-PQI state for indication of QCL association at least with NZ-CSI-RS and PTRS.
Proposal 3: The proposed resource to layer mapping order (i.e., Layer set 1 FrequencyTimeLayer set2Frequency Time) should be supported in case of coordinated transmission with single PDCCH/PDSCH.
Proposal 4: Both fully-overlapping and non-overlapping RAs should be supported for NCJT with single PDSCH/PDCCH transmission.
Proposal 5: In case of multiple PDCCH/PDSCHs transmission, CSI calculation with different interference hypotheses should be supported.
References
[1] [bookmark: _Ref474163113][bookmark: _Ref465158873][bookmark: _Ref446402934]3GPP RAN1#89 Chairman Notes
[2] [bookmark: _Ref489822003]3GPP RAN1 NR Ad-hoc# 2 Chairman Notes
[3] [bookmark: _Ref489911212]R1-1712311,” QCL design for UL DL MIMO”, ZTE
[4] [bookmark: _Ref489910851]R1-1712308,”Discussion on RS for phase tracking”, ZTE
[5] [bookmark: _Ref489911428]R1-1712284, “Remaining details of codeword mapping and interleaving”, ZTE
[6] [bookmark: _Ref489911468]R1-1707310,” On the need of PDSCH RE mapping and RA enhancements”, Intel Corporation

oleObject1.bin

image2.wmf
max

1

ii

LL

££


oleObject2.bin

image3.wmf
max

i

L


oleObject3.bin

image4.emf
t

Data Region

Control Region

DCI 1

DCI 2

PDSCH 1

Sub-region1

PDSCH 2

Sub-region 2


oleObject4.bin
t


Data Region


Control Region


DCI 1


PDSCH 1


DCI 2


Sub-region1


PDSCH 2


Sub-region 2



image1.wmf
i

L


