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1. Introduction
In RAN1#88bis meeting, the following agreements are made regarding CW-to-layer mapping and cooperative transmission in NR:
	Agreements:
· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions

· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW

Agreements:
· Support NR reception of at least one but no more than two of the following 

· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 

· Note the following may or may not have RAN1 specification impact. 

· Note that different NR-PDSCH data layers from single TRP is special case.

· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 



In this contribution, we further discuss multi-TRP cooperative transmission in NR, based on the agreements.
2. Intra/Inter-TRP CoMP for NR
Intra-TRP coordinated transmission
Antenna panel array structure is considered for NR, where Panel Model 1 is identified as a uniform 1D/2D rectangular panel array, illustrated in [1]. Proper CSI-RS resources/ports need to be configured to a UE over such antenna array, so that an efficient closed-loop MIMO transmission can be applied based on UE’s CSI measurement and feedback. Since CSI-RS ports-to-antenna array mapping is up to network implementation, there can be various ways of such mapping, including (1) one CSI-RS resource per panel, (2) multiple CSI-RS resources per panel, (3) a CSI-RS resource mapped across multiple panels, and so on.
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(1) One CSI-RS resource per panel

[image: image2.png]



(2) Multiple CSI-RS resources per panel
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(3) Shared CSI-RS resource across multi-panels
Figure 1: Illustration of different options for CSI-RS resource mapping for multi-panel TPs
The case of (1) is the most straightforward way of CSI-RS mapping, where one CSI-RS resource is transmitted from a panel, so that CSI-RS ports within the CSI-RS resource can be guaranteed/assumed to be quasi co-located if the same oscillator with relevant components is used for generating signals on the CSI-RS ports. This can be interpreted as a conventional single (virtual) cell operation, where this single virtual cell can be associated to a UE by measuring corresponding RS port(s) for RRM (denoted by RRM-RS for convenience). Depending on detailed RS designs for RRM-RS and potentially aperiodic/subband CSI-RS, it should be investigated the necessity of proper QCL assumptions between a CSI-RS resource and a certain RRM-RS for supporting UE implementation.
The case of (2) can be interpreted as multiple beamformed CSI-RS based operation, similar to FD-MIMO Class B with multiple BF CSI-RS resources. Since these multiple CSI-RSs transmitted from a single panel are intended to target different beam directions, it cannot be always said to be quasi co-located between each CSI-RS to the corresponding RRM-RS w.r.t. all QCL properties. Similar to what has been defined in LTE specification, only some parts of the properties, e.g., Doppler shift and Doppler spread, may be used for QCL assumptions between a CSI-RS and a RRM-RS for this case, which may need to be explicitly indicated. These differences from the case of (1) come from the different CSI-RS mapping to the antenna array, so that specifications for NR should properly support various implementation ways of CSI-RS antenna port mapping for different purposes.
The case of (3) can be interpreted as a shared CSI-RS resource mapped across multiple panels to have more beamforming gains on the transmitted CSI-RS by cooperative transmission from multiple panel antennas. Such kind of CSI-RS port mapping to multiple panels can be especially useful when it is intended to support SU-MIMO transmission for a certain UE with low traffic load situation as an example. The CSI-RS can be used as a UE-specific beamformed CSI-RS dedicated to the UE, assuming the network obtains sufficient knowledge of beamforming direction for the target UE. To properly support the usage scenarios, it should be investigated how CSI-RS-to-RRM-RS QCL assumptions and signalling are defined and supported for NR operations if the QCL assumption is required. More relevant discussions are found in our companion contribution [2].
Observation 1: Depending on CSI-RS resource mapping methods for a multi-panel TP, various intra-TRP coordination transmission schemes can be considered in NR.

DPS/JT CoMP across multiple intra/inter-TRPs
Especially for high frequency bands in NR, the number of dominant rays per TRP or single panel could be limited, e.g., mostly observed by up to rank 2, as illustrated in Figure 2. The figure depicts a single analog beamforming pair is assumed between a TRP and UE, and this pair could be independent when different TRP is taken into account. Assuming the UE has 4 Rx antenna ports as an example, there could be three different possible transmission schemes in terms of inter-beam interference management to be investigated, which are
· Scheme 1 (single TRP Tx):
· Rank 2 transmission from a serving TRP1

· In this case, Rx analog beam direction for UE’s whole 4 Rx ports is set toward TRP1, as illustrated in the left figure.
· Scheme 2 (independent-layer JT from TRP1&2): 
· Rank 4 transmission in total, where rank 2 transmission from TRP1, and another rank 2 transmission from TRP2 at the same time
· In this case, Rx analog beam direction for UE’s first 2 Rx ports is set toward TRP1, and independent Rx analog beam direction for UE’s other 2 Rx ports is set toward TRP2, as illustrated in the right figure.
· Scheme 3 (DPS between TRP1 and TRP2): 
· Rank 2 transmission from either serving TRP1 or other cooperating TRP2

· In this case, Rx analog beam direction for UE’s whole 4 Rx ports is set toward either TRP1 or TRP2, according to TRP’s indication.
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Figure 2: Illustration of dynamic switching between single- and multi- TRP transmission
In order to achieve high SU-MIMO spectral efficiency, those three identified schemes need to be thoroughly investigated, including dynamic switching among them. How to configure corresponding RS, IM, measurement, and reporting settings are to be studied, considering aforementioned various TRP implementation ways on CSI-RS ports-to-antenna array mapping as shown in Figure 1. When a DL-related DCI indicates the transmission rank and an applied scheme out of the above identified schemes, the DCI decoding latency at the UE side could be one major problem whenever analog beamforming is applied for a given time instance. This is because the DCI transmission can be conducted by the serving TRP1 but the actual data transmission can be performed by TRP2, for example, in Scheme 3.
It should be noted that such TRP1 and TRP2 can be located on the same site, meaning ideal backhaul can be assumed between TRP1 and TRP2 depending on the network implementation. Therefore, in order to increase the total applicable SU-MIMO ranks per UE in NR, those cooperative transmission schemes among TRPs/panels should have high priority on NR-MIMO.
Proposal 1: Inter-beam interference management schemes including DPS/JT CoMP across multiple intra/inter-TRPs should have high priority on NR-MIMO, at least to achieve high SU-MIMO spectral efficiency.

Single vs. Multiple NR-PDCCH
According to the following agreements made in the last meeting, RAN1 should further agree one or two option(s) out of the identified three options:
Agreements:
· Support NR reception of at least one but no more than two of the following 

· (Option 1): Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier

· Note that: this is intended to have spec impact

· (Option 2): Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier

· (Option 3): Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 

First of all, it should be clarified that Option 2 has been already supported by another agreement that “DMRS port groups belonging to one CW can have different QCL assumptions” captured in Section 1, at least for the case of the same resource allocation in NR-PDCCH for Option 2. In other words, by the agreement in the context of CW-to-layer mapping, the UE can be configured with at least two different QCL assumptions, each associated per DMRS port (layer) group, in a single NR-PDCCH. This effectively means the above Option 2 can be already applicable by network implementation at least when ideal backhaul conditions can be assumed by the network, since the UE does not have to know whether different data layers are transmitted from a single TRP or from multiple TRPs.
Proposal 2: Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier should be regarded as being already supported by another agreement that DMRS port groups belonging to one CW can have different QCL assumptions in the context of CW-to-layer mapping.

The remaining issue is whether an additional support of either Option 1 or Option 3 is necessary or not. In our view, Option 3 can be interpreted as dual-connectivity based operations on the same carrier which has not been sufficiently studied, and requires much more spec impacts than Option 1, including various potential issues raised in [3]. Since Option 1 is also based on a single NR-PDCCH (same as Option 2), additional spec impacts can be minimal, e.g., introducing additional co-phasing feedback across multiple TRPs for achieving coherent JT. Summarizing, our first preference is to confirm Option 2 only, and our second preference is to adopt both Option 1 and Option 2, which are all based on a single NR-PDCCH.
Proposal 3: Introducing additional co-phasing feedback across multiple TRPs for achieving coherent JT can also be considered, based on a single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier.

3. Conclusion
This contribution discussed interference management using intra/inter-TRP CoMP for NR. Following observations and proposals are given, based on the discussion:
Observation 1: Depending on CSI-RS resource mapping methods for a multi-panel TP, various intra-TRP coordination transmission schemes can be considered in NR.

Proposal 1: Inter-beam interference management schemes including DPS/JT CoMP across multiple intra/inter-TRPs should have high priority on NR-MIMO, at least to achieve high SU-MIMO spectral efficiency.

Proposal 2: Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier should be regarded as being already supported by another agreement that DMRS port groups belonging to one CW can have different QCL assumptions in the context of CW-to-layer mapping.

Proposal 3: Introducing additional co-phasing feedback across multiple TRPs for achieving coherent JT can also be considered, based on a single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier.
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