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Introduction
In RAN1#89 meeting, the following agreements on network coordination were made [1]:
	Agreements:
· Adopt the following for NR reception:
· 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

Agreements:
· 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




This contribution addresses Samsung’s views on the following issues:
1. CSI feedback for network coordination in NR
2. Specification supports for single PDCCH based non-coherent JT
3. Specification supports for multiple PDCCH based non-coherent JT
Specification supports for network coordination in NR
1 
2 
CSI feedback for network coordination in NR
In essence, the core of any network coordination scheme is the measurement of multiple channel or interference hypotheses. In future NR deployment scenarios, however, the density of cells (or TRPs) is expected to be much higher than that of LTE. With a higher cell density, the number of interference or channel hypothesis that needs to be taken into account will increase accordingly. Flexible CSI framework in NR, which comprises ‘CSI reporting’, ‘Resource’, and ‘CSI measurement’ settings, is suitable to support the increasing number of interference or channel hypothesis efficiently. For instance, a UE can be configured with multiple ‘CSI reporting’, ‘Resource’ settings, and a single ‘CSI measurement’ setting, which provides L≥1 links between the Resource and CSI reporting settings. If the numbers of CSI reporting, Resource settings and the number of L≥1 links in CSI measurement setting are large enough, the gNB can cover channel or interference hypothesis for network coordination via multiple combinations of those component settings. 
However, UE channel estimation complexity and CSI reporting overheads with increasing numbers of each settings also should be carefully considered. For instance, adopting aperiodic CSI-RS analogous to Rel.14 eFD-MIMO can be a good candidate to deal with channel estimation overhead. The Rel.14 aperiodic CSI-RS framework permitting a single CSI-RS transmission per triggering for single point transmission can be extended in NR to support multiple CSI-RS resource based aperiodic CSI-RS transmission for network coordination perspective. Note that aperiodic CSI-RS transmission can manage channel estimation overhead regardless of specific network coordination schemes such as DPS, DPB, coherent JT (C-JT), and non-coherent JT (NC-JT), etc.
Different CSI-RS resource combinations (including both NZP types for measuring signal part and ZP types for measuring interference part) need to be considered for different network coordination schemes (e.g., DPS/DPB, CS/CB/, coherent & non-coherent JT, etc.). For example, for DPB involving TRP1 to transmit signals and TRP2 to be blanked (config 2 in Figure 1), a NZP CSI-RS resource to support TRP1’s transmission and a ZP CSI-RS resource with muted signal transmissions from both TRP1 and TRP2 can be configured. For DPB involving TRP2 to transmit signals and TRP1 to be blanked (config 3 in Figure 1), the NZP CSI-RS to support TRP2’s transmission can be configured, and the same ZP CSI-RS resource can be used. On the other hand, for JT involving both TRP1 and TPR2 (config 1 in Figure 1), two NZP CSI-RS resources respectively to support TRP1 and TRP2’s transmissions, and the same ZP CSI-RS resource can be used. 


Figure 1 Examples of network coordination schemes
To support flexible dynamic switching among these network coordination schemes, the network can configure multiple pools of Resource settings which can support various network coordination schemes, and aperiodically trigger transmission of a subset of CSI-RS resources depending on a network coordination scheme to apply in the later TTIs. This can be readily achieved if the flexible NR MIMO framework is used. In one example, the pool of Resource settings can be configured as multiple Resource settings (including NZP and ZP type) and one CSI reporting setting is configured per network coordination scheme. If the network considers applying multiple network coordination schemes for UE, then the measurement setting should provide enough number of links between Resource settings and CSI reporting settings to cover the CSI acquisition for the multiple network coordination schemes. It is noted that above discussions can be easily extended to the multi-panel cases as well.
Proposal 1: Support Aperiodic CSI-RS based CSI reporting for network coordination purposes, i.e. multiple CSI-RS resources can be triggered simultaneously for aperiodic CSI-RS transmission.
Proposal 2: The Resource setting, CSI reporting setting and CSI measurement setting are configured according to the following, when the network considers applying multiple network coordination schemes for UE:
· A pool of Resource settings are configured (including ZP and NZP types)
· At least one CSI reporting setting is configured per network coordination scheme

In case of DPS/DPB, dynamic point selection for transmission or blanking is required according to the channel condition. For this reason, dynamic indication of DMRS parameters(s) was a key feature of DPS in LTE-A, since DMRSs from different cells are scrambled by different cell IDs. Given that it is highly preferred to have cell- or TRP-specific interference randomization in NR, we propose to support dynamic indication of DMRS parameters (e.g., port(s) and a scrambling ID) in NR at least for supporting DPS.
Proposal 3: Support dynamic indication of DMRS parameters (e.g., port(s) and a scrambling ID) at least for supporting DPS

Dynamic coordination schemes are also preferred for coherent JT. Dynamic network coordination tends to provide better performances on joint CSI generation and joint precoding between multiple TRPs, since it can better adapt to the dynamic changes in channel, interference, and traffic loading across multiple cells at the cost of UE/network complexity. 
Dynamic selection (or configuration) of the link in ‘CSI measurement’ setting is one of the simplest ways to support dynamic network coordination. Since the dynamic ‘CSI measurement’ setting provide variable linkages between multiple ‘RS’ settings and ‘CSI reporting’ settings, it makes the network measure CSI according to various channel and interference hypotheses.
Dynamic configuration of some parameters in each CSI-related settings is another way to implement dynamic network coordination. Figure 2 depicts an example of configuration of CSI-related settings for network coordination. In Figure 2, it is assumed that the gNB has two different TRPs, which transmit two CSI-RSs marked as A and B. CSI-RS resources for A and B can be configured by two different ‘RS’ settings; alternatively, CSI-RS resources for A and B can be configured by one ‘RS’ setting. CSI-IM (or a CSI-RS resource with zero power) can be configured as a separate CSI-RS setting, or included as a resource in a CSI-RS setting. In one case, a ‘CSI measurement’ setting may provide a linkage between the ‘RS’ settings and a ‘CSI reporting’ settings to support, for example, coherent joint transmission. In this case, the ‘CSI reporting’ setting may include the CSI component(s), which should be calculated based on the total number of CSI-RS ports in the two CSI-RS resources, analogous to the CSI-RS aggregation in LTE-A. The example above implies that network coordination scheme can be dynamically changed if some parameters, such as assumption on the number of port for CSI calculation, are dynamically signalled.
Proposal 4: Support dynamic configuration(s) of some parameters in each CSI-related settings, such as assumption on the number of port for CSI calculation of same NR-PDSCH data stream(s) from multi-TRP/-panel
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Possible specification supports for NC-JT including CSI feedback aspects are discussed in the following sections.
Specification supports for single PDCCH based non-coherent JT
The agreements on DMRS port grouping, QCL indication are closely related to the single PDCCH based non-coherent JT operations. To ensure good channel estimation performance, orthogonal DMRS ports should be allocated for two different TPs. In one such case, a first group of DM-RS ports are allocated to TRP 1, a second group of DM-RS ports are allocated to TRP 2. For non-coherent JT reception, UE can be configured with the first and the second groups of DMRS ports. Furthermore, the UE can also be configured with the corresponding CSI-RS resources each of which are QCL in QCL parameters, e.g., delay parameters and Rx beam related parameters with the configured groups of DMRS ports. Using this mechanism UE can estimate different QCL parameters necessary for estimating channels with two different groups of DMRS. As a starting point, a simple DMRS port grouping method such as equal partitioning can be considered. For this operation, a single DCI can indicate up to two DMRS port groups explicitly so that UE can interpret the assigned DMRS port indices appropriately.
Proposal 5: 
· For single PDCCH based NC-JT,
· UE shall be able to be configured DMRS partition, for which all the available DMRS ports are partitioned into N groups of equal size, where at least N = 1, 2 shall be supported.
· The QCL RS for each DMRS group shall be configured by RRC signaling.

For CSI reporting enhancement for non-coherent JT, the baseline solution would be to configure a measurement setting to link multiple resource settings comprising N>1 NZP resource settings and a single ZP resource setting, and a CSI reporting setting. With this measurement setting UE derives N CSI reports, under the non-coherent JT assumption:
(1) Each DMRS port can be constructed with only those CSI-RS ports belonging to a single NZP CSI-RS resource;
(2) UE is allowed to do MIMO decoding of the DMRS ports constructed with the individual NZP CSI-RS resources
The DMRS port construction in non-coherent JT is illustrated in Figure 3. 


Figure 3 DMRS port construction in non-coherent JT
Proposal 6: For supporting CSI reporting for non-coherent JT in NR, the following should be supported:
· Configuration of a measurement setting to link multiple resource settings comprising N>1 NZP resource settings and a single ZP resource setting, and a CSI reporting setting
· UE shall be able to be configured to derive N CSI reports, one per NZP CSI-RS resource, under non-coherent JT assumption:
· Each DMRS port can be constructed with only those CSI-RS ports belonging to a single NZP CSI-RS resource;
· The DMRS ports are allocated in the same time-frequency resource

Specification supports for multiple PDCCH based non-coherent JT
Similar with single PDCCH based NC-JT, specification supports on DMRS port grouping, QCL indication, and CSI feedback can be applied for multiple PDCCH based NC-JT as well. In this case, however, most part can be implicitly signalled by multiple PDCCH allocated for a UE. For multi-DCI based NC-JT, one CW per DCI seems to be simpler in specification and to have enough level of flexibilities. In such a case a simple DMRS port grouping method can be adopted. For instance, UE is allowed to receive up to N DCIs scheduling N PDSCHs in a TTI, and each DCI is associated with each DMRS port group, i.e. the DMRS port(s) indicated/scheduled by each DCI can be considered as the same DMRS port group. Regarding the structure of N DCIs for NC-JT, the same payload and format for all of N DCIs should be considered as starting point taking into account various aspects such as potential specification efforts, and simple implementation, etc. However, further enhancements based on multiple types of N DCIs, e.g. different payloads and formats for N DCIs, also can be further studied to deal with potential issues on multiple DCI reception, e.g. different PDCCH coverages from different TRPs.
Proposal 7: 
· For multiple PDCCH based NC-JT,
· UE shall be able to be configured to receive N PDSCHs scheduled by N DCIs in a same TTI, where each DCI schedules one MIMO CW.
· The DMRS port(s) indicated/scheduled by each DCI are interpreted as the same DMRS port group. 
· At least N = 1, 2 shall be supported
· FFS, N = 3
· All of N DCIs can have the same payload and format
· FFS, different payloads and formats for N DCIs

Conclusions
3 
This contribution presents Samsung’s view on the support of NR network coordination. The following proposals are made:
Proposal 1: Support Aperiodic CSI-RS based CSI reporting for network coordination purposes, i.e. multiple CSI-RS resources can be triggered simultaneously for aperiodic CSI-RS transmission.
Proposal 2: The Resource setting, CSI reporting setting and CSI measurement setting are configured according to the following, when the network considers applying multiple network coordination schemes for UE:
· A pool of Resource settings are configured (including ZP and NZP types)
· At least one CSI reporting setting is configured per network coordination scheme
Proposal 3: Support dynamic indication of DMRS parameters (e.g., port(s) and a scrambling ID) at least for supporting DPS
Proposal 4: Support dynamic configuration(s) of some parameters in each CSI-related settings, such as assumption on the number of port for CSI calculation of same NR-PDSCH data stream(s) from multi-TRP/-panel
Proposal 5: 
· For single PDCCH based NC-JT,
· UE shall be able to be configured DMRS partition, for which all the available DMRS ports are partitioned into N groups of equal size, where at least N = 1, 2 shall be supported.
· The QCL RS for each DMRS group shall be configured by RRC signaling.
Proposal 6: For supporting CSI reporting for non-coherent JT in NR, the following should be supported:
· Configuration of a measurement setting to link multiple resource settings comprising N>1 NZP resource settings and a single ZP resource setting, and a CSI reporting setting
· UE shall be able to be configured to derive N CSI reports, one per NZP CSI-RS resource, under non-coherent JT assumption:
· Each DMRS port can be constructed with only those CSI-RS ports belonging to a single NZP CSI-RS resource;
· The DMRS ports are allocated in the same time-frequency resource
Proposal 7: 
· For multiple PDCCH based NC-JT,
· UE shall be able to be configured to receive N PDSCHs scheduled by N DCIs in a same TTI, where each DCI schedules one MIMO CW.
· The DMRS port(s) indicated/scheduled by each DCI are interpreted as the same DMRS port group. 
· At least N = 1, 2 shall be supported
· FFS, N = 3
· All of N DCIs can have the same payload and format
· FFS, different payloads and formats for N DCIs
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