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Introduction
In previous meetings, the following agreements were made related to CSI framework:
Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if applicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set

While in RAN1#89, the following was agreed regarding multi-TRP operation:
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


 In this contribution, we discuss CSI feedback supporting non-coherent joint transmission (NC-JT).   This is a resubmission of R1-1718737.
Motivation for NC-JT CSI feedback
With NC-JT, separate layers are transmitted from each antenna panel or transmission point (TRP), in order to increase the transmission rank at the UE and correspondingly increase the achievable data rate. The primary benefit of non-coherent JT is to allow for higher rank transmission in the case where the UE is rank-constrained, e.g. by being line-of-sight (LOS) to the serving transmission point or if the serving transmission point only supports a few layers. By transmitting additional layers from a non-serving transmission point, the UE’s peak rate can be increased. For NC-JT to be beneficial though, accurate link adaptation is required as there can be significant inter-layer interference between the transmissions from the multiple TRPs or panels. Furthermore, it is beneficial to select the transmission rank and precoding of the participating TRPs jointly so that an optimal transmission setting can be used. 
We first note though that NC-JT can be supported using the already existing CSI framework in NR, a UE could for instance be configured with two CSI Report Settings, each corresponding to a separate TRP, and feed back a PMI/RI/CQI report corresponding to each TRP assuming single-TRP hypothesis. The reported PMIs can then be used directly to precode the transmission from each TRP. However, there are several issues with using this standard-transparent approach:
· The RIs will likely be chosen too aggressively as they correspond to single-TRP hypothesis and are not selected jointly assuming NC-JT hypothesis
· The CQIs will be too optimistic as inter-TRP interference is not taken into account.  
· As PMIs for each TRP are determined independently, PMIs that cause large mutual interference could be selected by the UE
Thus, it would be beneficial to introduce a CSI Report Setting to support NC-JT in the NR CSI framework.
For optimal performance, the UE should be able to dynamically select if it wants single-TRP (i.e. DPS) or NC-JT transmission from multiple TRPs. This selection could then be fed back in a single CSI report. However, even if the UE indicates that it prefers NC-JT transmission, it is not certain that the NW is able to accommodate it and single-TRP transmission could be applied instead. Thus, the NW needs CSI available for both NC-JT and single-TRP hypothesis, meaning that several CSI Report Settings would need to be configured for the UE and several CSI reports triggered.
[bookmark: _Toc492914470]Both NC-JT and DPS hypotheses need to be supported for multi-TRP CSI feedback
NC-JT CSI feedback framework
In the feCoMP WI at RAN1#90, a CSI feedback framework for NC-JT transmission was specified:
Agreements:
· UE can be configured with K = 2 NZP CSI-RS resources and one CSI-IM resource 
· Two NZP CSI-RS resources are not QCL-ed with each other according to QCL Type B assumptions
· The number of antenna ports that can be configured for NZP CSI-RS resource are {1,2,4,8}
· CRI = 0 – CSI reporting is performed for the 1st NZP CSI-RS resource following legacy behavior of Class B FD-MIMO
· CRI = 1 – CSI reporting is performed for the 2nd NZP CSI-RS resource following legacy behavior of Class B FD-MIMO
· CRI = 2 CSI reporting is performed for both NZP CSI-RS resources 
· Two sets of CSIs (PMI/CQI/RI) are calculated within single CSI process based on K = 2 NZP CSI-RS resources. Each set of CSI corresponds to each CW
· Combinations of reported RIs are restricted to the following sets {RI1, RI2} = {1,1},{1,2},{2,1},{2,2},{2,3},{3,2}{3,3},{3,4},{4,3},{4,4}
· The PDSCH layers ( layers for CW1 and  layers for CW2) to antenna port mapping (15,…,14+P1 and 15,…,14+P2 ) for corresponding CW is given by:
   for CW1

   for CW2

· where P1 and  P2 are the number of NZP CSI-RS ports for the two configured CSI-RS resources.  W1 and W2 are precoding matrices from legacy codebooks for CW1 and CW2.
· CSI of one CW is calculated based on interference assumption that inter-CW interference is derived from the CSI-RS resource corresponding to other CW. Inter-CW interference is derived from channel measurement obtained from other NZP CSI-RS resource and precoding matrix according to equation above.
· Codebook subset restrcition is configured per NZP CSI-RS resource
· Pc is configured per NZP CSI-RS resource
· For aperiodic CSI reporting, UE reports CSI for single CRI equal to 0, 1 or 2
· For periodic CSI reporting, UE reports CSI for single CRI value equal to 0 or 1 following legacy Rel-14 behavior
· Note: it is up to spec editor how to capture the above agreement

Since a flexible CSI framework has been agreed in NR, the best approach to support NC-JT CSI feedback seems to be an extension of the scheme agreed in LTE. Before presenting our proposal, we first discuss some requirements on the CSI framework
First of all, each TRP or panel needs to transmit its CSI-RS in separate CSI resources rather than with different ports in the same CSI-RS resource, as the CSI-RS from different TRPs cannot be assumed to be QCL, and further, a QCL indication between CSI-RS ports and DMRS ports for each TRP may be needed.
[bookmark: _Toc492914471]To indicate QCL with corresponding DMRS, each TRP must transmit CSI-RS in separate CSI-RS resources
Second, different TRPs can be equipped with different antennas, e.g. having a different number of ports or port layouts. Therefore, it would be quite cumbersome define a variety of different codebooks for different combinations of antenna ports for the TRPs participating in the NC-JT.. Rather, it seems simpler that a separate codebook is defined for each TRP and is applied with a CSI-RS resource associated with that TRP, rather than aggregating the CSI-RS resources and applying a joint codebook. 
[bookmark: _Toc492914472]TRPs participating in NC-JT can be equipped with different antennas and require different codebooks.
Another aspect to consider is that even if the UE has the possibility to recommend a NC-JT transmission, involving multiple TRPs, it may not always be optimal as the UE may desire a low rank transmission from a single TRP. Thus, the UE must be able to dynamically indicate how many TRPs it desires to participate in the NC-JT (including single point transmission hypothesis). This can be achieved by the NW configuring the maximum number of TRPs / CSI-RS resources and the UE dynamically selecting a number of CSI-RS resources to be included in the CSI report.
[bookmark: _Toc492914473]It is beneficial for the UE to dynamically select how many TRPs shall participate in the NC-JT
To calculate CSI for a NC-JT hypothesis, the UE can thus select a number of CSI-RS resources. Each CSI-RS resource can then be associated with a precoder codebook (e.g. a port layout ). For each of the selected CSI-RS resources, the UE calculates a preferred precoder matrix from the associated codebook, under the assumption that transmission occurs from all of the CSI-RS resources simultaneously. The resulting rank the UE shall assume for the hypothetical transmission is thus the sum of the per-resource ranks: , where  is the rank of the precoder hypothesis for selected CSI-RS resource index k and is the number of selected resources. When making the precoder selection, the UE assumes that the layers corresponding to different CSI-RS resources mutually interfere. For instance, if  is the desired precoder matrix of rank  for CSI-RS resource  and  is the channel estimate of the CSI-RS ports of resource , the UE may assume the following effective channels is used for the hypothetical PDSCH transmission assumed when determining PMI and CQI: . Thus, the inter-layer interference across selected CSI-RS resources shall be taken into account. The formulation in specification can be similar as for feCoMP, namely an assumption on relationship between CSI-RS ports of the different resources, selected precoders for each resource and hypothetical DMRS ports assumed for CSI calculation. An illustration of multi-resource selection is given in Figure 1 below.
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[bookmark: _Ref477888942]Figure 1: Illustration of non-coherent multi-panel/TRP transmission. The UE is configured with five 2-port CSI-RS resources and selects 2 resources, resources #1 and #5.


Furthermore, each TRP may use either non-precoded CSI-RS or a set of beamformed CSI-RS. In the latter case, each TRP is associated with a number of CSI-RS resources that is selected with a CRI by the UE. Thus, the selection of a CSI-RS resource within a TRP (or panel) must be differentiated from the selection of multiple CSI-RS resources corresponding to different TRPs for NC-JT.
[bookmark: _Toc492914474]As each TRP can transmit beamformed CSI-RS in different CSI-RS resources, CSI-RS resource selection within a TRP must be differentiated from selection of multiple CSI-RS resource corresponding to different TRPs for NC-JT hypothesis
To efficiently enable this differentiation, a CSI Report Setting for NC-JT hypothesis can be linked with several NZP CSI-RS Resource Settings for channel measurement, where each Resource Setting correspond to a TRP. Within each Resource Setting, the UE could for instance be configured with multiple CSI-RS resource sets, each comprising a number of CSI-RS resources, in case the TRP is utilizing beamformed CSI-RS with resource pooling, or, on the other extreme, a single NZP CSI-RS resource in case the TRP utilizes non-precoded CSI-RS. For each (channel) Resource Setting linked to the CSI Report Setting, there is an association with a precoder codebook (or simply a port layout) to use for the CSI-RS resources within that Resource Setting. The TRP selection is then done by selecting one or more of the configured Resource Settings and for each selected Resource Setting, a PMI/RI and possibly a CRI is determined.
The Resource Setting selection can be done with an “Hypothesis Indicator”, HI. For instance, the UE can be configured with a set of possible hypotheses for DPS and NC-JT in the CSI Report Setting, for example according to Table 1 below where a ‘1’ indicates that a Resource Setting is selected and a ‘0’ indicates the opposite. This is similar to the extended definition of “CRI” in the feCoMP CSI framework.
Table 1: Example of DPS and NC-JT hypotheses
	Hypothesis Indicator (HI)
	 Resource Setting #1 (TRP #1)
	Resource Setting #2 (TRP #2)
	Resource Setting #2 (TRP #3)

	0 (DPS)
	1
	0
	0

	1 (DPS)
	0
	1
	0

	2 (DPS)
	0
	0
	1

	3 (NC-JT)
	1
	1
	0

	4 (NC-JT)
	0
	1
	1

	5 (NC-JT)
	1
	0
	1

	6 (NC-JT)
	1
	1
	1



By configuring which hypotheses a UE is able to select from in the CSI Report Setting, the NW can configure different CSI Report Settings for e.g. DPS and NC-JT and trigger different CSI reports for the different sets of hypotheses. Another possibility is to configure only a single hypothesis within a CSI Report Setting and instead configure multiple CSI Report Settings (one for each hypothesis) which can be independently triggered, in that case, the UE does not need to feed back an HI. 
An illustration of how the CSI framework can be set up to support multi-TRP NC-JT CSI feedback is given in Figure 2. Each CSI Report Setting corresponds to different sets of configured channel hypotheses.
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Figure 2: Illustration of configuration of CSI framework for NC-JT
To summarize, we propose that the following is supported in the NR CSI framework to enable multi-TRP CSI feedback:
Proposal 1:
· [bookmark: _Toc485381607]To support multi-TRP CSI feedback, a CSI Report Setting can be linked with more than one Resource Setting for channel measurement
· The CSI Report Setting associates each Resource Setting with a precoder codebook
· A CSI Report Setting is further configured with a set of hypotheses for channel measurement, wherein each hypothesis selects a subset of the linked Resource Settings for channel measurement and where the UE selects one hypothesis from the set as part of the CSI report
· For the selected Resource Settings, the UE determines PMI, RI and if applicable CRI for each Resource Setting jointly, assuming the layers from CSI-RS resources in different Resource Settings mutually interfere

According to the previous agreement, NC-JT is supported either within a PDSCH, where the different layers of the PDSCH correspond to different TRPs, or using multiple PDSCH each transmitted from a separate TRP. The same CSI framework could be used for both cases, the major difference is what CW-to-layer mapping to assume and how many CQIs to calculate, as e.g. a rank-4 NC-JT transmission where each TRP transmits two layers each can either be mapped to 1 or 2 CWs depending on if 1 or 2 PDSCH(s) is used. Thus, the UE needs to know what shall be assumed. This could straightforwardly be configured in the Resource Setting
[bookmark: _Toc485394098][bookmark: _Toc485381638][bookmark: _Toc485383656][bookmark: _Toc485409556][bookmark: _Toc485409997][bookmark: _Toc485416770][bookmark: _Toc492660876][bookmark: _Toc492914483]For CSI feedback with NC-JT hypothesis, the CSI Report Setting contains information on if single or multiple PDSCH shall be assumed for CQI calculation  
Regarding feedback of the CSI report, it is most straightforward to only consider transmission of a single CSI feedback report containing all PMIS/CQIs/RIs and/or CRI(s), even if multiple PDCCH/PDSCH operation is used. I.e. the CSI report is not split up into several per-TRP CSI reports. Even if the TRPs are not perfectly synchronized and for instance manages their own HARQ buffers requiring independent HARQ-ACK feedback on separate PUCCH transmissions, CSI feedback generally is not as delay-sensitive as HARQ feedback and could be shared by the TRPs over a non-ideal backhaul link (or scheduling information of the UL resource allocation of the physical channel carrying the CSI report could be shared and the TRPs could independently receive the UL transmission). Since CSI feedback for NC-JT most likely would be only aperiodically triggered, and so be carried on PUSCH, the UE may have to transmit several PUSCHs simultaneously if per-TRP CSI feedback is used, which could become cumbersome from e.g. a power control perspective, and should be avoided. We therefore propose:
[bookmark: _Toc485394099][bookmark: _Toc485381639][bookmark: _Toc485383657][bookmark: _Toc485409557][bookmark: _Toc485409998][bookmark: _Toc485416771][bookmark: _Toc492660877][bookmark: _Toc492914484]CSI feedback for NC-JT is contained in a single report, and not split up in per-TRP CSI reports on separate PUCCH/PUSCH transmissions


Conclusions
In this contribution, we have discussed CSI feedback for non-coherent joint transmission and made the following observations:
Observation 1	Both NC-JT and DPS hypotheses need to be supported for multi-TRP CSI feedback
Observation 2	To indicate QCL with corresponding DMRS, each TRP must transmit CSI-RS in separate CSI-RS resources
Observation 3	TRPs participating in NC-JT can be equipped with different antennas and require different codebooks.
Observation 4	It is beneficial for the UE to dynamically select how many TRPs shall participate in the NC-JT
Observation 5	As each TRP can transmit beamformed CSI-RS in different CSI-RS resources, CSI-RS resource selection within a TRP must be differentiated from selection of multiple CSI-RS resource corresponding to different TRPs for NC-JT hypothesis

Based on the discussion in this contribution, we have proposed extensions of the NR CSI feedback framework to support NC-JT as follows:
Proposal 1:
· To support multi-TRP CSI feedback, a CSI Report Setting can be linked with more than one Resource Setting for channel measurement
· The CSI Report Setting associates each Resource Setting with a precoder codebook
· A CSI Report Setting is further configured with a set of hypotheses for channel measurement, wherein each hypothesis selects a subset of the linked Resource Settings for channel measurement and where the UE selects one hypothesis from the set as part of the CSI report
· For the selected Resource Settings, the UE determines PMI, RI and if applicable CRI for each Resource Setting jointly, assuming the layers from CSI-RS resources in different Resource Settings mutually interfere
Proposal 2	For CSI feedback with NC-JT hypothesis, the CSI Report Setting contains information on if single or multiple PDSCH shall be assumed for CQI calculation
Proposal 3	CSI feedback for NC-JT is contained in a single report, and not split up in per-TRP CSI reports on separate PUCCH/PUSCH transmissions
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