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Introduction
In this contribution, we give discuss further details of the decoupled CSI acquisition framework for NR. We introduce several design principles that we believe achieve a forward compatible and lean design – key goals for NR that have been agreed within RAN1 previously.
[bookmark: _Ref178064866]Discussion
Regarding the decoupling, four functions were identified in the agreement last meeting and we elaborate further on each of these below. 
· RS transmission for CSI acquisitions
· For example, one or more CSI-RS resources with 1,2,4,8,12,.and more ports each
· CSI measurement/reporting
· For example 
· Transmission method/scheme
· Downlink control signaling

Decoupling of these allows for a very flexible framework for multi antenna transmissions in NR. Regarding transmission method and schemes, a related question is whether there is a need at all to introduce multiple transmission modes in NR, at least for covering the eMBB use cases. In LTE, the transmission mode is tied to a certain DCI formats, transmission schemes and CSI reporting types. With decoupling of these, the introduction of transmission modes in NR makes less sense. 
Additionally, it is questionable if a “CSI process” is needed in NR. Since we strive for a decoupled and modular design where CSI-RS configuration and CSI reporting are different modules that could be combined, it is not given that introducing a CSI process is the best way to describe this in specifications. 
[bookmark: _Toc462988257]There may not be a need for a “CSI process” definition in NR due to the modular and decoupled CSI framework 
Regarding RS transmission and CSI measurement/reporting, we see that the RS can be configured either semi-persistently or can be triggered as a single shot RS (aperiodic). The periodic RS transmission, which in our view means always on (mandatory, such as CRS in LTE), should not be supported, to ensure forward compatibly (empty subframes), to reduce interference, to meet energy efficiency (EE) requirement target (1000 times more efficient than LTE) without overloading the RRC protocol with unnecessary RRC reconfigurations. However, the use of a RRC configured periodic RS should be further studied.
[bookmark: _Toc462988199][bookmark: _Toc462988258]Periodic and always on RS (as CRS in LTE) is not supported in NR
[bookmark: _Toc462988200][bookmark: _Toc462988259]It should be further studied whether RRC configured periodic RS (as CSI-RS in LTE) is needed in NR
The drawbacks with RRC configuration is the latency and ambiguity for configuration and frequent use of RRC should be avoided to minimize the RRC load.
[bookmark: _Toc462988201][bookmark: _Toc462988260]Semi-persistent and aperiodic RS is supported in NR
Note that semi-persistent RS is also periodic, but with the possibility for fast activation and deactivation by MAC CE or DCI, thus avoiding the drawbacks mentioned above. Likewise, the CSI measurement and report should be semi-persistent or aperiodic. 
[bookmark: _Toc462988202][bookmark: _Toc462988261]It needs to be studied whether periodic CSI measurements/reporting (as RRC configured PUCCH in LTE) is supported in NR
We see these three cases below are the main combinations of CSI-RS transmission and CSI reporting:
 
· Case 1: Semi-persistent RS and semi-persistent CSI measurements/reporting
· Case 2: Semi-persistent RS and aperiodic CSI measurements/reporting
· Case 3: Aperiodic RS and aperiodic CSI measurements/reporting

Where
· Case 1 is similar to periodic reporting in LTE and the CSI usually carries a low granular, low payload report. The purpose is not primarily for detailed link adaptation for transmitting data but more to keep a rough estimate of the link quality for the UE. Hence, the number of antenna ports is typically small and/or the used PMI codebook has low oversampling factor/low spatial resolution. 
· Case 2 is similar to aperiodic reporting in LTE. The CSI report can be larger and more detailed, with the aim to provide input for link adaptation of data transmission. Hence, the report is triggered whenever there is data in the buffer. Since RS is semi-periodically configured, there is a delay and overhead in enabling and disabling this RS. Hence, it is not expected that the periodicity of this is short as this would incur too much RS overhead.  
· Case 3 is used for very fast CSI feedback (in the same subframe) or to trigger a high resolution CSI report. It can also be used to trigger a CSI-RS beam sweep (CSI-RS is repeated in every OFDM symbol) in the beam management procedures. It is probably most efficient if the same DCI message is used to trigger both the CSI-RS and the associate CSI report. This case does not make use of activation/deactivation, it is a “single shot” CSI acquisition. 

The combination of aperiodic RS and semi-persistent CSI measurement and reporting has been left out as it does not make sense to measure without a RS present. Moreover, case 2 seem to make most sense if measurement restriction (MR) is configured to be OFF but there may be timing issues to consider that distinguish Case 2 and 3 when MR is OFF and this needs to be further studied. 

At meeting #86, it was agreed to support dynamic transmission methods:
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing

When the UE computes CSI, it is under a certain hypothesis of how the BS is transmitting and the UE is receiving. Regarding CSI measurement and reporting trigger in the aperiodic report (Case 2 and 3), there are some benefits of allowing for dynamic switch between the transmission scheme/method the UE shall assume as the transmission hypothesis when creating the CSI report. 

Different transmission schemes include for instance:
· Transmit diversity (e.g. one layer using two DMRS ports)
· UE specific precoded spatial multiplexing (one DMRS port per layer) directive antenna gain
· Randomized precoder spatial multiplexing (one DMRS port per layer) for robustness
But also different QCL assumptions, CSI-IM assumptions, MU/SU-MIMO hypothesis (e.g. dynamic rank restriction) and receiver type hypothesis can be dynamically indicated when triggering the CSI measurement/report. This allows for very fast changing the CSI acquisition to adapt to the changes in UE speed, network load, availability of MU-MIMO or D-MIMO scheduling etc. Thereby, RRC reconfigurations of parameters that depends on dynamically fluctuating external variables such as traffic load is avoided. Moreover, a UE may use different services simultaneously and with a dynamic CSI reporting types the BS can trigger CSI report that suits the intended transmission method.
[bookmark: _Toc462988203][bookmark: _Toc462988262]When triggering an aperiodic CSI report, the triggering DCI contains information that support dynamic switching between transmission methods/schemes the UE shall assume when computing CSI (for example between transmit diversit and spatial multiplexing). 
The proposal at meeting #86 and those proposals suggested above supports 1) a dynamic selection of CSI report information and 2) dynamic selection of transmission modes/schemes. Additionally, 3) the presence of CSI-RS can be controlled, either a single shot RS or enabling/disabling of a semi-persistent RS. We believe these three entities provides a good framework for a decoupled CSI framework where many different use cases can be supported without the need to introduce new transmission modes as was done in LTE. 

Also, with this decoupling and modular approach, it is easy to introduce new CSI measurements or reporting types in later NR releases without changing the transmission scheme and vice versa. To fully accomplish this, it is likely also beneficial if the DCI format payload size is unchanged. 

Blind decoding of PDCCH candidates and DCI formats is used in LTE. This principle can advantageously be reused in NR although the number of blind decoding attempts should preferably be kept low. In LTE, the number of different DCI formats are fairly large and many of them differ in payload size with just a few bits. One possibility to simplify this structure could be to define a relatively small number of DCI payload sizes (e.g. 20, 40, 60 bits) and have a small header of a few bits indicating how the remaining bits should be interpreted.
[bookmark: _Toc462988204][bookmark: _Toc462988263]Blind decoding of PDCCH candidates is the baseline. Try to simplify the decoding process by a more structured DCI formats than in LTE.
Hence, it should be possible to configure using higher layers the interpretation of bits in the DCI format that triggers a CSI report or schedules a data transmission without changing the payload, i.e. the DCI format size. 
Conclusions
In this contribution we made the following observation 
Observation 1	There may not be a need for a “CSI process” definition in NR due to the modular and decoupled CSI framework

Based on the discussion in this contribution we propose the following:
Proposal 1	Periodic and always on RS (as CRS in LTE) is not supported in NR
Proposal 2	It should be further studied whether RRC configured periodic RS (as CSI-RS in LTE) is needed in NR
Proposal 3	Semi-persistent and aperiodic RS is supported in NR
Proposal 4	It needs to be studied whether periodic CSI measurements/reporting (as RRC configured PUCCH in LTE) is supported in NR
Proposal 5	When triggering an aperiodic CSI report, the triggering DCI contains information that support dynamic switching between transmission methods/schemes the UE shall assume when computing CSI (for example between transmit diversit and spatial multiplexing).
Proposal 6	Blind decoding of PDCCH candidates is the baseline. Try to simplify the decoding process by a more structured DCI formats than in LTE.
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