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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#NR Adhoc meeting, the following agreements have been achieved for CSI-RS and CSI reporting [1]:
Agreements:
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· FFS: Necessity of additional signaling with MAC CE
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported.
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· FFS: Necessity of additional signaling with MAC CE
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE
· FFS: Relationship of signaling between CSI reporting and CSI-RS transmission, e.g., common DCI signaling between CSI reporting and CSI-RS transmission
· FFS: Necessity of additional signaling with MAC CE
· Note that further down selection can be done later between MAC CE and DCI in above bullets
· Note that it is possible to dynamically trigger RS and reports through links in the measurement setting
Agreements:
· For CSI reporting timing offset Y that is fixed or configurable by the network but with certain restriction on lower limit of Y to provide sufficient CSI computation time.
· Candidate values of Y are fixed or pre-determined by certain rule(s).
· Rule is FFS (e.g. number of CSI measurement/RS/reporting settings, CSI feedback type, number of ports, nearest CSI-RS transmission timing, UE capability, etc.)
· Note: ‘aperiodic CSI reporting timing offset Y’ refers to the time gap between aperiodic CSI reporting triggering and aperiodic CSI reporting w.r.t. number of slots.
· FFS Y is fixed or configurable
· FFS configuration is done by DCI and/or MAC CE and/or higher layer signaling
Agreements:
· 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
[bookmark: _Ref129681832]In this contribution, signaling method and configuration of CSI-RS transmissions and CSI reporting are discussed for NR MIMO.
Discussion on the general configuration for CSI measurement setting 
A CSI framework has been agreed for NR which decouples RS setting and reporting setting to allow for a higher flexibility. To indicate a proper measurement behavior to UE, gNB configures a CSI measurement setting which links RS settings with related reporting setting. In a measurement setting, L links can be configured, and it is agreed in the last meeting that in each of the L links, configurations like CSI reporting setting indication, resource setting indication and quantity to be measured are signaled by RRC. 
However, since only one measurement setting is configured for each UE, dynamic transmission scheme switching cannot be supported if only one transmission scheme is assumed in the CSI measurement setting. For example, with periodic CSI reporting with periodic CSI-RS, gNB has to re-configure RRC to switch the transmission scheme with current RRC-based configuration mechanism when channel condition changes. Since the RRC re-configuration leads to a long latency, the current configuration mechanism can not support dynamic transmission scheme switching.
This issue can be handled by configuring one transmission scheme for each of the L links in the CSI measurement setting. In this way, dynamic transmission scheme switching can be supported. For example, by being configured with multiple links and each link with a transmission scheme, UE can prepare the related CSI reporting in advance and reports one or several of them so that gNB can obtain the instant CSI reporting when channel condition changes. Therefore, we have the following proposal:
Proposal 1: Support transmission scheme configuration for each of the L links in CSI measurement setting.
However, for semi-persistent CSI reporting or aperiodic CSI reporting, the above RRC based configuration is no longer suitable, since the CSI reporting are activated by MAC CE or DCI which has a much shorter latency than RRC signaling. Therefore, to support dynamic transmission scheme switching for semi-persistent CSI reporting and/or aperiodic CSI reporting, L1/L2 signaling should be used to configure the transmission scheme associated with each link. Another alternative is to RRC configuring all the possible combinations of all the transmission schemes with all the links, and L1/L2 signaling is just used for picking one or several of the configurations. However, this mechanism is too complicated since the total number of possible combinations can be very large. 
Proposal 2: For aperiodic CSI reporting and/or semi-persistent CSI reporting, support L1/L2 signaling for the transmission scheme configuration associated with each of the L links in CSI measurement setting.
Configurations for semi-persistent CSI-RS transmission
3.1   Activation/deactivation mechanism
Semi-persistent CSI-RS consists of multiple shots of RS, which occupy multiple time/frequency resource in multiple subframes. Therefore, if the activation signaling of semi-persistent CSI-RS is missed by UE, valuable time/frequency resource will be wasted since CSI-RS are transmitted by gNB for no purpose. If the deactivation signaling is missed by UE, valuable power resource of UE will be wasted since UE will measure “CSI-RS” in subframes where no CSI-RS is transmitted. Therefore, reliability should be guaranteed for the activation/deactivation signaling of semi-persistent CSI-RS. 
In the last meeting, there are some discussions about DCI based semi-persistent CSI-RS activation/deactivation. Since no verification will be transmitted by UE for the DCI based signaling, the reliability cannot be guaranteed. To handle this issue, for semi-persistent CSI-RS with aperiodic CSI reporting,  there are some discussion that a mechanism that UE can transmit an aperiodic CSI report after it measured the first shot of the semi-persistent CSI-RS. gNB can use this first aperiodic CSI reporting to verify that the UE has received the DCI indication. Although this method can enhance the reliability of the DCI based activation, it has some drawbacks. Firstly, the required activation signaling is very large especially considering multiple carries and it is very challenging for the limited DCI capacity. For instance, each carries supports maximum 8 CSI-RS configurations, and the activation signaling is 8 bits bitmap for each carrier, but it will reach up to 40 bits for 5 CCs and hundreds of bit for maximum 32 CCs. Therefore, the large payload will not be suitable to be transmitted through DCI. Secondly, it causes unnecessary resource occupation for the verification-purpose aperiodic reporting. The verification is at the cost of the aperiodic CSI reporting which actually is not the desired CSI. , The aperiodic CSI reporting will be transmitted on PUSCH. Therefore, it leads to unnecessary PUSCH resource consumption for the aperiodic CSI reporting. Furthermore, to indicate the time/frequency resource allocated for the PUSCH to carry the aperiodic CSI reporting, anextra UL grant for the PUSCH is needed. Therefore, DCI based activation/deactivation for semi-persistent is not efficient from the perspective of resource utilization. 
Compared to the DCI based signaling, MAC CE based signaling is a reliable and efficient way to activate/deactivate the semi-persistent CSI-RS. Since ACK/NACK feedback is provided for MAC CE transmission, gNB is aware of whether UE has detected the signaling or not, and thus guaranteeing the reliability.MAC CE has no capacity issue for large payload comparing with DCI based transmission.
Based on the above analysis, we have the following proposal:
Proposal 3: Semi-persistent CSI reporting is activated/deactivated by MAC CE.
0. Time offset configuration for semi-persistent CSI-RS 
With a MAC CE based CSI-RS activation/deactivation mechanism, appropriate time offset (X in Figure 1, in number of subframes) between the CSI-RS activation and the CSI-RS transmission, and time offset (Z in Figure 1, in number of subframes) between CSI-RS deactivation and CSI-RS stops transmission, should be guaranteed. For the configuration of offset X and Z, several options can be studied:
1) 


Fixed X and Z: with fixed X and Z, the decoding delay of MAC CE packets, denoted as (in number of subframes), should be considered to guarantee at least that X> and Z>.
2) Configurable X and Z: considering multiple numerologies and dynamic TDD in NR, the MAC CE decoding delay can be configurable to support higher flexibility. For example, the MAC CE decoding delay with a small subcarrier spacing may be much smaller than that with a larger subcarrier spacing. X and Z can also be configured according to, e.g., TDD UL/DL configuration. Therefore, X and Z can be configurable according to certain rules.
Proposal 4: Configurable time gap between semi-persistent CSI-RS activation/deactivation and CSI-RS transmission/stopping should be supported.


Figure 1 Semi-persistent CSI-RS transmission
3.3     Configuration mechanism for semi-persistent CSI-RS 
To configure the above parameters (e.g., X, Z and periodicity) for semi-persistent CSI-RS transmission, a two level configuration mechanism can be considered, which includes:
1) First level: RRC configuration which configures K CSI-RS resources that are shared among a UE group. Each resource is characterized by parameters like time gaps X and Z, .etc.
2) Second level: MAC CE configuration which configures N out of  K resources for a UE or UE group when activating the CSI-RS, Therefore, the configured N resources can be UE specific or UE group specific.
Proposal 5: A two level configuration mechanism should be supported for semi-persistent CSI-RS transmission, and the second level configuration is MAC CE based.
Configurations for semi-persistent CSI reporting  
Signaling relationship between semi-persistent CSI reporting and semi-persistent CSI-RS transmission
In the last meeting, it is agreed that the relationship of signaling between semi-persistent CSI reporting and semi-persistent CSI-RS transmission should be further studied. In this section, we give our opinion.
First of all, based on similar analysis to that in Section 2.1, MAC CE based activation/deactivation signaling should be supported for semi-persistent CSI reporting.
As for the signaling relationship between semi-persistent CSI-RS transmission and semi-persistent CSI reporting, it seems natural that they should be simultaneously activated and deactivated. However, this signaling relationship is lack of flexibility. For example, in scenarios where gNB sweeps beams with a semi-persistent CSI-RS transmission, and only the best M CRI/RSRP are required to be reported by UE, then only an aperiodic CSI reporting after the CSI-RS transmission is needed, instead of a semi-persistent CSI reporting that consumes valuable time/frequency resource in multiple subframes. In such cases, jointly triggering semi-persistent CSI-RS and semi-persistent CSI reporting is not necessary. However, if semi-persistent CSI reporting is also activated after/when semi-persistent CSI-RS is activated, then joint deactivation of semi-persistent CSI-RS and semi-persistent CSI reporting is reasonable, since no CSI reporting will be generated (after a period of Z’) if no CSI-RS is transmitted. Therefore, we have the following proposal:
Proposal 6: Separate MAC CE activation of semi-persistent CSI-RS and semi-persistent CSI reporting, and joint MAC CE deactivation of semi-persistent and semi-persistent CSI reporting should be supported.


Figure 2 Semi-persistent CSI-RS and semi-persissistent CSI reporting
4.2    Time offset configuration for semi-persistent CSI reporting
When gNB deactivates semi-persistent CSI-RS, which also indicates the deactivation of the related semi-persistent CSI reporting, UE may have some un-reported CSI due to aspects like long reporting periodicity and reporting time offset. In LTE, a time window Z’ is defined to solve this problem. The time window Z’ means no CSI reporting will be monitored by gNB after Z’ slots from it deactivating semi-persistent CSI reporting. Therefore, UE will stop reporting CSI after the time windown Z’. However, if the un-reported CSI is important like CRI, then dropping the CSI reporting may leads to performance lose. Therefore, a mechanism that allows UE to report the un-reported but important CSI should be supported, even though the CSI reporting will exceed the time window.
Proposal 7: A mechanism allowing UE to report the un-reported CSI that exceeds the time window after semi-persistent CSI reporting is deactivated should be supported.
0. Parameter configuration mechanism
Similar to semi-persistent CSI-RS configuration, a two level configuration mechanism can be supported for semi-persistent CSI reporting:
1) First level: RRC configuration. RRC signaling configures K CSI reporting resources which can be shared for a UE group. Each resource is characterized by time gaps X’ and Z’, etc.
2) Second level: MAC CE configuration. When activating the CSI reporting by MAC CE, N out of K resources can be configured for a UE or UE group. Therefore, the configured N resources can be UE specific or UE group specific. In addition, parameters like CSI content can be configured by MAC CE.
Proposal 8: A two level configuration mechanism should be supported for semi-persistent CSI reporting, and the second level configuration is MAC CE based. 
Signaling mechanism for aperiodic CSI reporting  
5.1 Discussion on configuration of timing offset Y
In the last meeting, it is agreed that aperiodic CSI reporting time offset Y should be studied to provide sufficient CSI computation time. Y should be configurable to adapt to different use case. For example, if only CSI that can be fast computed like CRI is needed to be reported, then Y can be very small, and even Y=0 for fast CSI feedback. For PMI like CSI, Y can be large to provide sufficient CSI computation time. 
Furthermore, to cover various scenarios and provide a high flexibility, the candidate values of Y should be configurable. For example, for fast CQI feedback, Y=0 can be supported as mentioned above. However, for reporting quantity like PMI which requires relative longer duration for the exhaustive search, a large value of Y is needed. Furthermore, factors like the number of antenna ports and UE capability should also be considered to determine the value of Y.
Proposal 9: Support zero as the lower limit of Y for aperiodic CSI reporting time offset to support fast CSI feedback.
Proposal 10: Configurable aperiodic CSI reporting timing offset Y should be supported.
5.2 Signaling mechanism for aperiodic CSI reporting
[bookmark: OLE_LINK60]In LTE, the CSI measurement and CSI reporting are closely coupled. When the CSI reporting mode is configured through the RRC signaling under a certain transmission mode, the UE will always implement the CSI measurement assuming a fixed transmission scheme. Once the CSI reporting is triggered by the DCI, the UE will report the CSI to the base station based on previous CSI measurement on the basis of a fixed transmission scheme. 
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]However, this coupled CSI measurement and reporting mechanism is lack of flexibility to support dynamic transmission scheme switching. For instance, the UE performs the CSI measurement based on the RRC configured closed loop MIMO scheme. However, the closed loop MIMO may not be optimal for the current channel condition due to the change of channel condition. It will not infeasible to trigger a CSI report immediately based on other transmission schemes as the UE only stores the CSI measurement results with the assumption of closed loop MIMO. To obtain a new CSI report associated with other transmission schemes, the gNB has to reconfigure the CSI measurement parameters and it will be costly and inefficient especially for measurement latency based on semi-persistent CSI-RS transmission. For example, if gNB transmits a semi-persistent CSI-RS for subband sweeping or beam sweeping as in Figure 3 and requires UE to report the CQI/PMI of the preferred M subbands or preferred M beams in an aperiodic CSI report, the information to indicate UE a proper measurement should be transmitted to UE before triggering the CSI reporting. To handle this issue, separate signaling for CSI measurement and for reporting should be supported. 


Figure 3 aperiodic CSI reporting with semi-persistent CSI-RS
To provide the flexibility for the CSI measurement and reporting mechanism to enable the dynamic transmission scheme switching, a more flexible configuration mechanism can be considered as illustrated in Figure 4. gNB first configures a CSI measurement setting to UE which incorporates a set of candidate links, each of which is associated with a transmission scheme. Then, gNB can trigger a CSI reporting based on a subset of the candidate link set. When channel condition changes, gNB can trigger a new CSI reporting based on another subset of the candidate link set. Since the UE already measures and stores all the CSI reportings according to the candidate links, a timely CSI reporting can be achieved whenever it is triggered.


Figure 4. Separate L1/L2 signalling for CSI measurement setting and CSI reporting triggering
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK5]Proposal 11: L1/L2 signaling that separately configures the CSI measurement and triggers the aperiodic CSI reporting should be supported in NR.
Multi-shot CSI reporting with aperiodic CSI-RS 
In some cases, multi-shot CSI reporting should be supported for aperiodic CSI-RS. For example, for power limited UE, if multiple CSI types are configured to be reported (e.g., CQI, PMI, RI and CRI), activating one single aperiodic CSI reporting may result in reporting accuracy loss since the reporting payload size is large. In this case, it is reasonable to report these CSI contents separately in a semi-persistent CSI reporting manner to improve the reporting accuracy of each CSI content. For coverage limited UE (e.g., cell-edge UE), one shot aperiodic CSI reporting may not be reliable. In this case, multiple shots reporting which repeats the same copy of CSI reporting can be applied to enhance the reliability.
Proposal 12: Multi-shot CSI reporting with aperiodic CSI-RS transmission should be supported for power limited UE or coverage limited UE.
Conclusions
[bookmark: _GoBack]Proposal 1: Support transmission scheme configuration for each of the L links in CSI measurement setting.
Proposal 2: For aperiodic CSI reporting and/or semi-persistent CSI reporting, support L1/L2 signaling for the transmission scheme configuration associated with each of the L links in CSI measurement setting.
Proposal 3: Semi-persistent CSI reporting is activated/deactivated by MAC CE.
Proposal 4: Configurable time gap between semi-persistent CSI-RS activation/deactivation and CSI-RS transmission/stopping should be supported.
Proposal 5: A two level configuration mechanism should be supported for semi-persistent CSI-RS transmission, and the second level configuration is MAC CE based.
Proposal 6: Separate MAC CE activation of semi-persistent CSI-RS and semi-persistent CSI reporting, and joint MAC CE deactivation of semi-persistent and semi-persistent CSI reporting should be supported.
Proposal 7: A mechanism allowing UE to report the un-reported CSI that exceeds the time window after semi-persistent CSI reporting is deactivated should be supported.
Proposal 8: A two level configuration mechanism should be supported for semi-persistent CSI reporting, and the second level configuration is MAC CE based.
Proposal 9: Support zero as the lower limit of Y for aperiodic CSI reporting time offset to support fast CSI feedback.
Proposal 10: Configurable aperiodic CSI reporting timing offset Y should be supported.
Proposal 11: L1/L2 signaling that separately configures the CSI measurement and triggers the aperiodic CSI reporting should be supported in NR.
Proposal 12: Multi-shot CSI reporting with aperiodic CSI-RS transmission should be supported for power limited UE or coverage limited UE.
[bookmark: OLE_LINK191][bookmark: OLE_LINK1]References
3GPP RAN1#NR adhoc, Chairman’s note, January, 2017.
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