	
[bookmark: _GoBack]3GPP TSG RAN WG1 88			R1-1702943
Athens, Greece, 13th - 17th February 2017

[bookmark: Source]Agenda item:	8.1.2.3.1
Source: 	Samsung
Title: 	CSI acquisition framework for DL NR MIMO
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
In RAN1 NR-AH, the following agreements on CSI framework were made [1]: 
	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
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· 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
· FFS until the next meeting about details of dynamic triggering

Agreements:
· When a UE is configured with K>1 NZP CSI-RS resources, a UE can report a set of N UE-selected CSI-RS-resource-related indices
· FFS: The name of the corresponding CSI reporting parameter
· FFS: Maximum value of N (support of N=1 only is not precluded)
· …
Agreements:
· The CSI acquisition framework (including CSI measurement, Resource, and CSI reporting settings) supports configurations that provide CSI similar to Rel.14 eFD-MIMO hybrid CSI mechanisms 1 and 2, e.g.
· Long-term CSI for a number of antenna ports or multiple NZP CSI-RS resources
· Short-term CSI for a number of antenna ports with one or more NZP CSI-RS resources
· The number of ports for long-term and short-term CSIs can be the same or different
· Contents of the CSI report are FFS
· This is achieved without introducing new features into the agreed upon CSI acquisition framework



In this contribution, the following issues related to the highlighted parts are addressed:
1. The support of features analogous to Rel.14 LTE hybrid CSI mechanisms 1 and 2
2. Reported CSI parameters within CSI reporting setting (including CRI)
3. CSI reporting frequency granularity
4. Resource setting pertaining to CSI-RS
5. Dynamic signaling mechanism 

[bookmark: _Ref473120585]Hybrid CSI support
1 
2 
Using the NR CSI acquisition framework, Rel.14 LTE hybrid CSI can be implemented as follows (see Figure 1):
· Hybrid CSI mechanism 1 with Class A + Class B K=1 can be implemented with N=2, M=2, and L=2 where the first CSI reporting setting (with CQI and i2 not reported) is linked with, e.g. 1-resource 32-port Resource setting while the second CSI reporting setting is linked with, e.g. 1-resource 2/4-port CSI-RS setting. 
· Hybrid CSI mechanism 2 with Class B K>1 + Class B K=1 can be implemented with N=2, M=2, and L=2 where the first CSI reporting setting (with only CRI reported) is linked with a K-resource Resource setting (S=1 where each of the K resources comprises, e.g. 2/4 ports) while the second CSI reporting setting is linked with, e.g. 1-resource 2/4-port CSI-RS setting. 
· At least one additional Resource setting for interference measurement can also be used and associated with one of the two CSI reporting settings.



[bookmark: _Ref462624962]Figure 1 Hybrid CSI support using CSI framework 

Observation: Rel.14 LTE hybrid CSI mechanisms 1 and 2 can be configured by using at least two CSI reporting settings, two Resource settings (as illustrated in Figure 1), and capability not to report CQI and some other CSI parameters

Reported CSI parameters
3 
4 
At least four CSI parameters are supported: CSI-RS resource-related selection indicator (analogous to CRI in Rel.13 LTE), RI, PMI, and CQI. In LTE, the following hierarchy is established: 
· RI is calculated conditioned on CRI, if CRI is reported 
· PMI on CRI and/or RI, depending on whether CRI and/or RI are reported. If dual-stage codebook is used, the calculation of the second PMI is dependent on the first PMI. 
· CQI on CRI, RI, and/or PMI, depending on whether CRI and/or RI are reported. 
That is, when a CSI parameter is not reported, any dependencies on the parameter are skipped (e.g. when K=1 beam/resource is used, CRI is unnecessary; for TDD use cases, PMI may not be necessary; for “semi-open-loop” operation, only the long-term PMI needs to be reported in conjunction with QQI and RI). The same CSI calculation dependency order can be adopted for NR. For Type II linear combination (LC), the primary focus is to report a high-resolution PMI feedback. In particular, when used for explicit feedback, CSI parameters such CRI and CQI may not be needed. For each of the two types, codebook configuration (possibly incorporating subset selection) can be included. Furthermore, as discussed in section 2, to support features analogous to hybrid mechanism 1 and 2 of Rel.14 LTE, some CSI parameters (CQI/i2 for mechanism 1, CQI/PMI/RI for mechanism 2) are not reported and hence switched OFF in the first CSI reporting setting. Therefore, NR should allow that each of the CSI parameters (CRI, RI, first PMI, second PMI, CQI) be switched ON/OFF within a CSI reporting setting. 
In RAN1 NR-AH, it was discussed whether the name CRI (CSI-RS resource indication) can still be reused since there is some likelihood to incorporate port selection in this CSI parameter. However, the following points should be considered:
1. If CSI-RS resources for larger number of ports are constructed from aggregating a set of CSI-RS resources (or resource units) for smaller number of ports, port selection functionality can be implemented with resource selection. For instance, port selection for 2K-port CSI-RS can be implemented as selection of a 2-port resource from a set of K CSI-RS resources with 2 ports per resource.
2. Alternatively, port selection can be implemented analogous to Class B K=1 of Rel.13 LTE using “beam” selection codebook (which is also likely to be supported in NR). In this case, port selection is implemented via PMI, not CRI.      
Therefore, the CSI-RS resource-related indication can be defined in the same manner as Rel.13 LTE, i.e. for indicating NZP CSI-RS resource selection. 

Proposal: 
· Each of the CSI parameters (CRI, RI, first PMI, second PMI, CQI) can be switched ON/OFF within a CSI reporting setting
· CSI calculation dependency order follows LTE 
· The name CRI (CSI-RS resource indication) is reused for referring to the same functionality as Rel.13 LTE – extended to selection of N out of K NZP CSI-RS resources
· Port selection can be implemented or perceived as resource selection

CSI reporting frequency granularity
5 
6 
To accommodate different granularities (at least wideband, partial-band, and sub-band reporting), it is beneficial to define “CSI reporting band” as a collection of subbands (where one subband is a group of PRBs analogous to LTE) pertinent to a particular CSI reporting setting. In some sense, this may be analogous to the notion of “set S subbands” in LTE although it is never put to use. 
Since CSI reporting band is configured per CSI reporting setting, a UE can be configured with N distinct CSI reporting bands, each associated with one of the N CSI reporting settings.
By using the notion of CSI reporting band, wideband reporting can be configured by setting CSI reporting band to cover the entire DL system bandwidth. Partial-band reporting, on the other hand, amounts to a set of subbands associated with a part of the DL system bandwidth. In both cases, the UE shall report one CSI parameter (such as CQI or PMI) for all the subbands in the CSI reporting band.
Likewise, subband reporting can be configured for any CSI reporting band value where the UE shall report one CSI parameter (such as CQI or PMI) for each subband in the CSI reporting band.

Proposal: Define “CSI reporting band” as a collection of subbands pertinent to a particular CSI reporting setting
· A UE can be configured with one CSI reporting band per CSI reporting setting
· For wideband reporting: CSI reporting band = DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band 
· For partial-band reporting: CSI reporting band = a part of DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band  
· For subband reporting: one CSI parameter for each subband in the CSI reporting band

Resource setting pertaining to CSI-RS
To acquire DL CSI, several types of RS can be used. Here, CSI-RS and SRS (for reciprocity-based use cases) can be used for this purpose. Therefore, “RS Type”, which includes at least CSI-RS or SRS, should be included in Resource setting. In addition, “RS power”, which includes ZERO/NULL (for interference measurement) as well as a set of non-zero values, is needed.
Regarding the configuration of S≥1 CSI-RS resource sets where each of the S sets (say, set s) includes Ks≥1 CSI-RS resources, this can be used for flexible CSI-RS resource aggregation as well as a feature similar to Rel.13 LTE Class B K>1 (where we can set either {S = K, Ks = 1 for all s = 0, 1,…, K–1} or {S= 1, K0 = K}). Other possible use cases, however, need to be further identified before RAN1 can progress on specifying the details for this feature. The use case of dynamically choosing different subsets of the S sets, however, is far from clear.  

Proposal: At least the following additional information should be supported in one Resource setting:
· RS type, at least includes CSI-RS and SRS 
· RS power which includes ZERO/NULL (for interference measurement) and a set of non-zero values
· Use cases for CSI-RS resource sets (other than for flexible CSI-RS resource aggregation and LTE Class B K>1) need to be further identified

Dynamic signaling mechanism
7 
8 
Based on the latest agreement, CSI reporting settings (for aperiodic and semi-persistent reporting) and CSI-RS resource set(s) –while initially configured via higher-layer (RRC) signaling– require dynamic signaling (which can be performed either via MAC CE or L1 DL control signaling). For NR, frequent RRC reconfiguration is to be minimized, if not avoided, due to its associated cost and latency. Therefore, the design of dynamic signaling should take into account the following factors:
1. Criterion 1: To minimize or avoid RRC reconfiguration, CSI reporting, Resource, and Measurement settings should include sufficient number of possibilities/combinations. Without such flexibility, frequent RRC reconfiguration is inevitable. 
2. Criterion 2: If L1 DL control signaling is used for dynamic signaling, the number of possible hypotheses should be sufficiently small to minimize DCI overhead. The cost and coverage requirements of DL control signaling prohibit excessive DCI sizes. 
3. The trade-off between criteria 1 and 2 points to the usage of MAC CE as a means for alleviating DCI overhead while allowing sufficient flexibility within the RRC-configured sets of hypotheses. Unless sufficient flexibility can be achieved with a relatively small number of possibilities/hypotheses for a certain feature, the use of MAC CE for much less frequent dynamic “activation/deactivation” is a viable alternative. 
a. This mechanism is used in Rel.14 eFD-MIMO for aperiodic CSI-RS where a set of K NZP CSI-RS resources is configured via RRC signaling. Then N resources (out of K) are activated via MAC CE (where the N-subset can be reconfigured via the same MAC CE signaling). Finally, UL-related DCI is used to select one out of N NZP CSI-RS resources to indicate CSI-RS transmission within the same UL subframe. 

Proposal: For a given CSI-related feature, use MAC CE signaling to reduce the number of hypotheses associated with DCI whenever RRC configuration provides a large number of hypotheses
· MAC CE performs an intermediate “subset selection” of possibilities before dynamic selection via DCI

[bookmark: _Ref446598642]Conclusions
In this contribution, further details on DL CSI acquisition framework for NR are proposed. First, the following observation is made:
· Rel.14 LTE hybrid CSI mechanisms 1 and 2 can be configured by using at least two CSI reporting settings, two Resource settings (as illustrated in Figure 1), and capability not to report CQI and some other CSI parameters
Our proposal can be summarized as follows: 
· Each of the CSI parameters (CRI, RI, first PMI, second PMI, CQI) can be switched ON/OFF within a CSI reporting setting
· CSI calculation dependency order follows LTE 
· The name CRI (CSI-RS resource indication) is reused for referring to the same functionality as Rel.13 LTE – extended to selection of N out of K NZP CSI-RS resources
· Port selection can be implemented or perceived as resource selection
· Define “CSI reporting band” as a collection of subbands pertinent to a particular CSI reporting setting
· A UE can be configured with one CSI reporting band per CSI reporting setting
· For wideband reporting: CSI reporting band = DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band 
· For partial-band reporting: CSI reporting band = a part of DL system bandwidth, one CSI parameter for all the subbands in the CSI reporting band  
· For subband reporting: one CSI parameter for each subband in the CSI reporting band
· At least the following additional information should be supported in one Resource setting:
· RS type, at least includes CSI-RS and SRS 
· RS power which includes ZERO/NULL (for interference measurement) and a set of non-zero values
· Use cases for CSI-RS resource sets (other than for flexible CSI-RS resource aggregation and LTE Class B K>1) need to be discussed further
· For a given CSI-related feature, use MAC CE signaling to reduce the number of hypotheses associated with DCI whenever RRC configuration provides a large number of hypotheses
· MAC CE performs an intermediate “subset selection” of possibilities before dynamic selection via DCI

References
[1] [bookmark: _Ref458614461]3GPP, RAN1 NR Ad-Hoc, Chairman’s Notes

oleObject1.bin
CSI reporting setting 0


CSI reporting setting 1


Resource setting
0


Link 1


Link 0


Resource setting
1



image1.emf
CSI reporting 

setting 0

CSI reporting 

setting 1

Resource setting

0

Link 0

Resource setting

1

Link 1


