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1 Introduction

According to the previous agreements [1], some remaining issues still require to be addressed in CSI reporting, as we discuss in this contribution.
2 Summary of incorrectly captured

2.1 Correction on CRI definition and determination in 38.214
Current descriptions in 38.214 on CRI definition are lack of specification for the corresponding interference measurement resource(s). Without proper reference to the corresponding interference measurement resource(s), i.e. NZP CSI-RS resource(s) for interference measurement and/or CSI-IM resource(s), UE would fail to derive the CSI parameters, e.g. CQI, PMI, etc. with regard to the CRI report. In this case, the CRI definition and determination should not only include channel measurement resource indication, but also involve the corresponding interference measurement resource(s) indication. Considering the CRI report overhead, an implicit way of indicating the interference measurement resource(s) can be adopted, which leads to detailed definition on the reported CRI value(s) and the corresponding channel/interference measurement resource(s) within the configured CSI-RS resource set(s). Section 3.4 has a more detail discussion on this issue and the detailed text proposal on this issue can be found in Draft CR [2].
3 Remaining issues in specification
3.1 UE capability for CSI reporting

The CSI reporting capability definitions are being discussed in RAN1:
	#
	Feature group
	Components
	Prerequisite feature groups 
(listed in this sheet only)
	Type (see R2-1712078)

	2-14
	CSI report framework for type I feedback
	1. Maximum number of periodic CSI report setting [1, 3, 4]
2. Maximum number of aperiodic CSI report setting [1, 3, 4]
3. Maximum number of semi-persistent CSI report setting [1, 3, 4]
4. Support of omission of part 2 for PUSCH based reporting --[mandatory?]
5. Maximum number of links between CSI reporting settings and resource settings [how to count the links?]
	2-12
	Type 4

	2-14
	CSI report framework for type II feedback
	1. Maximum number of periodic CSI report setting [1, 3, 4]
2. Maximum number of aperiodic CSI report setting [1, 3, 4]
3. Maximum number of semi-persistent CSI report setting [1, 3, 4]
4. Support of omission of part 2 for PUSCH based reporting --[mandatory?]
5. Maximum number of links between CSI reporting settings and resource settings [how to count the links?]
	2-13
	Type 4


The above approach is to define the CSI reporting capability as the number of reporting settings, which is similar as that in LTE where CSI reporting capability is defined as the number of CSI process. However, this kind of CSI reporting capability definitions requires the worst case for each CSI process, which restricts the real UE capability for CSI reporting and underestimates the number of reporting setting (CSI process). 
In [3], the minimum unit for update CSI for a CSI reporting setting is defined as CSI reporting capability, which may also require the worst case for the reporting setting. What’s more, only CSI for one reporting setting is required to be updated for each time, which may not be aligned with the CSI framework in NR with one or more CSI reporting setting can be triggered and reported. This kind of CSI reporting capability is also not friendly to the UE who can support processing in parallel and the number of units are required to be fed back to gNB.

Actually, for each reporting setting, the real UE capability for CSI reporting depends on how much workload UE can afford for calculating CSI info based on the CSI-RS resources configured in resource settings linked with the reporting setting. The total number of CSI-RS ports in each unit UE can afford can reflect the UE capability for CSI reporting. UE capability for CSI reporting can be defined as the maximum number of CSI-RS ports for each unit UE afford for update CSI. For UE supports processing in parallel would have a large UE capability for CSI reporting. One or more reporting setting can be configured if the average number of CSI-RS ports for each unit before CSI reporting is no larger than the UE capability.
Then we can the following proposal:

Proposal 1: UE capability for CSI reporting can be defined as the maximum number of CSI-RS ports for each unit (e.g. slot) UE afford for update CSI.
3.2 Timing offset for A-CSI reporting

The timing offset for A-CSI reporting on PUSCH is discussed in e-mail discussion [91-NR-06] and an agreement is achieved. The issue of time offset for A-CSI reporting on PUSCH is essential for UE implementation and CSI reporting configuration, which has RRC signaling impact with candidate value for timing offset. 
	Agreements:
· Candidates of CSI calculation time Z are defined in Table I.

· Z is defined as the minimum required number of symbols for PDCCH detection/decoding for receiving the CSI reporting triggering DCI, channel estimation, plus CSI calculation by assuming CSI only PUSCH (no HARQ ACK/NACK) for a given numerology and CSI complexity 

· Note: the required time for channel estimation refers to the time gap from the last symbol of CSI-RS to the timeline that UE finishes its channel estimation processing

· For low complexity CSI, one Z value for a given numerology is defined in Table I.

· FFS: the definition of Low complexity CSI (e.g. WB CSI derived from maximum 2 ports CSIRS with Type I codebook or WB CQI derived from maximum 8 ports CSIRS without PMI)

· For high complexity CSI, one Z value (FFS multiple values) for a given numerology is defined in Table I.

· FFS: how many and how to define High complexity CSI

CSI complexity
Units
15 KHz SCS
30 KHz SCS
60 KHz SCS
120 KHz SCS
Low complexity CSI
Symbols
Z1,1
Z1,2
Z1,3
Z1,4
High complexity CSI 1
Symbols
Z2,1
Z2,2
Z2,3
Z2,4
High complexity CSI  N
Symbols
ZN+1,1
ZN+1,-2
ZN+1,3
ZN+1,4



Based on the definition of Z, the following parameters will have a large influence on the value of Z:
· The number of symbol(s) carrying CSI-RS
· The reporting granularity in the frequency domain
· The density of CSI-RS
· Report quantity (CSI-related or L1-RSRP-related quantities)
· CSI type if reported: type I or type II
· The number of CSI-RS ports configured

The purpose to define Z for low complexity CSI is mainly to support fast CSI feedback. The selection of critical conditions to define Z should be based on the contribution to the total amount of processing time and whether it is a useful use case. Considering the 4Rx is the baseline NR eMBB UE capability, we propose to use the calculation time derived from 4 ports CSI-RS measurement as the low complexity CSI calculation time. It should be noted that processing time for CQI-only measurement without PMI calculation may be less than the processing time for 4 port CSI-RS measurement. We just categorize all the calculations that are less complexity than 4-ports CSI measurement as low complexity CSI calculation.
Proposal 2: The low complexity CSI calculation time Z for slot-based scheduling is defined as the CSI calculations no more complex than 4-ports CSI-RS reporting.
The following table gives our initial evaluation result for low complexity CSI calculation time for slot-based scheduling.
Table 1. Initial evaluation result of low complexity CSI calculation (4 ports) time
	CSI complexity
	Units
	15 KHz SCS
	30 KHz SCS
	60 KHz SCS
	120 KHz SCS

	Low complexity CSI
	Symbols
	9
	15
	23
	32


To keep spec simple as well as gNB scheduling and UE implementation, only one value of Z for high complexity CSI reporting should be defined per numerology. The value of Z can be determined considering both the UE capability and channel ageing.

Proposal 3: For high complexity CSI, only one Z value for a given numerology is defined.
For further details of the proposal, we refer to [4].
3.3 CSI reporting band
Although a CSI reporting band for contiguous or non-contiguous has been supported, the details of CSI reporting band configuration however is still left open, and the determination of the number of subband has direct impact on the corresponding RRC configuration. For a unified and flexible configuration, a bitmap (csi-ReportingBand) has been adopted by RAN2 [1], however the size of the bitmap is to be determined.

csi-ReportingBand





BIT STRING (SIZE (FFS))
Since the CSI reporting band is restricted within the configured CSI-RS bandwidth, the number of subbands can be varied according to the configured CSI-RS bandwidth, within the activated bandwidth part. However, for the ease of the subband indexing by either TRP or UE side, varying bitmap lengths according to CSI-RS bandwidth should be avoided, whereas it should depend on the number of subbands within the component carrier, i.e. bitmap length N should be determined according to the CC bandwidth ([image: image2.png]


) and the corresponding subband size ([image: image4.png]


)
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Proposal 4: NR supports higher layer configuration of an N-bit bitmap for CSI reporting band
· N, i.e. number of subbands, corresponds to the configured CC bandwidth.

For further details of the proposal, we refer to [5].
3.4 Discussion about the Correction on CRI

CRI is currently supported in NR as follows

· When the UE is configured with a CSI-RS resource set, the UE shall determine a CRI from the supported set of CRI values and report the number in each CRI report.
· The bitwidth for CRI is determined by 
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 is the number of CSI-RS resources in the corresponding resource set.

According to the above agreements, if one CSI resource setting is configured, i.e. for beam management measurement, the CRI definition is quite straight forward. However, if two or three CSI resource settings are configured, i.e. for CSI measurement, the reported CRI should at least also indicate the information for the corresponding interference measurement resource(s).

As observed from LTE design, there is a one-to-one association between channel measurement resource and interference measurement resource, and the CRI actually indicates one-out-of-N channel-interference measurement resource pairs. The corresponding CSI parameters, e.g. PMI, RI, CQI, should be also based upon the selected measurement resource pair.

The currently agreed NR CSI framework can lead to various alternatives for the detailed CRI indication. For instance, if the resource setting for interference measurement is configured with CSI-IM resources, a CRI indication scheme analogous to LTE can be adopted, i.e. a one-to-one association between NZP CSI-RS resource (in the NZP CSI-RS resource set for channel measurement) and CSI-IM resource (in the CSI-IM resource set for interference measurement). In this case, each channel measurement resource and CSI-IM resource pair corresponding to a channel/interference measurement hypothesis.

On the other hand, if the resource setting for interference measurement is configured with NZP CSI-RS resources, each NZP CSI-RS resource set within the resource setting should be treated as a whole, i.e. all the NZP CSI-RS resources within the NZP CSI-RS resource set for interference measurement should be counted for the accumulated interference estimation. This reflects the original idea of introducing NZP CSI-RS resources for interference measurement, which enriches the interference measurement hypothesis.

Actually, to achieve a good trade-off between the CSI-RS overhead and MU-CQI accuracy, a single NZP CSI-RS resource can be configured in the NZP CSI-RS resource set for interference measurement. Thus a CRI value indicates the NZP CSI-RS resource for channel measurement, the corresponding CSI-IM resource (if available), and the NZP CSI-RS resource for interference measurement.

Then we have the following proposal:

Proposal 5: NR supports a CRI value k (=0, 1, …, Ks-1) indicating

· (k+1)-th entry of Ks NZP CSI-RS resources within a NZP CSI-RS resource set for channel measurement

· (k+1)-th entry of Ks CSI-IM resources within a CSI-IM resource set for interference measurement

· the NZP CSI-RS resource set for interference measurement

For further details of the proposal, we refer to [5].
3.5 CSI-RS resource set triggering offset
	Agreements:
· Aperiodic CSI-RS triggering offset X is configurable on a per resource set basis in ResourceSetConfig.
· Note: The offset X is measured in slots.
· FFS: The case when multiple resource sets are associated with a trigger point.


The issue about slot-level trigger offset for aperiodic CSI-RS was discussed in last meeting and achieved the above agreement after the e-mail discussion. One important motivation for above case discussion comes from the need of beam sweeping. As single-symbol CSI-RS resources has been agreed in meeting #90 at least for beam training, the NW should consider how many OFDM symbols are available for beam sweeping CSI-RS resources within a slot. Due to the fact that the first 2-3 PDCCH symbols shall be reserved for CORESET reception, and the several symbols after PDCCH reception may be not suitable for beam sweeping because of the decoding latency, a maximum of ~6-8 symbols per slot for beam sweeping can be considered as a starting point. Besides, if high priority data transmission or UL grant is still allowed, the available OFDM symbols available for beam sweeping CSI-RS resources per slot can be further limited. 

On the other hand, in the already agreed CSI framework, the CSI-RS transmission is triggered at resource set level, and the associated aperiodic CSI-RS resources can practically only be transmitted per slot basis. To guarantee an aperiodic beam training, the NW may need to trigger multiple CSI-RS resource sets one by one. Meanwhile, multiple aperiodic CSI reporting are jointly triggered as well. In this case, each CSI-RS resource set only contains partial beams to be swept, and the aperiodic reporting contains the beam-related reporting information which is based on an incomplete sweeping. The gNB may need to combine the multiple reporting and compare the RSRPs to determine the best N Tx beams. 

To avoid the complexity as well as the waste of signaling overhead and unnecessary UL grants (for CSI reporting), the NW can trigger multiple aperiodic CSI-RS resource sets by one trigger point, and each of them is configured with different triggering offset.
Proposal 6: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.

For further details of the proposal, we refer to [5].
3.6 Remaining issues for multi-panel codebook in R15

In section 5.2.2.2.2 of 38.214, type I multi-panel codebook is described. However, antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) are not captured, corresponding to the use case where each panel is only equipped with 2 polarized RF chains. Since the integrated complexity of the chips increases with the number of RF chains at high frequency bands, 2 ports per panel is a common case and should be considered in multi-panel codebook design. In this case, beam sweeping based on analog beamforming and CSI acquisition based on multi-panel codebook could be jointly used. Thus, this antenna configuration and corresponding codebook design should be captured by R15.
Proposal 7: Antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) should be captured in multi-panel codebook in R15.

For further details of the proposal, we refer to [6].
3.7 Signaling for CSI reporting when CSI-RS is pre-empted 
It has been agreed that the PDSCH of a UE can be pre-empted by URLLC PDSCH, and this pre-emption is indicated by format 2_1 DCI. It indicates in a symbol level and half-BWP level if PDSCH is pre-empted by URLLC services, so that UE can flush the soft buffer for PDSCH detection.
There were also some discussion about CSI-RS being pre-empted by URLLC PDSCH/CORESET, but not consensus was achieved yet. The importance of this issue is that, if the pre-empted CSI-RS is periodic RS, and the CSI measurement restriction is OFF, then one pre-empted CSI-RS instance lead to misleading CSI reporting at many subsequent instances. Hence, whether or not the UE should flush its CSI calculation buffer needs to be indicated as well.

One starting point to handle this issue is to reuse the format 2_1 DCI which indicate both the pre-empted PDSCH and the CSI-RS positions.  As shown in Fig.1, the CSI-RS and PDSCH are in different half BWPs, but both half BWPs are indicated to be pre-empted by URLLC service.

However, reusing this format 2_1 DCI may result in an aggressive CSI buffer flushing issue. As shown in Fig.1, only some PDSCH resource are pre-empted, and CSI-RS is not. For CBGs on the PDSCH resources that are not actually pre-empted, gNB can start a new transmission if ACK is reported by UE. That is, the too-aggressive data buffer flushing mechanism can be amended by the A/N report to some extent. But for the periodic CSI-RS transmission, once the CSI calculation buffer is flushed (although not needed in this case), the CSI reporting in the subsequent instance is not valid. Thus, aperiodic CSI reporting may be needed to get the right CSIs for all UEs who share the CSI-RS. Therefore, extra DCI and aperiodic CSI-RS overhead are introduced.
Thus, a separate signaling from the format 2_1 DCI may be needed to decouple the CSI-RS pre-emption indication from the PDSCH pre-emption indication. For example, some reserved triggering states in the CSI request field can be used to indicate the pre-empted CIS-RS resource ID.
Proposal 8: Support an indication to notify UE whether the CSI calculation buffer should be flushed or not, e.g. using format 2_1 DCI which indicates PDSCH and CSI-RS pre-emption, or using some reserved triggering states from the RRC configured aperiodic triggering states.

[image: image9.emf]Half 

BWP

Partial band 

partial CSI-

RS of MBB 

UE1

BWP

PDSCH of MBB UE1

PDSCH of URLLC 

UE2

Corresponds to 

ACK

Corresponds to 

NACK


Figure 1. Only PDSCH, not CSI-RS, of a MBB UE being pre-empted by PDSCH of a URLLC UE

3.8 Aperiodic CSI reporting on PUCCH 

The feature to support A-CSI on short PUCCH was agreed in RAN1 AH #3 meeting, but no consensus was achieved. Thus, it is concluded that A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017:
Agreements:

· No consensus in RAN1#91 on how to support A-CSI on short PUCCH in Rel-15. 
Thus, A-CSI on short PUCCH is not part of RAN1 specification for completion by Dec. 2017.
However, we believe this feature is important especially in TDD system with dominant DL scheduling. For sporadic URLLC services and/or prescheduling-based DL scheduling, A-CSI on short PUCCH is critical for fast link adaption. Thus, we propose to support A-CSI on S-PUCCH in NR Rel-15.
During previous discussion, three alternatives for the CSI triggering were proposed. Among the three alternatives, Alt1, i.e., DL-related DCI based triggering is preferred, since it can reduce the UL-related DCI signaling and reuse the DL-related DCI which is needed anyway in downlink heavy slot. Furthermore, the PUCCH resource indicator in DL-related DCI can select the PUCCH resource for the CSI reporting.

Proposal 9: For aperiodic CSI reporting on short PUCCH, support DL-related DCI based triggering mechanism.
For the aperiodic CSI reporting on short PUCCH, a CSI and A/N collision should be considered. For example, as shown in Fig. 3, DCI 0 transmitted at time instance n triggers an aperiodic CSI reporting at time instance n+2 on PUCCH resource 1. Then DCI 1 schedules a DL-SCH transmission and allocates a PUCCH resource for the associated A/N feedback. If DCI 1 allocates PUCCH resource 1 as well for the A/N feedback, and the CSI-triggering DCI is missed by UE, gNB and UE will have different understanding about whether CSI is reported. Thus, misleading interpretation on the reported content will happen at gNB. 

To resolve this issue, a detailed solution is proposed and please refer to our companion contribution [7]. The proposal is copied here for convenience.
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Figure 3 Illustrative figure for ACK/NACK and aperiodic CSI collision

Proposal 10: If the transmission of A-CSI and HARQ-ACK triggered by two DCIs are on the same slot, different PUCCH resources for the A-CSI and HARQ-ACK should be used.

· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
4 Conclusions
The contribution discuss the remaining issues for CSI reporting, based on which the following proposals are made.

Proposal 1: UE capability for CSI reporting can be defined as the maximum number of CSI-RS ports for each unit (e.g. slot) UE afford for update CSI.
Proposal 2: The low complexity CSI calculation time Z for slot-based scheduling is defined as the CSI calculations no more complex than 4-ports CSI-RS reporting.
Proposal 3: For high complexity CSI, only one Z value for a given numerology is defined.
Proposal 4: NR supports higher layer configuration of an N-bit bitmap for CSI reporting band

· N, i.e. number of subbands, corresponds to the configured CC bandwidth.

Proposal 5: NR supports a CRI value k (=0, 1, …, Ks-1) indicating

· (k+1)-th entry of Ks NZP CSI-RS resources within a NZP CSI-RS resource set for channel measurement

· (k+1)-th entry of Ks CSI-IM resources within a CSI-IM resource set for interference measurement

· the NZP CSI-RS resource set for interference measurement

Proposal 6: Multiple Aperiodic CSI-RS resource sets with various trigger offset X can be associated to single trigger point.

Proposal 7: Antenna configuration (Ng,N1,N2)=(2,1,1) and (4,1,1) should be captured in multi-panel codebook in R15.

Proposal 8: Support an indication to notify UE whether the CSI calculation buffer should be flushed or not, e.g. using format 2_1 DCI which indicates PDSCH and CSI-RS pre-emption, or using some reserved triggering states from the RRC configured aperiodic triggering states.

Proposal 9: For aperiodic CSI reporting on short PUCCH, support DL-related DCI based triggering mechanism.
Proposal 10: If the transmission of A-CSI and HARQ-ACK triggered by two DCIs are on the same slot, different PUCCH resources for the A-CSI and HARQ-ACK should be used.

· If the DCI triggering A-CSI is detected, UE should transmit A-CSI on the PUCCH resource indicated by this DCI.
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