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1 Introduction

For periodic/semi-persistent/aperiodic resource setting, the following conclusions were agreed [1]:

Agreements:

· For both CSI acquisition and beam management, an aperiodic Resource Settings can contain more than one CSI-RS Resource set
· For CSI acquisition, periodic and semi-persistent resource setting contains only one CSI-RS resource set
For periodic CSI reporting, the following agreements were achieved [2]:

Agreements:
· Periodic CSI reporting is carried at least on 

· Short PUCCH 

· Long PUCCH
For semi-persistent CSI reporting, it was agreed that [3]

Agreements:
· Support S-CSI on PUSCH using similar mechanism to LTE SPS

· Resources/MCS for S-CSI on PUSCH are allocated semi-persistently using DCI

· S-CSI supports Type II with minimum periodicity of 5ms

During email discussion, the following conclusions were further agreed [1]:
Agreements:
· For SP-CSI reporting on PUSCH, detailed scheme(s) are to be decided by UL scheduling section in RAN1 91 including which RNTI to use 

· Strive to align SP-CSI transmission mechanism as much as possible with UL data transmission mechanism
For aperiodic CSI reporting, the following agreements were achieved in NR AH1 and during email discussion [1]:
Agreements:

· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91. 
· Choose at least one from Alt1, Alt2, and Alt3
· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation.

In this contribution, some remaining issues are discussed. 
2 Signaling mechanism for periodic CSI reporting

For a periodic CSI reporting based on periodic CSI-RS, UE specific high-layer signaling can configure the periodic CSI-RS reporting setting and the associated periodic resource setting(s). The association between the resource setting and the reporting setting is also configured via high-layer signaling [4]. 
In the reporting setting configuration, the PUCCH resource for the CSI reporting, reporting quantity and other related information are included [4]. As agreed, only one CSI-RS resource set is included in theperiodic resource setting. Thus, no dynamic signaling is needed.
Proposal 1: For periodic CSI reporting, support RRC configured CSI reporting and associated resource setting, and no dynamic signalling is needed.
3 Signaling mechanism for semi-persistent CSI reporting
3.1 Activation/deactivation mechanism
3.1.1 Semi-persistent CSI reporting on PUSCH
NR supports semi-persistent CSI reporting on PUSCH and PUCCH, so that both large and small UCI payload size can be supported. For reporting on PUSCH, the MCS and resource can be dynamically allocated one time by DCI, and then used by UE semi-persistently until released. For the signaling mechanism, one remaining issue is:
· Whether C-RNTI or SPS-C-RNTI should be used for the DCI that triggering/release SP CSI reporting.
According to the agreement, which RNTI is used is related to the uplink grant free design. However, the SP CSI is a layer-1 procedure while grant free transmission involves at least layer 2. Besides, the SP CSI is used for downlink transmission, while grant free transmission is for UL transmission. Thus, the motivation to introduce these two features is different and un-related. Therefore, the SP CSI transmission design on PUSCH should be decoupled from that of grant free. Thus, the functionality of SP CSI report triggering should be independent from resource configuration of grant free, regardless of C-RNTI or SPS-C-RNTI is used for the DCI of SP CSI triggering. Discussion can be found in our company contribution [5] for reference.
Proposal 2: The functionality of SP CSI report triggering should be independent from resource configurations of grant free PUSCH.
3.1.2 Semi-persistent CSI reporting on PUCCH

In LTE, semi-persistent CSI-RS is introduced and triggered/released by MAC CE. Semi-persistent CSI reporting on PUCCH can use similar mechanism. For the CSI reporting, the PUCCH resource for the CSI reporting is allocated by higher layer signaling, and MAC CE triggers/releases the CSI reporting on the allocated PUCCH resource. Since ACK/NACK will be feedback for MAC CE trigger/release signaling, reliability can be guaranteed.
Proposal 3: For semi-persistent CSI reporting on PUCCH, support higher layer signaling configured PUCCH resource and MAC CE based triggering/release mechanism similar with LTE.
3.2 Semi-persistent CSI reporting based on periodic CSI-RS

According to the agreement, only one resource set is configured per periodic resource setting. Thus, for semi-persistent CSI reporting based on periodic CSI-RS, only CSI reporting setting need to be indicated in triggering/release signaling. The associated CSI-RS for channel and interference measurement are indicated by the RRC configured link configuration.
According to the NR CSI framework, there are two ways for the CSI reporting triggering/release. One way is to contain the reporting setting ID in the signaling as: {CSI reporting setting}. Another way is to contain a pair of CSI-measure-link in the signalling as: {CSI reporting setting, CSI-measure-link1, CSI-measure-link2}, where CSI-measure-link1 is for channel measurement and CSI-measure-link2 for interference measurement. These two CSI-measure-links can be used to down select the associated resource setting for the CSI reporting if more than two resource settings are linked to the reporting setting. Both options are equivalent from the functionality perspective. 
Proposal 4: For semi-persistent CSI reporting based on periodic CSI-RS, the triggering/release signaling indicates only a CSI reporting setting and/or a pair of CSI-measure-link, and no resource set indication is needed.
3.3 Semi-persistent CSI reporting based on semi-persistent CSI-RS

For semi-persistent CSI reporting based on semi-persistent CSI-RS, one remaining issue is whether joint or separate triggering/release for CSI and CSI-RS should be supported. To better facilitate the CSI-RS sharing among UEs, or CSI-RS sharing between semi-persistent CSI and aperiodic CSI, separate triggering/release for semi-persistent CSI and semi-persistent resource setting should be supported. 
For example, when a semi-persistent resource set is shared among UEs, and these UEs have semi-persistent CSI reportings in different time periods, then independent triggering/release of semi-persistent CSI and semi-persistent CSI-RS would provide a clean solution for the RS sharing, as shown in Fig. 1. Thus, we have the following proposal.

Proposal 5: For semi-persistent CSI reporting based on semi-persistent CSI-RS, support independent triggering/release mechanism for the CSI reporting and the CSI-RS resource set.


[image: image6.bmp]
Figure 1 Semi-persistent CSI-RS sharing among UEs that reports semi-persistent CSI

Based on the independent triggering/release mechanism, although gNB could ensure by implementation that each CSI reporting has a valid CSI-RS transmission to measure on, a mandate UE behaviour definition is still needed when no valid CSI-RS exists for a CSI reporting, to avoid complicated definition of the RS trasnmission and CSI reporting timeline. For example, the spec can define that UE does not report CSI in a time instance if no valid CSI-RS exists for it.
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Figure 2 An example of no CSI-RS transmission exists for a CSI reporting instance
Proposal 6: In NR a UE does not expect a CSI reporting in a time instance if no valid CSI-RS transmission exists at given time instance.
4 Signaling mechanism for aperiodic CSI reporting

4.1 Aperiodic CSI reporting based on periodic/semi-persistent CSI-RS
For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, the CSI-RS need to be triggered before the CSI reporting to make sure that at least one CSI-RS instance is available before the CSI reporting. Since no dynamic resource set selection is needed in this case, the CSI-request triggering state only need to indicate the CSI reporting setting.

Proposal 7: For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, the triggering state in the CSI request field of the DCI indicates only CSI reporting setting and/or a pair of CSI-measure-link, and no resource set indication is needed.
4.2 Aperiodic CSI reporting based on aperiodic CSI-RS

For aperiodic CSI reporting based on aperiodic CSI-RS, joint triggering has been discussed. Since more than one resource sets can be configured in one aperiodic resource setting, dynamic resource set selection is needed in the DCI. Thus, in addition to the indication of the aperiodic CSI reporting setting, or a pair of link IDs which include the CSI reporting setting, resource set selection for channel and interference measurement should also be included in the triggering state: 
Opt 1: {CSI reporting setting, resource set for channel measurement, resource set for interference measurement},
Opt 2: { CSI reporting setting, CSI-measure-link1, resource set for channel measurement, CSI-measure-link2, resource set for interference measurement}.
The resource set for channel measurement indicate the channel measurement hypothesis, and the I resource set for interference measurement indicates the interference measurement hypothesis.
Proposal 8: For aperiodic CSI reporting based on aperiodic CSI-RS, CSI-request triggering state in DCI should include {CSI reporting setting, resource set for channel measurement, resource set for interference measurement }, or {CSI reporting setting, CSI-measure-link1, resource set for channel measurement, CSI-measure-link2, resource set for interference measurement}.
4.3 Aperiodic CSI reporting on PUCCH 

During email discussion, three alternatives for the signaling of triggering aperiodic CSI on short PUCCH 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 company contribution [6]. 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.
4.4 Self-contained CSI reporting
Fast CSI reporting has been discussed in RAN1 during the last few meetings. To better support this feature, aperiodic CSI reporting on short PUCCH is agreed, and the remaining issue this to determine the RRC configured Y candidate values. Thus, RAN1 has the consensus that fast CSI reporting is important for NR network.

Self-contained CSI reporting can support fast CSI reporting with the minimum reporting latency, which can provide a much better link adaptation for the subsequent PDSCH scheduling. With self-contained CSI reporting, CSI-RS is transmitted in the front part of a slot, and CSI is reported in the last symbols of the same slot. It is applicable to UE with high capability, or CSI content that requires low computational complexity, like CQI, at small subcarrier spacing, e.g., 15/30kHz. It can be supported for aperiodic CSI on short PUCCH and PUSCH.
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To show the performance gain of fast CSI feedback, simulation results considering different CSI reporting latencies are provided in the appendix. It shows that significant performance gain (~23% for average UP and 58% for 5% UPT) is achieved when the CSI reporting latency is reduced. Thus, further performance gain can be expected if Y=0 is supported, especially for fast moving UE.
Proposal 11: Self-contained CSI, i.e., Y=0, should be included in the RRC configured slot-offset value set for aperiodic CSI reporting on PUSCH or short PUCCH for 15KHz and 30Hz subcarrier spacing at least. 
5 Signaling for CSI reporting when CSI-RS is pre-empted 
It has been agreed that CSI-RS can be pre-empted, e.g., by URLLC packets. In this case, if UE has no information about the pre-emption, the generated CSI is misleading. For CSI reporting with measurement restriction being ON, the misleading CSI is just one shot reporting and can be discarded by gNB. However, if the measurement restriction is OFF, and the CSI reporting is based on periodic/ semi-persistent CSI-RS, then once a CSI-RS at a time instance is pre-empted, the subsequent (periodic/semi-persistent/aperiodic) CSI reporting will keep being misleading. It is surely a waste of UE’s battery and will compromise the DL-SCH transmission performance. In this case, whether or not the UE should flush its CSI calculation buffer needs to be indicated to the UE, to avoid transmitting many useless CSI reporting.
In the URLLC discussion, a group common DCI, refered to as PI in this tdoc, has been agreed to indicate the pre-empted resource in PDSCH, so that UE can flush the soft buffer for PDSCH detection. However, this DCI cannot serve well for the CSI-RS being pre-empted case. For example, as shown in Fig. 5, UE 1 has PDSCH transmission in some RBs (yellow box), and (pre-scheduled) CSI-RS transmission in other RBs (blue box), too. In this case, the PI can only inform UE that data soft buffer may not be flushed. However, UE is unsure if the CSI calculation buffer should be flushed. 
Thus, an additional DCI field is needed to notify the UE whether it should flush the CSI calculation buffer. One option is the design an extra bit for this function. Another option is to use the CSI request field, by design some additional triggering states to accomplish this function.
[image: image4]
Proposal 12: Support an indication to notify UE whether the CSI calculation buffer should be flushed or not, e.g., by using some triggering states in the CSI request field in the DCI.
6 Conclusions
Proposal 1: For periodic CSI reporting, support RRC configured CSI reporting and associated resource setting, and no dynamic signalling is needed.
Proposal 2: The functionality of SP CSI report triggering should be independent from resource configurations of grant free PUSCH.

Proposal 3: For semi-persistent CSI reporting on PUCCH, support higher layer signalling configured PUCCH resource and MAC CE based triggering/release mechanism similar with LTE.

Proposal 4: For semi-persistent CSI reporting based on periodic CSI-RS, the triggering/release signaling indicates only CSI reporting setting and/or a pair of CSI-measure-link, and no resource set indication is needed.
Proposal 5: For semi-persistent CSI reporting based on semi-persistent CSI-RS, support independent triggering/release mechanism for the CSI reporting and the CSI-RS resource set.

Proposal 6: In NR a UE does not expect a CSI reporting in a time instance if no valid CSI-RS transmission exists at given time instance.
Proposal 7: For aperiodic CSI reporting based on periodic/semi-persistent CSI-RS, the triggering state in the CSI request field of the DCI indicates only CSI reporting setting and/or a pair of CSI-measure-link, and no resource set indication is needed.
Proposal 8: For aperiodic CSI reporting based on aperiodic CSI-RS, CSI-request triggering state in DCI should include {CSI reporting setting, resource set for channel measurement, resource set for interference measurement }, or {CSI reporting setting, CSI-measure-link1, resource set for channel measurement, CSI-measure-link2, resource set for interference measurement}.

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.
Proposal 11: Self-contained CSI, i.e., Y=0, should be included in the RRC configured slot-offset value set for aperiodic CSI reporting on PUSCH or short PUCCH for 15KHz and 30Hz subcarrier spacing at least. 

Proposal 12: Support an indication to notify UE whether the CSI calculation buffer should be flushed or not, e.g., by using some triggering states in the CSI request field in the DCI.
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Figure 4 Performance comparison with different CSI reporting latencies, Rel 13 Type I codebook is used.

Table 1 Simulation parameters

	Parameters
	Values

	Duplex mode 
	FDD

	Inter-BS distance 
	200m

	Carrier frequency 
	4GHz

	Simulation bandwidth
	10MHz

	Channel model
	UMi

	BS Tx power 
	41dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); (dH,dV) = (0.8, 0.5)λ

	BS TXRU mapping
	(MTXRU, NTXRU, P, Mg, Ng) = (2, 4, 2, 1, 1)

	UE antenna configurations 
	2Rx, Cross-polarized with 0, 90deg

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow TR36.873

	UE receiver noise figure
	9 dB

	Traffic model
	Non-Full buffer, FTP model 1, 

500KB packet size

	UE distribution
	80% Indoor, 3km/h, 

20% Outdoor, 30km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation, max rank = 2
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Figure � SEQ Figure \* ARABIC �4� Self-contained CSI reporting slot structure
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Figure � SEQ Figure \* ARABIC �5� CSI-RS pre-empted by URCCL packet
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