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Introduction
[bookmark: _GoBack]In RAN#80 meeting, specifications of NR Rel-15 were declared as complete and frozen. It has been agreed that RAN1 shall continue to focus on maintenance for the details of NR Rel-15.  There are some issues on CSI acquisition, including CSI measurement and CSI reporting. We provide our views on these open issues in this contribution.
CSI measurement
Mandatory support for non-PMI feedback
In previous RAN1 and RAN meetings, it has been discussed whether the following feature group should be mandatory or optional. 
	2-38
	CSI report without PMI
	Support CSI report without PMI
	2-35
	Yes
	CSI report without PMI is not supported
	Type 4
	No need
	Yes
	
	RAN1 to clarify whether it depends on SRS Tx switch
	
	
	Mandatory/Optional] with capability signaling


This feature is non-PMI feedback for DL CSI acquisition, where UE just reports RI and CQI based on CSI report configuration. Specifically, gNB acquires channel information based on reciprocity in gNB side, but gNB cannot acquire correct information about interference which affects the best transmission rank. Then based on the CSI acquired from reciprocity, gNB transmits beamformed CSI-RS to let UE measure the beamformed channel and interference. UE measure the CSI-RS/IMR to calculate the RI and CQI. To calculate CQI, UE can just measure a part of the configured ports based on the configured non-PMI-PortIndication. Further, the precoding assumption to calculate CQI is an identity matrix on the configured partial CSI-RS ports. Hence UE does not need to search PMI to calculate and report CQI.   
Based on the above analysis, the complexity of non-PMI feedback is extremely low compared to Type I or Type II codebook.
· The required reciprocity is on gNB side. For UE side, UE just need to calculate RI and CQI based on identity matrix on semi-statically configured port indices. UE is not required to calibrate for reciprocity or search PMI. 
· As a matter of fact, non-PMI feedback is marked as low complexity CSI when determining Z and Z’ values [2]. 
On the other hand, based on previous evaluation [3], the performance gain is quite large for non-PMI feedback when reciprocity holds in gNB side. Since the gNB determines the beamformer based on channel reciprocity, it is not limited to the DFT beams defined in standardized codebooks.  The beamformer acquired from this approach is usually more accurate than codebook based feedback.  This is the advantage for the system with channel reciprocity especially for TDD.  This approach has been used and implemented for practical TDD systems.  If non-PMI based feedback is not supported, the only way to do the feedback is codebook based CSI feedback which causes RI/CQI mismatch and hence significant performance degradation since the precoder assumption is not consistent with actual beamformer used as shown in our previous evaluation.  In addition, it causes unnecessary PMI feedback overhead.  
In RAN#80, there is some concern on mandating this feature for FDD. However, even for FDD, there is no extra requirement on UE side. All the implementation to make use of reciprocity or statistical reciprocity is on gNB side. The UE behavior is same for TDD and FDD. Further, non-PMI feedback is marked as low complexity CSI regardless of FDD or TDD in RAN1 specifications. Therefore, we support to make non-PMI feedback mandatory.
Proposal 1: Support 2-38 CSI report without PMI as a mandatory feature.
There was discussion in RAN#81 on whether this feature should depend on SRS Tx Switch.  While this feature can be used for the cases without channel reciprocity e.g. acquiring CQIs based on a known set of beams, the major use cases are the cases with channel reciprocity.   Therefore, it is fine to make it mandatory depending on whether SRS Tx Switch is supported.

RI restriction in non-PMI feedback
In RAN1#93, the following agreement is achieved on non-PMI feedback.
Agreement:
· Send an LS to RAN2 capturing the following details for non-PMI feedback to correct inaccurate implementation of RAN1 agreements
· RI restriction is supported
· For rank-R port index, the sequence size shall be R, e.g., rank 2-8 includes 2-entry PortIndex8
In the current specification, RI restriction is not reflected in non-PMI feedback. Hence we propose the following TP to correct it.
TP 1: For TS 38.214
	[bookmark: _Toc517439477]5.2.1.4.2	Report Quantity Configurations
<Unchanged parts omitted>
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI': 




-	if the UE is configured with higher layer parameter non-PMI-PortIndication contained in a CSI-ReportConfig, r ports are indicated in the order of layer ordering for rank r and each CSI-RS resource in the CSI resource setting is linked to the CSI-ReportConfig based on the order of the associated NZP-CSI-RS-ResourceId in the linked CSI resource setting for channel measurement given by higher layer parameter resourcesForChannelMeasurement. The configured higher layer parameter non-PMI-PortIndication contains a sequence  of port indices, where  are the CSI-RS port indices associated with rank ν and  where is the number of ports in the CSI-RS resource.



-	if the UE is not configured with higher layer parameter non-PMI-PortIndication, the UE assumes, for each CSI-RS resource in the CSI resource setting linked to the CSI-ReportConfig, that the CSI-RS port indices  are associated with ranks  where  is the number of ports in the CSI-RS resource.

-	When calculating the CQI for a rank, the UE shall use the ports indicated for that rank for the selected CSI-RS resource. The precoder for the indicated ports shall be assumed to be the identity matrix scaled by .
-    if the UE is configured with higher layer parameter typeI-SinglePanel-ri-Restriction, the bitmap parameter typeI-SinglePanel-ri-Restriction forms the bit sequence where  is the LSB and  is the MSB. When  is zero, , the reported RI is not allowed to be .



Aperiodic CSI-RS resource with different qcl-info
The current spec allows triggering multiple aperiodic CSI-RS resource sets in a trigger state.  The same aperiodic CSI-RS resource ID can be configured in two aperiodic CSI-RS resource sets.  QCL information is provided by TCI-State-Id per resource in qcl-info in each state.  So it can happen that the same resource ID in the two resource sets are associated with different qcl-info.  This is fine if the triggering offsets of the two resource sets are different as these resources are transmitting in different slots.  If the triggering offsets of the two resource sets are the same, UE would not know which qcl-info should follow.  This should not be allowed and hence we have the following proposal:
Proposal 2:  A UE does not expect to be configured with different TCI-State-Ids for the same aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger state.   
 
CSI reporting
Reference resource definition for L1-RSRP reporting
In [5], one of the remaining issues from RAN1#94 is the definition of reference resource for L1-RSRP. There’re multiple aspects of the need to define reference resource for L1-RSRP reporting including determining the CPU occupancy rule, clarifying active BWP, etc. Conventionally, reference resource is defined for CQI reporting, but it can be extended to L1-RSRP as well. 
The frequency-domain resource of CQI reference resource definition depends on the configured CSI band and CQI frequency granularity. However, as L1-RSRP is a wideband CSI, the frequency resources just depend on the configured CSI reporting band.
The time-domain resource of periodic CQI reporting depends on the number of associated resources in the resource set. If only one resource is used, nref_CQI = 4, otherwise nref_CQI = 5. For periodic L1-RSRP reporting, although the number of used resources is usually more than 1, L1-RSRP calculation is much simpler than CQI calculation. In fact, L1-RSRP reporting occupies one CPU similarly as CSI reporting with just one resource. Then we think it’s more appropriate to define the slot of reference resource is in slot .
For aperiodic L1-RSRP reporting, we can reuse the definition for aperiodic CSI reporting, where reference resource is in slot .
Therefore we have the following proposal.
Proposal 3: The reference resource of L1-RSRP reporting is defined as follows
· In the frequency domain, the L1-RSRP reference resource is defined by the group of downlink physical resource blocks corresponding to the configured CSI reporting band.
· In the time domain, the L1-RSRP reference resource for an L1-RSRP reporting in uplink slot n’ is defined by a single downlink slot n-nL1-RSRP_ref,
· where , and  and  are the subcarrier spacing configurations for DL and UL, respectively
· where for periodic and semi-persistent L1-RSRP reporting, nL1-RSRP_ref  is the smallest value greater than or equal to 
· where for aperiodic L1-RSRP reporting, if the UE is indicated by the DCI to report L1-RSRP in the same slot as the CSI request, nL1-RSRP_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nL1-RSRP_ref is the smallest value greater than or equal to , such that slot n- nL1-RSRP_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement for L1-RSRP reporting as defined in Subclause 5.4.

Z/Z’ values for L1-RSRP reporting
Another remaining issue for CSI reporting is the Z/Z’ values for L1-RSRP reporting. In the UE feature list, there is an FG 2-28 which is the number of symbols between DCI triggering the AP CSI-RS and the transmission of the AP CSI-RS for L1-RSRP reporting. The meaning of this FG is the same as Z’. However, this value is the only applicable for SCS=60, 120kHz. For lower frequency bands, i.e., SCS=15, 30kHz, we have agreed that CSI-RS/SSB based beam management is mandatory with at least 8 resources [6]. Hence we also need a value for 15 and 30 kHz SCS. As for FR1, network only needs a few number of resources for beam reporting, the Z’ value can be a fixed value. We suggest to use the Z’ value of low-latency CSI in CSI computation delay requirement 2, i.e., the Z1’ value in Table 5.4-2 in 38.214. 
In FG 2-25, there is a value to indicate the required time between the CSI-RS and the associated L1-RSRP reporting. Then the sum of the value in 2-25 and the Z’ value can represent the Z value. Hence we have the following proposal.
Proposal 4: Adopt the following Z and Z’ values for L1-RSRP reporting.
	SCS
	Z
	Z’

	15kHz
	Z’ + X1 in FG 2-25
	16

	30kHz
	Z’ + X2 in FG 2-25
	30

	60kHz
	Z’ + X3 in FG 2-25
	KB1 in FG 2-28

	120kHz
	Z’ + X4 in FG 2-25
	KB2 in FG 2-28



Conclusion
In this contribution, we discuss remaining issues in CSI acquisition. Based on the discussion, we have the following proposal. We also provide a TP for the non-PMI feedback.
Proposal 1: Support 2-38 CSI report without PMI as a mandatory feature
Proposal 2:  A UE does not expect to be configured with different TCI-State-Ids for the same aperiodic CSI-RS resource ID configured in multiple aperiodic CSI-RS resource sets with the same triggering offset in the same aperiodic trigger state.  .
Proposal 3: The reference resource of L1-RSRP reporting is defined as follows
· In the frequency domain, the L1-RSRP reference resource is defined by the group of downlink physical resource blocks corresponding to the configured CSI reporting band.
· In the time domain, the L1-RSRP reference resource for an L1-RSRP reporting in uplink slot n’ is defined by a single downlink slot n-nL1-RSRP_ref,
· where , and  and  are the subcarrier spacing configurations for DL and UL, respectively
· where for periodic and semi-persistent L1-RSRP reporting, nL1-RSRP_ref  is the smallest value greater than or equal to 
· where for aperiodic L1-RSRP reporting, if the UE is indicated by the DCI to report L1-RSRP in the same slot as the CSI request, nL1-RSRP_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nL1-RSRP_ref is the smallest value greater than or equal to , such that slot n- nL1-RSRP_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement for L1-RSRP reporting as defined in Subclause 5.4.
Proposal 4: Adopt the following Z and Z’ values for L1-RSRP reporting.
	SCS
	Z
	Z’

	15kHz
	Z’ + X1 in FG 2-25
	16

	30kHz
	Z’ + X2 in FG 2-25
	30

	60kHz
	Z’ + X3 in FG 2-25
	KB1 in FG 2-28

	120kHz
	Z’ + X4 in FG 2-25
	KB2 in FG 2-28
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