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This contribution is a resubmission of R1-1713587.
In RAN1#88bis, the following agreement was made [1]:
	Agreements:
· For the case of non-ideal channel reciprocity (e.g., less Tx ports than Rx ports at UE), study and evaluate at least the following candidate schemes
· Scheme 1 (Baseline for performance comparison): Non-PMI feedback
· Each company states the assumed scheme for non-PMI feedback
· Scheme 2: Partial CSI feedback for gNB to acquire full CSI 
· Partial CSI is the information of the partial DL channel (e.g. partial DL channel vector/matrix or partial DL channel covariance matrix) with no reciprocal UL transmission due to the absence of Tx ports corresponding to the Rx ports at UE
· Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI
· For beamformed CSI-RS, precoding matrix is determined from CSI available at base station from SRS transmission
· PMI could be for a linear combination codebook
· Scheme 4: SRS switching
· SRS switching is used to obtain full channel information by multiple SRS transmission instants. Non-PMI CSI feedback can be used along with SRS switching
· Taking into account practical impairments in implementation (e.g., PLL accuracy, insertion loss, power imbalance, etc.)
· Scheme 5: Non-uniform beam sampling on codebook
· Configure different spatial resolutions in different spatial domain by CSR
· Combination of the above schemes can be considered



In this contribution, Samsung’s view on concurrent use of SRS and CSI-RS for DL CSI acquisition is presented in addition to the supported schemes for channel reciprocity.

The need for concurrent use of CSI-RS and SRS
1 
2 
For full reciprocity-based operation, short-term DL channel can be estimated from short-term UL channel measurement. Therefore, DL channel measurement can be done at the gNB (rather than the UE) via SRS. DL interference measurement, on the other hand, can be done at the UE via configuring IMR. For the purpose of CSI calculation at the UE, a CSI reporting setting needs to be linked with 2 Resource settings: one configured for channel measurement, another for interference measurement (IMR, either NZP or ZP CSI-RS). One may say, however, that a Resource Setting cannot be configured with SRS for channel measurement since SRS is an UL RS (which a UE transmits, not measures) and CSI reporting is done at the UE side. At the same time, it should be kept in mind that DL CSI is received from the UE and recalculated at the gNB by taking into account potentially other information. Therefore, adding SRS as one option for the resource type in Resource setting seems fitting for channel measurement. 
In this case, there are two possible solutions: 
1. For CSI calculation, assume a fixed channel strength value for CQI calculation without any Resource setting for channel measurement 
2. CSI calculation setting is linked with one more Resource setting configured with CSI-RS (for channel measurement). 
Despite its simplicity, the first alternative is incapable of adapting to short-term channel and thus limits the dynamic range of CQI calculation. The second alternative seems to be more fitting at the cost of an additional CSI-RS resource. This cost can be minimized by using a small number of ports (since the main purpose of this CSI-RS is to provide short-term normalization to the interference power).   
For partial reciprocity-based operation, it is assumed that only long-term DL channel properties (such as channel profile as a function of AoD, AoD spread, covariance matrix) or a part of short-term DL channel can be estimated from UL channel measurement. Therefore, while long-term DL channel properties can be estimated at the gNB via (lower-resolution) SRS, NZP CSI-RS may still be needed for measuring at least a part of short-term DL channel at the UE. This is one scenario where “beamformed” CSI-RS can be used in conjunction with SRS. While defining a CSI-RS type of “beamformed” and “non-precoded” may not be needed for NR, this essentially entails a joint utilization of SRS (configured with, e.g. lower frequency resolution) and NZP CSI (configured with, e.g. smaller number of ports such as 2). Likewise, DL interference measurement can be done at the UE via configuring IMR such as ZP CSI-RS.
In light of the above discussion, it can be inferred that concurrent usage of CSI-RS and SRS for channel measurement is relevant for reciprocity-based operation regardless whether full or partial reciprocity is assumed. 

Proposal: For (full or partial) reciprocity-based operation, concurrent usage of CSI-RS and SRS for channel measurement should be supported. 
· For channel measurement, add SRS as a resource type in the Resource setting
· In case of full-reciprocity, small number of CSI-RS ports can be used for low-resolution CQI – to be refined at the gNB via SRS measurement 

Joint configuration between CSI-RS and SRS
3 
4 
When CSI-RS and SRS are concurrently used for reciprocity-based operation, a joint CSI-RS/SRS configuration is beneficial to ensure that the CSI-RS and SRS used for DL CSI acquisition are compatible. Especially important is the timing relationship between the two. For instance:
· When periodic or semi-persistent CSI-RS (P-CSI-RS or SP-CSI-RS) is concurrently used with P-SRS or SP-SRS, the slot configuration (which includes periodicity and slot offset) for P/SP-SRS can be related to that for P/SP-CSI-RS. 
· When aperiodic CSI-RS (AP-CSI-RS) is concurrently used with AP-SRS, assuming that AP-CSI-RS is jointly triggered with aperiodic CSI (AP-CSI) reporting using an UL related DCI, the same UL-related DCI can also include a trigger for AP-SRS transmission. This is to ensure that the gNB receives AP-SRS at the same time as the triggered AP-CSI reporting. Therefore, the delay between AP-SRS and AP-CSI reporting can be minimized.   

Proposal: To ensure compatibility between CSI-RS and SRS which are concurrently used for reciprocity-based DL CSI acquisition, consider supporting a joint configuration between such CSI-RS and SRS, such as the timing relationship between the two, e.g. 
· Slot configuration for P-SRS is defined relative to P-CSI-RS
· The same UL-related DCI includes AP-CSI-RS resource indicator and AP-SRS trigger

Supported schemes
5 
6 
Among the five schemes listed in the agreement (see Section 1), scheme 1 has been agreed and is used as a reference. Our assessment on the other four schemes is as follows.
· Scheme 2: It is unclear what additional components (over the current CSI reporting mechanisms) are needed for this scheme. For example, this scheme can be implemented by configuring one CSI reporting setting with a smaller number of antenna ports. In fact, when a UE is configured with multiple CSI reporting settings, different number of ports can be assigned to different reporting settings. Furthermore, a close analogy can be found in LTE Rel-14 with hybrid CSI mechanism 1, i.e. the 1st eMIMO-Type is set to Class A with a larger number of ports (up to 32) while the 2nd eMIMO-Type to Class B with a small number of ports (no greater than 8). That is, this use case can be well accommodated by scheme 3.
· Scheme 5: Inherent in its description is the use of codebook subset restriction (which has been agreed). Therefore, ensuring a specification support for this scheme lies in the detailed design of codebook subset restriction.
· Scheme 3: The support for hybrid CSI (analogous to LTE mechanisms 1 and 2) has already been agreed. Regardless of the pending details, the same hybrid CSI mechanism can be used/reused for scheme 3 when combined with scheme 1. For instance:
· A hybrid CSI setup with two disjoint CSI reporting settings (where each CSI reporting setting is linked with 1-2 Resource settings, e.g. for channel and interference measurements) can be configured for a UE. The first and the second CSI reporting settings are analogous to the 1st and the 2nd eMIMO-Types.
· The second CSI reporting setting can be configured for scheme 1, i.e. PMI is not reported when a UE measures beamformed CSI-RS. Here, the gNB can rely on precoded/beamformed SRS to select the DL precoder for data transmission.  
· Scheme 4: For high frequency scenario with large bandwidth allocation where it is advantageous to apply frequency-selective beamforming on CSI-RS, frequency-selective beamformed SRS is needed to ensure proper operation for scheme 3. If the same precoder/beamformer should be applied to one SRS resource across all the subbands, frequency-selective beamformed SRS seems to necessitate the use of multiple SRS resources. 

Proposal: Support scheme 3 where non-precoded CSI-RS and beamformed CSI-RS are jointly utilized
· CSI reporting for non-precoded CSI-RS includes PMI whereas CSI reporting for beamformed CSI-RS does not include PMI
· Scheme 4 can also be supported, e.g. high frequency scenario where frequency selective beamformed CSI-RS is used

[bookmark: _Ref446598642]Conclusions
In this contribution, to support reciprocity-based operation, the following refinement on CSI acquisition framework is proposed:
· For (full or partial) reciprocity-based operation, concurrent usage of CSI-RS and SRS for channel measurement should be supported. 
· For channel measurement, add SRS as a resource type in the Resource setting
· In case of full-reciprocity, small number of CSI-RS ports can be used for low-resolution CQI – to be refined at the gNB via SRS measurement 
· To ensure compatibility between CSI-RS and SRS which are concurrently used for reciprocity-based DL CSI acquisition, consider supporting a joint configuration between such CSI-RS and SRS, such as the timing relationship between the two, e.g. 
· Slot configuration for P-SRS is defined relative to P-CSI-RS
· The same UL-related DCI includes AP-CSI-RS resource indicator and AP-SRS trigger
· Support scheme 3 where non-precoded CSI-RS and beamformed CSI-RS are jointly utilized
· CSI reporting for non-precoded CSI-RS includes PMI whereas CSI reporting for beamformed CSI-RS does not include PMI
· Scheme 4 can also be supported, e.g. high frequency scenario where frequency selective beamformed CSI-RS is used
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