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Discussion and Decision
1
Introduction
In the RAN1 #90 meeting, there were some agreements update on channel reciprocity usage for CSI acquisition [1]:
	Agreements:
· For non-PMI feedback:

· Alt 1: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS other details of the port selection codebook

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be dynamic using L1/L2 signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt 2: The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix

· Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback

· FFS details

· To down-select one of the above alternative in the next meeting
Agreements:
· Support antenna switching for SRS transmission within a carrier for the following UE antenna configuration:

· UE configured with 2Tx (transmit antenna ports)

· UE configured with 1Tx (transmit antenna ports)

· Note: 1Tx and 2Tx is dependent on UE’s capability for SRS transmission

· FFS: details




In this contribution we analyze the possibility of channel reciprocity and different utilization methods, and give our preferences.
2
CSI feedback for channel reciprocity
Channel reciprocity is deemed as one attractive property in MIMO transmission, especially in TDD system. Typically, reciprocity usage can alleviate the CSI feedback burden either in DL or UL. For long term CSI prospective, beam reciprocity in DL and UL could be assumed as valid, but for short term CSI, due to encountering asymmetry of UE TX/RX antenna port and calibration impact, channel reciprocity usage has some limitation. Hence, CSI feedback design should take into account real scenarios. In this following discussion, we make the detailed analysis for CSI feedback of full channel reciprocity and partial channel reciprocity respectively.    
2.1 
Full channel reciprocity
When chains of TX and RX are symmetric, full channel reciprocity can be assumed. In this case, though channel information is possibly available in gNB side via UL reference signal detection, interference information is not known. Then DL interference information should be reported through certain ways to inform the gNB. One possible way is reporting interfering CSI or its covariance matrix, and another way is using CQI. Since UE receiver processing is not known by the gNB, direct interference information reporting is not effective to CQI estimation. Additionly, the feedback overhead and real gain are to be investigated in real scenario. Hence, it seems CQI feedback is more reasonable. However, one obvious problem herein is how to derive the CQI and RI, even though channel information in full reciprocity is known in gNB side. Since CQI and RI are related to what precoding operation used, UE needs to assume certain precoding operation to derive CQI and RI. Therefore, this inherited mismatch for gNB and UE affects validity of CQI and RI feedback for reciprocity based transmission. In order to help UE to do CQI measurement, DL CSI-RS should be transmitted. So it will cause one new problem for alignment of CSI-RS port mapping and UL receiver path. For example, gNB may send DL 8 CSI-RS ports but in fact it uses 64 receive antennas. Based on these analysis, CQI and RI reporting is not reliable in full reciprocity. Optimally, if all interference information and UE receiver information are available in the gNB, gNB can make the right decision. Since it is impossible to reach this ideal condition, simplified schemes could be considered.
According to the agreements [1], following codebooks are to be down-selected for CQI calculation for non-PMI CSI feedback.
· Alt 1: Port selection codebook is used for CQI calculation for non-PMI feedback

· Each column of each precoding matrix in the port selection codebook contains only one non-zero entry

· FFS other details of the port selection codebook

· Codebook subset restriction is supported to indicate a single precoder per rank in the codebook used for CQI calculation

· FFS whether this indication can be dynamic using L1/L2 signaling

· Support at least up to 8 CSI-RS ports and 8 layers

· Alt 2: The UE shall assume a codebook for RI and CQI determination where for each rank, R, the codebook contains only one precoder which is the first R columns of an identity matrix

· Alt 3: An existing codebook is used for CQI calculation for non-PMI feedback

· FFS details

In Alt 1 & 2, gNB measures UL channel via SRS, and calculates X beam vectors for X port beamformed CSI-RS. The difference between Alt 1 and Alt 2 lies in the codebook used for CQI calculation.
In Alt 1, gNB selects R ports for UE out of X beamformed CSI-RS ports, and indicates to UE via CSR. To avoid mismatch on precoder assumption between gNB and UE, only one precoder can be chosen for each rank. Then, UE calculates CQI with indicated CSR, and reports CQI and RI accordingly.
The purpose of dynamic precoder indication is to catch up the frequency-selectivity and fast time-variance, this would cause unaffordable L1/L2 signaling overhead.
While in Alt 2, it is not necessary to indicate CSR to UE, and UE simply assumes identity-matrix precoder on X beamformed CSI-RS ports.
Besides CSR indication, the difference of codebook in Alt 1 and 2 lies in, for rank R codebook, Alt 1 is able to select R ports out of X, which is flexible if multi-user scheduling is considered; while Alt 2 only consider single user case, and simply select the most dominant R ports.

For rank R transmission, the port selection codebook should be an X-by-R sub-matrix of rank X identity matrix. Note that the R columns could be (a subset of) arbitrary column combinations, but not only the first R columns. Port selection codebook has been discussed in [2], and codebook for beamformed CSI-RS in [3] with L=1 and P=1 was proposed as a candidate. However, L=1 can not support 8 layer transmission. L=4 and P=1 is a good configuration, and W1 generated can be used for 8 CSI-RS port selection.
In Alt 3, gNB selects precoder for UE based on Type I single panel codebook. The operation of UE is similar to that in Alt 1. However, CSI-RS overhead of Alt 3 is much larger than those in Alt 1 and 2, because non-precoded CSI-RS is used.
Observation 1: The benefit of explicit interference information feedback is not clear when taking into account overhead and information missing for UE receiver processing in the gNB side.
Observation 2: CQI/RI feedback for interference information in full reciprocity is not reliable due to precoding information missing in UE side.
Proposal 1: Beamformed CSI-RS could be used for RI reporting, and Alt 1 should be used for CQI calculation.

Proposal 2: Precoder for CQI calculation should not be indicated by using L1/L2 signaling dynamically.
Proposal 3: Codebook for beamformed CSI-RS in R1-1709232 with L=4 and P=1 should be used as port selection codebook.
2.2 
Partial channel reciprocity  

In case of partial channel reciprocity, additional CSI reporting on top of partial UL channel CSI will be needed to get one complete precoding vector. However, how to combine the additional CSI reporting and partial channel information to get complete DL CSI is not mature. Typically, if UE TX port number is less than RX port number, DL transmission layer number will be equal or more than UE TX port number. In this sense, partial channel reciprocity usage is not robust in real application. One effective way is to use its long term reciprocity property. For example, according to UL SRS transmission, DL long term precoded vector can be acquired and then using precoded CSI-RS to estimate DL CQI/PMI/RI. In another aspect, UE receiver is not visible to base station. If MU-MIMO is used, due to complex channel information processing and CQI compensation, correct CQI calculation in gNB side is questionable even if full channel reciprocity is available. Hence, in order to get accurate CQI, using precoded CSI-RS is one option to get instant CQI measurement. The used precoding vector can be linked to single user precoding vector, and also be linked to MU-MIMO precoding vector. In this context, LTE R13 class B mode using precoded CSI-RS is one starting point to utilize channel reciprocity. 
In [1], some candidate schemes for non-ideal channel reciprocity are listed.

o
Scheme 1 (Baseline for performance comparison): Non-PMI feedback

In this scheme, precoder for PDSCH transmission is decided by gNB with SRS measurement. The asymmetric number of Tx and Rx at UE would cause mismatch of eigenvectors obtained from partial CSI and full CSI, especially for the rank larger than the number of Rx at UE.
o
Scheme 2: Partial CSI feedback for gNB to acquire full CSI
In this scheme, DL CSI obtained by gNB is divided into two parts, one is based on SRS measurement, the other is based on PMI reporting. Quantization error could not be avoid in PMI reporting, and thus PMI based CSI is less accurate compared with SRS based CSI, which would impact the overall performance, and needs further evaluation Further enhancement on PMI based CSI may be needed. Moreover, it is not efficient if the number of ports is large at gNB.
o
Scheme 3: CSI feedback with non-precoded/beamformed CSI-RS including CQI, RI and PMI

For partial channel reciprocity, long-term/wideband DL CSI (e.g. covariance matrix) can be estimated by gNB with SRS measurement, and long-term/wideband eigenvectors would be available for non-precoded/beamformed CSI-RS.

If non-precoded CSI-RS utilized, UE may report CSI based on a defined codebook, like LTE R13 Class A, or a subset of that codebook, which may quantizes the whole space non-uniformly.
If beamformed CSI-RS utilized, it is something like LTE R13 Class B. UE then estimates short term DL CSI with beamformed CSI-RS, and reports CQI/PMI/RI for PDSCH scheduling and transmission. Reciprocity based beamformed CSI-RS makes the tramsmission robust, compared with Scheme 1, CQI/PMI/RI reporting improves performance with low overhead.
o
Scheme 4: SRS switching

SRS switching is feasible from the architecture point of view, and antenna switching for SRS transmission within a carrier for UEs configured with 1Tx and 2Tx has been agreed.
1Tx -> 2 ports antenna switching has been supported in LTE, but 1Tx -> 4 ports and 2Tx -> 4 ports antenna switching needs to be supported in NR. 2Tx -> 4 ports is similar to 1Tx->2 ports, only with 2Tx in one antenna group. However, if 1Tx -> 4 ports adopts LTE-like antenna switching scheme, some details needs further studied, e.g. index of antenna ports for SRS transmission at time nSRS (counter for UE specific transmission) needs to be defined, latency to acquire full CSI with frequency hopping should be considered.
Evaluation

Scheme 1 - 4 are evaluated in 3D UMi scenario, and some results can be found in Table 1. 4 Rx & 2 Tx is assumed at UE, and other simulation assumptions can be found in [4].
Table 1
 Comparison among Scheme 1 - 4
	scenario
	scheme
	RU
	mean
	5% UPT

	3D UMi
	Scheme 1
	41.73%
	15.61
(100.00%)
	5.56
(100.00%)

	
	Scheme 2
	41.01%
	20.36
(130.43%)
	7.27
(130.76%)

	
	Scheme 3
	37.91%
	18.27
(117.04%)
	6.41
(115.29%)

	
	Scheme 4
	37.10%
	18.00
(115.31%)
	6.23
(112.05%)


In this section, for Scheme 2, UE reports eigenvectors of full channel when RI equals 1 or 2, and eigenvectors of h2Hh2 when RI exceeds 2. Rel-13/14 Class A codebook is used in quantization. h2 here is the part of channel matrix which can not be acquired via SRS.
Evaluation results shows that Scheme 2 & 3 both outperform Scheme 1. Although suffered from performance loss compared with Scheme 2, Scheme 3 has less specification impact and thus is easy to implement.

Compared with Scheme 4, Scheme 3 performs better slightly. In this section, 1.5 dB insertion loss is assumed in SRS switching in Scheme 4.
Observation 3: For partial channel reciprocity, long term CSI information can be used to keep transmission robust.
Proposal 4: In order to get accurate CQI estimation, beamformed CSI-RS based on UL CSI can be used in partial channel reciprocity case. 
3
Conclusions
In this contribution, channel reciprocity categorization has been disussced, meanwhile, different usages for channel reciprocity are also analysed. In sum, we have the following observations and proposal:
Observation 1: The benefit of explicit interference information feedback is not clear when taking into account overhead and information missing for UE receiver processing in the gNB side.
Observation 2: CQI/RI feedback in full reciprocity is not reliable due to precoding information missing in UE side.
Observation 3: For partial channel reciprocity, long term CSI information can be used to keep transmission robust.

Proposal 1: Beamformed CSI-RS could be used for RI reporting, and Alt 1 should be used for CQI calculation.
Proposal 2: Precoder for CQI calculation should not be indicated by using L1/L2 signaling dynamically.

Proposal 3: Codebook for beamformed CSI-RS in R1-1709232 with L=4 and P=1 should be used as port selection codebook.

Proposal 4: In order to get accurate CQI estimation, precoded CSI-RS based on UL CSI can be used in partial channel reciprocity case. 
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