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1. [bookmark: _Ref521334010]Introduction
 In RAN #102 meeting, specifying UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul as well as specifying CSI support for up to 128 CSI-RS ports were approved in the WID for Rel-19 NR MIMO [1]. The work item objectives are:
	Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
[bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design


In RAN1#116 meeting, for UE reporting enhancement for CJT, several agreements about scenarios and associated use cases, simulation EVM and measurement and reporting scheme have been achieved. For CSI-RS for up to 128 ports, simulation EVM, candidate Type I codebook enhancement schemes, Type II codebook enhancement scheme and study scope, and framework for multi-CRI-based CSI reporting have been agreed.  
In this contribution, for UE reporting enhancement for CJT, support on phase offset measurement and reporting, general reporting configuration such as reference resource/resource set selection and reporting quantity configuration are discussed. Measurement RS, reporting quantization details for time/frequency/phase report are also analyzed separately. For CSI support for up to 128 CSI-RS ports, our views on CSI-RS resource index/port index mapping, CMR restrictions for NZP CSI-RS resource aggregation to attain 32-128 port are provided. Type I codebook enhancement scheme, type II codebook aggregated NZP CSI-RS resources configuration and detailed configurations for multi-CRIs-based CSI reporting are also discussed.
2. UE reporting enhancement for CJT
2.1. Phase offset measurement and reporting 
Phase offset reporting support
In RAN1#116 meeting, the following agreements were made on aperiodic standalone CJT calibration reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed:
·  For per-TRP DL/UL Rx-Tx phase misalignment reporting: 
· Use case 3.1: TRP selection
· Use case 3.2: per-TRP DL/UL Rx-Tx phase compensation at NW side for reciprocity (e.g. using both CSI-RS and SRS for measurement)
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, in addition to the already agreed use cases, the following use cases are assumed for study:
· Use case 3.3: For TDD reciprocity, timing offset report for at least one pair of TRPs to assist TRP synchronization (i.e. to align TRP inherent timing without propagation delay)
Whether there is any spec support associated with this use case is FFS


According to the agreements, three use cases were agreed for DL/UL reciprocity calibration. Since specification support on time/frequency offset measurement and reporting have already been agreed in RAN1# 116 meeting, we prioritize the study on the necessity of specification support on phase offset measurement and reporting.  In this section, the detailed reciprocity calibration method for Use case 3.2 is provided first.
With inter-TRP reciprocity error assumption, there is a common error across antennas in each calibrated TRP (self-calibration has already been done), and the channel between ith TRP and UE can be modeled as: 

·  is the realistic DL channel estimated with reciprocity error
· is the UL channel without reciprocity error
·  is the amplitude error of the  ith TRP 
·  is the phase error of the ith TRP 
Consider an example with two TRPs (ith TRP and kth TRP). Each TRP selects one antenna and the UE selects one antenna for calibration. Then the channel between ith TRP and UE, and the channel between kth TRP and UE are both simplified as scalars (e.g., , , , ). Based on the above-mentioned reciprocity error model, the calibration coefficient  can be expressed as:

According to [4], the amplitude error of the calibration coefﬁcient has a minor impact on overall performance. If amplitude error is not considered, the calibration coefficient can be estimated by the DL phase difference between the two TRPs and the UL phase difference between the two TRPs:

where ,,, and  are the phase of DL/UL channels between the ith TRP and UE, and the kth TRP and UE. Therefore, DL phase offset between two TRPs () can be reported to aid the network to estimate the calibration coefficient. The UL phase offset can be estimated by the network through SRS resource(s) transmitted by the UE. 
[bookmark: _Ref163075405]Proposal 1： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, reporting the phase offset between DL channels of multiple TRPs for the network to calculate calibration coefficient is supported.
When there are more than two TRPs in CJT transmission, multiple phase offsets need to be reported. If multiple phase offsets are reported simultaneously, these phase offsets can also be reported in the form of PMI. However, it is not proper to reuse legacy phase reporting mechanisms (e.g., phase reporting through PMI feedback or TDCP reporting). Usually, downlink channel information is acquired through SRS transmission with UL-DL channel reciprocity and PMI feedback can be avoided in TDD system. It is costly to report phase offsets through Enhanced Type II codebook for CJT. Based on current specifications, one CSI-RS resource can only be associated with one TCI state. Even if 2Tx/4Tx base PMI reporting is adopted, the 2-port or 4-port CSI-RS resource configured for measurement cannot be transmitted by multiple TRPs with more than one TCI state. In TDCP reporting, each reported phase is only associated with one TRP and the phase is reported optionally. Therefore, legacy phase reporting mechanisms cannot be reused directly to alleviate non-ideal UL-DL reciprocity error. Then new measurement and reporting mechanism is needed. For example, DL phase offset between two TRPs are reported by measuring two CSI-RS resources or two CSI-RS resource sets transmitted by two TRPs.
[bookmark: _Ref163075367]Observation 1：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, legacy phase reporting mechanisms cannot be reused directly.
[bookmark: _Ref163075416]Proposal 2： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, new phase offsets measurement and reporting mechanism is supported.
[bookmark: _Ref162803413]DL/UL reciprocity calibration procedure
The detailed calibration procedure for Use case 3.2 is shown in Figure 2.1‑1. To enhance the performance of CJT transmission, UE served by multiple TRPs in CJT transmission can measure and report phase offsets to assist reciprocity calibration among multiple TRPs. 
At first, TRPs transmit calibration RSs to UE to measure inter-TRP DL phase offsets. Based on the calibration RSs, UE performs inter-TRP DL phase offsets measurement and reporting. Next, UE transmits SRS resources, which are either used to assist calibration or to estimate downlink channel via channel reciprocity, to all TRPs, and the network estimates uplink channels and inter-TRP UL phase offsets based on the SRS resource(s). After inter-TRP DL and UL phase offsets acquisition at the network, calibration coefficient is calculated. Then, the network uses the calibration coefficient to pre-compensate uplink channel information and the estimated downlink channel information is obtained. Finally, downlink precoder is derived from the estimated downlink channel information and is used in the subsequent PDSCH/DMRS transmission (i.e., CJT transmission). With phase compensation, estimated downlink precoder is matched with the realistic downlink channel. Since calibration coefficient varies by minutes, the calibration periodicity can be large. PDSCH/DMRS transmissions can be performed many times between two calibration procedures.


[bookmark: _Ref162727498][bookmark: _Ref159272666][bookmark: _Ref159271914]Figure 2.1‑1 The procedure of reciprocity calibration
[bookmark: _Ref163077363]Observation 2：After the pre-compensation operation, the estimated downlink precoder is matched with the realistic downlink channel information. 
In order to improve calibration accuracy, calibration coefficient can be calculated based on multiple samples. The assumption for joint calculation is that the reciprocity errors in these samples are the same. Since it is assumed that self-calibration has already been performed within each TRP, multiple antennas in one TRP, or multiple time/frequency samples can be used to calculate calibration coefficient jointly. 
Multiple antennas based joint calibration:
When multiple antennas are used in the joint calibration, the following measurement and reporting methods can be considered:
· Method 1: Each TRP selects multiple antennas to transmit the calibration RSs. UE measures the calibration RSs and reports one or more DL phase offsets between two TRPs. 
· Method 2: Beamforming is implemented to transmit the calibration RSs. UE measures the calibration RSs and reports one DL phase offset between two TRPs. 
If multiple DL phase offsets between two TRPs are reported in Method 1, different phase offsets are associated to different transmit antennas of these two TRPs. The same antennas can be used by the network to receive calibration SRS. Then the calibration coefficient can be jointly calculated by these DL/UL phase offset pairs. 
If one DL phase offset between two TRPs is reported, this reported DL phase offset can be a combined offset. In order for the network to calculate calibration coefficient correctly, same rule for DL phase offsets and UL phase offsets combination should apply. For example, the network uses the 3rd and the 4th antenna for TRP 1, the 1st and the 2nd antenna for TRP 2 to perform calibration. The DL and UL channels between TRP 1 and the UE are , , , and , respectively. The DL and UL channels between TRP 2 and the UE are , , , and , respectively. According to reciprocity error model
 
 
where  and  are reciprocity errors modeled for TRP 1 and TRP 2.
If the reported DL phase offset is combined with the following equation:

If UL phase offset is combined with a different rule, e.g., different equation or different antennas as the following:
 or ,
calibration coefficient cannot be derived correctly.
Therefore, same rule should be followed in DL phase offset determination and UL phase offset determination.
Method 2 can be treated as a special case of Method 1, where channel information of multiple antennas is combined before DL phase offset calculation. It is assumed that  and  are DL channel and UL channel between the th antenna (, where  is the calibration antenna set for TRP1) of TRP 1 and UE.  and  are DL channel and UL channel between the th antenna (, where  is the calibration antenna set for TRP2) of TRP 2 and UE.  and  are beamformer used for calibration RSs transmission in TRP 1and TRP 2. The DL phase offset can be calculated by the following equation:

It can be seen that, in order to derive calibration coefficient correctly, the same combiner ( and  should be used in calibration SRSs receiver.
From the calibration coefficient calculation point of view, the order of beamformer (i.e., calibration RS transmission) and combiner (i.e., calibration SRS reception) is not important.
[bookmark: _Ref163077373]Observation 3：In multiple antennas based joint calibration, if different antennas, rules or methods are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Multiple time/frequency samples based joint calibration:
When multiple time/frequency samples are used in the joint calibration, average or iteration based method can be performed to derive calibration coefficient.
Similar to multiple antennas based calibration, same resources or rules should be used in DL phase calculation and UL phase calculation. It is assumed that  and  are DL channel and UL channel in theth RB between TRP 1 and the UE.  and  are DL channel and UL channel in theth RB between TRP 2 and the UE. The DL phase offset can be calculated by the following equation:

If all RBs are involved in DL phase offset calculation, and several subbands are involved in UL phase offset calculation, calibration coefficient cannot be derived correctly. System level simulation is conducted based on the agreed EVM in [7]. Figure 2.1‑2 shows performances of multiple frequency samples based calibration. Evaluation assumptions are summarized in Appendix, except that the TDD per-TRP DL/UL timing misalignments are not modeled. It is noticed that the bandwidth is 10MHz which SCS is 15kHz, and gNB Tx power is 41dBm. Antenna setup and port layouts at TRP are (4,4,2,1,1,2,1).

Figure 2.1‑2 The performances comparison of multiple frequency samples based calibration
Simulation results show that aligned 4 subbands based calibration achieves similar performance to all subbands based calibration. It can be seen that calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation. The misaligned frequency resources in DL phase offset calculation and UL phase offset calculation means that the first 4 subbands are used in DL phase offset measurement, and the last 4 subbands are used in UL phase offset calculation. Therefore, whether there is a need to derive calibration coefficient with all subbands or all RBs shall be studied. Even if reciprocity error is constant in the whole bandwidth, some subbands can be selected by UEs to report DL phase offsets, and UL phase offset can also be derived with the same selected subbands. 
[bookmark: _Ref163077461]Observation 4：Calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation.
[bookmark: _Ref163077467]Observation 5：In multiple time/frequency samples based joint calibration, if different resources or rules are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
[bookmark: _Ref163077513]Proposal 3： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, DL phase offset calculation, UL phase offset calculation method and measurement antennas/ resources shall be aligned.
[bookmark: _Ref162806585]Phase offset reporting granularity
In RAN1#116, the following agreement was made on phase offset reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
FFS: whether M>1 (sub-band reporting) is needed or not (M=1, i.e. wideband reporting) 
· ……


In this sub-section, the granularity of phase offset reporting is discussed.
According to measurement results in [2][3][4], calibration coefficients vary with frequency. There are several sources that contribute to the DL/UL phase misalignment between two TRPs: (1) the inter-TRP DL/UL phase offset, (2) the inter-TRP time offset, (3) the intra-TRP DL/UL phase offset, (4) the intra-TRP time offset. For self-calibrated TRPs, the impact of intra-TRP DL/UL phase offset and the intra-TRP time offset on DL/UL reciprocity is negligible. 
With regard to inter-TRP time offset, there are two possible sources: (1) initial timing offsets among TRPs, (2) different time alignment errors among TRPs. Initial timing offsets among TRPs refer to the residual network synchronization error after GPS synchronization. According to [5], initial timing offset (i.e., network synchronization error) is defined as a truncated Gaussian distribution. The maximum initial timing offset between a TRP and a timing reference source which is assumed to have perfect timing is up to 100 ns. Then the initial timing offset between two TRP can be up to 200 ns. Different time alignment errors among TRPs refer to the TX-RX group delay differences among TRPs. TX-RX group delay difference is an innate delay introduced by TX and RX RF chain signal processing. For different TRPs, the TX-RX group delay difference can be different, which leads to inter-TRP time alignment errors among TRPs. According to [6], the time alignment error is bounded by 65ns for MIMO transmission. These two parts of time offset will contribute to a frequency selective phase error. If wideband DL phase offsets are reported, calibration coefficients may be calculated inaccurately. In consequence, the CJT performance will be degraded.
In order to solve this problem, the following two options can be considered:
· Option 1: UE reports subband DL phase offsets for the network to determine subband calibration coefficients.
· Option 2: UE reports wideband DL phase offsets and wideband timing misalignments for the network to determine subband calibration coefficients.
With Option 1, the calibration procedure is the same as that in Figure 2‑1. It should be noted that although calibration coefficients are calculated with subband granularity, downlink precoder can be derived with a different granularity (e.g., depending on PRG size).
[bookmark: _Ref162887350]System level simulation is conducted based on the agreed EVM in [7]. Evaluation assumptions are summarized in the Appendix. Figure 2.1‑3 shows performances comparison of subband DL phase offset reporting and wideband DL phase offsets reporting. The subband of DL phase offsets is 8 RB. It can be seen that the subband DL phase offset reporting performs better than wideband DL phase offsets reporting. Figure 2.1‑4 shows performances comparison of different quantization and multiple time samples of subband DL phase offset  reporting. Multiple time samples based joint calibration for subband DL phase offset reporting can improve the mean UPT than that of one time sample subband DL phase offset reporting. Besides, when single time sample based calibration is performed, 6-bit quantization achieves better mean UPT than 4-bit quantization.

Figure 2.1‑3 The performances comparison of wideband phase offset reporting and subband phase offset reporting


Figure 2.1‑4 The performance comparison of different quantization and multiple time samples
[bookmark: _Ref163077778]Observation 6：The subband DL phase offset reporting performs better than wideband DL phase offsets and wideband timing misalignments reporting.
[bookmark: _Ref163077783]Observation 7：Compared to one time sample subband DL phase offset reporting, multiple time samples subband DL phase offset can improve the mean UPT performance.
[bookmark: _Ref163077813]Proposal 4： For the Rel-19 aperiodic standalone CJT calibration reporting, subband DL phase offset reporting is supported.
Measurement RS
In RAN1#116 meeting, the following agreement was made on NZP CSI-RS resource/resource set based offset measurement:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· The UE is configured with NTRP NZP CSI-RS resources/resource sets via higher-layer (RRC) ignaling where NTRP{1, 2, 3, 4} 
· FFS (by RAN1#116bis): Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced (e.g. number of ports, only TRS with multiple resource sets, TD/FD locations, QCL assumptions)
· ……


It was agreed that the UE is configured with NTRP NZP CSI-RS resources/resource sets via RRC signaling where NTRP{1, 2, 3, 4}.  Whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced depends on the measurement RS type and the detailed measurement behavior. Restrictions on TRS or CSI-RS are not always the same. 
According to section 2.1.2, multiple antennas of one TRP can be used in DL phase offset measurement. If TRS is used, only one-port CSI-RS can be measured. In addition, the RS time/frequency density requirement of phase offset measurement is not as high as that in time/frequency tracking. Therefore, it is preferred that X-port () NZP CSI-RS is used as measurement RS. One NZP CSI-RS resource set is configured, and each X-port CSI-RS is transmitted by one TRP. Then the number of ports, TD/FD locations, QCL assumptions are up to gNB’s implementation. Further restrictions are not needed.
[bookmark: _Ref159272044][bookmark: _Ref163075421]Proposal 5：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, X-port () NZP CSI-RS is configured as measurement RS.
[bookmark: _Ref163075487]Proposal 6：For the Rel-19 aperiodic standalone CJT calibration phase offset reporting, further restrictions for the RS configuration on the number of ports, TD/FD locations, QCL assumptions are not needed.
Phase offset reporting
In RAN1#116 meeting, the following agreement was made on phase offset reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
…… 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value n,m indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including A and resolution) for n,m 
FFS: Detailed UCI design


Reference point selection is discussed in section 2.2.2. With UE selected reference point, phase offsets can be quantized between –A and A. The value of Acan be .
According to section 2.1.3, subband phase offset reporting should be supported. When single time sample based calibration is performed, 6-bit quantization achieves better performance than 4-bit quantization. When multiple time samples based calibration is performed, less quantization bits are needed. Therefore, the value of N depends on the detailed calibration algorithm. The calibration algorithm or the value of N can be reported by the UE or configured by the network. Uniform phase quantization is preferred.
If multiple phase offsets are reported simultaneously, these phase offsets can also be reported in the form of PMI, with one precoding matrix indicator indicates multiple inter-TRP phase offsets.
[bookmark: _Ref163075616]Proposal 7：Consider different phase offset quantization bit number for different calibration algorithm.
· For single time sample based calibration, 6-bit quantization is supported.
· For multiple time samples based calibration, 3-bit quantization is supported.
[bookmark: _Ref163075624]Proposal 8：For phase offset reporting, support, phase offset is quantized between [-, ].
Measurement behavior
In DL phase offset measurement and reporting, UE measures calibration RSs from two TRPs and derives one DL phase offset. Since inter-TRP DL/UL phase offset includes the impact of reciprocity error and phase difference of two DL/UL channel information, DL and UL phase offsets used to calculate calibration coefficient should be corresponding to the same transmit/receive antennas or antenna port(s).  The restrictions on antennas or antenna ports shall be met by both the network side and the UE side.
Taking Figure 2.1‑5 as an example, the network uses the 4th antenna of TRP 1 and the 1st antenna of TRP 2 to transmit calibration RSs, and the UE uses the 1st antenna to receive calibration RS and derive DL phase offset. In calibration SRSs transmission, the UE also uses the 1st antenna to transmit calibration SRSs, and TRP 1 and TRP 2 use the 4th antenna and the 1st antenna to receive SRS and calculate UL phase offset, respectively. If the UE uses different antennas in calibration RSs receive and calibration SRSs transmission, the DL phase offset and UL phase offset cannot be used jointly to calculate calibration coefficient. In order for the network to calculate calibration coefficient, the measurement behaviour should be restricted. For example, the UE should use the same antenna(s) or antenna port(s) to receive calibration RSs and transmit calibration SRSs.
Although calibration coefficient varies by minutes, the DL and UL channel information might vary rapidly. If there is a large interval between calibration RSs and calibration SRSs transmission, the DL and UL radio channel will be not reciprocal. Accordingly, the calculated calibration coefficient will be inaccurate. Therefore, some mechanism is needed to ensure that DL phase offset and UL phase offset are measured within a small time interval.


[bookmark: _Ref158990356]Figure 2.1‑5 Calibration RS receive and SRS transmission at the UE side
[bookmark: _Ref159272047]Proposal 9：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, consider the following measurement behaviors or methods:
· The UE uses the same antenna(s) or antenna port(s) to receive calibration RSs and transmit calibration SRSs.
· The calibration RSs and calibration SRSs are measured within a small time interval by the UE and the network, respectively.
2.2. General reporting configuration and signaling scheme
[bookmark: _Ref162430591]Offset reporting quantity configuration and signaling
In RAN1#116 meeting, the following agreement was made:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, support the following:
· ...
· For the purpose of CJT calibration reporting, decide, by RAN1#116bis, from the following
· Opt1:  The UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· Opt2: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is dynamically ignalin by the NW to the UE 
· Opt3: The UE reports for N out of NTRP NZP CSI-RS resources/resource sets where the selection of N resources/resource sets is performed by the UE and included in the CSI report 
· …


As is previously agreed in RAN1#116, time/frequency/phase offsets measured with the configured NTRP NZP CSI-RS resources/resource sets will serve the purpose of either TRP selection or offset compensation at TRP side. In legacy CJT reporting design, only one CJT transmission hypothesis is reported by UE during CJT CSI reporting, with UE selected N CSI-RS resources out of NTRP CSI-RS resources being reported via NTRP-bit bitmap in CSI part 1. Regarding legacy time domain behaviors for CJT CSI reporting, aperiodic, semi-persistent and periodic CSI are supported. The CJT transmission hypothesis at the moment of offset measurement and report may be different from the CJT transmission hypothesis reported in future CJT CSI reporting. If only a subset N out of NTRP NZP CSI-RS resources/resource sets are reported, the reported N resources/resource sets may not match the CJT transmission hypothesis reported in CJT CSI reporting. In consequence of such mismatch, TRP may fail to compensate the inter-TRP time/frequency/phase offset, leading to CJT performance degradation.
Current CJT can merely support up to 4 TRPs and the offset reporting is assumed to be stand-alone aperiodic reporting on PUSCH. Therefore, offset reporting overhead is relatively small even UE reports for all configured resources/resource sets. In addition, when all configured resources/resource sets are reported, if there is no “invalid” or “out-of-range” offset associated with any one of configured resources/resource sets, inter-TRP time/frequency/phase offset can always be compensated at TRP side regardless of any arbitrary CJT transmission hypothesis reported by UE. If there is “invalid” or “out-of-range” offset associated with any one of configured resources/resource sets, it implies that either the resource(s)/resource set(s) associated TRP(s) should be excluded for the underlying CJT transmission hypothesis or the measured time/frequency/phase offset is not precise and inter-TRP time/frequency/phase offset compensation to enhance the CJT performance is not possible. Because such information is available at UE side, UE can take it into account for CJT transmission hypothesis decision in CJT CSI reporting. In conclusion, Opt 1 is the simplest and the most stable mechanism, hence it should be supported. 
[bookmark: _Ref163075814]Proposal 10：For the Rel-19 aperiodic standalone CJT calibration reporting, support UE reports all the configured NTRP NZP CSI-RS resources/resource sets for the purpose of CJT calibration reporting.
[bookmark: _Ref162807876]Reference point selection
In RAN1#116 meeting, regarding the reference CSI-RS resource/resource set nref, the following agreements were reached for time, frequency and phase offset reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, study and decide, by RAN1#116bis, whether to support reporting, in one CSI reporting instance, {n,m n=0, 1, …, N – 1, n≠nref, m=0,1,…,M-1}, where n,m denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set/ nref for the m-th frequency unit 
· … 
· For the reference CSI-RS resource/resource set nref, the value of nref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· …


We agree with feature lead’s assessment that a unified reference point selection mechanism should be adopted for time/frequency/phase offset measurement and report.
It should be noticed that the selection of nref and report the inter-TRP time/frequency/phase offset associated with one CSI-RS resource/resource set and nref is not an essential step. UE might as well report the measured delay/frequency/phase associated with each CSI-RS resource/resource set. In this case, the implicit reference is the UE, i.e., each measurement and report quantity represents the estimated time/frequency/phase offset between the CSI-RS resource/resource set associated TRP and the UE. Inter-TRP time/frequency/phase offset can be calculated with each pair of aforementioned measurement and report quantity.
Even though it is not essential, selecting nref is still very advantageous for the CJT enhancement. To start with, only NTRP-1 inter-TRP time/frequency/phase offset shall be reported when nref is selected. The offset associated with nref is assumed zero and not reported. Therefore, the CSI reporting overhead is slightly reduced. Secondly, with a proper nref selection, the range for the inter-TRP offset can be adjusted. For example, in time offset measurement and report, if the CSI-RS resource/resource set corresponding to the smallest delay is selected as nref, all the inter-TRP time offset will fall into the range (0, AD). As is mentioned in Section 2.2.1, the feedback overhead for offset reporting is relatively small. Therefore, the motivation to introduce nref is mainly to adjust the range of the inter-TRP offset so as to simplify the offset quantization design. Considering such motivation, nref should be selected by UE. Nevertheless, NW side can also provide UE some guidance for the reference selection. The motivation is to prevent UE from selecting nref with poor delay/frequency/phase estimation accuracy. If a CSI-RS resource/resource set with poor RSRP is selected as nref, the estimated delay/frequency/phase associated with nref is inaccurate. Since inter-TRP offsets calculation is based on nref, there will be an error propagation effect, leading to inaccurate offset compensation at TRP side. Therefore, UE selected nref based on some constraints (e.g., RSRP threshold) configured by the NW is also envisaged. 
[bookmark: _Ref163075951]Proposal 11：For the Rel-19 aperiodic standalone CJT calibration reporting, 
· Support UE selects and reports the reference CSI-RS resource/resource set nref in CSI reporting.
· Support NW to configure some constraints to facilitate the UE nref selection.
2.3. Time offset measurement and reporting 
Measurement RS
As is mentioned in Section 2.1.4, whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced depends on the measurement RS type and the detailed measurement behavior. Restrictions on TRS or CSI-RS are not always the same.
For time offset measurement based Rel-19 CJT calibration, both CSI-RS and TRS can be considered as measurement resource, with CSI-RS preferred. Time offset estimation is either based on correlation between receiving signals at different FD locations, or by measuring the receiving time differences between two resources associated with two TRPs. In current specification, the CSI-RS configuration is quite flexible, UE can be configured with NTRP CSI-RS resource sets, each CSI-RS resource set includes one NZP CSI-RS resource associated with a TRP. An alternative way is to configure UE with 1 CSI-RS resource sets, NTRP NZP CSI-RS resource are included in the CSI-RS resource set and each resource is associated with a TRP. Single port CSI-RS is sufficient for the time offset estimation. For example, if correlation based estimation is used, CSI-RS location within a slot as illustrated in row 1 in Table 7.4.1.5.3-1 in TS 38.211 [10] can be applied. It should be noticed that multi-port CSI-RS might also be configured for time offset measurement. For one multi-port CSI-RS configuration with multiple FD locations, different time offset estimator with distinctive estimation range and accuracy can be derived. In addition, more estimated time offsets might be obtained for multi-port CSI-RS and might provide more robust result by averaging multiple estimated time offsets over the wideband.
 In current specification, TRS, which belongs to single port CSI-RS, can be used for time/frequency tracking and TDCP measurement and reporting. When TRS resources are configured for TDCP reporting in Rel-18, one or more TRS resource sets can be associated with one reporting configuration, and all TRS resources share the same QCL-Type A/C and if applicable, Type D. With legacy TRS design, a UE may be configured with one or more TRS resource set(s), where each TRS resource set consists of either two NZP CSI-RS resources in one slot  or four NZP CSI-RS resources in two consecutive slots. Therefore, if TRS is configured for time offset measurement, UE can be configured with NTRP TRS resource sets, each TRS resource set is associated with a TRP. An alternative way is to configure UE with 1 TRS resource sets, NTRP NZP CSI-RS resource are included in the TRS resource set and each resource is associated with a TRP. Both options require some modifications on legacy TRS resource set configuration. For the first option, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set can still be QCLed. Legacy TRS is configured with density  in frequency domain, it is sufficient to have two resources associated with two TRPs for time offset estimation. If the time offset is estimated by measuring the receiving time differences between two  NZP CSI-RS resources associated with two TRPs, only two resources are needed as well. Therefore, modification on legacy TRS resource set configuration to support only 1 NZP CSI-RS resources in the resource set can be further introduced. Such configuration can avoid redundant resource configuration in the legacy TRS resource set. For the second option, modifications on legacy TRS resource set configuration is needed. Different QCL assumptions for the NZP CSI-RS resources in the same TRS resource set should be supported.  Similar as legacy TRS configuration, CSI-RS location within a slot as illustrated in row 1 in Table 7.4.1.5.3-1 in TS 38.211 [10] can be applied. Each TRP is associated  with one NZP CSI-RS resources configured for UE.
It should be noticed that if CSI-RS is used as reference signal for time offset measurement, the measurement resources can be periodic, semi-persistent or aperiodic with no constraints. However, if TRS is used as reference signal for time offset measurement, there are additional constraints when aperiodic TRS is applied as measurement resource. In current specification, supporting aperiodic TRS is UE capability. In addition, aperiodic TRS is always QCLed with a periodic TRS with  QCL-Type A and if applicable, Type D.
[bookmark: _Ref163076000][bookmark: _Ref159272056]Proposal 12：For UE time offset measurement and reporting enhancement for CJT, support one of the following options for reference signal:
· Opt.1: Both CSI-RS and TRS 
· Opt.2: CSI-RS
Time offset quantization and reporting 
In RAN1#116 meeting, the following agreement was made on time offset quantization and reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {(Dn,offset, dn), n=0, 1, …, N – 1} where
· Dn,offset is a B-bit indicator representing the delay offset associated with the n-th CSI-RS resource/resource set
· For the reference CSI-RS resource/resource set nref, the value of Dnref,offset is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· The value of Dn,offset indicates the interval  which the delay offset falls into
· Down-select, by RAN1#116bis, from the following
· Alt1:  is uniformly spaced between 0 and AD, i.e. , with 
· Alt2:  is uniformly spaced between –AD and AD, i.e. , with 
· Each interval   corresponds to a codepoint, and  and/or  represent ‘out-of-range’ 
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AD, M)
· dn is a 1-bit indicator associated with the n-th CSI-RS resource/resource set, indicating whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval
· FFS (RAN1#116bis): The pre-defined range(s), e.g. CP length or its multiple
· FFS: Detailed UCI design on codepoint encoding details
· FFS: The need for a new QCL assumption


According to the discussion in Section 2.2.2, UE selects and reports the reference resource/resource set. If the selected nref is associated with smallest delay, the delay offset associated with the n-th CSI-RS resource/resource set can be quantized between 0 and AD. Regarding the value for AD, CP length can be a candidate value, other values which are smaller that CP can be further considered. As is discussed in Section 2.2.2, we also support NW to configure some constraints, for example the RSRP threshold for the measurement resources, to facilitate the UE decision. Therefore, if the RSRP for a resource is inferior to the configured RSRP threshold, the delay value estimated from the resource is considered to be inaccurate. Therefore, regardless of the value of estimated time offset, a codepoint corresponding to “invalid value” or “out-of-range” should be reported. 
[bookmark: _Ref163076068]Proposal 13：For UE time offset measurement and reporting enhancement for CJT, support Alt.1 for the delay offset quantization and AD equal to CP length, other AD values can be further studied.
[bookmark: _Ref163076073]Proposal 14：For UE time offset measurement and reporting enhancement for CJT, the “out-of-range”/” invalid value” codepoint can either corresponding to a delay offset which is out of the quantization range [0, AD] or a delay offset associated to a resource that cannot satisfy constraints configured by NW.
One bit indicator reporting 
In delay offset reporting, an addition 1-bit indicator dn associated with the n-th CSI-RS resource/resource set is also reported. The value dn can be used to indicate whether the measured delay offset, plus delay spread, is inside or outside a pre-defined range/interval. The 1-bit indicator can be used for TRP selection to exclude troublesome TRP(s) for the CJT group.  Therefore, one method to exploit the 1-bit indicator is to configure the threshold of the indicator as CP length.  
[bookmark: _Ref163076139]Proposal 15：For UE time offset measurement and reporting enhancement for CJT, if the 1-bit indicator is used for TRP selection, predefined threshold for the 1-bit indicator can be configured to CP length.
It should be noticed that if the 1-bit indicator is used for TRP selection to exclude TRP(s) with delay offset(s) larger than CP, there is some redundancy in the reporting design. In the time offset quantization design, there also exists a codepoint corresponding to “invalid value” or “out-of-range”. Therefore, to provide TRP with more information, the following rule can be adopted: If the 1-bit indicator indicates the measured delay offset plus delay spread is inside a pre-defined range (e.g., ), the delay offset is normally quantized between [0, AD]. If the 1-bit indicator indicates the measured delay offset plus delay spread is outside the pre-defined range and the estimated delay offset is larger than the pre-defined range, the value of estimated delay offset minus the pre-defined range is quantized according to Alt 1 quantization design. In this way, the exact time offset between [, ] can be reported as well. If a codepoint corresponding to “invalid value” or “out-of-range” is reported, it reveals that the time offset is larger than .
[bookmark: _Ref163076145]Proposal 16：For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate time offset values with a larger range.
Another way to better utilize the 1-bit indicator is to exploit this bit for quantization range indication. For example, the pre-defined range/interval for dn is 0.5CP. If the measured delay offset is inside the interval [0, 0.5CP], dn is reported as 1. If the measured delay offset is larger than 0.5CP, dn is reported as 0. The quantization scheme in Alt.1 is jointly design with this 1-bit indicator. When dn=1, AD=0.5CP, the delay offset are quantized between [0, 0.5CP]. When dn=0, the delay offset are quantized between [0.5CP, 1CP]. If the delay offset is larger than CP, “invalid value” or “out-of-range” codepoint is used. In conclusion, 1-bit indicator and Alt. 1 quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
[bookmark: _Ref163076151]Proposal 17：For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
· Quantization range is determined by 1-bit indicator.
2.4. Frequency offset measurement and reporting 
Measurement RS
As is mentioned in Section 2.1.4, whether further restriction(s) on applicable NZP CSI-RS resources/resource sets need to be introduced depends on the measurement RS type and the detailed measurement behavior. Restrictions on TRS or CSI-RS are not always the same.
For frequency offset measurement based Rel-19 CJT calibration, both CSI-RS and TRS can be considered as measurement resource, with TRS preferred. Different from time offset measurement, frequency offset estimation is based on correlation between receiving signals at different TD locations. If CSI-RS is used as reference signal, UE can be configured with NTRP CSI-RS resource sets, each CSI-RS resource set includes one NZP CSI-RS resource associated with a TRP. An alternative way is to configure UE with 1 CSI-RS resource sets, NTRP NZP CSI-RS resource are included in the CSI-RS resource set and each resource is associated with a TRP. Knowing that in current specification, a CSI-RS resource is located in one slot. Such TD locations can lead to a wider estimation range of the frequency offset. However, the estimation accuracy is low. 
If TRS is used as reference signal, UE can be configured with NTRP TRS resource sets, each TRS resource set includes 2 or 4 NZP CSI-RS resource associated with a TRP. Different from CSI-RS as reference signal, legacy TRS resource set can include 4 resources in two consecutive slots. With TD locations spanning two slots, more accurate frequency offset estimator with smaller estimation range can be derived.  Similar to the analysis for TRS based time offset measurement, different QCL assumptions for different TRS resource sets shall be supported, the NZP CSI-RS resources in the same TRS resource set can still be QCLed.
[bookmark: _Ref163076217]Proposal 18：For UE frequency offset measurement and reporting enhancement for CJT, support one of the following options for reference signal:
· Opt.1: Both CSI-RS and TRS 
· Opt.2: TRS
Frequency offset quantization and reporting 
In RAN1#116 meeting, the following agreement was made on frequency offset quantization and reporting:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {FOn , n=0, 1, …, N – 1, n≠nref}, where FOn denotes the measured frequency offset associated with the n-th CSI-RS resource/resource set relative to the reference CSI-RS resource/resource set nref
· For the reference CSI-RS resource/resource set nref, the value of FOnref is assumed 0 and not reported
· FFS (by RAN1#116bis): Whether nref is fixed, NW-configured, or is included in the report (selected by the UE)
· FFS (by RAN1#116bis): whether the UE assumes that the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref
· FFS: Measurement resource/resource set for FO reporting 
· Down-select, by RAN1#116bis, from the following
· Alt1. The value of FOn indicates a uniformly quantized FO between –AFO and AFO, or 0 and AFO
· FFS (by RAN1#116bis): supported quantization alphabet(s) (including AFO and resolution) for FOn 
· Alt2. The value of FOn indicates the interval  which the FO falls into
· Alt2A:  is uniformly spaced between –AFO and AFO, i.e.  
· Alt2B:  is uniformly spaced between 0 and AFO, i.e. 
· FFS: whether “out-of-range” value/interval is needed, or whether TRP selection value is needed 
· FFS: If N<NTRP, the rest (NTRP–N) resources/resource sets are indicated with a state “out of range”
· FFS: Detailed UCI design
· FFS: The need for a new QCL assumption
· FFS the unit of AFO: e.g. absolute (e.g. in Hz) or relative (e.g. in ppm/ppb relative to carrier frequency, or fraction of SCS), dependence on RS configuration 


For the frequency offset measurement and reporting enhancement for CJT, frequency drift for the Local Oscillator (LO) /Phase Lock Loop (PLL) are the major sources for frequency offset between TRP. Doppler effect can also cause a frequency shift that further contributes to the frequency offset. However, in the evaluation methodology, it has been agreed that EVM for Rel-18 NR Type-II CJT codebooks is reused. Since there is no Doppler domain codebook enhancement of Type-II CJT codebook with respect to middle or high speed UE, the primary targeted UE are with low speed. Considering a UE with 10km/h speed, Doppler induced frequency shift will lead to a frequency drift of 0.00926 ppm, which is much smaller than the per-TRP frequency offset value of 0.05 ppm or 0.1 ppm agreed in RAN1#116 meeting. Therefore, the measured and reported per-TRP frequency offsets can include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref. However, the Doppler shift contribution to frequency offset is much smaller than the contribution from oscillator frequency drift.
[bookmark: _Ref163076264]Observation 8：For UE frequency offset measurement and reporting enhancement for CJT, the measured and reported per-TRP frequency offsets include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref. The Doppler induced frequency offset is much smaller than oscillator frequency drift induced frequency offset.
According to the discussion in Section 2.2.2, UE selects and reports the reference resource/resource set. If the selected nref is associated with smallest frequency offset, the inter-TRP frequency offset associated with the n-th CSI-RS resource/resource set relative to the nref can be quantized between 0 and AFO. Regarding the value for AFO, as is agreed in RAN1#116 meeting, the unit of AFO can be Hz, i.e., absolute frequency offset .  AFO can also be a non-dimensional (with no unit) parameter, if AFO is defined as absolute frequency offset relative to carrier frequency or absolute frequency offset relative to subcarrier spacing. More precisely, the following three definitions for AFO can be considered:
· Opt. 1:  ( in Hz)
· Opt. 2:  
· Opt. 3:  
For option 1,  is dependent on RS configuration as well as the system numerology. If correlation based frequency estimation method is applied and the selected nref is associated with smallest frequency offset, the inter-TRP frequency offset is bounded by [0,], where  is the TD location offset in terms of number of OFDM symbol for the RS resource used to estimate the frequency offset in correlation based method, and  is the OFDM symbol duration including CP. If TRS is used as measurement RS, the minimum value of   in legacy TRS configuration is 4. If CSI-RS is used as measurement RS, the configuration for the RS TD location is quite flexible, the minimum value of  can be 1. For numerology  and 4, the OFDM symbol duration including CP is 71.35, 35.68, 17.84, 8.92, and 4.46, respectively. 
[bookmark: _Ref163076424]Proposal 19: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is the absolute value in Hz, quantization range AFO should be defined at least according to the numerology, AFO can optionally be defined according to RS configuration.
For option 2,  is dependent on the BS class. According to TS 38.104 [6], different BS classes have different frequency error minimum requirements. For wide area, medium range, and local area BS, the accuracy is ±0.05, ±0.1, and ±0.1 ppm, therefore  can be defined as 0.2, 0.4, and 0.4 ppm, respectively.
[bookmark: _Ref163076430]Proposal 20: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is defined as absolute frequency offset relative to carrier frequency, quantization range AFO should be defined according to BS class.
For option 2,  is only dependent on the RS configuration. If correlation based frequency estimation method is applied and the selected nref is associated with smallest frequency offset, the inter-TRP frequency offset is bounded by [0,], where  is the TD location offset in terms of number of OFDM symbol for the RS resource used to estimate the frequency offset in correlation based method,  is the OFDM symbol duration including CP, and  is the OFDM symbol duration without CP. Regardless of the numerology, the value of  is almost a constant equal to 0.934. If TRS is used as measurement RS, the minimum value of   in legacy TRS configuration is 4. If CSI-RS is used as measurement RS, the configuration for the RS TD location is quite flexible, the minimum value of  can be 1. In conclusion, quantization range  can be optionally designed with respect to RS configuration.
[bookmark: _Ref163076434]Proposal 21: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is defined as absolute frequency offset relative to subcarrier spacing, quantization range AFO can optionally be defined according to RS configuration.
Regarding the quantization scheme design for the frequency offset, we prefer Alt.2B, which use a codepoint to indicate the range that the quantized frequency offset falls into. As is discussed in Section 2.2.2, we also support NW to configure some constraints, for example the RSRP threshold for the measurement resources, to facilitate the UE decision. Therefore, if the RSRP for a resource is inferior to the configured RSRP threshold, the frequency value estimated from the resource is considered to be inaccurate. Therefore, regardless of the actual value of estimated frequency offset, a codepoint corresponding to “invalid value” or “out-of-range” should be reported. Since nref is selected and reported by UE, an always positive quantization range can be guaranteed.  
[bookmark: _Ref163076439]Proposal 22: For UE frequency offset measurement and reporting enhancement for CJT, support Alt.2B for the frequency offset quantization.
3. Discussion on CSI support for up to 128 CSI-RS ports
3.1. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]CSI-RS for up to 128 ports
During RAN1#116 meeting, the following agreements on NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) <=128 were reached. Aggregating at least K = 2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports are supported.
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. Pcoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …)
· FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not


One issue that remains unresolved is whether the Rel-18 CJT CMR restrictions (where all resources shall be located within 2 consecutive slots) are reused, or additional restriction(s) are introduced (e.g. Pcoffset, CDM type, RS density, TD (co-located in a slot)/FD locations, QCL, …). We support to limit all resources within 2 consecutive slots, and introduce additional restriction(s) on TD/FD locations, RS density and CDM type.
For legacy CSI-RS resource with up to 32 ports, the frequency-domain location is given by a bitmap provided by the higher-layer parameter, and is repeated across every  of the resource blocks configured for CSI-RS reception by the UE. The time-domain location l0 and l1 are provided by two higher-layer parameters and defined relative to the start of a slot. 
Regarding the K legacy CSI-RS resources used together for CSI measurement, it is best to configure the minimum unit occupied by the ports across all resources within one slot and one PRB. However, one slot and one PRB can’t fit larger ports, e.g., 128 ports. Furthermore, it leads to lower flexibility for configuring the CSI-RS resources if the minimum unit is limited to (1slot, 1PRB). Therefore, multiple continuous slots or PRBs could also be supported. When the channel changes fast in frequency-domain, it is better to configure the minimum unit as multiple continuous PRBs and one slot. When multiple continuous PRBs and one slot are configured as minimum unit, the same density (i.e., 0.5 or 0.25) and different PRB offset can be considered for the K CSI-RS resources. For the channel changes fast in time-domain, configuring the minimum unit as multiple continuous slots and one PRB can be considered.
[bookmark: _Ref159272065]Proposal 23：For CSI enhancement for up to 128 CSI-RS ports, support the following minimum unit occupied by the ports across K CSI-RS resources:
· (1 slot, 1 PRB);
· (2 slot, 1 PRB); 
· (1 slot, F PRB);  ;
Regarding the associated resource set of the K CSI-RS resources, we don’t see any benefit to configure the K CSI-RS resources in different CSI-RS resource set. To align with Rel-18 CJT and Type II Doppler CMR configuration, it is better to configure the K CSI-RS resources in a same CSI-RS resource set with same RS density and CDM type.
[bookmark: _Ref163076575]Proposal 24：For CSI enhancement for up to 128 CSI-RS ports, all the K CSI-RS resources with same RS density and CDM type are associated with a same CSI-RS resource set.
During RAN1#116 meeting, the following agreements on NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) <=128 were reached:
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for up to 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support aggregating at least K=2, 3, or 4 legacy NZP CSI-RS resources with equal number of ports
· FFS (by RAN1#116bis): Mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs 


Another issue that remains unresolved is how to map from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, also considering co-existence with pre-Rel-19 UEs. To support sharing CSI-RS resource with pre-Rel-19 UEs, different schemes on port numbering for the K CSI-RS resources should be considered for Type I single-panel codebook and Type I multi-panel codebook.
For legacy CSI-RS resource with up to 32 ports, the UE shall assume that a CSI-RS is transmitted using antenna ports p numbered according to

where s is the sequence index defined for OCC,  is the CDM group size, j is the CDM group index and N is the number of CSI-RS ports. The CDM groups are numbered in order of increasing frequency domain allocation first and then increasing time domain allocation. 
For >32 ports CSI-RS, port numbering for the K CSI-RS resources should be redefined. Regarding the design of port numbering, sharing CSI-RS resource(s) with legacy UE(s) should be considered. The total overhead of CSI-RS resources increases sharply after supporting >32 ports CSI measurement, so legacy Ues configured with a subset of the  CSI-RS resources to reduce the total overhead of CSI-RS resources should be ensured. As current codebook is designed for cross-polarized antenna arrays, mapping each resource of the K CSI-RS resources to cross-polarized antenna ports could ensure the performance of legacy UE(s) when one of the K CSI-RS resources is configured for the legacy UE(s).
For Type I single-panel codebook, the codebook structure implies that the first half of the CSI-RS ports are associated with antenna ports with one polarization, and the second half of the CSI-RS ports are associated with the antenna ports that have alternative polarization. Figure 3.1‑1 shows the port numbering for single-panel antenna with 64 ports. Antenna ports {3000, 3001, … , 3031} are on one polarization, and antenna ports {3032, 3033, … , 3063} are on the other polarization.
0  32  4  36  8  40  12 44
1  33  5  37  9  41 13 45
2  34  6 38  10 42 14 46
3  35  7 39  11 43 15 47
18 50 22 54 26 58 30 62
19 51 23 55 27 59 31 63
17 49 21 53  25 57 29 61
16 48  20 52  24 56 28 60

[bookmark: _Ref158105954]Figure 3.1‑1 Port numbering for single-panel with 64 ports
According to the discussion above, to support sharing CSI-RS resource with legacy UE, one of the aggregated resources corresponding to cross-polarized antenna ports should be ensured. To achieve this, the ports can be numbered along half of the aggregated CSI-RS resources first, and then numbered along the second half of the aggregated CSI-RS resources.
There are a lot of formulas which can achieve aforementioned port numbering for any ports number and K aggregated resources. The following two possible expressions can be considered:
· Alt1: 
· Alt2:

where  is new port number allocated for the kth component resource, k = 0,…,K-1 is the kth aggregated resource. N is the number of ports per aggregated resource. The definitions of s, j, L and N are the same as those in legacy definitions.  
For 64 ports aggregated by two CSI-RS resources with 32 ports per resource, the port numbering for CSI-RS resources is shown in Figure 3.1‑2. In this case, the 32 port resource contains CSI-RS ports with both polarizations, yet it still meets the requirement that ports 3000~3031 are on one polarization while ports 3032~3063 are on a different polarization. For example, the 32 port resource with k=0 now has port 3000~3015 on one polarization and ports 3032~3047 on a different polarization, hence a legacy 32 port can directly use an aggregated legacy resource with cross-polarized antennas.


[bookmark: _Ref158107392]Figure 3.1‑2 Port numbering for 64 ports = (32, 2)
For legacy Type I multi-panel codebook, the codebook structure implies that the first half of the CSI-RS ports are associated with antenna ports with two polarization, and the second half of the CSI-RS ports are associated with the antenna ports that have both polarization. Figure 3.1‑3 shows the port numbering for multi-panel antenna with 64 ports. Antenna ports {3000, 3001, … , 3015} and {3032, 3033, … , 3047} are on one polarization, and antenna ports {3016, 3017, … , 3031} and {3048, 3049, … , 3063} are on the other polarization.
Panel 1
Panel 2
0  16  4  20  8  24  12 28
1 17  5  21  9 25  13 29
2 18  6 22  10 26 14 30
3 19  7 23  11 27 15 31
32 48 36 52  40 56 44 60
33 49 37 53  41 57 45 61
34 50 38 54  42 58 46 62
35 51 39 55  43 59 47 63

[bookmark: _Ref158107860]Figure 3.1‑3 Port numbering for multi-panel with 64 ports
According to the discussion above, to support sharing CSI-RS resource with legacy UE, one of the aggregated resources corresponding to cross-polarized antenna arrays should be ensured. Therefore, port numbering for each resource of the aggregated resources should be continuous. There are various ways to achieve aforementioned port numbering for any ports number and K aggregated resources. The following two possible schemes can be considered:
· Alt1:   
where  is new port number allocated for the kth component resource, k = 0,…, K-1 is the kth aggregated resource,  is the legacy port number associated with each aggregated resource and  is offset value configured for each aggregated resource.
· Alt2: =3000+s+j*L+ k*N
where   is new port number allocated for the kth component resource, k = 0,…,K-1 is the kth aggregated resource and N is the number of ports per aggregated resource. The definition of s, j, L and N are the same as those in legacy definitions.  
For 64 ports aggregated by two CSI-RS resources with 32 ports per resource, the port numbering for CSI-RS resources is shown in Figure 3.1‑4. In this case, the 32 port resource contains CSI-RS ports with both polarizations, yet it still meets the requirement that ports 3000~3015 and 3032~3047 are on one polarization while ports 3016~3031 and 3048~3063 are on a different polarization. For example, the 32 port resource with k=0 now has port 3000~3015 on one polarization and ports 3016~3031 on a different polarization, hence a legacy 32 port can directly use an aggregated legacy resource with cross-polarized antennas.


[bookmark: _Ref158109225]Figure 3.1‑4 Port numbering for 64 ports = (32, 2)
[bookmark: _Ref159272069]Proposal 25：For CSI enhancement for up to 128 CSI-RS ports, each aggregated resource contains CSI-RS ports with both polarizations.
· For Type I single-panel codebook, the ports is numbered along the half of the aggregated CSI-RS resources first, and then numbered along the second half of the aggregated CSI-RS resources.
· For Type I multi-panel codebook, port numbering for each aggregated CSI-RS resource is continuous.
3.2. Type I codebook for up to 128 ports
During RAN1#116 meeting, multiple schemes for the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports were identified as follows:
	Agreement
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]For the Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, at least for RI=1-4, study and decide, by RAN1#116bis, from the following:
· Scheme1 (baseline): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
· FFS: Whether to further down-select between mode-1 (L=1) and mode-2 (L=4) 
· FFS: For rank-3/4, follow legacy mechanisms for <16 ports, or for >=16 ports
· Scheme2: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType II or Rel-15 Type I
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: Layer-specific inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16} 
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection); layer multiplexing via orthogonal polarization co-phasing for the layer pairs with common SD vector (reduced number of bits for co-phasing indication for the layer pairs with common SD vector).
· FFS: Additional support for L>1
· Scheme2B: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, determine L=1 DFT-based SD basis candidate 
· FFS: Whether the indication of selected SD basis indices follows Rel-16 eType-II or Rel-15 Type-I
·  
· For 4≥RI>1, L=1 SD basis vector is independently selected for different layers
· FFS: Common SD vector selection for a pair of layers (reduced total number of bits for SD basis vector selection), SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific inter-polarization amplitude and phase scaling (single scaling coefficient per polarization) 
· FFS: WB/SB amplitude and phase reporting. 
· Option 2: Layer-specific intra-polarization (two scaling coefficients per polarization) amplitude and phase scaling. 
· FFS: WB/SB amplitude and phase reporting.
· FFS: Rel-15 3-bit WB amplitude and M-PSK co-phasing and M is further down-selected from {2, 4, 8, 16}.
· Scheme3: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· Reuse legacy Rel-16 eType-II SD basis with L>1 to determine the DFT-based SD basis candidates, and indication of SD basis indices follows Rel-16 eType-II
· For 4≥RI>1, L>1 SD basis vectors are commonly selected across layers
· FFS: SD basis selection restriction to reduce SD overhead for RI>4
· W2 structure: 
· Option 1: Layer-specific sub-band SD basis selection (1 out of L) and inter-polarization M-PSK co-phasing where M is further down-selected from {2, 4, 8, 16}
· Option 2: Layer-specific wideband SD basis linear combination and inter-polarization scaling coefficient (e.g., amplitude scaling + M-PSK co-phasing) where M is further down-selected from {2, 4, 8, 16}
· Scheme4: Using legacy Rel-15 Type-I codebook including legacy (N1, N2) values per NZP CSI-RS resource (or port group) where the PMI (associated with W1 and W2) is calculated according to
· W1 structure: Reuse legacy Rel-15 Type-I SD basis with L=1 or L=4 for either each or some of the NZP CSI-RS resources (or port groups)
· W2 structure: inter-NZP CSI-RS resource (or port group) co-phasing along with reusing legacy Rel-15 Type-I inter-polarization co-phasing per NZP CSI-RS resource (or port group)
· inter-CSI-RS resource (or port group) co-phasing is used to combine the different PMIs to come up with a single precoder with >32 ports
· Scheme5: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and extending the set of orthogonal beams for the selection of the second beam based on the Rel-15 Type-I single-panel codebook
· (i1,1, i1,2) is used to refer to the 1st beam as in legacy Rel-15 Type-I
· The 2nd beam is selected from the extended set of orthogonal beams of size: 
· FFS: whether to apply any restrictions to the extended orthogonal set of beams
· Scheme6: Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and 
· Beam(s) is(are) selected for each antenna group or NZP CSI-RS resource. 
· Inter-group (or CSI-RS resource) co-phasing along with inter-polarization co-phasing per group (or CSI-RS resource) are used to combine different beam(s), FFS using scalar quantization or vector quantization for the co-phasings 
FFS (by RAN1#116bis): Down-select (O1, O2) value between (2,2) and (4,4), whether (O1, O2) and/or (q1, q2) is layer-common or layer-specific


For scheme 1, it is the most straightforward solution to support up to 128 ports for the Type I codebook. From the performance evaluation provided in the lasting meeting, scheme1 already achieve significant gain over 32 ports Type I codebook. Therefore, supporting scheme1 as basic feature is preferred. To align with Rel-15 Type I codebook, it is better to support both mode-1(L=1) and mode-2(L=2). 
For rank 3 and 4, different mechanisms for <16 ports and for >=16 ports are used for Rel-15 Type I single-panel codebook. It is proved that the antenna grouping based solution used for >=16 ports has better performance and lower overhead over the solution for <16 ports. Therefore, we prefer to follow legacy mechanisms for >=16 ports to design the Type I single-panel codebook with up to 128 ports.
[bookmark: _Ref163076690]Proposal 26：For CSI enhancement for up to 128 CSI-RS ports, support scheme1 as basic feature.
· Support both mode-1(L=1) and mode-2(L=2);
· For rank-3/4, follow legacy mechanisms for >=16 ports;
For Rel-15 Type I codebook, the key feature is low feedback overhead which make it suitable for SU-MIMO. We believe that this basic feature should be retained for the design of Rel-19 Type I codebook with up to 128 ports. Scheme2/2B/3 will lead to high feedback overhead which deviates from the design principle of Type I codebook. Furthermore, Scheme2/2B/3 introduces additional UE complexity. Therefore, scheme2/2B/3 are not preferred.
For scheme 6, this antenna grouping based solution has already been adopted for Rel-15 Type I single-panel codebook when port number is >=16 for rank3 and 4. And the solution has proved performance gain and lower feedback overhead compared with the method used for <16 ports of rank3/4 and other ranks. Furthermore, with the increasing port number for up to 128 ports, the beam width of each polarization becomes narrower. Therefore the range of the DOA covered by four beams in W1 is reduced, which may degrade the system performance. This antenna grouping based solution divides the antenna array into multiple antenna groups. Due to the antenna grouping, the beam generated by each antenna group has wider beam width than that of the method used for <16 ports of rank3/4 and other ranks. So the beam coverage issue can be solved. Therefore, scheme6 is suitable for Type I codebook with larger port number. Besides, Rel-15 Type I single-panel codebook has different mechanisms for >=16 ports of rank3/4 and the others. It is better to unify the mechanism for all ranks and all port number. Therefore, we prefer scheme 6 for rank1~8 with up to 128 ports.
[bookmark: _Ref163076729]Proposal 27：For CSI enhancement for up to 128 CSI-RS ports, support scheme6 for rank1~8.
In current specifications, the supported configurations of (N1, N2) for a given number of CSI-RS ports and the corresponding values of (O1, O2) are given in Table 3.2‑1. The number of CSI-RS ports, PCSI-RS, is 2N1N2. For {4, 8, 12, 16, 24, 32} CSI-RS ports, there are 13 possible (N1, N2) configurations, including one 1D configuration for each given number of CSI-RS ports and seven 2D configurations. 
[bookmark: _Ref158109475][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 3.2‑1 Supported configurations of (N1, N2) and (O1, O2) for <=32 ports
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	4
	(2,1)
	(4,1)

	8
	(2,2)
	(4,4) 

	
	(4,1)
	(4,1)

	12
	(3,2)
	(4,4)

	
	(6,1)
	(4,1)

	16
	(4,2)
	(4,4)

	
	(8,1)
	(4,1)

	24
	(4,3)
	(4,4)

	
	(6,2)
	(4,4)

	
	(12,1)
	(4,1)

	32
	(4,4)
	(4,4)

	
	(8,2)
	(4,4)

	
	(16,1)
	(4,1)


For >32 CSI-RS ports, the supported (N1, N2) values for a given number of CSI-RS ports were determined in the last meeting, and the corresponding values of (O1, O2) should be discussed. For values of (O1, O2), reusing legacy configurations can be considered as a starting point. If the performance of smaller values is comparable with the performance of legacy configurations, the smaller values can be considered.
[bookmark: _Ref159272073][bookmark: _Ref163076765]Proposal 28：For CSI enhancement for up to 128 CSI-RS ports, legacy configurations of (O1, O2) are reused.
3.3. Type II codebook for up to 128 ports
In RAN1 #116 meeting, agreement on Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports was reached:
	Agreement
For the Rel-19 Type-II codebook refinement for up to 128 CSI-RS ports, in accordance to the WID, the following enhancement areas are supported:
· Adding new (N1, N2) values for the Rel-16 eType-II regular and Rel-18 Type-II Doppler regular codebooks where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and O1=O2=4
· FFS: How to configure the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type-II Doppler codebooks
· Adding new PCSI-RS values for Rel-17 FeType-II Port Selection (PS) codebook where PCSI-RS (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources
There will be separate UE feature groups for each of the enhanced codebooks.

Note: Per WID objective 2b, 
· No other legacy codebook design aspects (such as SD/FD/DD basis design including O1/O2, W2/combining coefficient design, codebook parameter definitions and respective values) can be modified.
Only RI=1-4 is supported


Regarding the configuration of the aggregated NZP CSI-RS resources when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks, additional restriction(s) should be introduced. For Rel-18 Type II Doppler codebooks,  aperiodic CSI-RS resources in one resource set are expected to be configured for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. When up to 128 ports are aggregated by K’ CSI-RS resources, the K’ CSI-RS resources should be located within one slot to minimize the latency of CSI reporting.
[bookmark: _Ref163076822]Proposal 29：For CSI enhancement for up to 128 CSI-RS ports, the aggregated NZP CSI-RS resources are located within one slot when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks.
3.4. CRI-based CSI refinement for up to 128 ports
During RAN1#116 meeting, the following agreements on the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports were reached. A UE can be configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource. The information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} shall be contained in one CSI reporting instance.
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, in accordance to the WID, extend the Rel-15 CRI-based CSI reporting as follows:
· A UE is configured to measure KS>1 NZP CSI-RS resources with equal number of ports, with up to 32 ports per NZP CSI-RS resource
· Note: The maximum number of ports per NZP CSI-RS resource for a given value of KS will be discussed separately
· Containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1} in one CSI reporting instance where the value range of M (≤KS) is {1, …, min(X, KS)}
· FFS (by RAN1# 116bis): The supported value(s) of X (candidates are 2, 4, 6, KS)
· FFS (by RAN1# 116bis): Whether the value of M is NW-configured via higher-layer (RRC) ignaling, or UE-selected (as a part of CSI report), or a combination of the two
· A same legacy codebook (with up to 32 ports) is configured for (associated with) all M “quadruplets”
FFS: detailed UCI design/optimization (e.g. overhead reduction)
FFS: Whether all the K CSI-RS resources are associated with a same CSI-RS resource set or not


For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, one CSI report contains M CRIs and corresponding RI/PMI/CQI. Regarding the M, the following two alternatives can be considered:
· Alt1: gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
· Alt2: gNB configures the maximum value of the number of CRI that can be reported (i.e., X), and then UE reports M <= X CRIs selected from all CSI-RS resources.
Comparing Alt1 and Alt2, Alt1 has fixed size for CRIs indication according to the configured M which could ease the design of CSI report. In addition, the NW can make better decision in multi-user scheduling with multi-CRI reporting by UE, therefore we prefer Alt1. 
[bookmark: _Ref163076877][bookmark: _Ref159272079]Proposal 30：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following scheme for the value of M:
· gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
As multiple CRIs and the corresponding PMI/RI/CQI are included in one CSI report, the feedback overhead is huge especially when the number of CRIs is large. The appropriate values for the number of CRIs should be carefully selected taking into account throughput-overhead trade-off. The candidate value of X is not expected to be too large. We prefer that the supported value(s) of X is {2, 4}.
[bookmark: _Ref163076966]Proposal 31：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support .
For one CSI report containing the information of M “quadruplets” {(CRIn, RIn, PMIn, CQIn), n=0, …, M–1}, the feedback overhead shall be M times compared with one CRI reporting when each “quadruplets” is reported independent. It is necessary to reduce the overlarge overhead. Fortunately, the measured channels corresponding to the multiple analog beams are highly correlated in spatial domain. So SD basis selection shall be similar or same. Therefore, the SD basis indication corresponding to the reference beam can be reported using legacy mechanism, and the other SD basis indication(s) adopt(s) differential reporting. For RI reporting of multiple CRIs, one RI across multiple beams would be enough. For CQI reporting of multiple CRIs, differential quantization of wideband CQI across multiple beams can be considered.
[bookmark: _Ref163076972]Proposal 32：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following CSI reporting to reduce the feedback overhead:
· Differential reporing of SD basis indication and wideband CQI across multiple beams;
· Common RI reporting across multiple beams; 
For legacy CRI-based CSI reporting, multiple resources are configured in one resource set for channel measurement. One CRI corresponding to one CSI-RS resource is selected and reported, with the corresponding RI/PMI/CQI calculated based on the reported CRI. Following the legacy CSI-RS configuration, we prefer that all CSI-RS resources up to a total of 128 ports are configured in one CSI-RS resource set for multi-beams reporting in Rel-19.
[bookmark: _Ref159272077][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 33：For CRI-based CSI enhancement for up to 128 CSI-RS ports, all the K CSI-RS resources are associated with a same CSI-RS resource set.
4. Conclusions
In this contribution, we provided our views on possible UE reporting enhancement for CJT deployments targeting non-ideal UL-DL reciprocity phase offset, time misalignment and frequency offset. We also provided simulation results for inter-TRP UL-DL reciprocity calibration. In addition, we provided our views on CSI support for up to 128 CSI-RS ports considering type I codebook refinement, type II codebook refinement and multi-CRIs-based CSI reporting. Finally, we made the following observations and proposals:
Observation 1：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, legacy phase reporting mechanisms cannot be reused directly.
Observation 2：After the pre-compensation operation, the estimated downlink precoder is matched with the realistic downlink channel information.
Observation 3：In multiple antennas based joint calibration, if different antennas, rules or methods are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Observation 4：Calibration performance is degraded with misaligned frequency resources in DL and UL phase offset calculation.
Observation 5：In multiple time/frequency samples based joint calibration, if different resources or rules are adopted for DL phase offset calculation and UL phase offset calculation, calibration coefficients cannot be derived correctly.
Observation 6：The subband DL phase offset reporting performs better than wideband DL phase offsets and wideband timing misalignments reporting.
Observation 7：Compared to one time sample subband DL phase offset reporting, multiple time samples subband DL phase offset can improve the mean UPT performance.
Observation 8：For UE frequency offset measurement and reporting enhancement for CJT, the measured and reported per-TRP frequency offsets include Doppler shift (if existent) associated with the reference CSI-RS resource/resource set nref. The Doppler induced frequency offset is much smaller than oscillator frequency drift induced frequency offset.

Proposal 1： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, reporting the phase offset between DL channels of multiple TRPs for the network to calculate calibration coefficient is supported.
Proposal 2： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, new phase offsets measurement and reporting mechanism is supported.
Proposal 3： For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, DL phase offset calculation, UL phase offset calculation method and measurement antennas/ resources shall be aligned.
Proposal 4： For the Rel-19 aperiodic standalone CJT calibration reporting, subband DL phase offset reporting is supported.
Proposal 5：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, X-port () NZP CSI-RS is configured as measurement RS.
Proposal 6：For the Rel-19 aperiodic standalone CJT calibration phase offset reporting, further restrictions for the RS configuration on the number of ports, TD/FD locations, QCL assumptions are not needed.
Proposal 7：Consider different phase offset quantization bit number for different calibration algorithm.
· For single time sample based calibration, 6-bit quantization is supported.
· For multiple time samples based calibration, 3-bit quantization is supported.
Proposal 8：For phase offset reporting, support, phase offset is quantized between [-𝛑, ].
Proposal 9：For the Rel-19 aperiodic standalone CJT calibration reporting, to alleviate non-ideal UL-DL reciprocity error among TRPs, consider the following measurement behaviors or methods:
· The UE uses the same antenna(s) or antenna port(s) to receive calibration RSs and transmit calibration SRSs.
· The calibration RSs and calibration SRSs are measured within a small time interval by the UE and the network, respectively.
Proposal 10：For the Rel-19 aperiodic standalone CJT calibration reporting, support UE reports all the configured NTRP NZP CSI-RS resources/resource sets for the purpose of CJT calibration reporting.
Proposal 11：For the Rel-19 aperiodic standalone CJT calibration reporting,
· Support UE selects and reports the reference CSI-RS resource/resource set nref in CSI reporting.
· Support NW to configure some constraints to facilitate the UE nref selection.
Proposal 12：For UE time offset measurement and reporting enhancement for CJT, support one of the following options for reference signal:
· Opt.1: Both CSI-RS and TRS 
· Opt.2: CSI-RS
Proposal 13：For UE time offset measurement and reporting enhancement for CJT, support Alt.1 for the delay offset quantization and AD equal to CP length, other AD values can be further studied.
Proposal 14：For UE time offset measurement and reporting enhancement for CJT, the “out-of-range”/” invalid value” codepoint can either corresponding to a delay offset which is out of the quantization range [0, AD] or a delay offset associated to a resource that cannot satisfy constraints configured by NW.
Proposal 15：For UE time offset measurement and reporting enhancement for CJT, if the 1-bit indicator is used for TRP selection, predefined threshold for the 1-bit indicator can be configured to CP length.
Proposal 16：For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate time offset values with a larger range.
Proposal 17：For UE time offset measurement and reporting enhancement for CJT, 1-bit indicator and delay offset quantization can be jointly used to indicate different quantization range and achieve better quantization accuracy.
· Quantization range is determined by 1-bit indicator.
Proposal 18：For UE frequency offset measurement and reporting enhancement for CJT, support one of the following options for reference signal:
· Opt.1: Both CSI-RS and TRS 
· Opt.2: TRS
Proposal 19: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is the absolute value in Hz, quantization range AFO should be defined at least according to the numerology, AFO can optionally be defined according to RS configuration.
Proposal 20: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is defined as absolute frequency offset relative to carrier frequency, quantization range AFO should be defined according to BS class.
Proposal 21: For UE frequency offset measurement and reporting enhancement for CJT, if the frequency offset is defined as absolute frequency offset relative to subcarrier spacing, quantization range AFO can optionally be defined according to RS configuration.
Proposal 22: For UE frequency offset measurement and reporting enhancement for CJT, support Alt.2B for the frequency offset quantization.
Proposal 23：For CSI enhancement for up to 128 CSI-RS ports, support the following minimum unit occupied by the ports across K CSI-RS resources:
· (1 slot, 1 PRB);
· (2 slot, 1 PRB); 
· (1 slot, F PRB);  ;
Proposal 24：For CSI enhancement for up to 128 CSI-RS ports, all the K CSI-RS resources with same RS density and CDM type are associated with a same CSI-RS resource set.
Proposal 25：For CSI enhancement for up to 128 CSI-RS ports, each aggregated resource contains CSI-RS ports with both polarizations.
· For Type I single-panel codebook, the ports is numbered along the half of the aggregated CSI-RS resources first, and then numbered along the second half of the aggregated CSI-RS resources.
· For Type I multi-panel codebook, port numbering for each aggregated CSI-RS resource is continuous.
Proposal 26：For CSI enhancement for up to 128 CSI-RS ports, support scheme1 as basic feature.
· Support both mode-1(L=1) and mode-2(L=2);
· For rank-3/4, follow legacy mechanisms for >=16 ports;
Proposal 27：For CSI enhancement for up to 128 CSI-RS ports, support scheme6 for rank1~8.
Proposal 28：For CSI enhancement for up to 128 CSI-RS ports, legacy configurations of (O1, O2) are reused.
Proposal 29：For CSI enhancement for up to 128 CSI-RS ports, the aggregated NZP CSI-RS resources are located within one slot when AP-CSI-RS resources are configured as CMR for Rel-18 Type II Doppler codebooks.
Proposal 30：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following scheme for the value of M:
· gNB configures the number of CRI (i.e., M) to be reported, and then UE reports M CRIs selected from all CSI-RS resources.
Proposal 31：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support .
Proposal 32：For CRI-based CSI enhancement for up to 128 CSI-RS ports, support the following CSI reporting to reduce the feedback overhead:
· Differential reporing of SD basis indication and wideband CQI across multiple beams;
· Common RI reporting across multiple beams; 
Proposal 33：For CRI-based CSI enhancement for up to 128 CSI-RS ports, all the K CSI-RS resources are associated with a same CSI-RS resource set.
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Appendix
[bookmark: _GoBack]Table A SLS evaluation assumption for UE reporting enhancement for CJT
	Parameter
	Value

	Scenario
	Typical 57-sector, 1 TRP per sector, 3 sectors per site

	Carrier Frequency
	2GHz

	Channel Model
	According to the TR 38.901
3D UMi  ISD=200m

	Antenna setup and port layouts at TRP
	- 16 ports: (M, N, P, Mg, Ng, Mp, Np) =(8,4,2,1,1,2,4)
 (dH, dV) = (0.5, 0.8)

	Antenna setup and port layouts at UE
	- 4ports: (M, N, P, Mg, Ng, Mp, Np) =(1,2,2,1,1,1,2)
(dH, dV) = (0.5, 0.5)

	Modulation
	Up to 256QAM 

	gNB Tx power
	44 dBm

	gNB antenna height
	25 m

	UE receiver noise figure
	9dB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	Bandwidth
	20MHz, 52RBs

	UE receiver
	MMSE-IRC

	PMI/CQI feedback
	8RB

	UE distribution
	80% indoor (3km/h),20% outdoor (30km/h)

	Traffic model
	Fullbuffer

	MIMO scheme
	MU-MIMO with maximum rank = 20

	per-TRP DL/UL phase misalignment
	uniform random variable with [-,]

	per-TRP DL/UL timing misalignment
	65ns between two TRPs



Mean UPT	No reciprocity error	With wideband reciprocity error 	Misaligned 4 subbands	Aligned 4 subbands	All subbands	1	0.88870000000000005	0.93799999999999994	0.99729999999999996	0.99580000000000002	Cell Edge UPT	No reciprocity error	With wideband reciprocity error 	Misaligned 4 subbands	Aligned 4 subbands	All subbands	1	0.77239999999999998	0.89190000000000003	0.98370000000000002	0.98609999999999998	
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								1		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1								1.0		1.0		-1.0		-1.0		1.0		1.0		-1.0		-1.0
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						FD



















																												TD



j=0

j=1

j=2

j=5

j=4

j=3



64P

																																																						天线端口48~63																																				天线端口48~63

																																																						天线端口32~47																																				天线端口32~47

										64ports																																												天线端口16~31																																				天线端口16~31

																																																						天线端口0~15																																				天线端口0~15

												CDM16				功率1/64 *4*16=1

																																										11																																				11																																		CDM8				功率1/64 *4*8=1/2

																																										10																																				10																																																																11																																				11

										FD																																9																																				9																																																																10																																				10

																																										8																																				8																																FD																																9																																				9

																																										7																																				7																																						k=0（资源ID=1）										k=1（资源ID=2）																8										k=1										k=2														FD		8

																																										6																																		PRB2		6																																																																7																																				7

																																										5																																				5																																																														CRB1		6																																				6

																																										4																																				4																																																																5																																				5

																																										3																																				3																																																																4																																				4

																																										2																																				2																																																																3																																				3

																																										1																																				1																																																																2																																				2

																																										0																																				0																																																																1																																				1

																										TD																		0		1		2		3		4		5		6		7		8		9		10		11		12		13								11																																																														FD		0																																				0

																																																																														10																																																TD																11																																						0		1		2		3		4		5		6		7		8		9		10		11		12		13

												CDM8				功率1/64 *4*8=1/2																												CDM8				功率1/64 *4*8=1/2																														9																																																																10																																																												TD

																																																																														8																																																																9

																																																																														7																																		CDM8				功率1/64 *4*8=1/2																										8

										FD																																																																		PRB1		6																																																														CRB0		7

																																																																														5																																																																6

																																																																														4																																FD																																5

																																																																														3																																																																4

																																																																														2																																																																3														k=0

																																																																														1																																																																2

																																																																														0																																																																1

																																																																																0		1		2		3		4		5		6		7		8		9		10		11		12		13																																				0

																																																																																																																																																0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																																																																																																																																																						TD

																										TD



												CDM4				功率1/64 *4*4=1/4																																																																																																														TD																																																														11

																																												11																																																																																																																																																10

																																												10																																																																																																																																																9

										FD																																		9																																																																						CDM8				功率1/64 *4*8=1/2																																																																				FD		8

																																										FD		8												k=0										k=1																																																																																																																										7

																																												7																																																																																																																																																6

																																												6																																																																				FD																																				FD																																								5

																																												5																																																																										k=0（资源ID=1）										k=1（资源ID=2）																																																												4

																																												4																																																																																																																																																3

																																												3																																																																																																																																																2

																																												2																																																																																																																																																1

																																												1																																																																																																																																																0

																																												0																																																																																																																																																		0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																TD														0		1		2		3		4		5		6		7		8		9		10		11		12		13																																																																																																																																												TD

																																																																				TD

												CDM2				功率1/64 *4*2=1/8

																																																																																																																																TD																																				TD



										FD





																																																																																																																																																						FD





																																																																																																																																																																																																		FD







																																TD





																																																																																																																																																																						TD





																																																																																																																																																																																																																		TD





																																																																																																																																																																																																				FD



















																																																																																																																																																																																																																				TD



3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

0~7

8~15

16~23

24~31

32~39

40~47

48~55

56~63

3000~3003

3004~3007

3008~3011

3012~3015

3016~3019

3020~3023

3024~3027

3028~3031

3032~3035

3036~3039

3040~3043

3044~3047

3048~3051

3052~3055

3056~3059

3060~3063

3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

32端口
CSI-RS资源1

32端口
CSI-RS资源2

UE1基于CSI-RS资源1和2得到64端口CSI-RS，生成一个CSI报告，其中PMI端口数是64

UE2基于CSI-RS资源1，生成一个CSI报告，其中PMI端口数是32

UE3基于CSI-RS资源2，生成一个CSI报告，其中PMI端口数是32

3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

CSI-RS resource 1

CSI-RS resource 2

CSI-RS resource 1

CSI-RS resource 2

32 ports
CSI-RS resource 1

UE1 receives 64 ports CSI-RS based on CSI-RS resource 1 and CSI-RS resource 2.

UE2 receives 32 ports CSI-RS based on CSI-RS resurce 1.

UE3 receives 32 ports CSI-RS based on CSI-RS resurce 2.

32 ports
CSI-RS resource 2

3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

k=0

k=1

3000~3007

3008~3015

3016~3023

3024~3031

3032~3039

3040~3047

3048~3055

3056~3063

k=0

k=1



72P

								72ports

										CDM12				功率1/72 *6*12=1





								FD



















																								TD

										CDM8				功率1/72 *3*8=1/3																		占12个OFDM符号





								FD



















																																						TD

										CDM4				功率1/72 *3*4=1/6





								FD



















																																						TD

										CDM2				功率1/72 *3*2=1/12





								FD



















																																						TD





96P

						96ports

								CDM16				功率1/96 *6*16=1





						FD



















																										TD



								CDM12				功率1/96 *4*12=1/2																共占用12个符号





						FD



















																																		TD

								CDM8				功率1/96 *6*8=1/2																频域占满了。如果频域只用6个子载波，时域需要16个符号>14了





						FD



















																												TD



								CDM4				功率1/96 *6*4=1/4





						FD



















																												TD



								CDM2				功率1/96 *6*2=1/8





						FD



















																												TD







128ports

				2个slots+1个PRB		每个slot图样用64ports的图样

				或

				1个slots+2个PRB		每个PRB图样用64ports的图样

																		天线端口96~127

																		天线端口64~95

																		天线端口32~63

																		天线端口0~31

																																																																								11

						11																																																																		10

						10																																																																		9

						9																																																																		8												k=1										k=3

						8																																																																		7

						7																																																																CRB1		6

				PRB2		6																																																																		5

						5																																																																		4

						4																																																																		3

						3																																																																		2

						2																																																																		1

						1																																																																FD		0

						0																																																																		11

						11																																																																		10

						10																																																																		9

						9																																																																		8

						8																																																																CRB0		7

						7																																																																		6

				PRB1		6																																																																		5

						5																																																																		4

						4																																																																		3												k=0										k=2

						3																																																																		2

						2																																																																		1

						1																																																																		0

						0																																																																				0		1		2		3		4		5		6		7		8		9		10		11		12		13

								0		1		2		3		4		5		6		7		8		9		10		11		12		13																																																														TD



								11

								10

								9

						FD		8														k=0								k=1								k=2										k=3

								7

								6

								5

								4

								3

								2

								1

								0

										0		1		2		3		4		5		6		7		8		9		10		11		12		13		0		1		2		3		4		5		6		7		8		9		10		11		12		13

																						slot1										TD																		slot2



								11

								10

								9

								8												k=3										k=4

								7

						CRB1		6

								5

								4

								3

								2

								1

						FD		0

								11

								10

								9

								8

						CRB0		7

								6

								5

								4

								3												k=1										k=2

								2

								1

								0

										0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																TD



												11

												10

												9

												8												k=3

												7

										CRB3		6

												5

												4

												3

												2

												1

										FD		0

												11

												10

												9

												8

										CRB2		7

												6

												5

												4

												3												k=2

												2

												1

												0

												11

												10

												9

												8												k=1

												7

										CRB1		6

												5

												4

												3

												2

												1

												0

												11

												10

												9

												8

										CRB0		7

												6

												5

												4

												3												k=0

												2

												1

												0

														0		1		2		3		4		5		6		7		8		9		10		11		12		13

																																				TD





64p-2slotsORprb

						CDM8				功率1/32 *4*8=1





				FD



















																				TD

		32Ports								表格里的数字是m'

		密度1







										7		7		7		7

		PRB4								6		6		6		6

										7		7		7		7

										6		6		6		6

										7		7		7		7

										6		6		6		6

										7		7		7		7

										6		6		6		6









										5		5		5		5

		PRB3								4		4		4		4

										5		5		5		5

										4		4		4		4

										5		5		5		5

										4		4		4		4

										5		5		5		5

										4		4		4		4









										3		3		3		3

										2		2		2		2

		PRB2								3		3		3		3

										2		2		2		2

										3		3		3		3

										2		2		2		2

										3		3		3		3

										2		2		2		2









										1		1		1		1																1		1		1		1

		PRB1								0		0		0		0																0		0		0		0

				FD						1		1		1		1										FD						1		1		1		1

										0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0

																				TD																						TD

		64Ports 2slots









										7		7		7		7																7		7		7		7

		PRB4								6		6		6		6																6		6		6		6

										7		7		7		7																7		7		7		7

										6		6		6		6																6		6		6		6

										7		7		7		7																7		7		7		7

										6		6		6		6																6		6		6		6

										7		7		7		7																7		7		7		7

										6		6		6		6																6		6		6		6









										5		5		5		5																5		5		5		5

		PRB3								4		4		4		4																4		4		4		4

										5		5		5		5																5		5		5		5

										4		4		4		4																4		4		4		4

										5		5		5		5																5		5		5		5

										4		4		4		4																4		4		4		4

										5		5		5		5																5		5		5		5

										4		4		4		4																4		4		4		4









										3		3		3		3																3		3		3		3

										2		2		2		2																2		2		2		2

		PRB2								3		3		3		3																3		3		3		3

										2		2		2		2																2		2		2		2

										3		3		3		3																3		3		3		3

										2		2		2		2																2		2		2		2

										3		3		3		3																3		3		3		3

										2		2		2		2																2		2		2		2









										1		1		1		1																1		1		1		1														1		1		1		1

		PRB1								0		0		0		0																0		0		0		0														0		0		0		0

				FD						1		1		1		1										FD						1		1		1		1														1		1		1		1

										0		0		0		0																0		0		0		0														0		0		0		0

										1		1		1		1																1		1		1		1														1		1		1		1

										0		0		0		0																0		0		0		0														0		0		0		0

										1		1		1		1																1		1		1		1														1		1		1		1

										0		0		0		0																0		0		0		0														0		0		0		0

																				TD																						TD																				TD

		64Ports 2PRBs																																												64Ports 2PRBs









										3		3		3		3																																								7		7		7		7

		PRB4								2		2		2		2																																PRB4								6		6		6		6

										3		3		3		3																																								7		7		7		7

										2		2		2		2																																								6		6		6		6

										3		3		3		3																																								7		7		7		7

										2		2		2		2																																								6		6		6		6

										3		3		3		3																																								7		7		7		7

										2		2		2		2																																								6		6		6		6









										3		3		3		3																																								5		5		5		5

		PRB3								2		2		2		2																																PRB3								4		4		4		4

										3		3		3		3																																								5		5		5		5

										2		2		2		2																																								4		4		4		4

										3		3		3		3																																								5		5		5		5

										2		2		2		2																																								4		4		4		4

										3		3		3		3																																								5		5		5		5

										2		2		2		2																																								4		4		4		4









										1		1		1		1																																								3		3		3		3						考虑和legacy终端复用，2 3 设计更好

										0		0		0		0																																								2		2		2		2

		PRB2								1		1		1		1																																PRB2								3		3		3		3

										0		0		0		0																																								2		2		2		2

										1		1		1		1																																								3		3		3		3

										0		0		0		0																																								2		2		2		2

										1		1		1		1																																								3		3		3		3

										0		0		0		0																																								2		2		2		2









										1		1		1		1																1		1		1		1																		1		1		1		1																1		1		1		1

		PRB1								0		0		0		0																0		0		0		0										PRB1								0		0		0		0																0		0		0		0

				FD						1		1		1		1										FD						1		1		1		1												FD						1		1		1		1										FD						1		1		1		1

										0		0		0		0																0		0		0		0																		0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1																		1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0																		0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1																		1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0																		0		0		0		0																0		0		0		0

																				TD																						TD																								TD																						TD





32p-密度0.5

		32Ports

		密度0.5









		PRB4





















										3		3		3		3

		PRB3								2		2		2		2

										3		3		3		3

										2		2		2		2

										3		3		3		3

										2		2		2		2

										3		3		3		3

										2		2		2		2













		PRB2



















										1		1		1		1																1		1		1		1

		PRB1								0		0		0		0																0		0		0		0

				FD						1		1		1		1										FD						1		1		1		1

										0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0

										1		1		1		1																1		1		1		1

										0		0		0		0																0		0		0		0

																				TD																						TD





4p不同密度

																																																																												R15

																																																																												密度1,4Ports						密度0.5,4Ports						密度3,4Ports

																																																																												CRB3		6,7				CRB3						CRB3		9,10,11

																																																																												CRB2		4,5				CRB2		2,3				CRB2		6,7,8

		4Ports																												4Ports																																														CRB1		2,3				CRB1						CRB1		3,4,5

		密度1																												密度0.5																																														CRB0		0,1				CRB0		0,1				CRB0		0,1,2



																																																																												R15资源复用

																																																																												密度1,4Ports						密度0.5,4Ports						密度3,4Ports

																																																																												CRB3		6,7				CRB3						CRB3		9,10,11

		PRB4																												PRB4																																														CRB2		4,5				CRB2		4,5				CRB2		6,7,8

																																																																												CRB1		2,3				CRB1						CRB1		3,4,5

																																																																												CRB0		0,1				CRB0		0,1				CRB0		0,1,2

														7

														6																																																														密度1,4Ports						密度0.5,4Ports						密度3,4Ports

														7																																																														CRB3		14,15				CRB3						CRB3		9,10,11

														6																																																																12,13										CRB2		6,7,8

																																																																												CRB2		10,11				CRB2		10,11				CRB1		3,4,5

																																																																														8,9						8,9				CRB0		0,1,2

																																																																												CRB1		6,7				CRB1

																																																																														4,5

																																																																												CRB0		2,3				CRB0		2,3

		PRB3																												PRB3																																																0,1						0,1



																																																																												密度1,4Ports						密度0.5,4Ports						密度3,4Ports

														5																												5																																		CRB3		36-47				CRB3						CRB3		36,40,44

														4																												4																																		CRB2		24-35				CRB2		24-35				CRB2		24,28,32

														5																												5																																		CRB1		12-23				CRB1						CRB1		12,16,20

														4																												4																																		CRB0		0-11				CRB0		0-11				CRB0		0,4,8













		PRB2																												PRB2



														3																												3

														2																												2

														3																												3

														2																												2











		PRB1																												PRB1

				FD																												FD

																																																																												2PRB

														1																												1																																		密度0.5,4Ports						密度0.25,4Ports

														0																												0																																		CRB7		6,7				CRB7

														1																												1																																		CRB6		6,7				CRB6

														0																												0																																		CRB5		4,5				CRB5		2,3

																				TD																												TD																												CRB4		4,5				CRB4		2,3

																																																																												CRB3		2,3				CRB3

																																																																												CRB2		2,3				CRB2

																																																																												CRB1		0,1				CRB1		0,1

																																																																												CRB0		0,1				CRB0		0,1

																																																																												密度0.5,4Ports						密度0.25,4Ports

																																																																												CRB7		6,7				CRB7

																																																																												CRB6		6,7				CRB6

																																																																												CRB5		4,5				CRB5		4,5

																																																																												CRB4		4,5				CRB4		4,5

																																																																												CRB3		2,3				CRB3

																																																																												CRB2		2,3				CRB2

																																																																												CRB1		0,1				CRB1		0,1

																																																																												CRB0		0,1				CRB0		0,1

																																																																												密度0.5,4Ports						密度0.25,4Ports

																																																																												CRB7		14,15				CRB7

																																																																												CRB6		12,13				CRB6

																																																																												CRB5		10,11				CRB5		6,7

																																																																												CRB4		8,9				CRB4		4,5

																																																																												CRB3		6,7				CRB3

																																																																												CRB2		4,5				CRB2

																																																																												CRB1		2,3				CRB1		2,3

																																																																												CRB0		0,1				CRB0		0,1

																																																																												密度0.5,4Ports						密度0.25,4Ports

																																																																												CRB7		14,15				CRB7

																																																																												CRB6		12,13				CRB6

																																																																												CRB5		10,11				CRB5		10,11

																																																																												CRB4		8,9				CRB4		8,9

																																																																												CRB3		6,7				CRB3

																																																																												CRB2		4,5				CRB2

																																																																												CRB1		2,3				CRB1		2,3

																																																																												CRB0		0,1				CRB0		0,1

																																																																												密度1,4Ports						密度0.5,4Ports						密度3,4Ports

																																																																												CRB7		30,31				CRB7						CRB7		9,10,11

																																																																														28,29										CRB6		6,7,8

																																																																												CRB6		26,27				CRB6						CRB5		3,4,5

																																																																														24,25										CRB4		0,1,2

																																																																												CRB5		22,23				CRB5		22,23				CRB3		9,10,11

																																																																														20,21						20,21				CRB2		6,7,8

																																																																												CRB4		18,19				CRB4		18,19				CRB1		3,4,5

																																																																														16,17						16,17				CRB0		0,1,2

																																																																												CRB3		14,15				CRB3

																																																																														12,13

																																																																												CRB2		10,11				CRB2

																																																																														8,9

																																																																												CRB1		6,7				CRB1		6,7

																																																																														4,5						4,5

																																																																												CRB0		2,3				CRB0		2,3

																																																																														0,1						0,1







																																																																												密度1,4Ports						密度0.5,4Ports						密度3,4Ports

																																																																												CRB3		36-47				CRB3						CRB3		36,40,44

																																																																												CRB2		24-35				CRB2		24-35				CRB2		24,28,32

																																																																												CRB1		12-23				CRB1						CRB1		12,16,20

																																																																												CRB0		0-11				CRB0		0-11				CRB0		0,4,8





OCC-16

				OCC索引		CDM16组内16个端口占用RE使用的正交覆盖码																																		OCC索引		FD-2OCC
[Wf(0) Wf(1)]		TD-8OCC
[Wt(0) Wt(1) Wt(2) Wt(3) Wt(4) Wt(5) Wt(6) Wt(7)]

				0		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1				0		[+1,+1]		[+1 +1 +1 +1 +1 +1 +1 +1]

				1		1		-1		1		-1		1		-1		1		-1		1		-1		1		-1		1		-1		1		-1				1		[+1,-1]		[+1 +1 +1 +1 +1 +1 +1 +1]

				2		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1				2		[+1,+1]		[+1 -1 +1 -1 +1 -1 +1 -1]

				3		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1				3		[+1,-1]		[+1 -1 +1 -1 +1 -1 +1 -1]

				4		1		1		1		1		-1		-1		-1		-1		1		1		1		1		-1		-1		-1		-1				4		[+1,+1]		[+1 +1 -1 -1 +1 +1 -1 -1]

				5		1		-1		1		-1		-1		1		-1		1		1		-1		1		-1		-1		1		-1		1				5		[+1,-1]		[+1 +1 -1 -1 +1 +1 -1 -1]

				6		1		1		-1		-1		-1		-1		1		1		1		1		-1		-1		-1		-1		1		1				6		[+1,+1]		[+1 -1 -1 +1 +1 -1 -1 +1]

				7		1		-1		-1		1		-1		1		1		-1		1		-1		-1		1		-1		1		1		-1				7		[+1,-1]		[+1 -1 -1 +1 +1 -1 -1 +1]

				8		1		1		1		1		1		1		1		1		-1		-1		-1		-1		-1		-1		-1		-1				8		[+1,+1]		[+1 +1 +1 +1 -1 -1 -1 -1]

				9		1		-1		1		-1		1		-1		1		-1		-1		1		-1		1		-1		1		-1		1				9		[+1,-1]		[+1 +1 +1 +1 -1 -1 -1 -1]

				10		1		1		-1		-1		1		1		-1		-1		-1		-1		1		1		-1		-1		1		1				10		[+1,+1]		[+1 -1 +1 -1 -1 +1 -1 +1]

				11		1		-1		-1		1		1		-1		-1		1		-1		1		1		-1		-1		1		1		-1				11		[+1,-1]		[+1 -1 +1 -1 -1 +1 -1 +1]

				12		1		1		1		1		-1		-1		-1		-1		-1		-1		-1		-1		1		1		1		1				12		[+1,+1]		[+1 +1 -1 -1 -1 -1 +1 +1]

				13		1		-1		1		-1		-1		1		-1		1		-1		1		-1		1		1		-1		1		-1				13		[+1,-1]		[+1 +1 -1 -1 -1 -1 +1 +1]

				14		1		1		-1		-1		-1		-1		1		1		-1		-1		1		1		1		1		-1		-1				14		[+1,+1]		[+1 -1 -1 +1 -1 +1 +1 -1]

				15		1		-1		-1		1		-1		1		1		-1		-1		1		1		-1		1		-1		-1		1				15		[+1,-1]		[+1 -1 -1 +1 -1 +1 +1 -1]

								1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1								1.0		1.0		1.0		1.0		1.0		1.0		1.0		1.0

								1		-1		1		-1		1		-1		1		-1		1		-1		1		-1		1		-1		1		-1								1.0		-1.0		1.0		-1.0		1.0		-1.0		1.0		-1.0

								1		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1								1.0		1.0		-1.0		-1.0		1.0		1.0		-1.0		-1.0

								1		-1		-1		1		1		-1		-1		1		1		-1		-1		1		1		-1		-1		1								1.0		-1.0		-1.0		1.0		1.0		-1.0		-1.0		1.0

								1		1		1		1		-1		-1		-1		-1		1		1		1		1		-1		-1		-1		-1								1.0		1.0		1.0		1.0		-1.0		-1.0		-1.0		-1.0

								1		-1		1		-1		-1		1		-1		1		1		-1		1		-1		-1		1		-1		1								1.0		-1.0		1.0		-1.0		-1.0		1.0		-1.0		1.0

								1		1		-1		-1		-1		-1		1		1		1		1		-1		-1		-1		-1		1		1								1.0		1.0		-1.0		-1.0		-1.0		-1.0		1.0		1.0

								1		-1		-1		1		-1		1		1		-1		1		-1		-1		1		-1		1		1		-1								1.0		-1.0		-1.0		1.0		-1.0		1.0		1.0		-1.0

								1		1		1		1		1		1		1		1		-1		-1		-1		-1		-1		-1		-1		-1

								1		-1		1		-1		1		-1		1		-1		-1		1		-1		1		-1		1		-1		1

								1		1		-1		-1		1		1		-1		-1		-1		-1		1		1		-1		-1		1		1

								1		-1		-1		1		1		-1		-1		1		-1		1		1		-1		-1		1		1		-1

								1		1		1		1		-1		-1		-1		-1		-1		-1		-1		-1		1		1		1		1

								1		-1		1		-1		-1		1		-1		1		-1		1		-1		1		1		-1		1		-1

								1		1		-1		-1		-1		-1		1		1		-1		-1		1		1		1		1		-1		-1

								1		-1		-1		1		-1		1		1		-1		-1		1		1		-1		1		-1		-1		1
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