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[bookmark: _Ref521334010]Introduction
In RAN #94 e-meeting, the CSI enhancement for medium/high mobility and coherent-JT was agreed and the following objectives were approved in the WID for Rel-18 NR MIMO [1]:
	Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
Study, and if justified, specify enhancements of CSI acquisition for coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In RAN1#109 e-meeting, the following three features in CSI enhancement for medium/high mobility and coherent-JT were agreed to specify [2]:
	Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110


In the last meeting, the following use cases for the Rel-18 TRS-based TDCP reporting was confirmed [3]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, the use case of “aiding gNB-side CSI prediction” is refined to “aiding gNB implementation in CSI prediction for TDD”


In this contribution, we will provide our views on CSI enhancement for high/medium mobility and coherent-JT in Rel-18.
CSI reporting enhancement for high/medium UE velocities
CSI prediction
The channel variability in time domain caused by the UE medium/high movement makes it difficult for gNB to obtain accurate channel at all the time instants between two instants of CSI feedback for FDD or two instants of UL RS reception for TDD. Thus, if gNB/UE can obtain Doppler information, it might perform channel prediction for some time in the future. For example, the channel impulse response at time 𝑡 for a transmitter and receiver element pair is modelled as following.  

            
· is the Rician factor-K
·  is the complex channel gain of LOS path, and  is the complex channel gain of subpath m in cluster n
·  is the Doppler shift of LOS path, and is the Doppler shift of subpath m in cluster n
·  is the delay of LOS path, and is the delay of all the subpaths in cluster n
It can be seen that the channel at time 𝑡 is the combination of multiple delay paths, including LOS path and multiple subpaths in different cluster. As a result, if we can assume that the Doppler shift and delay of each path are constant in a time interval, the only changes at different time instants are the phase shifts of each path caused by Doppler shift. Therefore, if gNB/UE can obtain Doppler shift of each path, in theory, DL CSI at any time can be predicted. And based on the predicted channel, gNB can calculate precoding matrix for future transmission. For example, the channel impulse response at time  for the element pair is given by the following formula.

Observation-1: 
· If gNB or UE can estimate Doppler information of each path/subpath at time 𝑡, it might perform CSI prediction for 𝑡 +∆ 𝑡 in theory.
Refinement to Rel-16/17 Type II codebook
In the last meeting, the following agreement was achieved for the CSI reporting and measurement.
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
n (report slot) as boundary


For UE-side prediction, if the time slot of CSI report is n, it’s better to only report multiple PMIs for time slot > n. Because the PMIs for time slot <=n are outdating due to the scheduling delay and including it in the CSI report will increase the feedback overhead without performance benefit. Therefore, we prefer Alt2.B.
Proposal-1: 
· Support Alt2.B for UE-side prediction.
The following agreement was achieved for the codebook structure in the last meeting.
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.


[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Alt3 should be supported for small  value. Figure 1 shows a typical scheme of Alt3 with . UE predicts H of the future slot s+5 according to the multiple H of measured CSI-RS from slot 0 to slot s. Then PMI can be calculated and reported based on the predicted H in the same way as legacy. Therefore, the feedback overhead on Alt3 is same with the legacy scheme under same period of CSI-RS and CSI reporting. Performance gain can be achieved because the predicted H is closer to the channel of data transmission. Based on this configuration and reporting scheme, UE only needs to predict the future channel based some optimized algorithm by UE implementation. Hence it is a simple solution to support CSI enhancement for high/medium UE velocities.
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Figure 1 A typical scheme of Alt3 with 
In order to further reduce the feedback overhead, multiple PMIs with compression in one CSI reporting should be supported when  value is large. Figure 2 shows a typical scheme of Alt2A. UE predicts three H of the future slots s+5, s+10 and s+15 according to the multiple H of measured CSI-RS from slot 0 to slot s. The channels of the other slots from s+5 to s+15 can be calculated by interpolation algorithm. Then UE calculates the PMIs based on the future channel from slot s+5 to s+14 and performs time domain compression. The compressed PMIs can be reported in one CSI feedback.
[image: ]
Figure 2 A typical scheme of Alt2A
Comparing Alt2A and Alt2B, time-domain/Doppler-domain basis commonly selected for all SD/FD bases can be considered as a starting point due to the lower feedback overhead. Regarding time-domain/Doppler-domain basis independently selected for different SD/FD basis, we are open to discuss it if significant gain can be achieved. 
Proposal-2: 
· Support Alt2A and Alt3 on codebook structure.
The following proposal was discussed for the CSI-RS measurement in the last meeting.
	Proposal 2.G: On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR:
· Time-domain behaviour for NZP CSI-RS resource: periodic, semi-persistent, [aperiodic]
· [FFS: aperiodic]
· The use of K≥1 NZP CSI-RS resources:
· FFS: details 


There are two approaches to perform periodic and semi-persistent CSI-RS measurement.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _GoBack]Approach 1: Reuse legacy periodic CSI-RS and semi-persistent CSI-RS as shown in Figure 1 and Figure 2.
· Approach 2: Generate a CSI-RS burst by configuring K>1 NZP CSI-RS resources as shown in Figure 3.
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[bookmark: _Ref115356852]Figure 3 CSI-RS burst for measurement
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For periodic CSI-RS and semi-persistent CSI-RS, in order to reduce the CSI-RS transmission overhead compared with legacy CSI configuration, the period of CSI-RS burst should be large with approach 2. In addition, The CSI reporting window  of approach 2 will also be large corresponding to the period of CS-RS burst. For approach 2, UE needs to predict channel for large number of future slots based on one CSI-RS burst. As the prediction error will increase with prediction time, the performance of approach 2 is expected to be worse than approach 1. Therefore we prefer approach 1.
For aperiodic CSI-RS, further study is needed, considering the delay between CSI triggering and CSI feedback used by gNB. A long CSI-RS measurement window is needed to achieve better performance of channel prediction. The delay between CSI triggering and CSI feedback used by gNB includes time of CSI-RS measurement window, CSI reporting delay and schedule delay. If periodic CSI-RS or semi-persistent CSI-RS before CSI triggering is used to calculate CSI when aperiodic CSI reporting is triggered, the delay between CSI triggering and CSI feedback used by gNB only includes CSI reporting delay and schedule delay. It is smaller than that of using aperiodic CSI-RS.
Proposal-3: 
· At least reuse legacy periodic CSI-RS and semi-persistent CSI-RS.
UE reporting of time-domain channel properties by TRS 
In the RAN1#109 e-meeting, it was agreed that the feature of UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking is supported. There are mainly two use cases for this feature, the first use case is aiding gNB to determine CSI reporting configuration and CSI-RS resource configuration parameters, and the second use case is aiding gNB implementation in CSI prediction for TDD. Moreover, the following agreements were achieved for the related reporting formats and reporting CSI parameters.
	Agreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e)

Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlateion profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases  


For the first use case supported in the RAN1#109 e-meeting, gNB can adjust CSI reporting periodicity, resource transmission periodicity and precoder scheme based the reporting Doppler parameters. In our view, this adjustment can be achieved by gNB’s implementation. In addition, a single Doppler shift of the strongest path and the multipath weighted, or the Doppler spread for the maximum Doppler shift among the multipath in Alt A ( e.g. based on Doppler profile) can be considered for high/medium UE velocities, which is independent from other CSI/UCI parameters.
Proposal- 4: 
· For the use case of aiding gNB to determine CSI reporting and resource configuration parameters, the adjustment based the reported Doppler information can be achieved by gNB’s implementation. The following Doppler parameters in Alt A (e.g. based on Doppler profile) can be considered for this use case.
· Alt A-1: Doppler shift of the strongest path
· Alt A-2: Doppler shift of the multipath weighted
· Alt A-3: Doppler spread for the maximum Doppler shift among the multipath
The other use case confirmed in last meeting is aiding gNB implementation in CSI prediction for TDD. For the TDD system, gNB can estimate the DL channel according to the UL RS transmitted by UE utilizing the channel reciprocity, and then gNB can calculate the precoding matrix to match the current channel. For the fast channel aging, as discussed in section 2.1, if gNB obtains multiple Doppler shifts of multiple delay paths and current  by SRS, gNB can predict future channel. Then, gNB can calculate the precoder more accurately that matches the future channel. Therefore, the key point of channel prediction for TDD is the acquisition of Doppler information.
Observation-2:
· For TDD system, gNB can predict future channel and precoders if gNB obtains current channel by SRS and multiple Doppler shifts of multiple delay paths.
For this use case, since nearly dozens of clusters and hundreds of subpaths are modeled in complicated dense urban scenario, it is impossible to report Doppler information of each subpath by UE because of the feedback overhead and UE complexity. Therefore, it is questionable that a single or a few Doppler shifts reporting could provide satisfactory prediction performance. 
The further question is how to match the delay paths estimated by gNB via SRS and the delay paths by UE via TRS. Based our simulation statistics, the PDP (Power-delay profile) is basically consistent between the single port TRS and multi-port SRS. However, since the estimation error and noise are different, additional algorithm or scheme should be considered for the alignment of delay paths estimated by gNB via SRS with the delay paths estimated by UE via TRS. For example, gNB can align the strongest path between the PDP of SRS and the PDP of TRS, and then gNB can align the other paths according to the delay offset from the strongest path. In that case, the additional reporting of delay information is needed. The determination the Doppler information of strongest path, the reporting and quantization of delay offset also should be further studied.
We provide initial link simulation results for the use case of gNB-side CSI prediction in TDD system in Figure 4. The detail simulation assumption can be found Table-I in the Appendix. It can be observed from the simulation results that compared with no gNB-side CSI prediction, the single Doppler reporting has slight performance gain, and obvious performance gain can be achieved by the solutions with multiple Doppler reporting with the enhanced matching algorithm. Therefore, even though the specific prediction algorithm on this use case can be  based on gNB-implementation, the reporting parameters still needs to be discussed separately, which is different from the use case of aiding gNB to determine CSI reporting configuration and CSI-RS resource configuration parameters.
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[bookmark: _Ref111212860][bookmark: _Ref111212850]Figure 4 Performance comparisons of alternatives, TDD, 60Km/h, MCS 4
Observation-3:
· Compared with no gNB-side CSI prediction, the single Doppler reporting has slight performance gain, and obvious performance gain can be achieved by the solutions with multiple Doppler reporting with the enhanced matching algorithm.
Proposal-5: 
· For the use case of gNB-side CSI prediction, multiple Doppler information of multipath in Alt A ( e.g. based on Doppler profile) should be reported. gNB can align different delay paths according to the strongest path and the delay offset from the strongest path. 
· FFS: Determination the Doppler information of strongest path, the reporting and quantification of delay offset 
CSI enhancements for coherent-JT
In NR system, M-TRP transmission is an important technology to improve cell edge use throughput and provide a more balanced service quality for the serving cell. According to the mapping relationship of the layers to multiple TRPs, the M-TRP transmission schemes can be roughly divided into two types: C-JT (Coherent-Joint Transmission) schemes and NC-JT (Non-Coherent-Joint Transmission) schemes. For C-JT schemes, all the PDSCH/DMRS ports jointly transmitted from multiple TRPs and signals from multiple TRPs are combined coherently; For NC-JT schemes, the PDSCH/DMRS ports are transmitted from each TRP respectively. 
In Rel-15/16, S-DCI and M-DCI based NC-JT transmission schemes have been standardized, but C-JT transmission can only be supported in a specs transparent manner. In Rel-17, SFN-ed schemes have been supported up to two TCI states for the PDSCH/DMRS ports. However, it is mainly for improving the demodulation performance of high-speed train deployment, and only TRS resources for HST-SFN have been enhanced. Without the CSI enhancement for C-JT, gNB cannot perform precoding per TRP according to the channel information of each TRP. Therefore, it was agreed to specify CSI acquisition for C-JT targeting FR1. The codebook design and CSI configuration should be further studied and discussed.
Based the last meeting, the following agreements have been achieved.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, support NTRP={1, 2, 3, 4} with equal priority.

Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support RI={1,2,3,4}.

Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).

Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s

Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs per hypothesis are gNB-configured via higher-layer (RRC) signalling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported
· FFS: Whether the same N value or possibly different N values
· Alt4. The UE reports CSI corresponding to K transmission hypotheses where N is UE-selected and reported as a part of CSI report where N{1,..., NTRP}
· N is the number of cooperating TRPs per hypothesis, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· FFS: Whether the same N value or possibly different N values
FFS: Whether S-TRP transmission hypothesis is also reported 

Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)

Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design

Agreement
The Rel-18 Type-II codebook for CJT mTRP comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the same design details as the refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations
Strive to maintain as much commonality between the Rel-16 and Rel-17 codebook enhancements to minimize workload.
Vivo and Lenovo raised concerns on the workload due to this agreement



Codebook design for coherent-JT
To minimize the workload in Rel-18, the same number of antenna ports across TRPs and the max number of TRPs for C-JT is assumed. Moreover, based the simulation results by our contribution in last meeting, both co-located and distributed layouts have significant gain for cell average and cell edge. For co-located layout, ideal synchronization and backhaul can be assumed in practical deployments; for distributed layout, the throughput of cell edge use can be improved for a more balanced service quality. In order to support all the scenarios, the following two codebook modes for Rel-18 coherent-JT codebook design were supported in last meeting. 
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):

For mode 1, UE can calculate Rel-16 Type II pecoders for each TRP independently and co-phasing/amplitude across N TRPs. Hence, the less impact on specs is expected because of reusing  reporting of Rel-16 Type II codebook. For mode 2, UE can calculate and feedback common FD basis for all TRPs in order to reduce UE computational complexity and feedback overhead. Based the agreement in the last meeting, the unified feedback framework and codebook parameters should be designed. 
Based the unified feedback framework design, the further issue is how to switch between 2 codebook modes for coherent-JT, the following schemes can be considered for coherent-JT,
· Alt 1: Semi-static switching one codebook mode by RRC signaling 
· Alt 2: One codebook mode selection by UE
· Alt 3: One or two codebook modes selection by UE
Alt 1 is the simplest solution for the configuration of 2 modes and the reporting format and bitwidth for each mode is clear. However, forcing the single modes is not suitable for both scenarios discussed above. For Alt 2, flexibility can be improved because UE can select the codebook modes according to the different channel state. In this case, the selection result is also needed to be reported. For example, the selection between mode 1 with mode 2 can be reported in CSI Part I, then some specific parameters (e.g. co-phasing in mode 1) or bitwidth can be defined separately. For Alt 3, if there are coexistence of two deployments in the current coherent-JT TRPs, a part of TRPs can be reporting with mode 1 due to the large difference with delay paths or FD basis such as distributed TRPs, and a part of TRPs might be reporting in mode 2 due to the similar FD basis such as co-located TRPs for these TRPs. In this case, UE can report for mode 1 in principle, and if the measurement shows that the delay paths of some TRPs are relatively close, the UE can also report the same FD basis to reduce the computational complexity. In addition, UE might need to report the grouping of TRPs in CSI Part I/II. Therefore, to sum up three alternatives, Alt 3 is more compatible solution for the unified feedback framework, and it can also reduce the overhead of FD basis according to the channel measurement states by UE.
Proposal-6: 
· For two codebook modes for coherent-JT, the unified feedback framework and codebook parameters should be designed. The following schemes can be considered for switching between two codebook modes,
· Alt 1: semi-static switching one codebook mode by RRC signaling 
· Alt 2: One codebook mode selection by UE
· Alt 3: One or two codebook modes selection by UE
The number of SD/FD basis
In Rel-16, the candidate beams parameter L can be configured by RRC signaling for the number of SD basis, and frequency compression parameter  can be configured by RRC signaling for the number of FD basis, where  is the number of PMI subbands. The L and  can be configured by one RRC signaling jointly. For codebook mode 1, the UE can select the candidate beams and FD basis for each TRP separately; for mode 2, the UE can select the candidate beams each TRP separately and common/joint FD basis for TRPs. Since there is one joint CSI reporting for C-JT transmission hypothesis, the following alternative configurations on the number of SD basis in mode 1/2 and FD basis in mode 1 could be considered.
· Alt 1: One parameter L/ for C-JT transmission hypothesis
· Alt 1-1: L/ is the number of SD/FD basis for each TRP.
· Alt 1-2: L/ is the total number of SD/FD basis for each TRP, the number of FD basis and FD basis for all TRPs equally divides the total number.
· Alt 1-3: L/ is the total number of SD/FD basis for each TRP, the number of candidate beams for each TRP can be selected and assigned by UE.
· Alt 2: Multiple parameters  and  for C-JT transmission hypothesis,  is the number of SD basis for TRP i,  is the number of FD basis for TRP i relatively.
· Alt 2-1: Separate configurations on multiple parameters for N TRPs.
· Alt 2-2: One joint configuration on multiple parameters for N TRPs, gNB can configure one explicit combination for C-JT transmission hypothesis.
· Alt 2-3: One joint configuration on multiple parameters for N TRPs, UE can select and report one explicit combination for C-JT transmission hypothesis based the configured table.
For Alt 1, Alt 1-1 and Alt 1-2 are similar that the number of SD/FD basis for each TRP is equal; For Alt 1-3, dynamic SD/FD basis allocation based on channel measurement results by UE selection is supported. In this case, UE might need to report SD/FD basis allocation result for gNB decoding of CSI. Furthermore, this allocation result can be included in the Part I of the CSI or the field I of the PMI. Hence, the computation complexity of UE and the overhead of allocation result reporting would increase. 
Compared with Alt 1, the RRC signaling overhead of Alt 2 can be slightly increased for C-JT configuration. For Alt 2-1, the number of SD/FD basis for each depends on the multiple parameters configured by RRC signaling, which can greatly improve the configuration flexibility. For Alt 2-2 and 2-3, a new joint configuration on multiple parameters for N TRPs is to be defined in specs. Compared with Alt 1-3, based the joint configuration in the specs, the computational complexity of UE and the overhead of allocation result reporting can be reduced. 
The following example in Table 1 can be referenced for Alt 2-2 and 2-3. In this table, some combinations only include a part of N TRPs. Hence, it is equivalent to the configuration/selection on number of TRPs for C-JT, whether it is gNB-configured or UE-selected. However, lots of combination could be defined especially as the number of TRPs increases. Therefore, various possible combinations and the exact values can be discussed based on the subsequent simulation results. 
[bookmark: _Ref111213473]Table 1 One joint configuration for C-JT transmission hypothesis
	
	The parameters of SD basis
	The parameters of FD basis

	
	
	
	
	
	
	
	
	

	1
	2
	2
	N/A
	N/A
	0.125
	0.125
	N/A
	N/A

	2
	2
	3
	N/A
	N/A
	0. 25
	0.25
	N/A
	N/A

	3
	2
	2
	2
	N/A
	0.125
	0.25
	0.125
	N/A

	4
	2
	2
	2
	2
	0.125
	0.25
	0.25
	0.125

	5
	2
	3
	3
	3
	0.125
	0.125
	0.125
	0.125

	…
	…


Proposal-7: 
· For the configuration on the number of SD basis in mode 1/2 and FD basis in mode 1, the following alternative configurations should be enhanced. Various possible combinations and value can be discussed based on the subsequent simulation results.
· Alt 1: one parameter L/ for C-JT transmission hypothesis
· Alt 1-1: L/ is the number of SD/FD basis for each TRP
· Alt 1-2: L/ is the total number of SD/FD basis for each TRP, the number of FD basis and FD basis for all TRPs equally divides the total number
· Alt 1-3: L/ is the total number of SD/FD basis for each TRP, the number of candidate beams for each TRP can be selected and assigned by UE
· Alt 2: multiple parameters  and  for C-JT transmission hypothesis,  is the number of SD basis for TRP i,  is the number of FD basis for TRP i relatively
· Alt 2-1: Separate configurations on multiple parameters for N TRPs
· Alt 2-2: One joint configuration on multiple parameters for N TRPs, gNB can configure one explicit combination for C-JT transmission hypothesis
· Alt 2-3: One joint configuration on multiple parameters for N TRPs, UE can select and report one explicit combination for C-JT transmission hypothesis based the configured table 
Basis selection indication
For SD basis, we prefer to reuse Rel-16 layer/polarization-common  for each TRP; For FD basis, if the number of TRPs for joint PMI reporting is , the overhead for FD basis selection and reporting is will be 
, 
, 
Where r is the transmission layers,  is the number of FD basis configured by gNB or selected by UE
For example of N=4, =20, R=1 and =0.25, as the transmission layers r increase from 1 to 4, the overhead of FD basis selection ranges from 44 to 128 bits, which incurs significant reporting overhead. Therefore, if there is no obvious performance degradation, layer-common FD basis selection is preferred in order to reduce PMI feedback overhead for C-JT.
Proposal-8: 
· For the SD basis selection indication, reusing Rel-16 layer/polarization-common  is preferred; for the FD basis selection indication, layer-common FD basis selection is preferred in order to reduce the PMI feedback overhead.
 quantization and SCI
In Rel-16, the coefficient for SCI is assuming to 1, hence  quantization can be achieved by differential quantization for the strongest coefficient in a single polarization direction and differential quantization across different polarizations. Hence, for each C-JT TRP, the same quantization as Rel-16 is straightforward for each TRP, and the following alternatives for  quantization and SCI should be down-selected in this meeting.
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
Alt 1 is a one-level differential quantization for C-JT. For this alternative, the strongest coefficient across all TRPs is assumed to be 1, then the strongest coefficient is used as reference among all the TRPs. Hence, “strongest” TRP/TRP-group indicator might not be needed for  quantization. For Alt 2, multiple SCIs can be reported by UE, each SCI represents the strongest coefficient of a TRP. If ”strongest” TRP/TRP-group indicator can be reported additionally, Alt 2 is a two-level differential quantization for C-JT. The strongest coefficients are differentiated within each TRP first, and then SCI of different TRPs are differentiated quantization according to the strongest TRP. Therefore, Alt2 is a more precise quantization. That’s because if one TRP is relatively weak among the TRPs, the weak coefficients of this TRP can also be accurately quantized. 
In order to further reduce the feedback overhead and quantization complexity of SCI, Alt 3 and Alt 4 were proposed in the last meeting. However, quantization precision might be degraded due to the reduction of the number of quantization groups on phase/amplitude.
Based the analysis and comparison among four alternatives, we have the following proposal for  quantization and SCI.
Proposal-9: 
· The Alt 2 for quantization and SCI(s) reporting (e.g. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI) is preferred, and the “strongest” TRP/TRP-group indicator is supported in addition to SCI(s).
NNZC and bitmap design:
For NNZC and bitmap design on multiple TRPs, the following two alternatives can be considered for coherent-JT transmission hypothesis，
· Alt1. Common bitmap for all the coherent-JT TRPs/ TRP-groups
· Alt2. Separate bitmaps for each coherent-JT TRP/ TRP-group
Because the SD basis and FD basis can be different among the different TRPs, Alt 1 is too restrictive due to the common locations of NZCs across all the TRPs. Hence, separate bitmaps for each coherent TRP/ TRP-group is more flexible for joint codebook parameters design.
Proposal-10: 
· For NNZC and bitmap design on rel-18 coherent-JT, separate bitmaps for each coherent-JT TRP/ TRP-group is supported.
Co-phasing/amplitude for mode 1
On co-phasing/amplitude for mode 1, both explicit and implicit feedback was discussed preliminarily in the last meeting. For the explicit co-phasing/amplitude reporting, there is a trade-off between overhead and performance. Since the frequency-domain selectivity of precoders increases due to the large delay spread among the TRPs, the wideband co-phasing/amplitude in mode1 is not sufficient. However, subband feedback will undoubtedly greatly increase the feedback overhead and UE computing complexity. Therefore, further optimization to reduce the feedback overhead and UE computing complexity can be considered, e.g. the additional compression for co-phasing/amplitude; another scheme for co-phasing/amplitude feedback is achieved by incorporated in W2. In that case, the feedback overhead can be reduced significantly, but UE computing complexity might not be reduced compared with explicit feedback or mode 2. Moreover, if the side information can be reported by UE, e.g. the window of FD basis among the TRPs, gNB can obtain the co-phasing/amplitude information, even though incorporated in W2.
Proposal-11: 
· For co-phasing/amplitude for mode 1, the following two feedback schemes can be considered,
· Alt 1: explicit feedback in subband manner
· FFS: further reduction the feedback overhead and UE computing complexity, e.g. the additional compression for co-phasing/amplitude.
· Alt 2: implicit feedback incorporated in W2
· FFS: the need of the window of FD basis among the TRPs

CSI resource and reporting enhancements for coherent-JT
In Rel-17, CSI enhancement for NC-JT schemes has been supported that the UE can be configured with Ks≥2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N≥1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis. Then UE can report one CSI for NC-JT and /or X =0, 1, 2 CSIs for S-TRP according to the CSI reporting mode 0/1. For CSI report quantity for NC-JT, UE reports 2 PMIs, 2 RIs, 2 LIs and one CQI per codeword based 2 TRPs NC-JT measurement hypotheses.
Regarding to the CSI-RS resources configuration for CJT, K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs) were agreed in the last meeting. Furthermore, another issue is whether to restrict the maximum number of ports per resource and the total number of ports across all resources. Since there are usually 32- port gNB deployments in the existing NR system, no restriction should be added on the total number of ports across all resources in order to efficiently achieve CJT enhancement through reusing the existing gNB deployments.
Proposal-12: 
· For the CSI-RS resources configuration of coherent-JT, no restriction should be added on the total number of ports across all resources. 
Based the agreed CSI-RS resources configuration, in order to better measure N TRPs for coherent joint transmission through the large-scale information, K resources or resource groups can be configured in a CSI-RS resource set. Specifically, the following options can be studied for the CSI-RS resources configuration of coherent-JT,
· Option 1: K resources representing K TRPs are configured in CSI-RS one resource set
· Option 1-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 1-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly
· Option 2: K resource groups representing K TRPs are configured in CSI-RS one resource set
· Option 2-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 2-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly.
As shown in Figure 5 and Figure 6, configuration 1-a and 1-b are provided for K resources and additional pair indication; in Figure 7 and Figure 8, configuration 2-a and 2-b are provided for K resource groups and additional pair indication. In addition, compared with the configuration 1-a and 2-a （1-b and 2-b）, the number of resources in pair indication can be different flexibly, which is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly. When UE reports the selected pair, it also represents the N by the UE-selection implicitly. Therefore, K≥N resource groups and pair indication similar as Rel-17 NCJT can be considered for more flexible scheduling and measurement.


[bookmark: _Ref111213107]Figure 5 K resources and one pair configuration in one resource set


[bookmark: _Ref111213173]Figure 6 K resources and multiple pairs configuration in one resource set



[bookmark: _Ref111213270]Figure 7 K resource groups and multiple pairs configuration in one resource set


[bookmark: _Ref111213284]Figure 8 K resource groups and multiple pairs configuration in one resource set, the number of resource in one pair is fixed to K

Proposal-13: 
· For the CSI-RS resources configuration of coherent-JT, K>=N resource or resource groups and pair indication similar as Rel-17 NCJT can be considered for more flexible scheduling and measurement. Specifically, the following options can be studied,
· Option 1: K resources representing K TRPs are configured in CSI-RS one resource set
· Option 1-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 1-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly
· Option 2: K resource groups representing K TRPs are configured in CSI-RS one resource set
· Option 2-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 2-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly.

TRP selection/determination for coherent-JT
Based the framework of CSI-RS resources configuration in section 3.2, the following TRP selection/determination schemes can be down-selected in this meeting. 
· Alt 1: N is gNB-configured via higher-layer (RRC) signaling
· Alt 2: N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
For Alt 1, the N configured TRPs are gNB-configured via higher-layer (RRC) signaling. Specifically, UE can distinguish the CMRs configuration under the coherent-JT transmission hypothesis. In addition, considering the feedback overhead and UE computational complexity, only one coherent-JT transmission hypothesis is reported by UE. Then the bitwidth of PMI reporting should be fixed based the N by gNB-configured.
For Alt 2, N is the number of cooperating TRPs selected by UE while NTRP is the maximum number of cooperating TRPs configured by gNB. In this case, gNB can Pre-select the maximum number NTRP, and then the selection of N out of NTRP TRPs is also reported by UE in explicit or implicit manner. Moreover, based the discussion on CMR configuration above, the option 2-b can be achieved for UE-selection without too excessive reporting overhead on TRP selection results in an implicit manner. In addition, compared with Alt 1, the flexibility will also be greatly increased. Therefore, Alt 2 is preferred based on the CMR configuration on multiple pairs contains Y<=N resources relatively. 
Proposal-14: 
· For TRP selection/determination of coherent-JT, Alt 2 (e.g. N is UE-selected and reported as a part of CSI report) Alt 2 is preferred by the CMR configuration on multiple pairs contains Y<=N resources relatively. 
Conclusions
In this contribution, we provided our views on the enhancements for DL CSI enhancements. We have the following observations and proposals:
Observation-1: 
· If gNB or UE can estimate Doppler information of each path/subpath at time 𝑡, it might perform CSI prediction for 𝑡 +∆ 𝑡 in theory.
Observation-2:
· For TDD system, gNB can predict future channel and precoders if gNB obtains current channel by SRS and multiple Doppler shifts of multiple delay paths.
Observation-3:
· Compared with no gNB-side CSI prediction, the single Doppler reporting has slight performance gain, and obvious performance gain can be achieved by the solutions with multiple Doppler reporting with the enhanced matching algorithm.
Proposal-1: 
· Support Alt2.B for UE-side prediction.
Proposal-2: 
· Support Alt2A and Alt3 on codebook structure.
Proposal-3: 
· At least reuse legacy periodic CSI-RS and semi-persistent CSI-RS.
Proposal- 4: 
· For the use case of aiding gNB to determine CSI reporting and resource configuration parameters, the adjustment based the reported Doppler information can be achieved by gNB’s implementation. The following Doppler parameters in Alt A (e.g. based on Doppler profile) can be considered for this use case.
· Alt A-1: Doppler shift of the strongest path
· Alt A-2: Doppler shift of the multipath weighted
· Alt A-3: Doppler spread for the maximum Doppler shift among the multipath
Proposal-5: 
· For the use case of gNB-side CSI prediction, multiple Doppler information of multipath in Alt A ( e.g. based on Doppler profile) should be reported. gNB can align different delay paths according to the strongest path and the delay offset from the strongest path. 
· FFS: Determination the Doppler information of strongest path, the reporting and quantification of delay offset 
Proposal-6: 
· For two codebook modes for coherent-JT, the unified feedback framework and codebook parameters should be designed. The following schemes can be considered for switching between two codebook modes,
· Alt 1: semi-static switching one codebook mode by RRC signaling 
· Alt 2: One codebook mode selection by UE
· Alt 3: One or two codebook modes selection by UE
Proposal-7: 
· For the configuration on the number of SD basis in mode 1/2 and FD basis in mode 1, the following alternative configurations should be enhanced. Various possible combinations and value can be discussed based on the subsequent simulation results.
· Alt 1: one parameter L/ for C-JT transmission hypothesis
· Alt 1-1: L/ is the number of SD/FD basis for each TRP
· Alt 1-2: L/ is the total number of SD/FD basis for each TRP, the number of FD basis and FD basis for all TRPs equally divides the total number
· Alt 1-3: L/ is the total number of SD/FD basis for each TRP, the number of candidate beams for each TRP can be selected and assigned by UE
· Alt 2: multiple parameters  and  for C-JT transmission hypothesis,  is the number of SD basis for TRP i,  is the number of FD basis for TRP i relatively
· Alt 2-1: Separate configurations on multiple parameters for N TRPs
· Alt 2-2: One joint configuration on multiple parameters for N TRPs, gNB can configure one explicit combination for C-JT transmission hypothesis
· Alt 2-3: One joint configuration on multiple parameters for N TRPs, UE can select and report one explicit combination for C-JT transmission hypothesis based the configured table 
Proposal-8: 
· For the SD basis selection indication, reusing Rel-16 layer/polarization-common  is preferred; for the FD basis selection indication, layer-common FD basis selection is preferred in order to reduce the PMI feedback overhead.
Proposal-9: 
· The Alt 2 for quantization and SCI(s) reporting (e.g. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI) is preferred, and the “strongest” TRP/TRP-group indicator is supported in addition to SCI(s).
Proposal-10: 
· For NNZC and bitmap design on rel-18 coherent-JT, separate bitmaps for each coherent-JT TRP/ TRP-group is supported.
Proposal-11: 
· For co-phasing/amplitude for mode 1, the following two feedback schemes can be considered,
· Alt 1: explicit feedback in subband manner
· FFS: further reduction the feedback overhead and UE computing complexity, e.g. the additional compression for co-phasing/amplitude.
· Alt 2: implicit feedback incorporated in W2
· FFS: the need of the window of FD basis among the TRPs
Proposal-12: 
· For the CSI-RS resources configuration of coherent-JT, no restriction should be added on the total number of ports across all resources. 
Proposal-13: 
· For the CSI-RS resources configuration of coherent-JT, K>=N resource or resource groups and pair indication similar as Rel-17 NCJT can be considered for more flexible scheduling and measurement. Specifically, the following options can be studied,
· Option 1: K resources representing K TRPs are configured in CSI-RS one resource set
· Option 1-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 1-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly
· Option 2: K resource groups representing K TRPs are configured in CSI-RS one resource set
· Option 2-a: each pair contains Y=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly
· Option 2-b: each pair contains Y<=N resources from each group relatively
· Note: the number of resources in pair indication is equivalent to gNB configured the number N of cooperating TRPs assumed in PMI reporting implicitly; When UE reports the selected pair, it also represents the N by the UE-selection implicitly.
Proposal-14: 
· For TRP selection/determination of coherent-JT, Alt 2 (e.g. N is UE-selected and reported as a part of CSI report) Alt 2 is preferred by the CMR configuration on multiple pairs contains Y<=N resources relatively. 
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Appendix
Table-I link level simulation assumptions for high/medium UE velocities
	Parameter
	Value

	Channel model
	TDL-A

	Duplex 
	TDD 

	Delay spread
	300 ns

	Carrier frequency
	3.5 GHz

	Speed
	60 km/h

	BW
	20 MHz

	SCS
	30 KHz

	Duplexing 
	TDD

	Antenna setup at gNB
	4 Tx

	Antenna setup at UE
	2 Tx

	TRS burst configuration
	Periodic of 10ms, 2-slot pattern

	TRS
	Full bandwidth

	SRS configuration
	Periodic of 10ms

	RBs of SRS
	Full bandwidth

	MCS
	MCS 4 based on 64QAM table

	Rank
	Rank 1



image2.png
Prediction+Interpolation

S S+5 S+1JO S+15 S+20

Y T

Prediction+Interpolatio;





image3.png
CSI-RS burst
A
| I I i |

Period of CSI-RS burst

A

\—Y—J

CSI-RS burst
Pre on




image4.emf
-7 -6 -5 -4 -3 -2 -1 0 1 2 3

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SNR(dB)

Normalized TP

4T2R,60km/h,300ns,MCS4

 

 

w/o gNB-side prediction

gNB-side prediction with the strongest path

gNB-side prediction with 5 paths


image5.emf
O

n

e

 

C

S

I

-

R

S

 

r

e

s

o

u

r

c

e

 

s

e

t

CMR #0

Pair indication 

{CMR#0, CMR#1,CMR#2,CMR#3}

CMR #1

CMR #2

CMR #3


oleObject1.bin
�

CMR #1


One CSI-RS resource set


CMR #2


CMR #3


CMR #0


Pair indication 
{CMR#0, CMR#1,CMR#2,CMR#3}



image6.emf
O

n

e

 

C

S

I

-

R

S

 

r

e

s

o

u

r

c

e

 

s

e

t

CMR #0

Pair indication 

{CMR#0, CMR#2}

CMR #1

CMR #2

CMR #3

Pair indication 

{CMR#1,CMR#2,CMR#3}

Pair indication 

{CMR#0, CMR#1,CMR#2,CMR#3}


oleObject2.bin
�

CMR #1


One CSI-RS resource set


CMR #2


CMR #3


CMR #0


Pair indication 
{CMR#0, CMR#2}


Pair indication 
{CMR#1,CMR#2,CMR#3}



image7.emf
CMR group 0

O

n

e

 

C

S

I

-

R

S

 

r

e

s

o

u

r

c

e

 

s

e

t CMR group 1

CMR #0

CMR #K1

CMR #K1+1

CMR #K2

...

...

Pair indication #0 

{CMR#0, CMR#K2}

Pair indication #2 

{CMR#K1, CMR#K2,CMR#K3,CMR#K4}

Pair indication #1 

{CMR#0, CMR#K2,CMR#K4}

CMR group 2

CMR group 3

CMR #K3

CMR #K3+1

CMR #K4

...

...

CMR #K2+1


oleObject3.bin
�

CMR group 0


One CSI-RS resource set


CMR group 1


CMR group 2


CMR group 3



image8.emf
CMR group 0

O

n

e

 

C

S

I

-

R

S

 

r

e

s

o

u

r

c

e

 

s

e

t CMR group 1

CMR #0

CMR #K1

CMR #K1+1

CMR #K2

...

...

Pair indication #0 

{CMR#0, CMR#K2,CMR#K3,CMR#K4}

Pair indication #2 

{CMR#K1, CMR#K2,CMR#K3,CMR#K4}

Pair indication #1 

{CMR#1, 

CMR#K2+1,CMR#K3,CMR#K4}

CMR group 2

CMR group 3

CMR #K3

CMR #K3+1

CMR #K4

...

...

CMR #K2+1


oleObject4.bin
�

CMR group 0


One CSI-RS resource set


CMR group 1


CMR group 2


CMR group 3



image1.png
prediction
Il
\

S S+5 S+10

)
T
prediction





