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Introduction
The WID [1]  objective 4 states a task for evaluating (and, if needed, specifying) enhancements of NR CSI in two parts:
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

CSI for FR1 FDD reciprocity
FL plan for this meeting is 
· Finalize remailing opening issues of W1, W2 and Wf, in section 2.1, 2.2, 2.3, at least for Rank 1. 
· Kick off rank 2 design, with some agreements for design principles up to rank 2,  and considerations for specific codebook parameters 
· Confirm whether to support rank 3 and 4 at high level for Rel-17 PS CB, but no detailed discussion/design in RAN1 106. 

W1 design for at least rank 1
Latest agreements are
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 
· W1 ∈ N^{P×K1} (K1≤P) is a port selection matrix in order to freely select K1 ports out of P CSI-RS ports or K1/2 ports out of P /2 CSI-RS ports 
· Note that P is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  
Agreement
For rank=1, polarization-common based free-selection should be supported for .
· FFS: Whether there is a need to restrict the number of CSI-RS ports for which this is supported
Agreement
At least for rank 1, combinatorial coefficient is used for port selection for W1.
· FFS when Wf is turned off
Agreement
For Rel-17 port selection codebook, the maximal value of CSI-RS port number P as Pmax is 32.
Agreement
At least for rank 1, candidate values of K1 for port selection matrix W1 in NP*K1 are {2, 4, 8, 12, 16, 24, 32}. 
· Note: for polarization-common based free-selection, it means to select the same L=K1/2 ports out of P/2 ports for both polarizations
Conclusion
At least for rank 1, no further restriction or condition is applied for polarization-common based free-selection and combinatorial coefficient based port selection for W1.

W2 design for at least rank 1
Agreement
A bitmap for indication non-zero coefficients should be supported for W2 with a compression coefficient beta<=1 whereas
· FFS values of beta < =1, e.g. 1/8, 1/4, 1/2, 3/4, 1
· FFS: whether/how such a bitmap can be absent for specific codebook configuration parameters
· FFS: whether a bitmap is polarization-common or polarization-specific whereas polarization-specific bitmap is the baseline
· FFS: possible parameter combinations/dependence for beta with other PS CB parameters
Agreement
A polarization-specific bitmap for indication non-zero coefficients should be supported for W2.
Agreement
For the quantization of W2 coefficient, reusing following Rel-16 quantization mechanism for Rank1 at least:
· Two polarization-specific reference amplitudes:
· for the polarization associated with the strongest coefficient, the reference amplitude is not reported
· for the other polarization, reference amplitude is quantized to 4 bits
· The alphabet is{1, 1/2)^(1/4), (1/4)^(1/4), (1/8)^(1/4), …, (1/2^14)^(1/4), [Reserved]} (-1.5dB step size)
· For coefficients other than the strongest coefficient
· differential amplitude is calculated relative to the associated polarization-specific reference amplitude and quantized to 3 bits
· The alphabet is {1, 1/sqrt(2), 1/2, 1/(2*sqrt(2)), 1/4, 1/(4*sqrt(2)), 1/8, 1/(8*sqrt(2))} (-3dB step size)
· phase is quantized to 16PSK
· For the reserved state for reference amplitude, down-select one Alt 
· Alt 1: it is kept to be reserved
· Alt 2: it is replaced as (1/2)^(15/4)
· Alt 3: it is replaced as (1/2)^(3/8)
Note: whether/how SCI is supported for R17 codebook will be discussed separately
Agreement
At least for rank 1 and 2, for the compression coefficient Beta for non-zero coefficients of W2, values of Beta are {[1/4], 1/2, 3/4, 1} 
· Note: [1/4] means that 1/4 is also a candidate value for the discussion on reduction of parameter combinations, but has a lower priority compared to other beta values


For future RAN1 meeting:
Study whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· FFS: applicable conditions of being absent, .e.g. Mv=1 and Beta =1 for rank 1 or higher ranks
· FFS: additional impact for reporting mechanism when/how the bitmap is absent
· Note: The principle of UE determining the real number of NZC (same as Rel-15 and Rel-16) is unchanged in Rel-17
· based on trade-off among UPT performance, feedback overhead and complexity

Open issues:
· Reserved code point for reference amplitude
· Whether/how the bitmap for indicating non-zero coefficients for W2 can be absent for CSI reporting
· SCI 

On the reserved code point 
We prefer to re-use the quantization mechanism of Rel-16 Type II, i.e., Alt1. But we are open to other alternatives, if sufficient gain is shown. 

[bookmark: _Toc71667636][bookmark: _Toc79191455]Support reuse of the Rel-16 quantization mechanism and the reserved state is kept reserved. 
On the condition for NZC bitmap being absent 
In RAN1#105e, it was agreed that whether/how the NZC bitmap can be absent from the CSI reporting would be discussed in RAN1#106e. 

Thanks to delay pre-compensation and efficient CSI-RS precoding with Rel-17 Type II, each CSI-RS port is associated with one or multiple dominant clusters in the propagation channel. On average, the dominant clusters selected during CSI-RS precoding (based on UL measurement) should also be strong in DL. If so, UE can simply report all linear combination coefficients (LCCs), so that NZC bitmap is not needed and reporting becomes simpler without increasing much overhead. However, since small-scale fast fading is non-reciprocal in UL and DL, the above may not always be true. Such impact should be evaluated based on system level simulation results. 

First of all, the necessary condition for NZC bitmap being absent is that the transmission rank has to be 1 and . For rank 1 transmission, all the selected clusters (i.e., selected ports and taps) are used for the only transmission layer. While for rank > 1, it is very likely that different clusters are used for the transmission of different layers (there might be some overlapping, but no layer will use all clusters). Therefore, statistically speaking, having  for rank > 1 may not be justified. Consequently, since  for rank > 1, a bitmap is always needed. 

To investigate the condition on which the NZC bitmap being missing for rank 1 transmission, we simulate the mean UPT for  in Figure 1, where  with , and  and  is served as the benchmark. For the cases with , we assume that UE always reports all coefficients as NZCs and no bitmap is reported. The saved bits from reporting bitmap can then be used to report more coefficients. 

The benefit of having a  value as large as 1 is quite clear from the presented results. Comparing  and , there is a decent gain (3%-8%) given that the overhead increase is quite small. The gain by reporting all the coefficients is good for both  and , but for  the gain is more appealing. 


We understand that even with , the UE is not conventionally mandated to report all coefficients, as  only regulates the maximum number of NZCs to be reported. But for the system level simulation results presented here, there is a clear benefit of reporting all coefficients as NZCs, instead of reporting part of the coefficients plus a bitmap. In addition, reporting becomes simpler and gNB does not need the bitmap to decode the LCCs. 

[image: ]
[bookmark: _Ref71641446]Figure 1 Impact of  on the mean UPT vs overhead tradeoff.

To further elaborate the reasoning for supporting reporting all coefficient when , we can start by explaining the reason why  is a good design in Rel-16. The interpretation of NZC in physical terms is as follows: the association of an NZC and the corresponding port (or SD basis) and FD basis reflects the presence of a dominant scattering cluster in the propagation channel, as the selected port (or SD basis) and FD basis can be translated to the spatial direction and the delay to that cluster in that direction, respectively. 

The mechanism of Rel-16 Type II configuration was designed without the assumption that the gNB is performing delay pre-compensation during CSI-RS precoding. As a result, the UE usually observes a frequency selective DL channel when measuring the channel for a port, meaning that for different ports (or spatial bases), the delays associated with the corresponding ports (or spatial bases) are different.

Since a port-common FD basis is used in Rel-16 Type II, it results in that, statistically, there are always some coefficients in  that are quite small and can be set to zero (i.e. no need to report them). Therefore,  shall always be smaller than 1 and a bitmap for indicating NZCs is needed. 

With Rel-17 Type II, however, CSI-RS precoding with delay pre-compensation is used. The CSI-RS precoder is designed based on UL channel measurement. Despite possible non-ideal reciprocal delay and other impairments, the best or the most reasonable the gNB can do is to select the most dominant clusters observed in UL, and then precodes CSI-RS towards those clusters. With delay pre-compensation, UE can filter out a small number of delay taps to preserve most of the channel knowledge, based on which the UE can calculate the Rel-17 Type II report. If a cluster becomes weak in DL due to small scale fast fading, UE can down select a subset of ports. Then, it can be expected that each of the selected ports and the associated filtered taps is associated with a cluster that is also strong in DL. This means that all the corresponding coefficients shall be strong enough to be reported as NZCs. That is why we still see a decent gain when increasing  from 0.75 to 1. 
 

[bookmark: _Toc79161595][bookmark: _Toc79167784][bookmark: _Toc79169928][bookmark: _Toc79170006][bookmark: _Toc79170147][bookmark: _Toc79191472]The necessary condition for NZC bitmap being absent is that the transmission rank has to be 1 and . 
[bookmark: _Toc79191473]Having having  for rank > 1 may not be justified. 
[bookmark: _Toc79191474]When  and rank = 1, reporting all the coefficients provides a decent gain with small increase in overhead comparing to . 

[bookmark: _Toc71667631][bookmark: _Toc79191456]For rank 1 transmission, when   is configured, then UE reports all  coefficients and the resulting NZC bitmap is all ones and is therefore not reported. 
On the strongest coefficient indicator (SCI)
The following alternatives have been proposed in RAN1#105e for the strongest coefficient indicator (SCI) reporting:
· Alt 0 : Reporting of the position, [il*, fl*], of the strongest coefficient of layer l using ceil(log2(K0)) bits, where K0=Beta*K1*Mv
· Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits
· Alt 1-2: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits, and shifting of the strongest coefficient to position fl*=0
· Alt 2: shifting the strongest coefficient to fl* = 0, and using ceil(log2(N)) bits to indicate the shift quantity for l-th layer. The strongest coefficient is indicated by il*, using ceil (log2(K1)) for l-th layer.
· Alt 3: SCI is not needed so that the SCI in R16 codebook is replaced with a strongest polarization indicator (1 bit) 

We prefer Alt 1-1, where the location of SCI for a given layer is identified by the index of SD and FD bases (for FD bases the index is local within the configured subset) of  for that layer. In this case, the SCI does not depend on the bitmap so that they don’t need to be grouped together. Alt 1-2 is the same but with shifting the SCI so that the SCI is associated with the zero-th FD component. In this way, the coefficients in  associated with the zero-th FD component can be encoded first, but the benefit is unclear. Therefore, such shifting operation seems unnecessary.  

[bookmark: _Toc79191457]Support Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits. 


Wf design for at least rank 1
Agreement
Confirm following working assumption of Wf for R17 PS CB
· Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters.
Agreement
For Wf in CN3*Mv, Mv=2 is supported for R17 PS codebook 
· FFS: whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2
· FFS: Whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8
Working Assumption
At least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix, i.e. Alt 1 
· FFS: Further dependence/restriction, e.g. conditioned on N3 or the number of CSI-RS ports, can be applied to above design. If does, how to support a non-consecutive FD bases used for Wf quantization 
· FFS: Whether to introduce thresholds for N3 and/or P
Agreement
· At least for rank 1 and for Mv>1, Minit for the single window with size N is fixed to be 0
Agreement
At least for rank 1 and 2 and Mv > 1, for relationship between N and Mv, study and down-select one alternative from following in RAN1#106-e
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.
Note: Wf is layer-common for N=Mv
Note: For all alternatives, a layer-common window/set of size N is configured.

Agreement 
At least for rank 1, regarding the value(s) of R for Rel-17 PS codebook enhancement, study and down-select one or more than one Alternative (or a subset of corresponding values) in RAN1 105e:  
· Alt 0:  R < 1 (e.g. 1/4, 1/2)
· Alt 1: R=1
· Alt 2: R=1 and 2
· Alt 3: R=1,2, 4, and 8
· Alt 4: R= {1,2,…, D*NPRBSB} whereas D is the density of CSI-RS in frequency domain
· FFS: applicable conditions: e.g. Wf turned ON/OFF and/or associated value of Mv
· FFS: Whether this applies when Wf is turned OFF
Note that “at least for rank 1” does not imply for the support of rank 1 only in Rel-17 or restrictions of supporting/not supporting additional alternatives for higher rank.


Open issues:
· Whether to confirm WA
· Remaining FFS for whether further dependence/restriction, i.e. conditioned on the number of CSI-RS ports, can be applied to Mv=2 and value of N
· Remaining FFS for whether Mv=4 can be supported for # of CSI-RS ports, e.g. 4 or 8
· Relationship between N and Mv , and exact values of N if does need
· Values of R

On the restrictions to working assumption and Mv = 2
The working assumption states: at least for rank 1, FD bases used for Wf quantization are limited within a single window with size N configured to the UE whereas FD bases in the window must be consecutive from an orthogonal DFT matrix. We don’t see the need to restrict this to any number of N3 or CSI-RS ports, introducing a threshold is also unnecessary. 

On Mv = 4
Performance with  and  FD bases are evaluated in Figure 2. In this simulation, we assume  and , and . CSI-RS is transmitted with full system bandwidth, i.e., 20 MHz, while SRS is transmitted with 20 MHz (blue curve) and 10 MHz (red curve). In this case, the importance of having larger  is more elaborative. To be more specific, delay is estimated at gNB with lower resolution, therefore some adjacent taps may merge as a single tap. By having , the time domain resolution can be increased by  fold, so that the merged taps can be decoupled. 
From Figure 2, we observe that, for full full SRS bandwidth, the UPT gain by having  FD basis vectors is about 4% comparing to ; while for half SRS bandwidth, the corresponding gain is 10%. However, further increasing  to 4 does not provide any gain. Therefore the need for supporting  is not justified. 
[image: ]
[bookmark: _Ref71634506]Figure 2 Mean UPT vs overhead with full and half SRS bandwidth with  FD bases.

[bookmark: _Toc71667629][bookmark: _Toc79191458]Support of   is not justified. 

On Relationship between N and Mv , and exact values of N
Three alternatives have been proposed in RAN1#105e, 
· Alt 1: N= Mv always, no UE reporting of Wf
· Alt 2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv.
· Alt 2-2: N >= Mv, Wf is layer-specific and reported by UE for N>Mv.

In Figure 3, we compare the mean UPT for  and , where the UPT gain for  and  is normalized against that for . We assume that consecutive FD basis vectors are configured to the UE to choose from. Overhead has been neglected in this plot, since the difference is only due to indicating the selected FD basis vectors within the configured FD basis vectors, which is rather small. 
Comparing to configuring the UE with 1 and 2 additional FD basis vectors provides marginal gains of 1.4% and 1.6%, respectively. Only based on the performance gain it may be hard to justify the need for supporting , however, in reality, when there is non-ideal delay reciprocity or timing offset between UL and DL receivers, configuring  slightly larger than  provides additional robustness. Therefore, we support Alt 2, that . Regarding the values of  we think  can be supported for  and  can be supported for .
[image: ]
[bookmark: _Ref71623913]Figure 3 Performance gain with increased number of configured FD basis vectors, 
Furthermore, we support layer-common Wf, the reasons are two-fold. Firstly, layer-specific Wf requires SVD operation before the selecting the FD bases, therefore the SVD dimension is ; while for layer-common Wf, the SVD operation is done after FD bases selection, and the corresponding SVD dimension is . Hence layer-specific Wf introduces higher complexity. Secondly, impairments such as non-ideal reciprocity, UL/DL timing offset are most likely common across all antennas, therefore it makes more sense to have layer-common Wf.

[bookmark: _Toc71667627][bookmark: _Toc79191459]Support Alt.2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv. Furthermore, support  for  and  for  

On value of R
In Figure 4, we studied the impact by having different number of PMI subbands per CQI subband, denoted R. 
For the simulations considered herein, the CSI-RS density is 1 and the CQI subband size is 8 PRBs, for , the corresponding PMI granularity are thus  PRBs, respectively. The PMI subband size affects the PMI calculation via the number FD basis vector candidates, i.e., the number of basis vectors in . 
It is noted that when the number of FD basis vectors is , the UE calculates the PMI based on wideband filtering of the channel by applying the DC DFT FD component, whose size is the total number of PMI subbands, to the estimated DL channel, and such averaging is not affected by the  value. Therefore, we show only the case with  below. 
In our simulation, since UE follows gNB indication for FD basis selection, the  value will not have any impact on UL overhead. Based on the results shown in Figure 4, there is a marginal loss by decreasing  from 8 to 4, say around 1-2%, while further decreasing  from 4 to 1 will cause a performance loss of approximately 5%. The  value affects the UE complexity through averaging/equalizing the DL channel in FD domain, there is no significant complexity increase by having a  value that allows per PRB PMI granularity, at least for the 20MHz bandwidth case considered herein. 
If we denote  as the CQI subband size in PRBs, RAN1 should consider supporting larger  values, say . The reason why large  value for Rel-16 Type II is not feasible is that  will also affect the number of FD basis candidates, which increases UE complexity for selection. Such problem does not exist in Rel-17, since UE can either follow gNB indication, as what we assume here, or UE can choose FD basis from an indicated set of FD basis which contains fewer candidates and does not depend on . Thus, small  values are unnecessary and should not be considered in Rel-17. Also, to keep the feature simple without many parameters to configure the reporting, it is useful with a single R value. 
[image: ]
[bookmark: _Ref68649555]Figure 4 Performance with  and  PMI subbands per CQI subband.

[bookmark: _Toc79191475]The  value does not affect overhead for Rel-17 Type II PS codebook. Having  as large as the CQI subband size gives the best performance without significantly increase UE complexity. I single R value is preferred to avoid unnecessary many options for this feature. 
[bookmark: _Toc71667633][bookmark: _Toc79191460]Support a single  value to avoid unnecessary introduction of UE capabilities and fragmentation, for example  or , where  is the CQI subband size.  is preferred. 

Support for rank > 1
Reporting details for rank 2
It has been agreed that rank 2 transmission is supported, the reporting details are yet to be discussed. To summarize our view, the layer-common and layer-specific parameters are:
· Layer-common parameters: the selected SD and FD bases, and the configured FD window. 
· Layer-specific parameters: NZC bitmap (if reported), quantized coefficients, polarization reference amplitude, SCI. 

Support of rank 3 and 4
Support for rank 3 and 4 transmissions needs to be justified. The Type II codebook is more useful for high load where MU-MIMO is scheduled. At high load, however, it is unlikely that rank 3 and 4 transmissions are scheduled. In addition, the overhead for rank 3 and 4 transmissions can be much higher than that of rank 1 and 2 transmissions, unless some further optimization is done for the reporting of rank 3 and 4. Such effort should be deprioritized given the limited 3GPP time budget unless a straightforward extension can be found. 

[bookmark: _Toc79191461]For rank 2 transmission, the layer-common parameters include the selected SD and FD bases, and the configured FD window, while the layer-specific parameters include NZC bitmap, quantized coefficients polarization reference amplitude and SCI. 
[bookmark: _Toc79191462]Rank 3 and 4 transmissions have lower priority for standardization.  
CSI for DL multi-TRP and/or multi-panel transmission
CSI Measurement Enhancement and CSI framework for Multi-TRP
On CSI measurement enhancement for mTRP, the following agreements was made in the last few RAN1 meetings:
Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, 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 
· Configure UE with two CMR groups with Ks=K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
With regarding to the maximal values of Nmax for N, Ks,max for Ks:
· Support of Nmax=2 is a UE optional feature
· Support of Ks,max=X is a UE optional feature
· X can be up to 8 and other candidate values can be discussed as part of UE features
· FFS: Default value of Nmax, Ks,max  
· FFS: Which combinations of N<=Nmax, Ks<=Ks,max are supported

Agreement
A CSI-IM resource is configured to be associated with either a CMR for Single-TRP measurement hypothesis or a CMR pair for NCJT measurement hypothesis:  
· One-to-one mapping between M+N CSI-IM resources versus M NZP CSI-RS resources for single-TRP measurement hypothesis and N NZP CSI-RS resource pairs for NCJT measurement hypothesis configured in a CSI-RS resource set.
· FFS the value/definition of M 
Note: it is possible to configure the same value of CSI-IM resource ID for both NCJT and Single-TRP measurement hypotheses in FR1 and FR2, subject to QCL-Type D consistency between measurement hypotheses of the shared CMR in FR2

Agreement
For a CSI-RS resource set with Ks NZP CSI-RS resources configured for CMR and N NZP CSI-RS resource pairs configured for NCJT measurement hypotheses, study following default value of Ks,max,
· Alt 1: Ks,max = 4
· Alt 2: Ks,max = 2
· Alt 3: Ks,max = 4 for FR2, and Ks,max = 2 for FR1
· Note that default value means the minimal supported value for Ks,max in UE capability reporting, if UE support this feature.

Agreement
For CSI measurement associated with a CSI-ReportConfig for NC-JT, study whether/how to support following dynamic updating on, e.g. by MAC-CE
· Alt 1: CMR pairs for NCJT measurement hypotheses
· Alt 2: CMRs for Single-TRP measurement hypotheses
· Alt 3: TCI states in CMRs
· Alt 4: the number of single-TRP CSIs (i.e. X=0/1/2) in a NCJT CSI report

Conclusion:
There is no consensus to go with either of the following options in RAN1 #105e:
· Option 1: Confirm the Working Assumption from RAN1#103e
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT

Agreement 
For CSI measurement associated with a CSI-ReportConfig for NC-JT, down-select one or more Alts in RAN1#106-e:
· Alt 2: additional RRC signalling is needed to configure M (M≤ Ks) CMRs from the CSI-RS resource set for CMR for Single-TRP measurement hypotheses
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. Additional RRC signaling may select {#0,#3} (if sharing is allowed), or {#1, #3} (if not allowed), or select any from the set for single-TRP measurement hypotheses. 
· Alt 3: For CMRs configured in the CSI-RS resource set, support RRC signalling to enable/disable single-TRP measurement hypothesis using CMR configured within CMR pairs for NCJT measurement hypothesis
· Example: For a given set of {{#0, #1}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypothesis. If gNB enables the sharing, {#0, #1, #2, #3} are for single-TRP measurement. If gNB disable the sharing, {#1, #3} are for single-TRP measurement hypotheses. 
· Alt 4: CMR sharing between single-TRP measurement hypothesis and NCJT measurement hypothesis is realized by configuring the same value of CMR ID for single-TRP CMR and NCJT CMR pair.
· Example: When the UE supports sharing, for a given set of {{#0, #0}, {#2, #3}} with N=1, {#0, #2} are for NCJT measurement hypotheses, the rest {#0, #3} are for single-TRP measurement hypotheses. The CMRs for STRP can be updated by re-configuring the CSI resource set.
Note that above examples are only for the purpose of illustrating/discussing Alternatives.

For NC-JT CSI enhancement with single reporting setting, it was agreed in RAN1#104-e that the UE can be configured with Ks NZP CSI-RS resources in a CSI-RS resource set for CMR and where the Ks NZP CSI-RS resources can be divided in to two CMR groups where each CMR group consists of K1 and K2 CMRs respectively (and where Ks=K1+K2). Furthermore, it was agreed that the UE can be higher layer configured with N CMR pairs, where each CMR pair consist of one CMR from each CMR group, and where each CMR pair is used as a NCJT CSI measurement hypothesis (and possibly two single-TRP measurement hypotheses). 
In RAN1#104bis-e, it was agreed that the maximum values for Ks and N is 8 (up to UE capability) and 2, respectively, and in RAN1#105-e it was further agreed to study the default value of Ks among the candidates values of Ks,max=2 or Ks,max=4. Since the potential with multi-TRP operation (including NCJT) increases with increased number of TRPs in a coordination cluster, setting the default values Ks,max = 2 would limit the potential gains with NCJT operation. Hence, we propose that the default value Ks,max should be equal to 4, for both FR1 and FR2.
[bookmark: _Toc79191463]Support Alt.1, i.e. the default value (Ks,max) of the maximum number of NZP CSI-RS resources configured for CMR is equal to 4, for both FR1 and FR2. 
In a serving cell with M TRPs, and where one CMR is configured per TRP, which N CMR pairs that the UE should calculate NC-JT CSI measurement hypotheses for is likely to change from time to time depending on UE position, traffic load (availability) of the different TRPs etc. One example of this is illustrated in Figure 5, where a coordination cluster consists of M=4 TRPs. In this example, a UE can be configured with a Multi-TRP CSI report setting wherein the CSI-RS resource set for CMR is configured with Ks = 4 CMR resources.  Each of the Ks = 4 CMR resources corresponds to one of the TRPs.  Let us assume that CMR1-CMR2 are in the 1st CMR group, and CMR3-CMR4 are in the 2nd CMR group.  Since each CMR pair should consist of one CMR from each CMR group, there exists the following candidate CMR pairs in this example
1. CMR1 & CMR3
2. CMR 1 & CMR4
3. CMR2 & CMR3
4. CMR2 & CMR 4
As mentioned above, when N=1, one CMR pair among the candidate CMR pairs is higher layer configured to the UE. The CMR pair may change from time to time depending on UE position, etc.  If the N CMR pairs are RRC configured and the CMR pairing needs to be updated, then an RRC reconfiguration would be needed, which is slow and cumbersome.  Hence, there is a need to dynamically update the CMR pairs for NC-JT CSI measurement hypothesis.  We propose to indicate the CMR pairs to the UE via either MAC-CE or RRC+MAC CE.  The detailed signalling for the CMR pairs can be discussed further.
[bookmark: _Toc79191464]  For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt.1 , i.e., dynamic update of CMR pairs for NC-JT measurement hypothesis using MAC CE.


[image: ]
[bookmark: _Ref71663055]Figure 5.  Coordination cluster of M = 4 TRPs
In addition to dynamically indicating CMR pairs for NCJT measurement hypothesis using MAC-CE, it was agreed in last meeting to further study the need for indicating CMRs for sTRP measurement hypotheses. However, since sTRP measurement hypotheses are less computational heavy for the UE and a maximum of 8 sTRP measurement hypothesis (which will likely be a UE capability in NR Rel-17) can be configured for a UE, the UEs will most likely be capable of computing all the configured sTRP measurement hypotheses up to their capability. Therefore, there seems to be less motivation for including dynamic indication of a subset M (M<Ks) sTRP measurement hypothesis using higher layer signalling. 

[bookmark: _Toc71667641][bookmark: _Toc79191465]Do not support Alt.2, i.e. do not support higher layer signalling to dynamically update CMRs for sTRP measurement hypotheses.

In RAN1#105e, it was agreed that a NZP CSI-RS resource can be used by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for sTRP measurement hypothesis (for FR1 and depending on UE capability for FR2). It was further discussed if some higher layer signalling will be needed to enable/disable sharing of CMR resources between sTRP measurement hypothesis and NC-JT measurement hypothesis, where three options were agreed (Alt.2, Alt.3 and Alt.4). Here, the simplest solution would be to introduce a new RRC flag that will enable/disable the sharing of CMR resources between single-TRP measurement hypothesis and multi-TRP measurement hypothesis.
[bookmark: _Toc79191466]Support Alt.3, i.e. use RRC signalling to enable/disable sharing of CMRs between single-TRP measurement hypothesis and NCJT measurement hypothesis
CSI Reporting Enhancements for Multi-TRP 
[bookmark: _Hlk71621899]The following agreement was made in RAN1#103-e:
Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN

And the following agreement was made in RAN1#104-e:

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report


And the following agreements were made in RAN1#104bis-e:
Agreement
Support the indication of following RI combinations by a joint RI field for a NCJT measurement hypothesis in CSI part 1, when the maximal transmission layers is less than or equal to 4:    
· {1, 1}, {1, 2}, {2,1}, {2,2}
· FFS: CBSR and/or RI restrictions per TRP or across TRPs

Agreement
For the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis (i.e. Option 1), 
· Alt 1: X+1 CRIs are reported, whereas X CRIs are for single-TRP measurement hypotheses and one CRI is for NCJT measurement hypothesis.  Each CRI bit size depends on the corresponding number of either valid CMR pairs for NCJT measurement hypothesis or valid CMRs for single-TRP measurement hypotheses
FFS: Whether the X+1 CRIs are reported jointly as one CSI report or as separate CSI reports.

Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses

And the following agreement was made in RAN1#105-e:

Agreement
For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 

For enabling flexible scheduling between single TRP and NC-JT, the gNB should preferably, in addition to the reported NCJT CSI, have single TRP CSI for the two associated TRPs, which would correspond to setting X equal to 2 in Option 1 from the agreements above. However, one drawback with this solution is the large CSI feedback overhead (which we quantify below), since one NCJT and two single-TRP CSIs must be reported, which would require the UE to fed back the following:
● 2 RIs, 2 PMIs, and 1 CQI for NC-JT CSI
● 2 pairs of RI, PMI and CQI for the two single-TRP CSIs
Since in most practical scenarios, the best NC-JT CSI and the two best single-TRP CSIs would correspond to the two strongest TRPs, it is desirable to share RIs and PMIs between NC-JT CSI and the two single TRP CSIs.  One example of how RI and PMI can be shared is illustrated below, where the red colour indicates CSI associated to a first TRP, and the green colour indicates CSI associated to a second TRP:
● NC-JT CSI -> [RI1, RI2], [PMI1, PMI2], [CQI]
● 1st single TRP CSI -> [RI1], [PMI1], [CQI1]
● 2nd single TRP CSI -> [RI2], [PMI2], [CQI2]
In this case [RI1, RI2] and [PMI1, PMI2] can be shared between NC-JT CSI and single-TRP CSIs, while CQIs are reported separately for NC-JT CSIs and the two single-TRP CSIs. With this solution, CSI reporting overhead can be reduced significantly.  Table 1  shows an example of overhead reduction for a scenario with 2 ports per TRP, where 27% overhead is saved with RI/PMI sharing. Larger saving can be achieved when there are more than 2 ports per TRP.
[bookmark: _Ref79166619]Table 1: CSI savings with RI/PMI sharing, 2 ports per TRP, 10MHz BW, subband size = 4RBs, type-I CB.
	CSI type
	Bit width

	sTRP CSI (subband)
	57

	NCJT CSI (subband)
	84

	NCJT CSI + 2 x sTRP CSI (subband)
	198

	NCJT CSI + 2 x sTRP CSI, sharing RI/PMI (subband)
	144

	Overhead saving due to RI/PMI sharing 
	27%



Also, as can be seen in section 3.4, for a scenario with 2TX TRPs (which is the typical scenario where NCJT provides gains over single-TRP scheduling for UEs equipped with 4 Rx antennas), there is very little difference in performance when reusing RI/PMIs between NC-JT CSI and single-TRP CSI.  Hence, we make the following observations and proposals:
[bookmark: _Toc79191476]For the typical scenarios where NCJT is beneficial, performance evaluations show that there is very little performance difference between the following two cases: (1) RI/PMIs are shared between NC-JT CSI and single-TRP CSI, and (2) RI/PMIs are not shared between NC-JT CSI and single-TRP CSI.
[bookmark: _Toc79191477]There is significant CSI overhead savings with RI/PMI sharing when compared to the case where RI/PMI are not shared between NC-JT CSI and single-TRP CSI (e.g., 27% overhead reduction when TRPs are equipped with 2 ports).

[bookmark: _Toc71667644][bookmark: _Toc79191467]For a CSI report containing both NC-JT CSI and single-TRP CSIs (e.g., Option 1 with X =1, 2) associated with the same CMRs, support  RI/PMI sharing between the NC-JT CSI and single-TRP CSIs

One of the open issues is whether and when NC-JT CSI measurement hypothesis can be omitted.  From our earlier contribution [2], we compared the performance of single-TRP vs NC-JT where each TRP has 4 Tx antenna ports and the UE is equipped with 4 Rx antennas.   The results from [2] for the case with 4 Rx antennas at the UE are reproduced in Table 2.  For single TRP, up to rank 4 transmission is allowed.  For NC-JT, the UE can receive the following layer combinations from the two TRPs (1, 1), (1, 2), (2,1), or (2,2).  As can be seen from the results, when up to four layers is allowed for single TRP scheduling, NC-JT performs poorly when compared to single-TRP scheduling.  However, in the evaluations performed in Rel-16, it was demonstrated that if the single-TRP PDSCH is restricted to 2 layers or fewer, then NC-JT provided gains at low loads.  Hence, from these results, we can derive a reasonable criteria on when to omit the NC-JT CSI measurement hypothesis.  For instance, when the rank of at least one TRP is greater than 2, then NC-JT CSI can be omitted.  We, thus, propose the following: 
[bookmark: _Toc71667645][bookmark: _Toc79191468]Support NC-JT CSI omission under certain conditions when X=1 or 2 is configured with omission indicated in a CSI report. 
[bookmark: _Ref71661798]
[bookmark: _Ref79166594]Table 2: NC-JT performance with 4Tx per TRP and 4Rx ports at UE.
	RU of single TRP
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	Single TRP
	NC-JT 
	Single TRP
	NC-JT 

	10%
	0%
	-4%
	0%
	-3%

	20%
	0%
	-6%
	0%
	-6%

	30%
	0%
	-9%
	0%
	-7%

	40%
	0%
	-7%
	0%
	-8%



Another open issue is related to the maximum number of transmission layers a UE can report for a CSI report associated with a NCJT measurement hypothesis configured with a single CSI report setting, whether the maximum number of transmission layers equals to 4 or can be larger than 4. Since single DCI based NC-JT as specified in Rel-16 supports a up to 4 layers, we do not see a need for reporting more than 4 layers. In addition, since a maximum of 2 layers can be supported per TRP, and hence the rank per TRP can be either 1 or 2, we do not see a need for TRP specific codebook subset restriction (CBSR) for NCJT CSI reporting. Hence,  we have the following two proposals. 
[bookmark: _Toc79191469]Support up to 4 transmission layers for a CSI report associated with a NCJT measurement hypothesis configured with a single CSI report setting. 
[bookmark: _Toc79191470]CBSR and/or RI restrictions per TRP or across TRPs are not supported for NC-JT CSI report.
Another open issue for Option 1, is whether the UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis should be reported jointly as one CSI report or as separate CSI reports. Since the single-TRP measurement hypotheses and the NCJT measurement hypothesis are different hypotheses belonging to the same CSI report setting, the natural solution is to include the sTRP CSI and NCJT CSI in the same report.
[bookmark: _Toc79191471]Support that a UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis reports the X+1 CRIs jointly as one CSI report. 

PMI/RI sharing evaluation results
In this section, we evaluate and compare the performance of two different schemes for the CSI report in DL multi-TRP transmissions:
· Scheme 1 (baseline): RIs and PMIs for NC-JT CSI and two single TRP CSIs are reported separately.
· Scheme 2 (PMI/RI sharing): RIs and PMIs for NC-JT CSI and two single TRP CSIs are shared.
Simulation’s parameters are summarized in Table 3. The evaluations are provided for the Indoor Hotspot scenario where a cluster size of 2 TRPs is assumed. The Indoor Hotspot scenario has 12 ceiling mounted TRPs facing down. The TRPs are partitioned into six fixed coordination clusters with 2 TRPs in each coordination cluster. Each TRP is equipped with two cross polarization Tx antennas and the UEs are equipped with two pairs of dual polarized isotropic Rx antennas. 
[bookmark: _Ref68093091]Table 3 Simulation parameters for the evaluation of CSI reporting schemes for DL multi-TRP transmissions
	Parameters
	Values

	Frequency Range
	4 GHz, SCS: 15 kHz, BW: 10 MHz

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ


	UE Antenna Configuration
	Isotropic antenna (M, N, P) = (1, 2, 2). (dV, dH) = (0.5, 0.5) λ

	Traffic Model
	Non-full buffer

	Transmission scheme
	Up to rank 2 transmission per TRP

	Target BLER
	10%

	Scenario
	Indoor Hotspot, 12 sites, 1TRP/site, 3km/h

	Coordination cluster
	2 TRPs per cluster



The mean and cell-edge user throughput are shown in Figure 6, where the curves labeled with ‘CSI sharing’ correspond to Scheme 2.  It can be seen that system performance is almost identical for the two schemes.  

[image: Chart, line chart

Description automatically generated][image: Chart, line chart

Description automatically generated]
(a)Mean user throughput	          			(b) Cell-edge user throughput
[bookmark: _Ref71658613]Figure 6:  System performance with and without RI/PMI sharing (Scheme 1 is shown in blue and Scheme 2 is shown in orange).





[bookmark: _Toc68176491][bookmark: _Toc68615739][bookmark: _Toc68616133][bookmark: _Toc68616287][bookmark: _Toc68616355][bookmark: _Toc68616392][bookmark: _Toc68616539][bookmark: _Toc68616637][bookmark: _Toc68615741][bookmark: _Toc68616135][bookmark: _Toc68616289][bookmark: _Toc68616357][bookmark: _Toc68616394][bookmark: _Toc68616541][bookmark: _Toc68616639][bookmark: _Toc68615742][bookmark: _Toc68616136][bookmark: _Toc68616290][bookmark: _Toc68616358][bookmark: _Toc68616395][bookmark: _Toc68616542][bookmark: _Toc68616640][bookmark: _Toc68615743][bookmark: _Toc68616137][bookmark: _Toc68616291][bookmark: _Toc68616359][bookmark: _Toc68616396][bookmark: _Toc68616543][bookmark: _Toc68616641][bookmark: _Toc61874747][bookmark: _Toc61874756][bookmark: _Toc61874759][bookmark: _Toc61874768][bookmark: _Toc54298463][bookmark: _Toc54360120][bookmark: _Toc54370428][bookmark: _Toc54370474][bookmark: _Toc54351681][bookmark: _Toc54354164][bookmark: _Toc54365760][bookmark: _Toc54369795][bookmark: _Toc54371471][bookmark: _Toc54371503][bookmark: _Toc54371535][bookmark: _Toc54372438][bookmark: _Toc54294537][bookmark: _Toc54298449]Conclusion
In this contribution, we have discussed some design issues related to enhanced type 2 codebook design based on some reciprocity properties in FDD systems and also CSI feedback for PDSCH transmissions over multi-TRP. Based on the discussion, we have the following observations:
Observation 1	The necessary condition for NZC bitmap being absent is that the transmission rank has to be 1 and .
Observation 2	Having having  for rank > 1 may not be justified.
Observation 3	When  and rank = 1, reporting all the coefficients provides a decent gain with small increase in overhead comparing to .
Observation 4	The  value does not affect overhead for Rel-17 Type II PS codebook. Having  as large as the CQI subband size gives the best performance without significantly increase UE complexity. I single R value is preferred to avoid unnecessary many options for this feature.
Observation 5	For the typical scenarios where NCJT is beneficial, performance evaluations show that there is very little performance difference between the following two cases: (1) RI/PMIs are shared between NC-JT CSI and single-TRP CSI, and (2) RI/PMIs are not shared between NC-JT CSI and single-TRP CSI.
Observation 6	There is significant CSI overhead savings with RI/PMI sharing when compared to the case where RI/PMI are not shared between NC-JT CSI and single-TRP CSI (e.g., 27% overhead reduction when TRPs are equipped with 2 ports).
Based on the discussion in the previous sections and these observations, we propose the following:
Proposal 1	Support reuse of the Rel-16 quantization mechanism and the reserved state is kept reserved.
Proposal 2	For rank 1 transmission, when   is configured, then UE reports all  coefficients and the resulting NZC bitmap is all ones and is therefore not reported.
Proposal 3	Support Alt 1-1: Reporting of the position, [il*, fl*], of the strongest coefficient of layer l, using ceil(log2(K1*Mv)) or ceil(log2(K1))+ceil(log2(Mv)) bits.
Proposal 4	Support of   is not justified.
Proposal 5	Support Alt.2-1: N >= Mv, Wf  is layer-common and reported by UE for N>Mv. Furthermore, support  for  and  for 
Proposal 6	Support a single  value to avoid unnecessary introduction of UE capabilities and fragmentation, for example  or , where  is the CQI subband size.  is preferred.
Proposal 7	For rank 2 transmission, the layer-common parameters include the selected SD and FD bases, and the configured FD window, while the layer-specific parameters include NZC bitmap, quantized coefficients polarization reference amplitude and SCI.
Proposal 8	Rank 3 and 4 transmissions have lower priority for standardization.
Proposal 9	Support Alt.1, i.e. the default value (Ks,max) of the maximum number of NZP CSI-RS resources configured for CMR is equal to 4, for both FR1 and FR2.
Proposal 10	For CSI measurement associated with a CSI-ReportConfig for NC-JT, support Alt.1 , i.e., dynamic update of CMR pairs for NC-JT measurement hypothesis using MAC CE.
Proposal 11	Do not support Alt.2, i.e. do not support higher layer signalling to dynamically update CMRs for sTRP measurement hypotheses.
Proposal 12	Support Alt.3, i.e. use RRC signalling to enable/disable sharing of CMRs between single-TRP measurement hypothesis and NCJT measurement hypothesis
Proposal 13	For a CSI report containing both NC-JT CSI and single-TRP CSIs (e.g., Option 1 with X =1, 2) associated with the same CMRs, support  RI/PMI sharing between the NC-JT CSI and single-TRP CSIs
Proposal 14	Support NC-JT CSI omission under certain conditions when X=1 or 2 is configured with omission indicated in a CSI report.
Proposal 15	Support up to 4 transmission layers for a CSI report associated with a NCJT measurement hypothesis configured with a single CSI report setting.
Proposal 16	CBSR and/or RI restrictions per TRP or across TRPs are not supported for NC-JT CSI report.
Proposal 17	Support that a UE configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis reports the X+1 CRIs jointly as one CSI report.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref31185007][bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Ref79170446]RP-193133, New WID: Further enhancements on MIMO for NR, Samsung, RAN#86, Sitges, Dec. 2019 
[bookmark: _Ref71657060][bookmark: _Ref54372311][bookmark: _Ref79151909]R1-1902857, Additional evaluation results for NC-JT with 4Tx ports per TRP under indoor scenario, Ericsson, RAN1#96, February 2019.

	4/4	

image3.emf
1.6

1.4

1.2

Mean UPT gain (%)
o
(0] =

o
o

0.4

0.2

Gain with increased N comparing to N =2, M,, = 2

N=4M, =2










M

e

a

n

 

U

P

T

 

g

a

i

n

 

(

%

)


image4.emf
Mean UPT gain

Mean UPT vs UL overhead, BW = 20 MHz

14—
1.35
1.3
1.25 —
1.2 —
1.15 —
-5 Rel-16, Posr_rs = 32, comb 1-6
1.1 -e-Rel 16 PS PCSI RS — 32 comb 1-6
—Rel-17 PS, Pogr_ps = 16, K, = 16, 8 =[0.25,0.5,1], M =2, R = 8
—+-Rel-17 PS, Pcsr_rs = 16, K1 = 16, 3 =1[0.25,0.5,1], M =2, R = 4
Los L -4 Rel-17 PS, Pogr_ps = 16, K, = 16, 8 =[0.25,0.5,1],M =2, R =1
| <k-Rel-17 PS, Posr_ps = 32, K, = 16, 8 =1[0.25,0.5,1],M =2, R = 8
—%-Rel-17 PS, Pcsr_rs = 32, K1 =16, 3 =1[0.25,0.5,1], M =2, R = 4
-3 Rel- 17 PS, Posi—rs = 32, K, = 16, 3 =1[0.25,0.5,1],M =2, R =1
1 I [ [ |
50 100 150 200 250 300

UL payload (bits)









50 100 150 200 250 300

UL payload (bits)

1

1.05

1.1

1.15

1.2

1.25

1.3

1.35

1.4

M

e

a

n

 

U

P

T

 

g

a

i

n

Mean UPT vs UL overhead, BW = 20 MHz


image5.png
TRP1

TRP4




image6.png
Mean User Throughput [bps/Hz/user]

—e—Baseline
&~ CSl sharing

05

Mean User Throughput vs. Served Traffic

1 15
Served Traffic [bps/Hz/macro cell]

25




image7.png
w S o >

Cell-edge User Throughput [bps/Hz/user]

05

Cell-edge User Throughput vs. Served Traffic

1 15
Served Traffic [bps/Hz/macro cell]

~e—Baseline
~&—CSl sharing

25




image1.emf
1.2

1.15

1.1

1.05

=

Mean UPT gain

o
©

0.85

0.8

0.75

Mean UPT vs UL overhead for g = [0.25,0.5,0.75, 1]

i —-o—-P=K{=8M,=1 | _
—+—P=K;=16,M, =1

- P=K{ =8 M,=2 | -
=P =K =16,M, =2

0 5IO 1(I)0 15IO 2(I)0

UL payload (bits)

250









0 50 100 150 200 250

UL payload (bits)

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

M

e

a

n

 

U

P

T

 

g

a

i

n


image2.emf
Mean UPT vs UL overhead, BW = 20 MHz, rank 1

1.05 -
43
1 -
- —
'©
(@))
|_
% 0.95
@
(D)
=
0.9 -
—o—Full SRS BW, M, = [1,2,4]
—+—Half SRS BW, M, = [1,2,4]
0.853.00 15IO 2(I)O ZéO 3(I)O 3é0 4(I)0 4é0 5(I)0 5é0

UL payload (bits)









100 150 200 250 300 350 400 450 500 550

UL payload (bits)

0.85

0.9

0.95

1

1.05

M

e

a

n

 

U

P

T

 

g

a

i

n

Mean UPT vs UL overhead, BW = 20 MHz, rank 1



 


1


/


2


 


 


 


3GPP TSG


-


RAN WG


1


 


Meeting 


#


10


6


-


e


 


Tdoc 


R


1


-


2108071


 


e


-


Meeting


, 


August


 


16


th


 


–


 


2


7


th


, 202


1


 


Agenda Item:


 


8.1.


4


 


Source:


 


Ericsson


 


Title:


 


CSI enhancements for Multi


-


TRP and FR1 FDD reciprocity


 


 


Document for:


 


Discussion


 


1


 


Introduction


 


The WID


 


[1]


 


 


objective 4 states a task for evaluating (and, if needed, specifying) enhancements of NR CSI in 


two parts:


 


4.


 


Enhancement on CSI measurement and reporting:


 


a.


 


Evaluate and, if needed, specify CSI reporting for DL multi


-


TRP and/or multi


-


panel 


transmission t


o enable more dynamic channel/interference hypotheses for NCJT, targeting 


both FR1 and FR2


 


b.


 


Evaluate and, if needed, specify Type II port selection codebook enhancement (based on 


Rel.15/16 Type II port selection) where information related to a


ngle(s) and de


lay(s) are 


estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the 


remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade


-


off 


among UE complexity, performance and reportin


g overhead


 


 


2


 


CS


I for FR1 FDD reciprocity


 


FL plan for this meeting is 


 


·


 


Finalize remailing opening issues of W


1


, W


2


 


and W


f


, in section 2.1, 2.2, 2.3, at least for Rank 1. 


 


·


 


Kick off rank 2 design, with some agreements for design principles up to rank 


2,  and considerations 


for specific codebook parameters 


 


·


 


Confirm whether to support rank 3 and 4 at high level for Rel


-


17 PS CB, but no detailed 


discussion/design in RAN1 106. 


 


 


2.1


 


W


1


 


design


 


for


 


at least rank 1


 


Latest agreements are


 


Agreement


 


For PS codebook enhancements utilizatio


n DL/UL reciprocity of angle and/or delay, 


 


·


 


W


1


 


?


 


N^{P×K


1


} (K


1


=


P) is a port selection matrix in order to freely select K


1


 


ports out of P CSI


-


RS 


ports or K


1


/2 ports out of P /2 CSI


-


RS ports 


 


·


 


Note that P is the number of CSI


-


RS ports for port selection (whose


 


value depends on the outcome 


of the CSI


-


RS related study). 


 


 


Agreement


 


For rank=1, polarization


-


common based free


-


selection should be supported for 


W


1


.


 


�


 


FFS: Whether there is a need to restrict the number of CSI


-


RS ports for which this i


s supported


 




  1 / 2       3GPP TSG - RAN WG 1   Meeting  # 10 6 - e   Tdoc  R 1 - 2108071   e - Meeting ,  August   16 th   –   2 7 th , 202 1   Agenda Item:   8.1. 4   Source:   Ericsson   Title:   CSI enhancements for Multi - TRP and FR1 FDD reciprocity     Document for:   Discussion   1   Introduction   The WID   [1]     objective 4 states a task for evaluating (and, if needed, specifying) enhancements of NR CSI in  two parts:   4.   Enhancement on CSI measurement and reporting:   a.   Evaluate and, if needed, specify CSI reporting for DL multi - TRP and/or multi - panel  transmission t o enable more dynamic channel/interference hypotheses for NCJT, targeting  both FR1 and FR2   b.   Evaluate and, if needed, specify Type II port selection codebook enhancement (based on  Rel.15/16 Type II port selection) where information related to a ngle(s) and de lay(s) are  estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the  remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade - off  among UE complexity, performance and reportin g overhead     2   CS I for FR1 FDD reciprocity   FL plan for this meeting is       Finalize remailing opening issues of W 1 , W 2   and W f , in section 2.1, 2.2, 2.3, at least for Rank 1.       Kick off rank 2 design, with some agreements for design principles up to rank  2,  and considerations  for specific codebook parameters       Confirm whether to support rank 3 and 4 at high level for Rel - 17 PS CB, but no detailed  discussion/design in RAN1 106.      2.1   W 1   design   for   at least rank 1   Latest agreements are   Agreement   For PS codebook enhancements utilizatio n DL/UL reciprocity of angle and/or delay,       W 1   ?   N^{P×K 1 } (K 1 = P) is a port selection matrix in order to freely select K 1   ports out of P CSI - RS  ports or K 1 /2 ports out of P /2 CSI - RS ports       Note that P is the number of CSI - RS ports for port selection (whose   value depends on the outcome  of the CSI - RS related study).      Agreement   For rank=1, polarization - common based free - selection should be supported for  W 1 .      FFS: Whether there is a need to restrict the number of CSI - RS ports for which this i s supported  

