
[bookmark: _Hlk111121651][bookmark: _GoBack]3GPP TSG RAN WG1 #113	R1-2304465
Incheon, Korea, May 22nd – May 26th, 2023

Source:	vivo
Title:	Discussion on CSI enhancement for high-medium UE velocities and coherent JT
Agenda Item:	9.1.2
[bookmark: _Hlk68769486]Document for:	Discussion and Decision
Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Following two objectives related to CSI enhancement are listed in MIMO Evolution for Downlink and Uplink WID [1].
	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
4.	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
-	SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
-	Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we discuss CSI enhancement for high-medium UE velocities and coherent JT(CJT) within the above WID scope.
[bookmark: _Ref118709366]Views on CSI enhancement for high/medium UE velocities
Leftover of Type II Doppler CSI enhancements
EPRE of CSI-RS and PDSCH
Ratio of PDSCH EPRE over CSI-RS EPRE - powerControlOffset
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one


The parameter powerControlOffset is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE perform CQI calculation. In last meeting, how to determine the assumption of powerControlOffset toward multi-CSI-RS resources were discussed and two alternatives are proposed for down selection. 
· Regarding Alt1, powerControlOffset value described in above agreement is same for all the K CSI-RS resources. Such restriction for CSI-RS configuration would result in inflexibility. First of all, for a particular Rel-18 UE, these resources cannot be reused for other types of CSI reports. Furthermore, huge Rel-15 UEs have resided in current network and many AP-CSI-RS resources with different parameters related to power control are usually configured taking respective condition of UEs’ wireless channels into account. In the future, when more Rel-18 UEs supporting the feature of CSI prediction are introduced, lots of K NZP AP CSI-RS resources in a burst would be configured which shall increase the CSI-RS overhead of network if there is no consideration on CSI-RS reuse between UEs. 
· Regarding Alt2, which can address the issue of Alt1 by sharing CSI-RS between multiple CSI types for one UE, and between legacy UEs and Rel-18 UEs. For example, among these K NZP AP CSI-RS resources for Rel-18 UE, the first CSI-RS can be shared with Rel-15 UE1, the second on can be shared with Rel-15 UE2, and so on, which is illustrated in Figure 1, where some parameters related to power control for the K CSI-RS can be different and Rel-18 UE only takes the first one out of K CSI-RS resources as reference to determine EPRE.


[bookmark: _Ref134812116]AP CSI-RS resources sharing
[bookmark: _Ref134955352] On PDSCH EPRE assumption for CSI prediction, Alt 2 is preferable.  

Ratio of CSI-RS EPRE over SSB EPRE – powerControlOffsetSS
The real Tx power of the multiple CSI-RS resources can be different, which is determined by the power offset between CSI-RS and SSB, i.e., powerControlOffsetSS. UE generally needs to make sure CSI prediction is performed assuming same Tx power for CSI-RS, otherwise the prediction performance is unpredictable/unreliable. 
Let’s take two CSI-RS resources as a simple example. 
· Assume powerControlOffsetSS configures 6dB power difference between CSI-RS occasion 1 and CSI-RS occasion 2. 
· The channel on CSI-RS occasion 1 is H1, and the channel on CSI-RS occasion 2 is H2. 
Then the received RS of CSI-RS occasion 1 is y1 = H1, and the received RS of CSI-RS occasion 2 is y2 = 2*H2. UE has two ways to eliminate the impact of Tx power for predicting future channel, which depends on UE’s implementation.
a)  Use [y1, y2/2] to perform CSI prediction
b)  Use [2*y1, y2] to perform CSI prediction
As we can see, using a) or b) will impact the power of the predicted channel. 
Hence, even though a common powerControlOffset is used, using a) or b) will impact the final CQI derivation as the power of the predicted channel is different for a) and b). Thus, to ensure no ambiguity between gNB and UE for CQI derivation based on predicted channels, powerControlOffsetSS also needs to be limited as same.
[bookmark: _Ref134955356]For Type II Doppler enhancements, a common powerControlOffsetSS is assumed for all the K configured CSI-RS resources comprising the CMR

CPU, active resource/ports and Z/Z’
CPU
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, UE-side prediction based on multiple CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and, when the configured N4 value is >1, DD compression (when the configured N4 value is >1) 


On the Type II codebook enhancement for CSI prediction, four potential processing in UE chipset may be introduced shown in Table 1. It is natural that the required number of CPUs should be extended.
[bookmark: _Ref134955862]Extra Processing 
	P0
	Perform channel estimation based on active multi-CSI-RS resources/ports. 

	P1
	Training for coefficients of prediction filter, e.g. based on LMMSE, AR or AI. 

	P2
	Perform channel prediction for N4 occasion in the future 

	P3
	Almost N4 times precoder and Type-II codebook calculation, except selected SD basis and FD basis are shared

	P4
	Select DD basis for W2 compression


Based on table 1, the practical cost of hardware not only depends on how many (represented by K) active CSI-RS resources/ports occasions are measured in CMR but also how many Type-II codebooks (represented by N4) are calculated for CSI reporting.  
· For AP CSI-RS resources, K resources are to be triggered per the current agreements. Further, legacy behavior determines the number of CPUs based on the number of CSI-RS resources. Hence legacy behavior can be reused for AP CSI-RS, except the number of CPUs can depends on the scaling of K, where the scaling factor can be reported by UE to reflect the extra UE processing in Table 1.
· For P/SP CSI-RS, as only 1 resource is supported. Hence if we follow legacy behavior, only 1 CPU occupied will significantly underestimate the UE processing cost. In this case, the number of CPU can depend on the scaling of N4, and UE can report the scaling factor to reflect the UE processing in Table 1. 
[bookmark: _Ref134955359] For the determination of number of CPUs for Type II Doppler enhancements 
For AP CSI-RS, the number of CPUs depends on the scaling of K, where K is the number of configured CSI-RS resources.
For P/SP CSI-RS, the number of CPUs depends on the scaling of N4.

Further, for P/SP CSI-RS based CSI prediction report, as UE does not know when gNB will send the triggering DCI, UE has to be always prepared to perform prediction CSI operations as defined in Table 1. This will cost extra UE complexity and storage need. Hence there is some discussion in last meeting to limit that the used P/SP CSI-RS occasions are to be after DCI. However, totally forbidding the utilization of P CSI RS occasions before triggering DCI will cause larger delay for the CSI report, which eliminates the benefit of using P CSI RS. Further, NW does not know whether sufficient number of samples are provided to UE for prediction.
Hence we think some further relaxations can be specified for P/SP CSI-RS based CSI prediction. For example, to make the start of CPU occupation earlier than DCI, e.g., SP slots before the triggering DCI, where SP is a fixed value/UE capability, can help to reflect UE’s processing effort before DCI triggering. With this relaxation for CPU occupation, gNB needs to ensure the CPU in any time instance won’t exceed the total CPU number during the CPU occupation time, otherwise UE cannot update the CSI when receiving the DCI triggering. An example of such CPU occupation time relaxation is depicted in Figure 2.
[image: ]
[bookmark: _Ref134954832]An example of proposed CPU occupation time relaxation for P/SP CSI-RS based CSI prediction
[bookmark: _Ref134955362]Do not limit the used P/SP CSI-RS occasions for CSI prediction report to be after DCI.
Proposed further relaxation: For P/SP CSI-RS based CSI prediction report, the CPU occupation starts from SP slots before the triggering DCI, where SP is a fixed value/UE capability.

Active resources/ports
Another important factor which reflects UE’s cost to implement CSI report is the number of active resources/ports. The number of active resources/ports reflect UE’s buffer size to process CSI-RS samples. They are specified as the supported triplets {max number of active resources, max number of ports per active resource, max number of total active ports} reported in UE capability. All the configured P CSI-RS resources, activated SP CSI-RS resources and triggered AP CSI-RS resources are counted per codebook type. 
For Type II Doppler CSI, UE needs to buffer multiple occasions of CSI-RS samples to perform CSI prediction, which is the measurement window per previous agreement. 
· For AP CSI-RS for Type II Doppler codebook, such measurement window is specified as K resources for one CSI report, which will count as K active resources per legacy definition. This is sufficient to reflect the UE storage need.  
· For P/SP CSI-RS, only one resource is supported for CSI prediction. It counts as one for CPU/active resources occupation if we follow the current specification. This does not reflect the UE storage cost on using multiple occasions to perform CSI prediction. Hence, it is critical to extend the number of counted active resources for P/SP CSI-RS. One simple way is to define KP as the number of active resources counted for one P/SP CSI-RS resources for Type II Doppler codebook, and KP>1 can be determined based on UE capability. Further, as UE needs to store N4 precoder matrices as well, KP can depend on N4. 
[bookmark: _Ref134955377] For Type II Doppler codebook, one P/SP CSI-RS resource counts as KP >1 active resources, where KP is determined by UE capability and can depend on N4. 

Z/Z’
Regarding Z/Z’, once the numbers of CPU and active resources are extended, it seems not necessary to enlarge the value of Z/Z’. As Z/Z’ is the minimum required time for CSI processing, to reuse legacy seems fine as Z’ is to be defined as the last symbol of the K triggered CSI RS resources. Hence we think legacy value can be reused.
Other issues
· Issue1: Taking which CSI reporting slot as reference to determine the location of WCSI for PUSCH repetitions
In RAN1 #110bis, the starting slot of CSI reporting window WCSI can be CSI reference slot or slot (n+δ) where CSI reporting slot is located in slot n. In Rel-17, when A-CSI or SP-CSI are transmitted on PUSCH configured with repetition, where some repetition occasion(s) are associated to first SRS resource, and some other repetition occasion(s) are associated to second SRS resource, the CSI are transmitted only on first PUSCH repetition corresponding to the first SRS resource and the first PUSCH repetition corresponding to the second SRS resource. In other words, the number of A/SP-CSI repetition is carried in two slots. In this case, taking which CSI reporting slot n as reference should be discussed for Rel-18 Doppler CSI.
The introduction of parameter δ mainly aims to ensure the CSI reporting (e.g. PMIs) are close to the PDSCH scheduling slots as much as possible, since the timeline of processing in PHY is at least later than the last reporting slot, then the decoding bits are transferred to MAC for further parsing which also costs some time. When CSI are transmitted in different slots, it is better to take the latter repetition as the reference as illustrated in Figure 3, because gNB may decode the CSI successfully after both CSI repetitions are received.


[bookmark: _Ref134955924]latter CSI reporting repetition as reference
[bookmark: _Ref134955380]In case of CSI reporting repetition, taking the latter repetition slot as reference to determine the location of WCSI.
· Issue2: How to cope with AP CSI-RS occasion
In general, K various AP CSI-RS resources spaced uniformly with m slots between two consecutive CSI-RS occasions are pre-configured by RRC and dynamically triggered by one DCI. Clearly, UE can measure all CSI-RS resource occasions in the burst for CMR in case of FDD system. For TDD system, perhaps some CSI-RS occasion(s) are not received in flexible/DL symbols overridden dynamically to UL symbols by DCI format 2-0 due to the consideration about flexible scheduling in real NW. Once the implementation of training or prediction based on the AP CSI-RS burst is interrupted, the channel measurement performance is degraded. Even though the channel of the dropped CSI-RS occasions can be acquired by some interpolation algorithms, the accuracy of channel would be reduced especially if the number of occasion dropping is not small.
We propose a solution to relieve the impact of CSI-RS dropping as illustrated in Figure 4. If the original symbol carrying one of the triggered AP CSI-RS occasions is changed to UL symbols, this dropped CSI-RS can be transmitted in a valid DL symbol close to this invalid symbol in the same slot. Such CSI-RS symbol shifting can be restricted in a predefined range to ensure the interval of two adjacent CSI-RS occasions is similar to m slots which has marginal impact on the training coefficients and prediction performance.


[bookmark: _Ref134955942]Shift CSI-RS occasion in case of CSI-RS dropping

[bookmark: _Ref134955383] CSI-RS symbol shifting can be introduced when CSI-RS is to be dropped due to being configured in UL symbols.

Leftover of TDCP

	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases
Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}


On the quantization of amplitude for TDCP, many various schemes are listed for down selection. In our mind, over-design cannot bring deserved improvement of performance, therefore, we prefer down-selection between Alt1/2/3. We plot the quantized amplitude levels for Alt 1/2/3 in Figure 5.
[image: ][image: ]
[image: ]
[bookmark: _Ref134812972]Comparison between Alt1/2/3
In order to calculate the correlation in time domain, the channel estimation for CSI-RS resources should be executed and the accuracy of estimated H is mainly subject to the SNR range and interference in real implementation, therefore, the quantization grids between [1~0.9] should not be set too dense since the minor error during channel estimation would affect correlation amplitude quantization. If we want to improve the resolution for lower velocities e.g. 3km/h, 10km/h, the larger lags can be configured to keep robust performance. 
[bookmark: _Ref134955313]It is difficult to precisely distinguish the dense grids between [1~0.9] since which can be affected by the error of channel estimation subject to the SNR range and interference.
Therefore, all of curves in Alt1 and Alt3(except s=1/4) should be precluded since dense quantization near to 1 is involved. In Alt 2, the curve in case of s=1/2 seems more moderate comparing with other s values. 
[bookmark: _Ref134955390] For amplitude of TDCP, support Alt2 with s=1/2 or Alt3 with s=1/4.  

	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator 
· Alt2. 3-bit (8-PSK) uniform quantization
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK 
· Exponential: legacy Rel.16 amplitude,  or 
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1 
· 
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
· Alt6. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay and p(.) denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2:      
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of 


As an option feature, the phase can be configured to be absent for all the Y delays even Y>1. Obviously, phase information plays a secondary role to represent TDCP comparing with amplitude information, over-design for phase quantization is certainly not desired. In addition, the range of phase rotation depends on multiple factors, one is the value of residual frequency offset due to the effect of crystal oscillator and the effect of doppler shifts from different paths, another one is the delay value where smalle residual frequency offset and large delay also cause large phase value. Further, in case of NLoS scenario, lower SNR or higher interference, the residual frequency offset cannot be converged to zero or smaller value, one the contrary, which is a larger value possibly causing phase rotation with multifold-2pi and arbitrary value can be acquired. It is also hard for UEs to accurately distinguish multiple real paths in wireless channel even multiple lag values are defined. In summary, uniform phase quantization is the most valid and simplest approach.
[bookmark: _Ref134955394] For phase of TDCP, support Alt2 or Alt3.

Views on CSI enhancement for coherent JT
In the previous RAN1 meeting, RAN1 achieved good progress on topics for CJT CSI enhancement. In the following sub-sections, our further views are provided.
PMI acquisition
We discuss W2-related and Wf-related issues in this section.
FD basis selection offset
On the 	FD basis selection offset for Mode1 CB structure, the following agreements were achieved in the RAN1 #112b.
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, support the use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 
Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the N selected CSI-RS resource(s)
· FFS: Whether more refined definition is needed for “the first”, e.g. related to the ordering of CSI-RS resources in the resource set, depending on RAN2 outcome




One of the remaining issues is the UCI design for . For the basic feature, it is straightforward that  bits are used to indicate the layer-common FD basis selection offset. For the optional feature, it may have two approaches for UCI design.
Approach 1: use a bit string consisting of  bits, where each codepoint associate with a  value in , to indicate each of the N-1 offsets. 
Approach 2: use two separate bit strings consisting of  bits and  bits respectively, where total bit length is , to indicate the integer part and the fractional part of a  value, separately. 
 It is obvious that the two approaches have same payload.  As Approach 1 does not need to introduce a new UCI field for PMI to indicate the fractional part of , we support Approach 1.
[bookmark: _Ref134955401]Support to use a bit string consisting of  bits to indicate each FD basis offset, where each codepoint associate with a value in  .

The quantization of W2
Regarding the design of W2, the main remaining issue is the WA shown below for quantization, which is whether to confirm extra support of Alt 3.
	Proposal 1.B.1: On the Type-II codebook refinement for CJT mTRP, revert the following working assumption: 
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported



Evaluation is needed to confirm whether Alt 3 has benefits in non-collocated scenarios and/or 500m ISD. The following assumption for PMI payload is adopted in our simulation. 
PMI payload assumption
	
	Mode1(Separate SD/FD)
	Mode2(Separate SD, joint FD)

	Alt1
(Cgroup,phase=1, Cgroup,amp=2, 1SCI)
	1) Layer-common delay offset indicator is introduced with a bit length of .
	-

	Alt3
(Cgroup,phase=1, Cgroup,amp=2N, 1 SCI)
	1) Layer-common delay offset indicator is introduced with a bit length of  
2) The polarization reference amplitude indicators are introduced with a bit length of 4.
	1) The polarization reference amplitude indicators are introduced with a bit length of 4.

	Note: the other PMI parameters follow the current conclusions for CJT.



For mode1 codebook structure, the basic feature of agreement shown in section 3.1.1 is assumed in our simulation. The other simulation parameters are shown in the Appendix. Besides, common paramCombination-r16 for all N CSI-RS resources is assumed. Evaluation results for overhead and performance are given in the following figures for different scenarios and CJT codebook modes.
[image: ]
[image: ]
Cell mean SE of different combinations of codebook modes and W2 design alternatives.
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Cell mean SE of different combinations of codebook modes and W2 design alternatives.
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[bookmark: _Ref115267938]Cell mean SE of different combinations of codebook modes and W2 design alternatives.

[bookmark: _Ref118709558][bookmark: _Hlk134955461]Alt3 shows negligible performance improvement over Alt1 for the scenario with 500m ISD and the high payload case of the scenario with 200m ISD.
[bookmark: _Ref118709560]Combining the payload and the SE gain, Alt1 outperforms Alt 3.
[bookmark: _Ref134955337]Alt 3 does not show benefit over Alt 1 in either Mode 1 or Mode 2.
According to the evaluation results, we support Alt1, i.e., Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups, for the W2 quantization group and SCI design. Hence we have the following proposal to revert the WA on Alt 3.
[bookmark: _Ref115337077]Revert the WA on the support of Alt 3, i.e., support Alt1 only (Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups) for the W2 quantization and SCI design.
CSI processing
The following agreement about CSI processing was agreed in the last e-meeting.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· Note: The fall-back of gNB configuring NL=1 is supported



[bookmark: OLE_LINK3][bookmark: OLE_LINK4]On the Type-II codebook refinement for CJT mTRP, channel matrix corresponding to up to 4 TRPs and 128 CSI-RS ports is to be processed by UE. Therefore, the complexity of UE to process CJT CSI is higher than legacy CSI and the required number of CPUs need increase. The legacy rule for CPU calculation depends on the number of configured CMRs, allowing up to 4 CPUs for CJT CSI acquisition if we follow this rule. Obviously, for calculation of Type-II codebook, that underestimates the required UE processing cost. Besides, it may have NL SD basis selection hypotheses according to the design of CJT codebook. As typical UE implementation performs SVD after SD projection to reduce the SVD size, NL>1 means UE needs to perform SVD multiple times to get the best Ln combinations. Therefore, the required number of CPUs should be related to the number of {Ln} combinations in addition to the number of CMR.
In our view, for NL = 1, the legacy rule that the required number of CPUs related to the number of CMR can be reused. For NL > 1, a CJT CSI report should occupy more CPUs and the increment depends on the NL.
[bookmark: _Ref134955413]For NL = 1, the legacy rule that the required number of CPUs related to the number of CMR is reused. For NL > 1, a CJT CSI report occupies more CPUs and the increment depends on the NL.
For CSI computation time, i.e, Z/Z’, and active resources/ports, we support reusing the legacy definition/values.
[bookmark: _Ref134955415]Support reusing the legacy definition/values for Z/Z’ and active resources/ports for CJT.
With an increase in the number of CPUs occupied by CJT CSI, there is a potential issue that the limited number of total CPUs associated with a UE can be easily exceeded, resulting in non-update of a CJT CSI report and thus inflexible scheduling due to invalid CSI information. Therefore, to enhance flexibility, utilizing remaining CPUs to update a MTRP CSI with partial CMRs can be considered, when the number of remaining CPUs is not sufficient to accommodate the required number of CPUs for a full CJT CSI report. For example, if the remaining number of CPUs is 3, and the required number of CPUs is 4 and NTRP=4, UE can still report a CJT CSI corresponding to the first 2 or 3 CSI-RS resources to fit into the remaining 3 CPUs so that gNB can have some useful CSI.
[bookmark: _Ref134955418]To enhance flexibility, utilizing remaining CPUs to update a CJT CSI with a subset of the NTRP configured CMRs can be considered, when the number of remaining CPUs is smaller than the required number of CPUs for a full CJT CSI report.
EPRE
The agreement regarding EPRE, as presented below, was reached during the previous e-meeting.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation



For legacy CQI calculation assumption, the UE should assume that PDSCH signals on antenna ports in the set [1000,…, 1000+ν-1] for ν layers would be modelled as signals derived from corresponding signals transmitted on CSI-RS antenna ports [3000,…, 3000+P-1], as given by
                                      (1)
where is a vector of PDSCH symbols after layer mapping, P is the number of CSI-RS ports. Because the corresponding PDSCH signals transmitted on antenna ports [3000,…,3000 + P - 1] would have a ratio of EPRE to CSI-RS EPRE. The formula above can be rewritten as
                                (2)
wher PCO is given by RRC parameter powerControlOffset. Same powerControlOffset for all CSI-RS ports can facilitate gNB’s controlling to adjust the SNR range to fit into CQI quantization range. Further, due to same powerControlOffset for all CSI-RS ports, UE can calculate the PMI by the raw channel estimated by CSI-RS or the effective channel obtained by multiplying the raw channel by , which does not destroy the orthogonality of PMI.
For CJT CQI calculation assumption, the signal model based on (2) is given as follows
             (3)
where  is given by RRC parameter powerControlOffset associated with CMR i.
On Alt1, different CSI-RS ports may have different powerControlOffset, so the orthogonality of PMI may be ruined if UE can calculate the PMI by the raw channel. Further, different powerControlOffset values for CSI-RS resources may affect the PMI acquisition and make it difficult for gNB to achieve the desired SNR range. For Alt2/3/4, a same powerControlOffset is configured for all CSI-RS resources and the basic design or the advantages can be reserved. However, this design may lose some flexibility of CMR configuration. Besides, compare to Alt2, Alt3/4 have more specification impacts. For Alt5, powerControlOffset in one of the configured NTRP CSI-RS resources is applied for all CSI-RS resources. The basic design or the advantages can be reserved. At the same time, compare to Alt.2, Alt.5 facilitates CSI-RS resource reuse, i.e., the resources configured for CJT CSI can be reused for other CSI reports. Therefore, our first preference is Alt5, and second preference is Alt.2.
[bookmark: _Ref134955423]Support Alt.5 as the first preference, and the second preference is Alt.2.
Further restrictions
TRP selection
The following conclusion regarding TRP selection restriction was discussed. To reduce UE computational complexity, the current mechanism for TRP selection is sufficient. There is no need to further introduce RRC configured TRP selection restriction.
	Conclusion 1.F.6: On the Type-II codebook refinement for CJT mTRP, there is no consensus on supporting other RRC-configured TRP selection restriction(s)



[bookmark: _Ref134955426]On TRP selection restriction, support Conclusion 1.F.6, i.e., there is no consensus on supporting other RRC-configured TRP selection restriction(s).
CMR
On further restriction on CMR, a remaining issue is whether an ordering of CSI-RS port indices for CSI calculation and more refined definition for “the first” is needed.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation
Agreement
[bookmark: _Hlk134542520]On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the N selected CSI-RS resource(s)
· FFS: Whether more refined definition is needed for “the first”, e.g. related to the ordering of CSI-RS resources in the resource set, depending on RAN2 outcome



In our view, an ordering of NTRP CMRs is sufficient to solve the issues mentioned above. A direct approach would be to order the CSI-RS resources in the resource set according to RAN2 configuration, which also widely used in current specification, such as CRI report. Besides, this rule can also be used for UCI omission mechanism and PMI/CQI acquisition.
[bookmark: _Ref134955346][bookmark: _Hlk134955495]On ordering of CMRs or CMR ports,
Defining ordering of NTRP CMRs is sufficient and there is no need to introduce ordering of CSI-RS port indices.
The ordering of NTRP CMRs can also be used for UCI omission mechanism and PMI/CQI calculation.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For example, for CQI calculation, the indices 𝑗=1,2,…, NTRP  are sequentially associated with the NTRP CSI-RS resources configured in the corresponding CSI-RS Resource Set used for channel measurement. the UE should assume that PDSCH signals on antenna ports in the set [1000,…, 1000+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1] of CSI-RS resource j, as given by

or 

where is a vector of PDSCH symbols from the layer mapping, P is the number of CSI-RS ports of a CSI-RS resource.  are the precoding sub-matrix corresponding to the CSI-RS j applicable to 𝑥(𝑖).
[bookmark: _Ref134955430]Support to order the CSI-RS resources in the resource set according to RAN2 configuration.
Conclusions 
To summarize, we have following observations and proposals.
CSI enhancement for high/medium UE velocities:
Observation 1: It is difficult to precisely distinguish the dense grids between [1~0.9] since which can be affected by the error of channel estimation subject to the SNR range and interference.
CSI enhancement for coherent JT:
Observation 2:	Alt3 shows negligible performance improvement over Alt1 for the scenario with 500m ISD and the high payload case of the scenario with 200m ISD.
Observation 3:	Combining the payload and the SE gain, Alt1 outperforms Alt 3.
Observation 4:	Alt 3 does not show benefit over Alt 1 in either Mode 1 or Mode 2.
Observation 5:	On ordering of CMRs or CMR ports,
Defining ordering of NTRP CMRs is sufficient and there is no need to introduce ordering of CSI-RS port indices.
The ordering of NTRP CMRs can also be used for UCI omission mechanism and PMI/CQI calculation.
CSI enhancement for high/medium UE velocities:
Proposal 1:  On PDSCH EPRE assumption for CSI prediction, Alt 2 is preferable.  
Proposal 2: For Type II Doppler enhancements, a common powerControlOffsetSS is assumed for all the K configured CSI-RS resources comprising the CMR
Proposal 3: For the determination of number of CPUs for Type II Doppler enhancements 
For AP CSI-RS, the number of CPUs depends on the scaling of K, where K is the number of configured CSI-RS resources.
For P/SP CSI-RS, the number of CPUs depends on the scaling of N4.
Proposal 4: Do not limit the used P/SP CSI-RS occasions for CSI prediction report to be after DCI.
Proposed further relaxation: For P/SP CSI-RS based CSI prediction report, the CPU occupation starts from SP slots before the triggering DCI, where SP is a fixed value/UE capability.
Proposal 5: For Type II Doppler codebook, one P/SP CSI-RS resource counts as KP >1 active resources, where KP is determined by UE capability and can depend on N4.
Proposal 6:	In case of CSI reporting repetition, taking the latter repetition slot as reference to determine the location of WCSI.
Proposal 7: CSI-RS symbol shifting can be introduced when CSI-RS is to be dropped due to being configured in UL symbols.
Proposal 8: For amplitude of TDCP, support Alt2 with s=1/2 or Alt3 with s=1/4.
Proposal 9: For phase of TDCP, support Alt2 or Alt3.
CSI enhancement for coherent JT:
Proposal 10: Support to use a bit string consisting of  bits to indicate each FD basis offset, where each codepoint associate with a value in  .
Proposal 11: Revert the WA on the support of Alt 3, i.e., support Alt1 only (Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups) for the W2 quantization and SCI design.
Proposal 12: For NL = 1, the legacy rule that the required number of CPUs related to the number of CMR is reused. For NL > 1, a CJT CSI report occupies more CPUs and the increment depends on the NL.
Proposal 13: Support reusing the legacy definition/values for Z/Z’ and active resources/ports for CJT.
Proposal 14:	To enhance flexibility, utilizing remaining CPUs to update a CJT CSI with a subset of the NTRP configured CMRs can be considered, when the number of remaining CPUs is smaller than the required number of CPUs for a full CJT CSI report.
Proposal 15: Support Alt.5 as the first preference, and the second preference is Alt.2.
Proposal 16: On TRP selection restriction, support Conclusion 1.F.6, i.e., there is no consensus on supporting other RRC-configured TRP selection restriction(s).
Proposal 17: Support to order the CSI-RS resources in the resource set according to RAN2 configuration.
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Appendix A
A.1 Evaluation parameter for CJT CSI
The evaluation parameter configuration for CJT CSI
	Parameter
	　

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	1) Outdoor1 (typical 21-sector, SLS): 
- 4 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3,4. The N_TRP TRPs can be selected either only from the same site 
- Dense Urban (macro only) 200m ISD
- Uma 500m ISD
2) Outdoor2 (typical 57-sector, or 21-sector, SLS): 
- OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3. The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs)
- Dense Urban (macro only) 200m ISD

	Frequency Range
	FR1 only, 
2GHz

	Inter-BS (site) distance
	Outdoor1: 200m(2GHz)/500m(2GHz)
Outdoor2: 200m(2GHz)

	Antenna setup and port layouts at gNB
	Outdoor1：(4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
Outdoor2：(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	Outdoor1/2:  (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	200m ISD: Per TRP 41 dBm for 10MHz
500m ISD: Per TRP 46 dBm for 10MHz

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): RMa (35m), DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz as a baseline 

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	MU-MIMO with rank 1 is a baseline 

	MIMO layers
	For all evaluation, the maximum MU layers is 24

	CSI feedback 
	Feedback assumption at least for baseline scheme
. CSI feedback periodicity (full CSI feedback) :  5 ms, 
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	Full buffer

	UE distribution
	According to TS 38.802
- DU and UMa: 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics

	UE number per TRP
	10



A.2 Modeling of propagation delay
According to TR 38901[2], the absolute time of arrival is modeled by introducing propagation delay and random offsets. However, the model is only for factory halls. Traditional indoor or outdoor scenario requires minor adjustments. In the modeling we used, we only adjusted the variable L, as shown below. 
The impulse response in NLOS is determined using equation (1) and the impulse response in LOS is determined using equation (2), where c is the speed of light. Δτ is generated from a lognormal distribution with parameters according to the following table. Δτ is generated independently for links between the UE and different BS sites. The excess delay in NLOS, Δτ, should further be upper bounded by 2L/c, where L is the ISD.
		(1)

	.	(2)
Parameters for the absolute time of arrival model
	
	
	-7.5

	
	
	0.4

	Correlation distance in the horizontal plane [m]
	6
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