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1. Introduction
In the RAN#94e meeting, the working item “NR MIMO evolution for downlink and uplink” for Rel-18 is approved. The objectives for DL CSI enhancement include [1]
· Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
-	Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
-	UE reporting of time-domain channel properties measured via CSI-RS for tracking
· Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32
In this technical document, we share our study results and views based on the agreements from the RAN1#112 meeting [2].
2. CSI enhancement for high/medium UE velocities
2.1. Details on CSI-RS measurement and calculation
In RAN1#112-bis meeting, we have the following agreements [2]
	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
Note: This may imply that existing section 5.2.2.2.75 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource




For good channel prediction performance, it is necessary that all K CSI-RS occasions share as many similarities as possible in the space and frequency dimensions, while only varying in the time domain which will be predicted. To ensure this, quite a few restrictions on CMR – including number of ports, bandwidth and RE locations, same powerControlOffset were agreed in the last meeting.  
Additionally, it is desired that the CSI-RS occasions should have the same QCL state, so that they share similar spatial properties, and the same density, so that equal number of frequency domain CSI-RS resources are available in all occasions to make correct prediction.
Observation 1: For good channel prediction performance, it is necessary that all K CSI-RS occasions share as many similarities as possible in the space and frequency dimensions.
Proposal 1: For Rel-18 Type-II codebook refinement for high/medium velocities, all K CSI-RS resources comprising the CMR should share the same QCL state info and density in the frequency domain.
2.2. CPU rules
In RAN1#112-bis meeting, we have the following agreements [2]:
	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) 




Regarding CPU Occupation:
In legacy CSI report with periodic CSI-RS, the UE is usually expected to collect the latest CSI-RS in anticipation of a DCI trigger. However, for Doppler CSI, UE cannot be expected to buffer all  CSI-RS occasions. Certain high-end UEs may collect all  periodic CSI-RS occasions, while some other UEs may collect only a subset of the occasions. After collecting the CSI-RS occasions, the UE needs to perform channel prediction and SVD computation of  predicted channels, before proceeding to perform FD and DD compression. To accommodate these computations, we propose that the CPU occupation is given by , where  takes into account the UE capability and implementation aspects of CSI-RS buffering and channel prediction.
While the same rule can be applied to aperiodic CSI-RS as well, the UE needs to account for the fact that all  CSI-RS occasions will necessarily occur after the DCI trigger. Therefore, the CPU occupation needs to account for CSI-RS buffering, channel prediction, SVD computation of  predicted channels, and FD, DD compression. From the agreed values of  and we have . Therefore, we propose the CPU occupation rule to be , where, as before,  takes into account the UE capability and implementation aspects of CSI-RS buffering, channel prediction, and precoder computation.
Observation 2: CPU occupation rule needs to accommodate the buffering of  CSI-RS occasions in addition to channel prediction, SVD computation of  channel matrices, and FD and DD compression.
Proposal 2: For Rel-18 Type-II codebook refinement for high/medium velocities, define the CPU occupation rule as  for periodic CSI-RS and  for aperiodic CSI-RS, where  takes into account the UE capability and implementation aspects of CSI-RS buffering and channel prediction.
2.3. Time-domain channel properties (TDCP)
2.3.1 TRS configurations
In RAN1 #112-bis-e, the following agreements were made regarding TDCP reporting [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· [All the TRS resources in the configured resource set(s) share the same RE locations]
FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage

Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets



When  TRS resources sets are configured, it is reasonable assume that the power offset for all TRS resource sets should be identical.
Proposal 3: When  TRS resources sets are configured for TDCP calculation, the UE can assume that the same powerControlOffset and powerControlOffsetSS are used for all TRS resource sets which are used for TDCP calculation.
2.3.2 TDCP amplitude quantization
In RAN1 #112-bis-e, the following agreements were made regarding TDCP reporting [2]:
	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 larger), 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}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold



Alternatives 1, 2 and 3 provide a straight-forward quantization solution, without further input or configuration from gNB, unlike alternatives 4 and 4A. For 4 and 4A to make sense, gNB must have prior information regarding the TDCP’s amplitude range of interest. This assumption is questionable. In addition, 4 and 4A will likely fail if quantization is done on multiple coefficients in the optional TDCP feature because there is no guarantee that all TDCP coefficients are within the range of interest (defined by the configurable value N). Hence, we will only focus on the first three alternatives for further evaluation.
Observation 3: Amplitude quantization using alternatives 4 and 4A assumes prior knowledge on the gNB side regarding the range of values of interest for the TDCP amplitude. This assumption is questionable.
Observation 4: Amplitude quantization using alternatives 4 and 4A will not work well when multiple TDCP coefficients are reported since there is no guarantee their values will lie in the range of interest dictated by the value N.
We run simulations to evaluate the effect of TDCP amplitude quantization., We simulate the Codebook (CB) switching use case and use the basic feature of TDCP reporting (i.e., one amplitude-only coefficient is reported) at a delay value of 2 slots. Figures 1, 2 and 3 below show TDCP quantization using Alternatives 1, 2 and 3, respectively. In addition, for reference, we also plot the performance for fixed codebook scenarios using both TypeI-SP CB only and using ETypeII CB only.
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Figure 1. TDCP amplitude quantization using Alt 1. (s = 1/base)
Figure 1 shows that 5-bit quantization with s = 1/3 and s= 1/4 both can successfully adapt to the changing channel environment, while s = 1/5 fails to adapt. The reason is that the threshold which dictates the switching point between the two codebooks lies outside the range of  quantization levels determined by s and N.
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Figure 2. TDCP amplitude quantization using Alt 2. (s = 1/base)
Figure 2, on the other hand, shows that all options fail to adapt when  and .
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Figure 3. TDCP amplitude quantization using Alt 3. (s = 1/base)
Finally, Figure 3 show that when , only  can adapt to the changing channel environment and select the optimal codebook, while  fails to adapt.
Proposal 4: For TDCP amplitude quantization, down-select from the following alternatives:
· Alt1: N=2Q-1 where Q=5, s={¼, 1/3} 
· Alt3: N=2Q where Q=4, s={½, 2/3, ¾} 

2.3.3 TDCP phase quantization
In RAN1 #112-bis-e, the following agreements were made regarding TDCP reporting [2]:
	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  denoted 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 1: 
· 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 
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional)



For phase quantization, it is our view that it is not necessary to strive for marginal gains on the expense of complexity. From that perspective, we believe linear phase quantization is sufficiently good, scalable, and flexible to support TDCP’s phase quantization.
Even though exponential phase quantization may provide gains over linear quantization, it can only do so in limited conditions which is not guaranteed to occur in practice. For instance, the exponential phase quantization works better under the assumption that is more likely to have phase values close to zero than . This is a strong assumption, especially for the TDCP’s optional feature where multiple coefficients are expected to be reported. Hence, even if one or two coefficients may satisfy the assumption, it not likely that the remaining coefficients (at larger lag values) will also satisfy the assumption (that their phases are closer to 0).
Observation 5: For the optional TDCP feature where multiple coefficients are reported, it is unlikely that coefficients with large delays will have phases close to 0.
Proposal 5: For TDCP phase quantization, support the following:
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)

2.3.4 Delay values
In RAN1 #112-bis-e, the following agreements were made regarding TDCP reporting [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)



Due to previously mentioned reasons regarding the effect of aliasing on TDCP calculation (please refer to our previous contributions), we believe that delay values of 6 slots and 10 slots are not only not required, but may incur significant penalty for both aliasing effects and buffering requirements. Thus, we do not support the working assumption regarding support for delay values of 6 slots and 10 slots.

Proposal 6: Do not support the working assumption regarding D (delay) values of 6 slots, 10 slots.

Moreover, for the basic feature, we prefer to keep the TDCP calculations contained within a single TRS burst. Hence,   OFDM symbols (i.e., 2 slots) is preferred. 

Observation 6: It is best to keep TDCP calculations for the basic TDCP feature contained within a single TRS burst.

Proposal 7: Support  OFDM symbols.

2.3.5 Number of Coefficients (Y)
In RAN1 #112-bis-e, the following agreements were made regarding TDCP reporting [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, the value of Y is gNB-configured via higher-layer (RRC) signalling

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
FFS: Whether Y=7 is also supported 



Even for an optional feature,  necessitates significant buffering capabilities on the UE side. Thus, we do not support the FFS part of the previous agreement. The previously agreed values for Y (i.e., 2, 3 and 4) are more than enough.

Proposal 8: For R18 TDCP feature do not support Y=7.

2.3.4 CSI Processing Units (CPU) rules
Due to the nature of TDCP calculation, as defined in earlier agreements, the computational complexity of TDCP scales linearly with the number of TDCP coefficients to be reported. This includes buffering CSI estimates at TRS locations, as well as the final calculation of the TDCO coefficients. As such, the CPUs allocated to TDCP report should scale linearly with the number of TRS bursts.

Observation 7: The TDCP computational complexity scales linearly with the number of TRS bursts (also the number of TDCP coefficients ).

Proposal 9: For TDCP, the number of CPU units allocated to TDCP reporting is given by:  #TRS bursts = (, where  is a UE capability.

3. CSI enhancement for coherent JT
In this section, we continue the discussion on CSI enhancements for mTRP CJT.
3.1. Details on CSI-RS measurement and calculation
In RAN1#112-bis meeting, the following agreement was reached [2]:
	[bookmark: _Hlk126859319]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



From our understanding of the current spec for powerControlOffset in TS38.214, it is used to scale the PMI to reflect the actual PDSCH power and enable the calculation of an appropriate CQI (and therefore MCS of the corresponding PDSCH). For conventional single TRP, since it is a simple scaling, it does not matter whether it is performed during PMI calculation or during CQI calculation. For two TRP NCJT scenario, there is no phase coherence between the two TRPs, the PMIs are calculated independently and use the powerControlOffset of the respective TRP (CSI-RS resource) to calculate CQI.
However, CJT jointly (coherently) transmits layers from up to 4 TRPs. Therefore, to calculate an appropriate CQI, the PDSCH power is the sum total of the (coherently) precoded signals from all the TRPs, with the PDSCH EPRE calculated accordingly. With this assumption of the PDSCH EPRE, how the powerControlOffset is configured and used at the UE for CSI calculation greatly affects the performance of the joint transmission.
With a single powerControlOffset configured common to all the CSI-RS resources (Alt 2), UE can use legacy single TRP implementation of applying the offset either during CQI calculation or PMI calculation.
However, when individual offsets are configured for each CSI-RS resource (Alt 1), depending on when the UE applies the offset, the calculation of CQI is affected. This is shown below:
· Individual offsets  applied during PMI calculation
Denote the measured DL channel during CSI-RS measurement as . The UE scales the power of the individual channels to obtain . The UE then calculates the Type II PMI  based on the eigen vectors  of the channel  obtained as

The precoded channel  is then used for CQI calculation.
· Individual offsets  applied during CQI calculation
Denote the measured DL channel during CSI-RS measurement as . The UE calculates the Type II PMI  based on the eigen vectors  of the channel  obtained as

Denoting the PMI as , the UE uses the scaled precoder  for CQI calculation. However,  can no longer diagonalize the mTRP channel matrix  because
 Diagonal matrix
This is equivalent of inter-layer interference and causes the CQI to be largely underestimated, causing performance degradation.
Therefore, to address UE behavior when Alt 1 is supported, we would need to specify that the configured offsets are used during PMI calculation and not during CQI calculation. To avoid this ambiguous spec change and retain legacy UE behavior, we support Alt 2.
Observation 8: With different powerControlOffsets for different CSI-RS resources (Alt 1), the UE needs to introduce these scaling offsets during the PMI computation stage, which requires new spec definition.
Observation 9: With different powerControlOffsets for different CSI-RS resources (Alt 1), unless a new behavior is defined in spec for UE behavior, it results in layer orthogonality being destroyed for CJT precoder.
Proposal 10: For the Rel-18 Type-II codebook refinement for CJT mTRP, support a single (common) powerControlOffset across all  CSI-RS resources.
Proposal 11: For Rel-18 Type-II codebook refinement for CJT mTRP, PDSCH power should be defined as the sum power of (coherently) precoded signals from all TRPs for PDSCH EPRE.
3.2. CPU Rules
	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



Regarding CPU Occupation:
For NCJT CSI, the number of CPUs occupied by a CSI report configuration is given by , where  is the number of mTRP hypotheses (number of resource pairs),  is the number of sTRP hypotheses, and  is the number of CPUs occupied by a pair of channel measurement resources, subject to UE capability.
For CJT CSI, the UE needs to process at least  CMRs jointly (simultaneously) to begin with, before proceeding to perform TRP selection, SD bases combination selection, and precoder computation. To accommodate these computations, we propose that the CPU occupation is given by , where  is the number of CPUs occupied by a legacy (single TRP) CMR, while also taking into account the UE capability and implementation aspects of TRP selection, selection of one out of  SD bases combination, and additional computation (compared to NCJT) required for joint SVD.
Proposal 12: For Rel-18 Type-II codebook refinement for CJT mTRP, define the CPU occupation rule as , where takes into account the UE capability and implementation aspects of TRP selection, selection of one out of  SD bases combination, and additional computation (compared to NCJT) required for joint SVD.
3.3. On  quantization alternatives
In RAN1 #110bis-e meeting, the following agreement was made regarding  coefficient quantization for Rel-18 codebook [3]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· 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
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook



Two meetings ago, it was agreed to support quantization Alt 1 – with Cgroup,phase=1and Cgroup,amp=2 for the Rel-18 Type II codebook for CJT. However, there were extensive discussions on Alt 3 – which differs from Alt 1 by having Cgroup,amp=2N, i.e., each polarization of each TRP having its own amplitude reference. It was argued that such amplitude reference would improve performance in geographically distant TRP deployments.
However, amplitude variations across distant TRPs are implicitly taken care in the precoder computation from the joint mTRP channel and consequently in quantization Alt 1. Having separate amplitude references would artificially boost the number of NZC, thereby increasing overhead but not contributing meaningfully to performance improvement. Moreover, following the rationale of multi-TRP transmissions to ensure uniform coverage to all UEs, as long as the UE is close to one or two TRPs in the coordinating set, a single reference amplitude is enough to reap the benefit of CJT.
To support our arguments, we provide simulation results comparing the performance of Alt 1 and Alt 3 in Fig. 4. The simulation scenario and settings are as explained earlier. From the results, we observe that Alt 3 cannot provide consistent performance benefit over Alt 1. Further, the cost of this little performance benefit must be borne by the increased overhead of feeding back multiple reference amplitudes. Therefore, supporting quantization Alt 3 is not necessary.
Proposal 13: For Rel-18 Type II codebook for CJT, revert the working assumption on quantization Alt 3.
	
	


[bookmark: _Ref127455531]Figure 4 Performance comparison of quantization Alt 1 and Alt 3

4. Conclusion
In summary, based on the above discussion we have the following observations and proposals:

Observation 1: For good channel prediction performance, it is necessary that all K CSI-RS occasions share as many similarities as possible in the space and frequency dimensions.
Observation 2: CPU occupation rule needs to accommodate the buffering of  CSI-RS occasions in addition to channel prediction, SVD computation of  channel matrices, and FD and DD compression.
Observation 3: Amplitude quantization using alternatives 4 and 4A assumes prior knowledge on the gNB side regarding the range of values of interest for the TDCP amplitude. This assumption is questionable.
Observation 4: Amplitude quantization using alternatives 4 and 4A will not work well when multiple TDCP coefficients are reported since there is no guarantee their values will lie in the range of interest dictated by the value N.
Observation 5: For the optional TDCP feature where multiple coefficients are reported, it is unlikely that coefficients with large delays will have phases close to 0.
Observation 6: It is best to keep TDCP calculations for the basic TDCP feature contained within a single TRS burst.

Observation 7: The TDCP computational complexity scales linearly with the number of TRS bursts (also the number of TDCP coefficients ).

Observation 8: With different powerControlOffsets for different CSI-RS resources (Alt 1), the UE needs to introduce these scaling offsets during the PMI computation stage, which requires new spec definition.
Observation 9: With different powerControlOffsets for different CSI-RS resources (Alt 1), unless a new behavior is defined in spec for UE behavior, it results in layer orthogonality being destroyed for CJT precoder.

Proposal 1: For Rel-18 Type-II codebook refinement for high/medium velocities, all K CSI-RS resources comprising the CMR should share the same QCL state info and density in the frequency domain.
Proposal 2: For Rel-18 Type-II codebook refinement for high/medium velocities, define the CPU occupation rule as  for periodic CSI-RS and  for aperiodic CSI-RS, where  takes into account the UE capability and implementation aspects of CSI-RS buffering and channel prediction.
Proposal 3: When  TRS resources sets are configured for TDCP calculation, the UE can assume that the same powerControlOffset and powerControlOffsetSS are used for all TRS resource sets which are used for TDCP calculation.
Proposal 4: For TDCP amplitude quantization, down-select from the following alternatives:
· Alt1: N=2Q-1 where Q=5, s={¼, 1/3} 
· Alt3: N=2Q where Q=4, s={½, 2/3, ¾} 

Proposal 5: For TDCP phase quantization, support the following:
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)

Proposal 6: Do not support the working assumption regarding D (delay) values of 6 slots, 10 slots.

Proposal 7: Support  OFDM symbols.

Proposal 8: For R18 TDCP feature do not support Y=7.

Proposal 9: For TDCP, the number of CPU units allocated to TDCP reporting is given by:  #TRS bursts = (, where  is a UE capability.

Proposal 10: For the Rel-18 Type-II codebook refinement for CJT mTRP, support a single (common) powerControlOffset across all  CSI-RS resources.
Proposal 11: For Rel-18 Type-II codebook refinement for CJT mTRP, PDSCH power should be defined as the sum power of (coherently) precoded signals from all TRPs for PDSCH EPRE.
Proposal 12: For Rel-18 Type-II codebook refinement for CJT mTRP, define the CPU occupation rule as , where takes into account the UE capability and implementation aspects of TRP selection, selection of one out of  SD bases combination, and additional computation (compared to NCJT) required for joint SVD.
Proposal 13: For Rel-18 Type II codebook for CJT, revert the working assumption on quantization Alt 3.
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[bookmark: _Ref118448372]Appendix II
SLS assumptions for CSI enhancement of coherent JT
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Outdoor1: Dense urban macro with 4 intra-cell TRPs
[image: ] 

	Frequency Range
	2 GHz

	Inter-site distance
	200 m 

	Channel model
	Based on TR 38.901.
Difference in propagation delays between UE and NTRP TRPs is taken into account in the composite Channel Impulse Response (CIR)

	Antenna setup and port layouts at each TRP
	8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)

	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

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

	MIMO scheme
	SU/MU-MIMO adaptation with up to rank 2 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for MU-MIMO
20 % for SU-MIMO

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

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Single TRP Rel-16 eTypeII 



ISD = 500m

Alt 1	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	78.130319999999998	76.212329999999994	69.470370000000003	67.485330000000005	Alt 3	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	76.647329999999997	76.531720000000007	69.025710000000004	70.369770000000003	(pv , β)


Avg. UPT gain (%)




ISD = 800 m

Alt 1	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	108.4406	105.75879999999999	94.34402	98.222890000000007	Alt 3	(0.125, 0.25)	(0.25, 0.25)	(0.25, 0.5)	(0.5, 0.5)	109.7923	102.7689	98.881249999999994	97.224450000000004	(pv , β)


Avg. UPT gain (%)
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