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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
Discussion on CQI in CSI reporting
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
FFS: Whether/how to include CQI overhead reduction for X=2




In last meeting, three schemes for 2nd CQI report design were proposed:
	· Alt1.1. Independent of the 1st TD CQI: A 4-bit wideband CQI and 2-bit sub-band CQIs
· Alt1.2. Differential reference CQI relative to the 1st TD CQI: A BR-bit wideband CQI and 2-bit sub-band CQIs  
· Alt1.3. Differential reference and sub-band CQIs relative to the 1st TD CQI: A BR-bit wideband CQI and 1-bit sub-band CQIs
Where: 0≤BR<4 (0 implies that the reference CQI for the 2nd TD CQI is the reference CQI for the 1st TD CQI)


In case of rapid channel change in higher mobility, especially taking unpredictable interference in the future into account in practical implementation, there is no need to over-design CQI feedback in specification. Comparing to other two alternatives, the 2nd CQI reuse legacy specification in Alt1.1 which seems simpler and more straightforward. Further, as the WB CQI only occupies 4 bits in UCI, saving such 4 bits does not bring considerable overhead saving as it contributes very little in the final payload.
[bookmark: _Ref131755224]For X=2 CQI report in CSI feedback, support Alt1.1.
Another issue is where to put the CQI of the 2nd slot in the UCI. The following alternatives have been discussed.
	· Alt2.1. In UCI part 1
· Alt2.2. In UCI part 2
· Alt2.3 Wideband CQI in UCI part 1, sub-band CQIs in UCI part 2


 Generally, the payload in Part 1 shouldn’t be too large. The reliability of Part 1 is critical as the content of Part 1 decides the size and interpretation of UCI in Part 2. The code rate of Part 1 should be lower than Part 2 to ensure Part 1’s reliability. To put more payload in Part 1 increases its code rate and thus decreases its reliability. Further, there is no need to put the second slot’s CQI in Part 1. 
[bookmark: _Ref131789850]Support to put CQI of the second slot in UCI part 2.
Discussion on NZC bitmaps
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.
Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the down-selection of bitmap(s) for indicating the locations of the NZCs (in RAN1#112bis-e), the following is used as a guidance for evaluation: 
· Following the agreed EVM, use “UPT vs. overall overhead (including CQI and PMI)” to compare across alternatives, assuming at least FTP1 traffic model and Rel-16 Parameter Combinations (L, beta, pv)
· Use only the supported codebook parameter values (e.g. Q, K, m, d, delta, N4)
· Companies are to state their assumptions on UE-side prediction (e.g. ideal or realistic, CSI-RS type, CSI-RS overhead calculation in relation to UPT, assumptions on WCSI and l) and the use of rank adaptation



As per the discussions of last meeting, some relevant schemes in the above proposals were discussed, but no further agreement were achieved due to time limit. Based on the latest offline discussion, Alt1 and Alt 3A are supported by majority.
Regarding the impact on specification, Alt1 is a straightforward option with lower impact and the legacy combinations of different parameters can be reused to determine the number of NZCs K0, which is upper bounded per DD basis vector. For Alt 3A, two stages of bitmaps are designed, the first of which indicates S pairs of FD-DD basis across all 2L beams, and then the second of which indicates the detailed pairs of FD-DD basis per beam.
The difference of overhead between Alt1 and Alt 3A is  where . Alt 1 has less overhead than Alt 3A when L=2 and , otherwise Alt 3A has less overhead. For the configurations with small MQ values, it is expected value  should be relatively large to avoid performance loss. In these cases, Alt 3A may not have overhead reduction benefit compared with Alt 1. 
[bookmark: _Ref127549806] Whether Alt 3A has overhead reduction benefit compared with Alt 1 depends on codebook parameter combinations like M, Q, L and .
We think Alt 4 in the above proposals is a good approach to reduce bitmap overhead, which makes use of the channel property that stronger coefficients locate around the FD basis 0 and the SD basis where SCI locates and the DD basis where SCI locates, and coefficients get weaker as the distance between the coefficient and the strongest coefficient increases. Hence, the indication of distant coefficients can be omitted to further reduce the overhead of the NZC bitmap, which forms a non-rectangular bitmap. Alt 4 constructs a non-rectangular bitmap by omitting the coefficients of which distance to SCI is larger than a threshold . 
In last meeting’s discussion, some companies raised concern on the complexity to define the distance metric in SD-FD-DD basis. Hence we simplify the original Alt 4 to the following Alt 4’.
	Alt 4’: For the polarization where SCI locates, each of the Q bitmaps contains bits included in a set of SD basis and FD basis pairs  satisfying , where
· , 
·  is the SD basis indicated by SCI
· D is determined based on RRC parameters only
· Two polarizations have same set of  in the bitmap



The general idea for the simplification is to define the bitmap pattern in S-F 2D dimension instead of S-F-D 3D dimension as in the original Alt 4, and a same bitmap shape is used for q = 0 and 1. An example is shown in the following Figure 1 with L=4, Mv=7 and D=3.
[image: ]
[bookmark: _Ref131771871]An example of Alt 4’ with L=4, Mv=7 and D=3
As in the distance metric calculation, a cyclic remapping is used on the SD and FD basis vectors, this is beneficial on two aspects
· For FD basis, the strongest ones usually locates around FD basis 0. Hence such cyclic remapping can make sure strongest FD basis vectors are included in the final bitmap.
· With cyclic remapping in these two domains, the final bitmap size does not vary along with the location of SCI. Based on the current formulation of Alt 4’, the final bitmap size for each layer can be calculated by 2Q, where the size determined by RRC related parameters Mv, D and L only.
We present the SLS results to compare the performance of Alt 1, Alt 3A and Alt 4’ in the following figures, under the assumption of 30km/h UE speed. 

(a) Ideal prediction

(b) AR prediction
Simulation results to compare NZC bitmap alternatives
The simulation results reveal the following facts.
· Under Q=2 and legacy CB parameter combinations (pv, beta, L), Alt 4’ UPT-overhead curve outperforms Alt 1 and Alt 3A.
· For lower overhead or ideal prediction, for each (pv, beta, L) configuration, Alt 4’ can save about 50 bits for each layer with nearly no performance loss.
· The benefit from Alt 4’ in terms of performance is even clearer in high overhead and real prediction. The reason is in real prediction, prediction error exists, which impacts the performance and coefficient reliability a slot. If the coefficients are freely selected by UE, prediction error will cause UE to select some weak coefficients which looks large due to prediction error. Thus to have restriction pattern on UE’s coefficient selection is beneficial to increase the reliability of NZC selection.
· Alt 3A does not provide better performance-overhead trade-off than Alt 1.

[bookmark: _Ref131789481]
· Under Q=2 and legacy CB parameter combinations (pv, beta, L), Alt 4’ UPT-overhead curve outperforms Alt 1 and Alt 3A.
· For lower overhead or ideal prediction, for each (pv, beta, L) configuration, Alt 4’ can save  about 50 bits for each layer with nearly no performance loss.
· The benefit from Alt 4’ in terms of performance is even clearer in high overhead and real prediction. Alt 4’ can address the issue of coefficient unreliability caused by prediction error.
· Alt 3A does not provide better performance-overhead trade-off than Alt 1.

[bookmark: _Ref127549887] For NZC bitmap design of Type II Doppler CSI, support Alt 4’: For the polarization where SCI locates, each of the Q bitmaps contains bits included in a set of SD basis and FD basis pairs  satisfying , where
, 
 is the SD basis indicated by SCI
D is determined based on RRC parameters only
Two polarizations have same set of  in the bitmap
Discussion on UCI omission 
	Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3. Prio(,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l +  
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m       q=0,…,Q-1


For eType II codebook in Rel-16, the overhead of CSI is mainly subject to the number of NZC. When the overhead of CSI bits in a slot exceeds the resources allocation for CSI on PUSCH, a portion of the part 2 CSI is omitted according to a rule of priority. In Rel-18, the doppler DFT basis for compression is introduced, and the W2 in the new Type II codebook contains projected coefficients on 3-Dimension including spatial domain, frequency domain and Doppler domain. In last meeting, four various formulas listed in above agreement for priority order determination require further down selection.
For legacy priority, layer(s) level is considered in first order, it is better to be consistent in Rel-18 so Alt1 should be precluded. In addition, only Q=2 for Q>1 are supported for CSI prediction in Rel-18, which means gNB cannot configure redundant values for DD basis, the amplitude and phase information of these two reserved W2 coefficients are both important. On the contrary, redundant FD basis can be configured to cover larger range and then UCI omission later can further restrict the range with acceptable performance loss. In other words, DD basis should have higher priority than FD basis, so Alt2 and Alt3 should be precluded and we support Alt4.
Regarding Alt4, only Q=2 for Q>1 can be configured, no permutation for q is needed, but permutation for FD basis can reuse legacy design.
[bookmark: _Ref127549895] Support Alt4 for UCI omission with no permutation for q.
Discussion on other issues for CSI prediction
In this section, we present some detailed issues which impacts the completion of the Type II Doppler CSI prediction functionality.
· Issue1: how to determine the order of K NZP AP CSI-RS resources in a burst
When DCI triggers K NZP AP CSI-RS resources in same CSI-RS resource set, current higher layer parameter aperiodicTriggeringOffset can be reused to indicate the triggering offset for the first slot carrying the first CSI-RS resources in the set, just same rule as AP-TRS set. Based on the current agreement, UE only knows the locations of the K slots and configurations of the K resources, but how to map the K resource to the K slots is unknown. However, K NZP AP CSI-RS resources may have different configurations, e.g. the symbols location in a slot or powerControlOffset. UE needs to know the order of these AP CSI-RS resources in time so that UE can map the K CSI-RS resources into K slots. One straightforward way is to follow the order of the resource IDs in the resource set configuration. 
[bookmark: _Ref127549892] K NZP AP CSI-RS resources in a burst are mapped to K slots in time based on the order of the resource IDs in the resource set configuration.

· Issue2: 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: _Ref131790159]latter CSI reporting repetition as reference
[bookmark: _Ref131789988]In case of CSI reporting repetition, taking the latter repetition slot as reference to determine the location of WCSI.

· Issue3: The usage of AP-CSI-RS burst 
	Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter K (the number of AP-CSI-RS resources for the CMR) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {4, 8}
FFS: If additional candidate value(s) of K are supported, e.g. 5, 12, 16, also taking into account other use cases (e.g. for training filter coefficients, prediction or performance monitoring) and TDD


For P/SP CSI-RS resources transmitted in succession with a fixed period, it is intuitive that UE can implement measurement use cases anytime including training filter coefficients, prediction and performance monitoring/verification, if needed.  However, for AP CSI-RS resources burst consisting of K CSI-RS resources, these use cases listed in above agreements would need different values for parameter K considering the overhead of RS and cost-efficiency for performance.
It has been proved that AutoRegressive (AR) filter for channel prediction can harvest excellent performance in many papers. Assuming K-order AR filter coefficients is adopted, K AP CSI-RS occasions in one burst are enough for the prediction by introducing K-order filtering in a sliding window. However, in order to calculate the K-order filter coefficients, at least 2K+1 CSI-RS resources occasions in burst with same interval are needed to train the coefficients. The following formulas can illustrate the relationship where K=4 is assumed for simplicity.
       and   U


                                                                
        Generally, two approaches can be employed to achieve this. 
· The first is to support a large value of K, so a triggered CSI-RS bursts contains all the needed occasions for filter coefficient calculation and channel prediction. 
· The second is to support separate configurations and triggering of CSI-RS for training filter coefficients and channel prediction, and gNB needs to associate these two triggered bursts via signaling. 
For the sake of reducing the overhead of RS and CSI processing units (CPU) in UE side, it is better to adopt the second approach, i.e., trigger two different configurations for AP CSI-RS resources by separate DCIs, one is for training filter coefficients and another one for prediction. In addition, we think the update of a set of training filter coefficients is usually much longer than the prediction operation, once the filter is calculated, which can be shared among multiple AP-CSI reports for prediction, so the triggering frequency for both use cases can be flexible. 
In conclusion, designing different AP CSI-RS resource bursts for calculating prediction filter and for predicting CSI is conducive to the performance of CSI enhancement in Rel-18. Meanwhile, it is also beneficial for overhead reduction of AP CSI-RS resources and complexity reduction of UE processing. In our view, to support multiple CSI-RS bursts for multiple purposes, the following details listed should be considered.
· The association between respective AP CSI-RS resources for calculating filter and performing prediction, e.g. configured with same TCI states, explicit or implicit indication.
· The triggering timing for respective AP CSI-RS resources for different use cases, e.g. the order/gap of trigger timing between two of them.
[bookmark: _Ref127549869] Support multiple configurations of AP CSI-RS resource bursts for calculation filter coefficients, and performing CSI prediction. The following relevant issues need to be addressed.
The association between respective AP CSI-RS resources for calculating filter and performing prediction
The triggering timing for respective AP CSI-RS resources for calculating filter and performing prediction

· Issue4: How to cope with AP CSI-RS occasion dropping 
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: _Ref118726396]Shift CSI-RS occasion in case of CSI-RS dropping
[bookmark: _Ref118709332]
[bookmark: _Ref127549903] CSI-RS symbol shifting can be introduced when CSI-RS is to be dropped due to being configured in UL symbols.

· Issue5: Assume which EPRE of NZP-CSI-RS resource for CQI calculation  
The introduction of K NZP AP CSI-RS resources in a burst shall increase the CSI-RS overhead of network comparing with legacy design. In order to address this issue, the CSI-RS resources configured for multiple UEs can be shared. 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. However, given the condition of wireless channel for different UEs can be different, some parameters related to power control for the K CSI-RS can be different.
The parameter powerControlOffset is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback. For CQI calculation based on the predicted channel(s), once K NZP CSI-RS resources in a same AP CSI-RS resource set are configured with different powerControlOffset, how to assume which EPRE of NZP-CSI-RS resource in Rel-18 should be determined. The straightforward solution is to select one of CSI-RS resources (e.g. first CSI-RS) and use parameter powerControlOffset configured in this CSI-RS resource for CQI calculation.
[bookmark: _Ref127549906]powerControlOffset configured for the first NZP-CSI-RS resource is used to determine the assumed PDSCH EPRE for CQI calculation.
Discussion on TDCP
	Agreement
For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 
Agreement
 For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome


Regarding the priority of the CSI report associated with TDCP, we do not see the necessity of higher priority than L1-RSRP or L1-SINR, as these two determines the beams to serve UEs. Furthermore, payload for TDCP (e.g Y=1) is relatively small comparing with other CSI reports. Therefore, there is no need to specify a special priority level for TDCP, so we prefer Alt2.
[bookmark: _Ref131755287] TDCP reporting is same as CSI report(s) not carrying L1-RSRP or L1-SINR.

Regarding TRS configuration for TDCP, legacy TRS can be reused. In current specification, one AP-TRS set should be associated to one P-TRS set and they both have same configurations of CSI-RS resources, gNB can trigger one AP-TRS around one burst of P-TRS in one period, and UE can calculate correlation with configured lags for auto-correlation calculation by jointly using the P TRS and AP TRS (illustrated in Figure 5).


[bookmark: _Ref131693212]Combination of AP-TRS and P-TRS
[bookmark: _Ref131755304]For TDCP, support the combination of AP-TRS and P-TRS to extend the number of lags.

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.
Design of W2
Regarding the design of W2, several topics, such as the design of SCI, bitmap, the constraint on the total number of NZCs, etc., progressed well in RAN1. The main remaining issues are the quantization of W2 and the priority order to map coefficients, which are discussed separately.
The quantization of W2
	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



Regarding the W2 quantization group and design, the only remaining issue is whether to confirm extra support of Alt 3. 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) Per TRP delay offset indicator is introduced with a bit length of .
	-

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

	Note: the other PMI parameters reuse the legacy definitions or are extended by introducing the number of TRP.


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.
[image: ]
[image: ]
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]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.
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.

Order of coefficients
For a legacy eType II report, each reported coefficient is associated with a priority value. According to the priority values, the coefficient-related quantities are divided into two groups respectively mapped into CSI part2 group 1 and CSI part2 group 2. The equation used to calculate the priority value of a coefficient is shown below. 
	
[bookmark: _Hlk25262362]Where  with , , and , and where . The  is the index of selected  FD bases after remapping with respect to the codebook indices  of the strongest coefficient.


According to the equation, in descending order of weight, the factors affecting the priority are respectively the index of layer, the index of selected SD bases, and the index of selected FD bases. 
On the Type-II codebook refinement for CJT, each reported coefficient is associated with a priority value, too. The following agreement achieved in RAN1#112 includes three alternatives for the priority design.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1. Prio(,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(,l,m,n)=2L’.Qn).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L’ denotes the max value of Ln from all selected N CSI-RS resources
· FFS: Q(n) maps the index n according to a rule, e.g., Q(n)=n, or Q(n)=0 if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m



For Alt1, it implies that CSI-RS resource is designated the highest priority. When the omission occurs, it may not occur that all coefficients corresponding to a TRP are omitted. However, it is obvious that the maximum value of Prio(,l,m,n) is () .N.RI.N3, which means () .(N-1).RI.N3 values are redundant and not associated with any coefficients. 
Regarding Alt2, it implies that CSI-RS resource is designated as the lowest priority. When the omission occurs, it may occur that all coefficients corresponding to the lowest priority TRP are omitted. Compared to Alt1, Alt2 replaces () by 2L’, which may cost fewer redundant values. Once CSI omission occurs, it may be an advantage to obtain full information on the coefficients associated with at least a subset of TRPs to serve UE, as noted by some companies. However, it is usual that the precoder coefficients correspond to the eigenvectors over a concatenated channel. The coefficients associated with a subset of TRPs may not correspond to the eigenvectors over concatenated channel associated with the subset of TRPs, but to the sub-eigenvectors over a concatenated channel. Therefore, there may be some performance loss in using the coefficients associated with only a subset of TRPs to serve UE. Further, a next-level issue in Alt 2 is whether TRP permutation is performed to determine TRP priority order. The TRP associated with SCI may be different for different layers as SCI is reported per layer. The priority order for different layers may also be different if SCI based TRP permutation is allowed, which makes the priority determination much more complicated. Therefore, for Alt 2, we do not support to have such SCI-based TRP permutation for Q(n).
For Alt3, it is a straightforward way that extends the L value to Ltotal, which does not affect the structure of the legacy equation and can also realize a uniform design of Mode1 and Mode2. Compared to Alt1 and Alt2, the maximum value of Prio(,l,m,n) is 2Ltot.RI.N3, which means no value is redundant. Moreover, in general, the larger the FD basis index n is compared to the FD basis 0 after cyclic remapping, the smaller the associated coefficient power is. Therefore, it is reasonable that the FD basis is designated the lowest priority.
[bookmark: _Ref131755373]Support Alt3 as the first preference, and Alt2 as the second. 

Design of Wf 
The following agreement has been discussed in recent meetings.
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. 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. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources



[bookmark: OLE_LINK3][bookmark: OLE_LINK6]Regarding Alt1, one straightforward implementation is to align FD basis indices of the strongest coefficients associated with each TRP by remapping, using the FD basis index associated with SCI as a reference. Then, a common  across N TRPs is selected. The next issue is whether the Wf offset is layer-common or layer-specific. Since the SCI is layer-specific and the SCIs of different layers may be associated with different TRPs, restricting the N-1 FD offsets to be the same across all layers may result in different FD basis selection results for some layers compared to layer-specific FD offsets, which may cause performance loss.
Compared to Alt1,  is independently selected per TRP for Alt2. For N3<=19, Alt2 select  for each TRP from a common candidate basis set (FD window) with N3 FD bases, essentially. For N3>19, UE selects and reports N FD windows, each corresponding to a TRP.
Based on the above analysis, from a performance perspective, Alt2 has some advantages over Alt1. We conduct simulations to illustrate this possible conclusion. The following assumption for PMI payload is adopted in our simulation. 
	Alts
	The payload of FD indication

	Alt1 with layer-specific offsets
	 bits for FD offset indication

	Alt1 with layer-common offsets
	 bits for FD offset indication

	Alt2
	For 
·  bits for FD indication associated with the strongest TRP
·  for FD indication associated with other TRPs
For 
·  bits for FD window indication associated with the strongest TRP
·  bits for FD window indication associated with other TRPs
·  bits for FD indication associated with the strongest TRP
·  for FD indication associated with other TRPs


	Note: the other PMI parameters reuse the legacy definitions or are extended by introducing the number of TRP.


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 figure.
[image: ]
Cell mean SE of different alts of Wf design for Mode1 codebook structure.
[bookmark: _Ref127549836]There are several observations shown below for Mode 1 Wf selection schemes,
Alt 1 has slightly lower performance compared to Alt2, especially in the high-payload region
Performance difference among the alternatives is small.
Layer-common Alt 1 has slightly lower performance compared to layer-specific Alt 1.
[bookmark: _Ref127549938] Support Alt2 as the first preference and Alt1 as the second for Wf selection in Mode 1.

Based on the last meeting’s discussion, some companies proposed introducing a rotation factor O3 in the FD selection for Alt 1 Wf selection in mode 1. In our opinion, some factors may affect the performance gain by introducing a rotation factor, such as the actual number of delays of the channel, the selected number of delays, the resolution in the delay domain, etc. Therefore, the performance gain brought by O3 may be limited. 
Some evaluations are provided below to illustrate that only a limited performance gain can be obtained by introducing O3. In our simulations, rotation index q3<=O3 is selected per TRP by the amplitude summation of the K0/Ntrp or 2K0/Ntrp coefficients with larger amplitudes. The other simulation parameters are shown in the Appendix. Besides, common paramCombination-r16 for all N CSI-RS resources is assumed. 
[image: ]
Simulation results for introducing O3>1 for Alt 1 Wf selection in Mode 1
[image: ]
 Simulation results for introducing O3>1 for Alt 1 Wf selection in Mode 1

[bookmark: _Ref127549847] No considerable performance gain can be observed by introducing O3 for Alt 1 Wf selection in Mode 1.
According to the simulation results, we think there is no need to support the rotation factor O3.
[bookmark: _Ref127549942][bookmark: _Hlk127550565]No need to introduce rotation factor O3 in Mode 1.
 Others
CSI resource setting
On the CSI resource setting, the following agreement was achieved in the RAN1 #110b.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, 
· Only CSI reporting over PUSCH is supported 
· FFS: Whether AP only, or both AP and SP (following legacy), is supported
· An associated Resource Setting includes a CMR comprising K≥1 NZP CSI-RS resources from one CSI-RS resource set 
· Periodic, semi-persistent, and aperiodic NZP CSI-RS are supported
· The supported CSI-RS resource parameter settings follow the legacy specification (without additional enhancement)
· FFS: Whether or not the K NZP CSI-RS resources are constrained to be in the same slot



One remaining issue is whether or not the K NZP CSI-RS resources are constrained to be in the same slot. Considering the slot offsets of aperiodic CSI-RS can only be configured per CSI-RS set and CJT has a higher requirement for phase coherence compared to NCJT, we think that the Ks CSI-RS resources should be constrained to be in the same slot at least for aperiodic CSI-RS.
[bookmark: _Ref127549948]Support Ks CSI-RS resources to be constrained in one slot.
Another issue is about RS configuration for interference measurement. In our opinion, considering the high UE complexity of measuring interference on NZP CSI-RS and the fact that the CJT CSI computation complexity is already higher than legacy as UE needs to measure multiple CMRs and calculates Type II PMIs, only interference measurement performed on CSI-IM resource shall be supported. If interference measurement is performed on CSI-IM, only one CSI-IM resource is needed in the CSI-IM resource set for measuring the interference from outside the collaboration TRP set.
[bookmark: _Ref127549950]Only interference measurement performed on the CSI-IM resource is supported, and only one CSI-IM resource is configured in the CSI-IM resource set.
CBSR
The following agreement that the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources was achieved in RAN1 #112.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource
The same rank restriction is applied across NTRP CSI-RS resources


The remaining issue is about the amplitude restriction. Regarding soft restriction, we do not see meaningful use cases to perform soft amplitude restriction for CJT. Further, considering UE complexity, we believe that hard amplitude restriction is sufficient for CJT. 
[bookmark: _Ref131755481]Support hard restriction on CBSR of CJT only.
Linkage between parameters
On the parameter combinations of {Ln} and {pv,}, the following agreement is achieved. The remaining issue is about constructing some linkage between {Ln} and {pv,} for a given Ntrp to reduce the number of combinations of {Ln,pv,}. 
	[image: ]
[image: ]
[image: ]



For Ntrp = 1, the legacy codebook parameter configurations can be reused and there is no need to introduce any new parameter configurations. For Ntrp > 1, in our opinion, at least pv={1/8, 1/8, 1/16, 1/16} is associated with the minimum Ltot for a given Ntrp in low overhead regime according to our simulation result in R1-2210992[2]. For other pv combinations, i.e., {1/4, 1/4, 1/4, 1/4} and {1/2, 1/2, 1/2, 1/2}, considering the UE complexity and the payload of PMI, we suggest selecting only one combination of {Ln} by evaluations for a given Ntrp.
[bookmark: _Ref131755492]For Ntrp = 1, fully reuse the legacy codebook parameter configurations. For Ntrp > 1, at least pv={1/8, 1/8, 1/16, 1/16} is associated with the minimum Ltot for a given Ntrp.
Another issue, for Ntrp > 1, is whether to support one of the Ln values to be 6. Due to UE complexity, we don’t support to extend Ltot to larger than 16, which is the current maximum Ltot value, even Ln=6 is introduced. Therefore, if Ln=6 is introduced, it should be ensured that Ltot is not larger than 16.
[bookmark: _Ref131755505]For Ntrp > 1, it is not supported to extend Ltot to larger than 16, which is the current maximum Ltot value if Ln = 6 is introduced.
Parameter R
For CJT transmission, the delay spread may increase due to different propagation delays between TRPs, so it needs to match higher frequency domain sampling rates, otherwise, compression efficiency may be affected. Therefore, a larger R may be needed. However, in some special cases, such as InH and Intra-site CoMP (Outdoor2), the propagation delay between TRPs may be small. A larger R may just achieve a limited performance improvement. Therefore, the introduction of a larger R may be needed for inter-site CoMP (outdoor 1).
Figure 12 shows the performance improvement of different R values compared with R=1 and paramComb = 1 in the scenario of inter-site outdoor 1. According to the evaluation results, some performance gain can be obtained for a larger R. However, there is a large increase on PMI payload as well. The final performance-overhead curve of R=4 is not superior over R=2. Therefore, we support not introducing a new value of R.
[image: ]
[bookmark: _Ref118317646] Cell mean SE gain vs overhead for different parameter R
[bookmark: _Ref115337301][bookmark: _Ref127549853]Some performance gains can be obtained for a larger R. However, there is a large increase on PMI payload as well. The performance-overhead curve of R=4 is not superior over R=2
[bookmark: _Ref127549956]Regarding the codebook parameter R, the legacy values are reused, i.e., R=1 and 2.
The SCI indicator
For the payload determination, special consideration should be given to the identification of SCI i1,8,l .In the current specification, when rank is equal to 1, the bit-width of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead. Therefore, it’s better to align the identification of SCI for rank=1 and rank>1 by using the total number of SD basis.
[bookmark: _Ref115337257]In the current specification, when rank is equal to 1, the bit-width of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead.
[bookmark: _Ref131755523]Support aligning the identification of SCI for rank=1 and rank>1 by using the total number of SD basis.
Conclusions 
To summarize, we have following observations and proposals.
CSI enhancement for high/medium UE velocities:
Observation 1: Whether Alt 3A has overhead reduction benefit compared with Alt 1 depends on codebook parameter combinations like M, Q, L and γ.
Observation 2: 
· Under Q=2 and legacy CB parameter combinations (pv, beta, L), Alt 4’ UPT-overhead curve outperforms Alt 1 and Alt 3A.
· For lower overhead or ideal prediction, for each (pv, beta, L) configuration, Alt 4’ can save  about 50 bits for each layer with nearly no performance loss.
· The benefit from Alt 4’ in terms of performance is even clearer in high overhead and real prediction. Alt 4’ can address the issue of coefficient unreliability caused by prediction error.
· Alt 3A does not provide better performance-overhead trade-off than Alt 1.
CSI enhancement for coherent JT:
Observation 3: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 4: Combining the payload and the SE gain, Alt1 outperforms Alt 3.
Observation 5: There are several observations shown below for Mode 1 Wf selection schemes,
Alt 1 has slightly lower performance compared to Alt2 and Alt3 especially in high-payload region
Performance difference among the alternatives is small.
Layer-common Alt 1 has slightly lower performance compared to layer-specific Alt 1.
Observation 6: No considerable performance gain can be observed by introducing O3 for Alt 1 Wf selection in Mode 1.
Observation 7:	Some performance gains can be obtained for a larger R. However, there is a large increase on PMI payload as well. The performance-overhead curve of R=4 is not superior over R=2
Observation 8: In the current specification, when rank is equal to 1, the bit-width of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead.
CSI enhancement for high/medium UE velocities:
Proposal 1:	For X=2 CQI report in CSI feedback, support Alt1.1.
Proposal 2: Support to put CQI of the second slot in UCI part 2.
Proposal 3: For NZC bitmap design of Type II Doppler CSI, support Alt 4’: For the polarization where SCI locates, each of the Q bitmaps contains bits included in a set of SD basis and FD basis pairs  satisfying , where
, 
 is the SD basis indicated by SCI
D is determined based on RRC parameters only
Two polarizations have same set of  in the bitmap
Proposal 4: Support Alt4 for UCI omission with no permutation for q.
Proposal 5: K NZP AP CSI-RS resources in a burst are mapped to K slots in time based on the order of the resource IDs in the resource set configuration.
Proposal 6:	In case of CSI reporting repetition, taking the latter repetition slot as reference to determine the location of WCSI.
Proposal 7: Support multiple configurations of AP CSI-RS resource bursts for calculation filter coefficients, and performing CSI prediction. The following relevant issues need to be addressed.
The association between respective AP CSI-RS resources for calculating filter and performing prediction
The triggering timing for respective AP CSI-RS resources for calculating filter and performing prediction
Proposal 8: CSI-RS symbol shifting can be introduced when CSI-RS is to be dropped due to being configured in UL symbols.
Proposal 9:	powerControlOffset configured for the first NZP-CSI-RS resource is used to determine the assumed PDSCH EPRE for CQI calculation.
Proposal 10: TDCP reporting is same as CSI report(s) not carrying L1-RSRP or L1-SINR.
Proposal 11: For TDCP, support the combination of AP-TRS and P-TRS to extend the number of lags.
CSI enhancement for coherent JT:
Proposal 12: 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 13: Support Alt3 as the first preference, and Alt2 as the second.
Proposal 14: Support Alt2 as the first preference and Alt1 as the second for Wf selection in Mode 1.
Proposal 15:	No need to introduce rotation factor O3 in Mode 1.
Proposal 16:	Support Ks CSI-RS resources to be constrained in one slot.
Proposal 17: Only interference measurement performed on the CSI-IM resource is supported, and only one CSI-IM resource is configured in the CSI-IM resource set.
Proposal 18: Support hard restriction on CBSR of CJT only.
Proposal 19: For Ntrp = 1, fully reuse the legacy codebook parameter configurations. For Ntrp > 1, at least pv={1/8, 1/8, 1/16, 1/16} is associated with the minimum Ltot for a given Ntrp.
Proposal 20:	For Ntrp > 1, it is not supported to extend Ltot to larger than 16, which is the current maximum Ltot value if Ln = 6 is introduced.
Proposal 21:	Regarding the codebook parameter R, the legacy values are reused, i.e., R=1 and 2.
Proposal 22: Support aligning the identification of SCI for rank=1 and rank>1 by using the total number of SD basis.
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Appendix A
A.1 Evaluation parameter for High/medium-CSI 
The evaluation parameter configuration for High/medium-CSI
	Parameter
	　

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

	Multiple access 
	OFDMA 

	Scenario
	typical 57-sector, SLS: 
- 1 TRP per sector, 3 sectors per site. 
- Dense Urban (macro only) 200m ISD

	Frequency Range
	FR1 only, 
2GHz

	Inter-BS (site) distance
	200m(2GHz)

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

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

	BS Tx power 
	Per TRP 41 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
	7dB

	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 8

	Channel prediction 
	Based on AR algorithm and the AR order is {4}

	CSI feedback 
	. CSI-RS periodicity:  1 ms, 
. CSI feedback periodicity: N4, and N4=4
. Value of Q: 2
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms for CQI determination and 0 ms for bitmap design

	Traffic model
	FTP 1 (RU≈60%)

	UE distribution
	According to TS 38.802
- DU and UMa: 100% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	Throughput as baseline metrics

	UE number per TRP
	10



A.2 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.3 Modeling of propagation delay
According to TR 38901[3], 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


[bookmark: _GoBack]
Cell mean SE of different alternatives of  NZC bitmap design( RS gap =1ms)
Alt1	168	253	331	480	649	703	955	1	1.0083254110584372	1.0512037976104021	1.0604142449913225	1.0612946232278981	1.0791139191370402	1.0784246635768029	Alt4'	148	211	291	448	605	671	911	0.99539809343132257	1.0044538358984565	1.0482604519331409	1.0577234240319122	1.0581635425731408	1.0779091687363389	1.0788752275227946	Alt1 layer common offset	payload (bits)

SE gain



Cell mean upt of different alternatives of NZC bitmap design (RS gap =1ms)  

Alt1	317	485	601	937	1273	1	1.0549106435658253	1.089112200841007	1.0884140080838296	1.1073614758690034	Alt3	323	585	837	1022	1227	1.0144092380165719	1.0669850471545395	1.0670554275064534	1.1048580153304992	1.087793600306767	Alt4'	197	281	601	921	1174	1.0247616507220978	1.0374706311686106	1.089112200841007	1.1113549681966302	1.1133182593662243	payload(bits)


upt gain
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Cell mean SE of different alternatives of Wf offset design, Outdoorl, Model,isd=200m,
the Altl with paramComb=1 as the baseline, N3=26, max rank=2
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Cell mean SE for different O3, Outdoorl, isd=200m, the O3=1 with paramComb=1 as the
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Cell mean SE for different O3, Outdoorl, isd=200m, the O3=1 with paramComb=1 as the
baseline, Mode 1, N3=26, max rank=2
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image14.emf
Agreem ent   On  the   Type - II codebook refinement for CJT mTRP ,  for Re l - 16 - based ref i nement,  support  at least   the following  combinations of  { L n }   for   the higher - layer - configure d value   of  N TRP   (FFS   by RAN1#112: whether the bracketed  permutations  are also supported):      FF S by RAN1#112: whether other combinations can be supported   FFS   (by RAN1#1 1 2bis - e) :  Whether/h ow the supported combinations of {  n } f or Rel - 17 - based refinement   are derived  from the supported combinations of { L n } for Rel - 16 - based refine ment    FFS: Whether the  t o tal number of Ln is a UE capability    

N TRP   {L n } combinatio n  

1   {2}  

{4}  

{6} (analogous to legacy, only for total # ports  = 32 , rank 1 - 2, R=1  

2   {2,2}  

{2,4},  [ {4,2} ]  

{4,4}  

3   {2,2,2}  

{2,2,4} [and its other permut ations]  

{4, 4,4}  

4   {2,2,2,2}  

{2, 2,2,4} [and its other permutations]  

{2,2,4,4} [and its ot her permutatio n s]  

{4,4,4,4}  
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Agreement   On  the   Type - II cod ebook r efinement for CJT mTRP ,  for Rel - 16 - based refinement,  support at least the following  combinatio ns of  {p v ,  }   from where   the value of   { p v ,  }  is   gNB - configured via higher - layer (RRC) signaling :      FFS by RAN1#112: whether other combinations can be supported   FFS (by RAN1#112bis - e):  Whether/how the supported  combinations of { M } for Rel - 17 - based refinement a re derived   from the supported combinations of { p v   ,  } for Rel - 16 - based refinement     

p v   for layers 1 - 4     Condition(s)   

{1/8, 1/8, 1/16, 1/16}       ¼    --  

½    --  

{1/4, 1/4, 1/8, 1/8}   ¼ (*)   --  

½ (*)   --  

{1/ 4 , 1/ 4 , 1/ 4 , 1/ 4 }   ¾ (*)    --  

{1/2, 1/2, 1/2, 1/2}   ½    -   Only ap plicable when N TRP ≤3 and N L =1   -   Optional  

(*) Supported by legacy Rel - 16   
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Agreement   On the Type - II codebook refi nement for CJT mTRP, for Rel - 16 - based refine ment, regarding the list of supported  combinations of { L n },  only   support the following additional combinations:  

N TRP   {L n } combination  

2   {4,2}  

3   {2,4 ,2}, {4,2,2}  

No other permutations   are supported.   FFS: For  N T RP >1, in addition to the supported combinati ons/permutations, whether to support at least one additional  combination where at least one of the  L n   values ( n =1, …,   N TRP ) is 6  
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Cell mean SE gain vs overhead for different parameter R(8 port per
TRP, Mode2 CB, Outdoorl with S00m isd)
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