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[bookmark: _Ref521334010]Introduction
In RAN1#109e meeting, it was agreed to specify the following three features of CSI enhancement for medium/high mobility and coherent-JT [1]:
	Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110


Since RAN1#109e meeting, lots of agreements on the design of Type II codebook refinement for CJT and high Doppler were reached and good progress was made. In this contribution, remaining issues on CSI enhancement for high/medium mobility and coherent-JT will be discussed.
CSI reporting enhancement for high/medium UE velocities
Refinement to Rel-16/17 Type II codebook
Bitmap for NZC locations
	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.



[bookmark: OLE_LINK5][bookmark: OLE_LINK6]As agreed in RAN1#112 meeting [2], Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs. The above alternatives for the bitmap design were identified and discussed. As there is no restrictions on the selection of NZCs, Alt1 can achieve the best performance, but the bitmap overhead is large with 2LMQ bits for each layer. Alt3A and Alt4 have lower overhead than Alt1, but their performance needs to be studied. The performance and overhead tradeoff should be considered to determine the solution.
Alt4 introduces additional complexity related to determination of number of bits for each SD, FD and DD basis. Furthermore, lots of spec effort is expected, for it is different from legacy Rel-16 bitmap design. Therefore, we do not see clear benefit to support Alt4. Alt1 and Alt3A have less spec impact as they are similar to legacy Rel-16 bitmap for indicating the locations of the NZCs. We evaluate the performance of Alt1 and Alt3A. System level evaluations are performed assuming 30km/h UE velocities using 32Tx ports and 2 Rx ports in UMa scenario. The parameter is set as (, , ,) = (4, 2, 4, 4). Other simulation assumptions are shown in Table A-1 in Appendix.

[image: ]
[bookmark: _Ref127460693]Figure 1 Performance of Alt3A compared with Alt1
The average throughput versus bitmap overhead is shown in Figure 1. Based on the simulation results, it is observed that Alt3A has negligible performance loss compared with Alt1 with less bitmap overhead. Therefore, Alt3A is preferred.
Proposal-1: 
· Adopt Alt3A for indicating the locations of the NZCs.

The value of S needs to be carefully determined considering the tradeoff between performance and overhead. It can be fixed or RRC configured value. Larger S value can achieve better performance but introduce higher bitmap overhead. System level simulation is performed to compare the average throughput of Alt3A with Alt1 under different S value. The simulation results are summarized in Table 1. When , the bitmap overhead of Alt1 is 64bits. The bitmap overhead of Alt3A with  is 40bits which incurs 37.5% overhead reduction, and the average throughput has only 0.58% loss compared with Alt1. Therefore,  is enough for  under the simulation assumptions described above. As different S value is needed for different Q and M value under different scenarios, we prefer that S value is configured by gNB.
[bookmark: _Ref127460582]Table 1 Performance of Alt3A compared with Alt1 and different S
	L=4
M=4
	Q=2,N4=4,30km/h

	
	Bitmap overhead MQ+S*2L
	Average throughput gain of Alt3A compared with Alt1

	S=2
	24
	-2.49%

	S=3
	32
	-1.24%

	S=4
	40
	-0.58%

	S=5
	48
	-0.42%

	S=6
	56
	-0.28%



Proposal-2:  
· Value S is configured by gNB for Alt3A.

CQI 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
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, CQI is defined per legacy CQI definition (ensuring at most 10% BLER) within the slot(s) which a CQI is associated with.



In RAN1#112 meeting, the above basic feature and optional features were agreed. For X=2, whether and how to include CQI overhead reduction was discussed. The following two schemes are candidates to reduce the CQI overhead.
· Alt1: Use differential CQI for 2nd wideband and subband CQI.
· Alt2: No 2nd wideband CQI, and use differential CQI for the 2nd subband CQI with 1st wideband CQI as a reference.
For Alt1, differential quantization of the 2nd wideband CQI will introduce additional quantization error to subband CQIs. Besides, the saving is only 2 bits when using 2bits differential quantization of the 2nd wideband CQI. Therefore, we don’t see clear benefit to support Alt1. For Alt2, if 2nd wideband CQI differs significantly from the 1st wideband CQI, 2nd subband offset level (i.e., 2nd subband CQI-1st wideband CQI) would be >=2 or <=-1. gNB cannot obtain the detailed information of multiple 2nd subband CQIs when offset level >=2 or <=-1 is reported, thereby questioning its performance. Besides, the saving is only 4bits. Therefore, we don’t support Alt2 either. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The potential savings from reducing CQI overhead in terms of bits are relatively minor, and the performance degradation is expected with the lower CQI overhead. We think legacy CQI reporting scheme is adequate.
Proposal-3: 
· No need to reduce CQI overhead for X=2.

CSI omission
	Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following four 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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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



During the RAN1#112 meeting, four alternatives are identified and discussed regarding CSI omission. The main focus was on defining the priority of DD basis based on Rel-16 priority definition, which only includes FD basis, SD basis and layer index. As the channel in time domain changes slower than in frequency domain, discarding a part of the reporting coefficients corresponding to a DD basis has less impact on performance than discarding some coefficients corresponding to a FD basis. Thus it is reasonable to assign the DD basis as least priority. Therefore, Alt2 and Alt3 are the preferred options.
After comparing Alt2 and Alt3, it is more reasonable to use N3 instead of Mv, because the range value of P(m) is {0,1,..., N3-1}. Therefore, Alt2 is preferred. Regarding the function S(q), as only two DD basis are supported and the index q of the dominated DD basis is always 0, it is nature to assign high priority to q=0 and low priority to q=1. Therefore, S(q)=q is preferred.
Proposal-4: 
· Support Alt2 with S(q)=q regarding CSI omission.

For Enhanced Type II reports in Rel-16, for a given CSI report n, each reported element of indices (amplitude coefficient indicator), (phase coefficient indicator) and  (NZC location indicator) is mapped to Group1 and Group2 of CSI Part 2 according to its priority.
· Group 1: Indices  (if reported),  (if reported), the  highest priority elements of ,  , the  highest priority elements of  and the  highest priority elements of  ().
· Group 2: The  lowest priority elements of , the  lowest priority elements of  and the  lowest priority elements of  ().
Regarding the grouping of NZC and the DD basis indicator in Rel-18, the simplest way is to reuse legacy Rel-16 scheme. As there are only two DD basis vectors (index q=0, 1), all NZC corresponding to q=1 and a part of NZC corresponding to q=0 would be discarded if the NZC number corresponding to q=1 is smaller than that of q=0. The performance is questionable in this case. Therefore, it is better to enhance the grouping of NZC and the DD basis in Rel-18.
As only two DD basis vectors are supported, grouping the NZC and the DD basis indicator based on DD basis index q can be considered. As q value of dominated DD basis is 0 after permutation, NZC with q=0 is of higher priority. Therefore NZC with q=0 can be mapped to Group1 of CSI Part2, and NZC and DD basis with q=1 can be mapped to Group2 of CSI Part2. The grouping of NZC and DD basis is shown as below.
· Group 1: The elements of  with q=0, , the elements of  with q=0 and the elements of  with q=0 ().
· Group 2: The elements of  with q=1, the elements of  with q=1 and the elements of  with q=1 ().
When Group 2 of CSI Part2 is discarded, gNB should know the remaining size of CSI Part2 to decode successfully. The size of Group1 is not fixed since the NZC number associated with q=0 is variable, so the NZC number in Group1 should be indicated by a field of CSI Part1.
Proposal-5: 
· Grouping the NZC and DD basis indicator based on q.
· Indicating the NZC number in Group1 by a field of CSI Part1. 

Parameter Combination
	Conclusion
On the Parameter Combination of Type-II codebook refinement for high/medium velocities, there is no consensus on including another non-UCI Doppler codebook parameter as a variable in the list of supported Parameter Combinations.
· Note: This implies that other non-UCI Doppler codebook parameters will be a part of RRC configuration (either explicit or implicit)

Agreement
On the Type-II codebook refinement for high/medium velocities based on Rel-16 regular eType-II codebook (if supported), for the purpose of choosing the supported Parameter Combinations 
· Regarding the codebook parameter pv, in addition to the supported values from the legacy specification, introduce as additional candidate values
· pv =1/8 for v=1,2 (hence 1/16 for v=3,4)
· pv =1/2 for v=1,2,3,4 
· Regarding the codebook parameter , in addition to the supported values from the legacy specification, introduce as an additional candidate value = 1/8
Regarding the codebook parameter L, the supported values from the legacy specification apply



In the RAN1#112 meeting, new values of pv and were introduced as additional candidate values for the purpose of choosing the supported parameter combinations, in addition to the supported values from the legacy specification. The number of these parameter combinations is extensive, and supporting all of them would complicate the configuration of parameter combination. To address this issue, redundant parameter combinations should be removed based on performance evaluation, as some may achieve similar performance.
We evaluated the throughput and overhead by testing various parameter combinations. System level evaluations are performed assuming 30km/h UE velocities, 32Tx ports and 4Rx/2 Rx ports in UMa scenario. The parameter  is set to 4 and  is set to 2. Additional simulation assumptions are provided in Table A-1 in Appendix. The SLS results are presented in Figure 2 and Figure 3. Based on our simulation results, we identified several Parameter Combinations that offer a good tradeoff between performance and overhead. As a result, we recommend using the Parameter Combinations outlined in Table 2. 

[image: ]
[bookmark: _Ref131606103]Figure 2 Performance of rank adaptation with max rank=2

[image: ]
[bookmark: _Ref131606107]Figure 3 Performance of rank adaptation with max rank=4
Proposal-6: 
· Support the following parameter combinations.
[bookmark: _Ref131609743]Table 2 Codebook parameter configurations for L,  and 
	L
	
	

	
	
	
	

	2
	1/8
	1/16
	1/4

	2
	1/8
	1/16
	1/2

	4
	1/8
	1/16
	1/4

	4
	1/8
	1/16
	1/2

	4
	1/4
	1/8
	1/2

	4
	1/2
	1/4
	1/2

	6
	1/8
	-
	1/2

	6
	1/4
	-
	1/2





CSI enhancements for coherent-JT
Configuration and indication of SD basis
During RAN1#112 meeting, agreements on configuration and indication of SD basis were reached. To address the concerns on the number of possible SD basis combinations of {Ln}, only those explicitly listed combinations are supported. 
	Agreement
On the Type-II codebook refinement for CJT mTRP, only support NL ={2,4} as additional candidate values to NL=1.
· FFS: Additional restriction(s) depending on the configured value for NTRP

Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {n} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability

	[bookmark: _Hlk128062296]NTRP
	{Ln} combination

	[bookmark: _Hlk128062270]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 permutations]

	
	{4,4,4}

	4
	{2,2,2,2}

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

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

	
	{4,4,4,4}


Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, regarding the list of supported combinations of {Ln}, only support the following additional combinations:
	NTRP
	{Ln} combination

	2
	{4,2}

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


No other permutations are supported.
FFS: For NTRP>1, in addition to the supported combinations/permutations, whether to support at least one additional combination where at least one of the Ln values (n=1, …, NTRP) is 6



One issue that remains unresolved is whether additional configurations where at least one of the the Ln values is 6 are supported for NTRP>1. Based on agreements achieved so far, UE can select and report one TRP when NTRP>1 is configured. If there are no configurations that support Ln = 6 for NTRP>1, UE can only select Ln = 2 or Ln = 4 when a single TRP is reported. This is inconsistent with the behaviour when NTRP=1 is configured where Ln = 6 is supported. To ensure consistent UE behaviour when selecting a single TRP from multiple configured TRPs, it is necessary to support additional combination where at least one of the Ln values (n=1, … , NTRP) is 6.
Proposal-7:
· Support to have Ln = 6 for at least one additional combination for each of NTRP = 2, 3, 4.
 quantization and SCI
In Rel-16, the coefficient for SCI is assuming to 1, hence  quantization can be achieved by differential quantization for the strongest coefficient in a single polarization direction and differential quantization across different polarizations. For Rel-18 C-JT transmission hypothesis, the following agreement and work assumption were achieved in RAN1#110be meeting. 
	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



Since the co-located and distributed layouts are both supported for C-JT, the amplitude/power of different TRPs will vary greatly, especially for distributed scenarios. In addition, only one common SCI among multiple TRPs was supported. UE can perform differentiation with respect to reference amplitude within each of the 2N groups, and then perform differentiation with respect to one common SCI. Hence Alt 3 results in more precise quantization. That’s because if one TRP is much weaker than other TRPs, the weak coefficients of this TRP can also be accurately quantized with Alt 3. Therefore, the working assumption on Alt 3 should be confirmed.
Proposal-8: 
· For  quantization group, the work assumption on Alt 3 is confirmed.

FD basis reporting for mode 1
Regarding FD basis reporting, the following two alternatives were selected for further down-selection in RAN1#112 meeting. 
	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
Note: Per previous agreements, the number of selected FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources


Alt1 applies a per-TRP FD basis selection offset to a common FD basis that is shared by all TRPs. However, this approach poses a challenge because the common FD basis restricts the selection of FD basis. It can only work when all TRPs have the same propagation delay distribution. Otherwise, the common FD basis must include all FD bases from all TRPs, resulting in a larger number of FD bases and increased feedback overhead. If the number of configured FD bases is insufficient, some FD bases may have to be dropped, leading to performance degradation. Alt1 also places a higher burden on UEs as they must jointly select FD bases across multiple TRPs. Additionally, the FD basis selection by Alt1 is not independent across TRPs, contradicting the agreed definition of mode 1.
Proposal-9: 
· On the Type-II codebook refinement for CJT mTRP, for mode-1, Alt2 is supported.
· Alt2. independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset).

UCI omission
In RAN1#112 meeting, alternatives for UCI omission were identified for further down selection. 
	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



[bookmark: _GoBack]As UCI omission is an emergency procedure, when UCI omission occurs the quality of CSI reporting is not guaranteed. In this case, it is unlikely for gNB to perform CJT transmission based on the incomplete CSI reporting. Instead, gNB may choose single TRP transmission or CJT transmission with less number of TRPs for safer operation. With Alt2, when UCI omission occurs, at least CSI for one TRP is reliably reported. Therefore, Alt2 is preferred from perspective of safer operation. As TRP with SCI is likely to have better quality than other TRPs, the mapping Q(n) can be designed as: Q(n) = n, or Q(n) = 0 if n corresponds to strongest TRP/SCI.
Proposal-10:
· Alt2 is supported for UCI omission:
· Prio(,l,m,n)=2L’.Q(n).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Q(n) = n, or Q(n) = 0 if n corresponds to strongest TRP/SCI

Other enhancements to mode 1
For mode 1, independent FD bases are selected. If explicit co-scaling is not introduced for mode 1, the only difference between mode 1 and mode 2 is the selection of independent or common FD bases. However, even if mode 1 is configured by RRC signaling, the delay paths/FD bases of some TRPs may be aligned. In such cases, reporting independent FD bases would result in unnecessary waste of UL resources. Therefore, an enhancement to mode 1 can be considered if the FD bases of some TRP/TRP groups are aligned. For example, in Figure 4, the UE can omit the FD bases of some TRP/TRP groups if their FD bases are aligned, thus reducing the feedback overhead, similar to mode 2.

[image: ]
[bookmark: _Ref127367696]  Figure 4  Omission of FD basis reporting for mode 1

Proposal-11: 
· FD basis for a TRP can be omitted if the FD basis of multiple TRPs are aligned.


Conclusions
In this contribution, we provided our views on the enhancements for DL CSI enhancements. We have the following observations and proposals:
Proposal-1: 
· Adopt Alt3A for indicating the locations of the NZCs.
Proposal-2:  
· Value S is configured by gNB for Alt3A.
Proposal-3: 
· No need to reduce CQI overhead for X=2.
Proposal-4: 
· Support Alt2 with S(q)=q regarding CSI omission.
Proposal-5: 
· Grouping the NZC and DD basis indicator based on q.
· Indicating the NZC number in Group1 by a field of CSI Part1. 
Proposal-6: 
· Support the following parameter combinations.
	L
	
	

	
	
	
	

	2
	1/8
	1/16
	1/4

	2
	1/8
	1/16
	1/2

	4
	1/8
	1/16
	1/4

	4
	1/8
	1/16
	1/2

	4
	1/4
	1/8
	1/2

	4
	1/2
	1/4
	1/2

	6
	1/8
	-
	1/2

	6
	1/4
	-
	1/2



Proposal-7:
· Support to have Ln = 6 for at least one additional combination for each of NTRP = 2, 3, 4.
Proposal-8: 
· For  quantization group, the work assumption on Alt 3 is confirmed.
Proposal-9: 
· On the Type-II codebook refinement for CJT mTRP, for mode-1, Alt2 is supported.
· Alt2. independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset).
Proposal-10:
· Alt2 is supported for UCI omission:
· Prio(,l,m,n)=2L’.Q(n).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Q(n) = n, or Q(n) = 0 if n corresponds to strongest TRP/SCI
Proposal-11: 
· FD basis for a TRP can be omitted if the FD basis of multiple TRPs are aligned.
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Appendix
System level simulation assumptions for high/medium UE velocities
[bookmark: _Ref127460062]Table A-1: System level simulation assumptions for high/medium UE velocities
	Parameter
	Value

	Duplex 
	FDD 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Uma) 

	Carrier frequency
	2GHz 

	Inter-Macro BS distance
	500m 

	Antenna setup at gNB
	32Tx: (1,1,2,8,2), (dH,dV) = (0.5, 0.8)λ 

	Antenna setup at UE
	2Rx: (1,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Simulation bandwidth 
	10 MHz with 15KHz

	Maximum MU layers
	12

	CSI-RS period
	5 slots

	Predicted CSI report
	Periodic predicted CSI feedback with period 20slots/40slots;
Number of PMIs included in a report: 4/8;
TD/DD unit size d=5slots;
Number of CQIs included in a report: 1, 2, 4.

	Traffic model
	Full Buffer

	UE distribution
	100% outdoor

	UE receiver
	MMSE-IRC
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