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Introduction
This contribution provides Samsung’s view on the key issues related to Rel.18 CSI enhancements that are prioritized for RAN1#112 (as announced by the FL). It also discusses other issues that are relevant for further discussions. 

Type II codebook refinement for coherent-JT
1.1 Key issues
1.1.1 Issue 1 (W2 quantization, working assumption)

	[2] 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



Regarding the working assumption on Alt3 for amplitude grouping, the main argument from the proponents of Alt3 is the power imbalance across TRPs in case of inter-site scenarios with large ISD (e.g. 500m), which may require reporting of this power imbalance via different amplitude groups, one per TRP ( groups in total). In our view, since the SCI is across TRPs, coefficients associated with different TRPs need to be normalized with respect to the strongest coefficient across all TRPs, implying that the W2 coefficients after normalization in some sense shall already capture the power level of different TRPs. This is regardless of the scenarios or ISD values. We verify this via simulation results provided in Section 2.2, wherein we show that there is no gain with Alt3 over Alt1 in inter-site scenarios with small (200m) as well as large (500m) ISDs. We therefore propose to revert the working assumption.

Observation 1: due to one SCI across TRPs, the W2 coefficients for different TRPs (after normalization with the strongest coefficient) capture the different power level across TRPs, implying that there is no need for per-TRP per-polarization reference amplitude reporting (i.e. Alt3)


Proposal 1: Revert the working assumption on the additional support for Alt3 for the amplitude grouping
· Note that the working assumption was included with the understanding that the gain of Alt3 over Alt1 (already agreed to be supported) can be demonstrated – not simply that “as long as Alt3 is not broken, the WA should be confirmed as agreement.”


1.1.2 Issue 2 (mode-1: Alt1 vs 2 vs 3) 

	[1] Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, study and down select (no later than 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)
· Alt3. 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 independently selected across N CSI-RS resources 
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 FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources

Offline proposal 1.B.1: 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 FS basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources



We support Alt1. For mode1, independent per-TRP FD basis reporting can be w.r.t. a reference FD basis (of a reference TRP). The reporting of a relative FD basis offset for each TRP  (except the reference, which can be set to 0) can help align FD basis (or the delay profile) of different TRPs. Furthermore, the relative FD basis Wf (hence delay profile) after cyclic shift or alignment can be similar. The main advantage of Alt1 over alternatives (Alt2/3) is that it can unify the functionality of mode 1 and mode 2 (which is a design principle included in the agreement on the support of mode 1 and mode 2), reduce overhead (when compared with Alt2 and Alt3), and reduce UE computational complexity (due to one vs per-TRP Wf). Simulation results comparing these alternatives are provided in Section 2.2. The results demonstrate that there is no clear performance gap between Alt1/2/3. 

Observation 2: on FD basis reporting for mode-1, when compared with Alt 2/3, Alt1 can
· unify the functionality of mode 1 and mode 2 (per agreement on support of mode1/2),
· achieve similar performance with lower overhead of FD basis reporting as well as lower complexity of FD basis calculation

Proposal 2: support Alt1 of the offline proposal 1.B.1 for mode-1 FD basis reporting 


1.1.3 Issue 3 (parameter combination)

	[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter , introduce as a candidate value  = 1/8 in addition to the supported value(s) from the legacy specification.
· FFS (by RAN1#111): whether additional value 1 can also be added

[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, in addition to the supported value(s) from the legacy specification for Rel-16 regular eType-II codebook, introduce as a candidate value
· pv = 1/8 for v=1,2 (hence 1/16 for v=3,4)
· FFS (by RAN1#111): whether additional value pv = 1/2 for v=1,2,3,4 can also be added

[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the codebook parameter pv, support the additional value of pv=1/2 for v=1,2,3,4 with the following condition:
Only to be used in combination with other parameter value(s) to limit the increase in PMI overhead comparable to the maximum overhead of the legacy Rel-16/17 Type-II codebooks (exact parameter combination(s) FFS)

[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the SD basis selection, for a configured value of NTRP, a set of NL combinations of values for {L1, ..., LNTRP} is gNB-configured via higher-layer (RRC) signaling
· When NL>1, the selected combination of values for {L1, ..., LNTRP} is reported in CSI part 1 using an indicator, selected from the NL configured combinations
· NL =1 is one of the supported candidate values 
· FFS: Other supported value(s) of NL, and its respective UE capability
· FFS: The supported combinations of values for {L1, ..., LNTRP}
· Following the legacy design, the SD basis selection for the n-th (n=1,...,N) selected CSI-RS resource is indicated in CSI part 2 using a combinatorial indicator selected from a set of   codepoints where, for Rel-16-based refinement PCSI-RS = 2*N1N2.
· The supported candidate values for each of the Ln parameters include the legacy candidate values, i.e. {2,4,6} for Rel-16-based refinement, and 
· for Rel-17-based refinement, the gNB configures a set of N_L combinations for {alpha1, ..., alphaNTRP}   where  
FFS: Whether the set of NL combinations of values for {L1, ..., LNTRP} can be implicitly derived
Following the legacy design, for all the selected N CSI-RS resources, the SD basis oversampling group for each CSI-RS resource is indicated in CSI part 2 using an indicator selected from a set of O1O2 codepoints.

Offline conclusion 1.C.1: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, there is no consensus on adding a new (not previously agreed) codebook parameter, as well as replacing the legacy parameter L with a new (not previously agreed) parameter.
· Note: Since dynamic {Ln} selection was agreed, this implies that the list of supported {Ln} combinations will be discussed separately from the list of supported {pv,} combinations
· FFS: Whether/how the list of supported {Ln} combinations can be linked with the list of supported {pv,} combinations without introducing a new (not previously agreed) codebook parameter, e.g. via some UE capability





We support the offline conclusion 1.C.1 as it reflects the discussion thus far, especially during the agreement in RAN1#111 in which we agreed that new parameters such as  or  are not to be introduced. In addition, such parameters are redundant as they can be derived from the configured  combinations. We are open to discuss such parameters in UE feature discussions.

Regarding the parameter combinations, we support two separate tables, one for  combinations and another for , an example is shown in Figure 1. The two-table setup allows reusing legacy table for  as much as possible and can simplify the specification effort. Regarding the first table, we don’t need to support all possible combinations of  since some combinations can be similar (hence redundant) to or worse than other combinations in UPT vs overhead trade-off, as shown later in Section 2.2. So, we can limit the number of supported combinations. A set of () combinations of values for  can then be configured from this restricted table. Likewise, for the second table, the number of supported combinations is limited up to 8 (similar to legacy). This can also be based on the UPT vs overhead trade-off, just like the approach adopted during legacy parameter combination discussions. Finally, the configuration from these tables should be via separate RRC parameters.
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[bookmark: _Ref127440819]Figure 1

Since the number of candidates for  combinations and  are large, a fully exhaustive search to determine the two tables seems challenging, especially when results are provided by multiple companies. We therefore propose a simplified approach as described in Table 1.

[bookmark: _Ref127442075]Table 1
	Metric: according to the agreed EVM, i.e., UPT vs overhead trade-off (just like Rel.16/17)

Criterion: similar to Rel. 16 (R1-1908499)
· The overhead regime of interest <= max overhead of Rel.16/17 (~1000 bits)
·  values and  combinations performing worse or incurring very high overhead excluded.

Candidate values
· : max 8 combinations (similar to legacy)
· Candidate  values: 1/8, 1/4, 1/2
· Candidate  values: 1/8, 1/4, 1/2, 3/4 
· : minimize the number of combinations as much as possible
· Candidate  values: {2,4,6}
· : 
· Optional in Rel.16 due to complexity (e.g. large size SVD)
· For >1 TRPs, the complexity is even more
·  can incur very high overhead
· Therefore,  can be excluded from the candidate list

To reduce simulation efforts, two-step approach
· Step 1: for each  combination, select up to best 8 pairs  based on the criterion
· Step 2: 
· For each candidate , count the number of  combinations that include  as one of the 8 pairs from Step 1
· Select 8 pairs  that have the largest counts from the previous step
· From the selected 8 pairs , prune out (exclude) redundant  combinations based on the criterion




Observation 3: 
· a new parameter  or  is redundant
· two separate table allows reusing legacy table for  and can simplify the specification
· a fully exhaustive search across all possible candidate parameter values is challenging, and a simplified approach is preferable for each of the discussions

Proposal 3: regarding the parameter combinations for CJT codebook
· support the offline conclusion 1.C.1
· support two separate tables for supported  and supported , respectively
· separate RRC configurations of   combinations and 
· two tables are determined based on a simplified approach (e.g. Table 1) 
· a metric (UPT vs overhead trade-off), 
· a criterion similar to legacy, and 
· a simplified approach for ease of discussion and simulation efforts 

1.1.4 Issue 4 (UCI parameter design)

Based on the legacy framework, we can list up UCI parameters for part 1 and part 2 as follows:

· Part 1
· KNZ: total number of non-zero coefficients across all layers and CSI-RS resources 
· CSI-RS resource selection bitmap: NTRP-bit bitmap (absent if N=NTRP is configured)
· Indication of {L1,…,LNTRP} selection:  bit indicator (absent if  is configured)
· WB/SB CQIs
· Part 2
· N bitmap per layer:  for each CSI-RS resource 
· SCI: for RI=1, -bit indicator. For RI>1, -bit indicator
· SD basis vector selection indicator: -bit indicator for each CSI-RS resource 
· FD basis vector selection indicator: for Mode 2, same as legacy. For Mode 1, can be different based on the outcome of Alt1/2/3 of issue 2.
· Phase coefficient indicator:  bits
· Amplitude coefficient indicator: one reference amplitude (4-bit) +  bits
· SD oversampling indicator per CSI-RS resource or common across CSI-RS resources 


Proposal 4: follow the legacy framework to divide UCI parameters into CSI part 1 and CSI part 2 for Rel-18 CJT


1.1.5 Issue 5 (CBSR)

Our initial view on CBSR is to consider a natural extension of the legacy framework with adding CSI-RS resources. The followings can be a starting point.
· Rank restriction should be TRP-common.
· Beam and amplitude restrictions can be TRP-specific.

Proposal 5: For CBSR, consider an extension of the legacy framework with adding CSI-RS resources, and a joint rank restriction across CSI-RS resources  

1.1.6 Issue 6 (CSI omission)

Our initial view on CSI (UCI) omission is to consider a natural extension of the legacy framework with adding CSI-RS resources. Regarding G0, G1, and G2 grouping, reusing or extending the legacy framework can be considered. 

In the legacy framework, UCI omission priority rule is in order of layerSDFD. For CJT, TRP (CSI-RS resource) can be further considered for UCI omission priority rule in addition to layer, SD, and FD. 

For the case where UCI omission is needed, we prefer to have TRP index (CSI-RS resource index) to be the highest priority in the omission rule, i.e., TRPlayerSDFD, since CJT is more beneficial in the joint-SVD operation for mTRP channels, wherein the UE determines and reports the CSI using the composite channel of mTRP.

Proposal 6: For CSI omission, consider an extension of the legacy framework with adding CSI-RS resources, a priority order can be CSI-RS resource  layer  SD  FD.


1.2 Simulation results
We provide system-level simulation (SLS) results on (1) performance comparison for all possible combinations of  and , (2) performance comparison for two alternatives on FD basis selection offset for Mode 1, and Mode 2, and (3) performance comparison for different reference grouping methods, i.e., Alt1, and Alt3, of Issue 1, in inter-site inter-cell scenarios with ISD=500m and 200m. The simulation assumptions are summarized in Appendix A. 

Evaluation 1: performance comparison for all possible combinations of } and 

Simulation setup:
We performed SLS simulations to compare Mode 2 performance for all possible pairs of  for each  combination for each case of , where  and  and . Here,  implies  for  and  for . We considered both of the scenarios where UE is allowed to select dynamic rank up to 2 and up to 4. 

For , 
· We considered intra-site inter-cell scenario.
For ,
· We considered intra-site intra-cell scenario. 
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[bookmark: _Ref127430000][bookmark: _Ref127429975]Figure 2: Average UPT gain vs overhead w.r.t. {Ln} and (pv, beta), when NTRP=3 and dynamic rank=1,2
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[bookmark: _Ref127430003][bookmark: _Ref127429983]Figure 3: Average UPT gain vs overhead w.r.t. {Ln} and (pv, beta), when NTRP=3 and dynamic rank=1,2,3,4

Figure 2 and Figure 3 show the average UPT gain vs overhead w.r.t. all possible combinations of  and  for NTRP=3 for dynamic rank up to 2 and up to 4, respectively. There are 12 different colors, each of which corresponds to each pair of . For each same color, there are points each of which corresponds to different  combination.

As seen in Figure 2 and Figure 3, we can consider the overhead regime of interest (<=1000 bits) and find the best performing points within the overhead regime. 

Finding best pairs of :
To find the best pairs of , we considered the following approach based on the criterion described in section 2.1.3.
· Step a: For each given  and for each combination of , find the  best pairs of  that yield the best UPT vs overhead trade-off (most left and upper points)
· Step b: For each candidate , count how many times are selected as a best pair (determined in Step a) by checking every case of  and  combination. 
· Step c: Sort the best pairs of  using the counts found in Step b.

By the approach, we have obtained the following statistics shown in Figure 4.
[image: ]
[bookmark: _Ref127433503]Figure 4: Best-pair frequency for each (pv, beta)

As seen in Figure 3, for example,  are selected as a best pair for all cases of )  and  are selected as a best pair for more than or equal to a half of all cases of ). Here, we considered one case of  among its possible permutations. 


Based on the above approach, we found the following 6 best pairs of .

[bookmark: _Ref127435373]Table 2: Best pairs of 
	Index


	

	


	
	
	
	

	1
	1/8
	1/16
	1/8

	2
	1/8
	1/16
	1/4

	3
	1/8
	1/16
	1/2

	4
	1/4
	1/8
	1/4

	5
	1/4
	1/8
	1/2

	6
	1/2
	1/4
	1/4



Observation 4:  are good candidates to yield better UPT vs overhead trade-off performance than other combinations of 
 

Pruning  combinations performing worse, based on the best pairs of 
Once we found the best pairs of , we can compare the performance of  using the best pairs of . 



[bookmark: _Ref127435298]Figure 5: Average UPT gain vs overhead for {Ln}=(4,2,2) and (4,4,2) using  pairs in Table 2 for NTRP=3.



[bookmark: _Ref127435301]Figure 6: Average UPT gain vs overhead for {Ln}=(4,4,2,2) and (4,4,4,2) using  pairs in Table 2 for NTRP=4.

Figure 5 and Figure 6 show some examples to compare the performance of two {Ln} combinations using  pairs in Table 2 for  and , respectively. Based on the results we can make the following observations: 

Observation 5: 
·  (and its permutations) perform worse than , hence they are good candidates to be removed from parameter combination for  when 
·  (and its permutations) perform worse than , hence they are good candidates to be removed from parameter combination for  when 


On parameter value of  for 
[image: ]
[bookmark: _Ref118451515]Figure 7: Max overhead comparison for R16 eType-II CSI vs CJT CB Mode 2 with  for  

Figure 7 shows max overhead comparison for R16 eType-II CSI vs CJT CB Mode 2 with  for . To gain some insight, we also plot one-slot PUSCH capacity for 10 PRBs w.r.t. MCS index. As seen in Figure 7, max overhead of CJT CB Mode 2 with  for  cannot be supported by any MCS value, under the usage of 40% one-slot PUSCH capacity. On the other hand, max overhead for R16 eType-II CSI can be supported after >11 MCS index within the usage of 40% one-slot PUSCH capacity, which is already huge constrained in use cases. The parameter value of  for  is not desirable and the max overhead for R16 eType-II CSI should be baseline to determine parameter candidates.

Observation 6: max overhead of CJT CB Mode 2 with  for  cannot be supported by any MCS value, under the usage of 40% one-slot PUSCH capacity.


Evaluation 2: performance comparison for two alternatives on FD basis selection offset for Mode 1, and Mode 2



[bookmark: _Ref127437612][bookmark: _Ref127437568]Figure 8: Average UPT gain vs overhead w.r.t. different FD basis selection offset methods, i.e., Mode 1 with Alt1 and Alt2, and Mode 2 in inter-site inter-cell scenario


To compare the performance of Alt1 and Alt2 for Mode 1 (and Mode 2 as a reference), we considered  to satisfy . The detailed selection schemes of Alt1/Alt2 in our SLS results are as follows:
· Alt1: one  value for a reference TRP + one FD relative offset in  for each of remaining  TRPs + common  FD basis vector selection across  TRPs
· Alt2: one  value for each of  TRPs + independent  FD basis vector selection for each of  TRPs
For Mode 1 with Alt1 (as well as Mode 2), we considered the case of joint SVD for mTRP channels, whereas for Mode 1 with Alt2, we considered both the cases of joint SVD and per-TRP SVD for mTRP channels. Note that during the discussion of Mode 1 vs Mode 2, the proponents of Mode 1 strongly argued (despite the absence of evidence that Mode 1 provides performance benefit over Mode 2) that the Alt2 structure lends itself to a simpler PMI calculation as per-TRP PMI search is possible (i.e. per-TRP SVD).    

Here, we use the UPT with Alt1 of paraComb=1 as the reference UPT value (which we regard as 100%). As shown in Figure 8, we can make the following observation.

Observation 7: 
· Mode 1 with Alt 2 per-TRP SVD (the advocated lower complexity benefit for Alt2) incurs ~4% UPT loss (for the same PMI overhead) over Mode 2. 
· Overall, Mode 2 and Mode 1 with Alt 1 and Alt 2 using joint-SVD operation yield similar performance. 
· Mode 1 with Alt 2 needs additional UE processing to find per-TRP FD basis vectors for the case of joint-SVD operation, compared to Mode 2 or Mode 1 with Alt 1 – thereby resulting in higher UE complexity



[image: cid:image005.png@01D94873.CBA7A1E0]
[bookmark: _Ref128315015]Figure 9: Average UPT gain vs overhead w.r.t. different FD basis selection offset methods, i.e., Mode 1 with Alt1 and Alt2, and Mode 2 in inter-site inter-cell scenario, TRP-common q3 and O3=4

[image: cid:image006.png@01D94873.CBA7A1E0]
Figure 10: Average UPT gain vs overhead w.r.t. different FD basis selection offset methods, i.e., Mode 1 with Alt1 and Alt2, and Mode 2 in inter-site inter-cell scenario, TRP-specific q3 and O3=4

In addition, we further enhance the performance of Mode 1 Alt1/Alt2 by optimizing the oversampling factor  for FD basis selection. Figure 8 and Figure 9 show the SLS results when considering the cases of TRP-common  for Mode 1 and TRP-specific  for Mode 1, respectively. Note that TRP-common  for Mode 1 can be spec-transparently implemented but TRP-specific  for Mode 1 needs additional spec impact. As seen in Figure 8 and Figure 9, we can make the additional observations as follows:

 Observation A1: 
· With TRP-common , Mode 1 Alt1 performs slightly better than Alt2, and Mode 1 Alt 1 and Mode 2 perform similarly. 
· With TRP-specific  (additional spec impact to be needed), the performance of the both Mode 1 Alt1 and Alt2 can be improved and they yield a small gain (~2% average UPT gain) over Mode 2. Regardless, Mode1 Alt1 and Alt2 perform similarly.  


Evaluation 3: performance comparison for different reference grouping methods, i.e., Alt1, and Alt3, of Issue 1, in inter-site inter-cell scenarios with ISD=500m and 200m


[bookmark: _Ref115293576][bookmark: _Ref118449011]Figure 11: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 500m (Mode 1)


[bookmark: _Ref115293578][bookmark: _Ref118449012]Figure 12: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 500m (Mode 2)




[bookmark: _Ref118449030][bookmark: _Ref118449014]Figure 13: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 200m (Mode 1)



[bookmark: _Ref118446871]Figure 14: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 200m (Mode 1)

To see any benefit of Alt3 for W2 quantization scheme, we considered inter-site inter-cell scenarios with ISD=500m and ISD=200m (detailed assumptions are described in Table 6). As seen in Figure 11 - Figure 14, there is no benefit of Alt3 over Alt1 shown in our SLS results for both mode 1 and mode 2 cases even in the inter-site inter-cell scenarios. The Alt1 scheme sufficiently performs well with the least overhead. Here, we use the UPT for Alt1 scheme with paraComb=1 as the reference UPT value (which we regard as 100%).

Observation A2: there is no benefit of Alt3 over Alt1 shown in our SLS results for both mode 1 and mode 2 cases even in the inter-site inter-cell scenarios.

Type II codebook refinement for high/medium velocities
1.3 Key issues
1.3.1 Issue 7 (Rel-16-based vs Rel-17-based Doppler)

	[3] Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two



Given limited time/resource constraints and large number of potential Rel.18 enhancements, refining both Rel-16-based and Rel-17-based Type-II codebooks for high/medium velocities is quite challenging, considering substantial simulation work required for codebook design. Between the two, Rel-16-based design therefore should be prioritized.   
 
Proposal 7: prioritize Rel-16-based design for Type II codebook refinement for high/medium UE velocities.

1.3.2 Issue 8 (Finalize CQI, X>1 and CQ reference slot/window)

	[1] Agreement
For the Type-II codebook refinement for high/medium velocities, in one CSI reporting instance, for a given CQI sub-band, at least support including one CQI 
· FFS: The association of the CQI with PMI(s) and/or slot(s) within one duration of CSI reporting window WCSI
· FFS: The support for including more than one CQIs 

[1] 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), assuming 1 CQI in one sub-band and one CSI reporting instance, down-select (by RAN1#112) one from the following alternatives:
· Alt1. The CQI is associated with the entire duration of the CSI reporting window and all the N4 W2 matrices 
· Alt2A. The CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices 
· Alt2B.  The CQI is associated with the first/earliest d slots of the CSI reporting window and the first/earliest one of the N4 W2 matrices
Note: The N4 W2 matrices represent the combining coefficients before DD compression at the UE, or after DD de-compression at the gNB


[1] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, decide by RAN1#112 whether including X>1 CQIs in one sub-band and one CSI reporting instance are supported
· If supported, also decide the value(s) of X and the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots)

Offline proposal 2.B.1: 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), assuming 1 CQI in one sub-band and one CSI reporting instance, 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 matrices
· 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 matrices][last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrices]



Regarding CQI, there are two open issues: 
· Reference or time instance the CQI is associated with: there are 3 alternatives to down-select from and pros and cons of these alternatives are provided in Table 3. Our main concern with Alt2A and Alt2B is that it is not aligned with the current spec, since the CQI has to be conditioned on PMI in the current spec, and PMI is for the entire CSI reporting window, not just for 1 or d slots. Besides, CQI calculated based only on 1 or d slots will be inaccurate for remaining of the  slots and can be outdated for future slots if the 1 or d slots is in the beginning of the CSI reporting window, which is the case with Alt2A and Alt2B. These will lead to CQI mismatch, resulting in a UPT loss (when compared with Alt1). Due to inaccurate and outdated CQI, the open loop link adaptation (OLLA) may not be able to recover this loss since it gets an inferior reference (staring) CQI for adaption to begin with, and OLLA is a long-term adjustment, which can’t recover losses due to short-term channel variations. We observe the above-mentioned UPT losses in our simulation, as shown in Section 3.3. Based on these results, we support Alt1 as reference for CQI calculation.
· Whether X=2 CQIs is also supported in addition to X=1: when  is large (e.g. 20 slots) and the channel changes at a sufficiently fast rate during  (e.g. to high speed), CQI is likely to vary across slots. The CQI variation, however, is expected to be slower than PMI, implying that the number of CQIs in time domain (X) can be limited. Based on the simulation results provided in section 3.3, we observe that X=2 offers additional avg. UPT gain over X=1 with slight increase in overhead, hence achieves a better UPT vs overhead trade-off than 1 CQI. We therefore propose to support at least X=2 in addition to X=1.

Regarding the offline proposal 2.B.1, as described above, our concern is that if X=1 and Alt2A is supported as a mandatory/basic feature, the gain of the Type II Doppler codebook will vanish (which is already not large when compared with Rel.16 Type II), this would mean that this feature will be in danger of not being able to meet its objective, i.e., codebook refinement for high/medium velocities. We understand the UE complexity concern from other companies with Alt1. However, complexity is an implementation issue and is not easy to quantity. So, our preference remains Alt1 and X=2, but for progress, we can be OK with this proposal as long as it is agreed as is, including both optional features, since it addresses some of our performance related concerns, as demonstrated via simulation (cf. Section 3.3) that two slots (if properly) chosen can achieve UPT vs overhead trade-off, in between Alt1 and Alt2A/2B.

[bookmark: _Ref127389326]Table 3
	
	Reference
	Pros
	Cons

	Alt1
	
	Aligned with current spec (CQI conditioned on PMI)
	Complexity of CQI calculation during 

	Alt2A
	1st slot
	Similar to legacy (which is for a slot)
Lower complexity
	Not aligned with the current spec
CQI mismatch (hence performance loss)

	Alt2B
	1st DD/TD unit 
	Extension of legacy to DD/TD unit
Lower complexity
	Not aligned with the current spec
CQI mismatch (hence performance loss)



Observation 8: regarding CQI
· Alt2A and Alt2B, when compared with Alt1,
· are not aligned with the current spec, since CQI is not conditioned on PMI, and
· incur UPT performance loss due to inaccurate and outdated CQI for future slots
· provides an inferior reference (starting) CQI value to OLLA, which can’t recover the incurred UPT loss 
· X=1 CQI may lead UPT performance loss for fast varying channel due to high/medium UE velocities

Proposal 8: support offline proposal 2.B.1, 
· support both X=1 and X=2 CQIs, and the validity window associated with a CQI = W_CSI/X
 

1.3.3 Issue 9 (remaining parameters)

	[1] Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding the parameter Q, at least Q=2 is supported. 
· FFS: Whether Q=3 and/or Q=4 are also supported as other candidate value(s), as well as the supported Parameter Combination(s)

[1] Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>1, regarding parameter Q, decide in RAN1#112 whether to support the additional values of 3 and/or 4

[1] Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter WCSI (in slots) is determined as follows: WCSI = dN4

[1] Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter N4 (length of DFT vector, unit-less) is gNB-configured via higher-layer (RRC) signalling at least from the following set of candidate values: {1, 2, 4} 
· FFS: If additional candidate value(s) of N4 are supported, e.g. 3, 5, 6, 8, 10, 16, 32, as well as the supported Parameter Combination(s)

[1] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter N4 (length of DFT vector, unit-less), support 8 as an additional candidate value
· FFS (by RAN1#112): Whether any of the following additional candidate values are supported: 3, 5, 16, 32
· The candidate values supported by UE are reported via UE capability (details can be discussed in UE feature). 

[1] 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

[1] Agreement
For the Type-II codebook refinement for high/medium velocities, the parameter δ (in slots) is gNB-configured via higher-layer (RRC) signalling from a set of the following candidate values:
· First candidate value: δ=0, 
· 2 additional non-zero values of parameter δ are supported
· FFS: the non-zero value(s), to be selected from 1, 2, 3, 4, 5, 6, and 8
[1] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the parameter δ (in slots), support the additional value of 2
· FFS (by RAN1#112): For the last supported additional value, down select between 1, 3, 4, and 5

[1] Proposal 2.C.5: 
For the Type-II codebook refinement for high/medium velocities, regarding the parameter d (in slots), 
· Support at least the following candidate value:  
· If the configured CMR is AP-CSI-RS, this candidate value is the configured value of m parameter
· FFS: If the configured CMR is P/SP-CSI-RS
· FFS: Whether in the above two cases, the number of slots between the last CSI-RS occasion no later than the legacy reference resource and the starting of WCSI window shall be integer multiples of d slots.
· FFS: Whether additional candidate value(s) of d are supported, e.g. d<m, d>m, d=1
If more than one candidate values of d are supported, the value of d is gNB-configured via higher-layer (RRC) signalling 



Our view regarding the FFs on the remaining codebook parameters are provided below.
· : we do not support  since we observe that the UPT vs overhead trade-off for  is worse than that for , as shown in Section 3.3. This is due to the following:
· User throughput (UPT): a large  requires additional (CSI-RS) measurement, which consumes additional DL resources, hence reduces resources for DL data (resulting is reduced UPT when compared with a small ). Also, ideally (e.g. perfect channel knowledge), increasing  should increase UPT; but due to prediction error, there is inaccuracy associated with Doppler components, especially for ‘weaker’ components, which implies that increasing  may not result in ‘desired/similar to the ideal case’ (increased) UPT gain.
· CSI overhead: increases with increasing , mainly due to bitmap and NZC associated with additional Doppler components.
· Both together implies that the additional coefficients (when ) increase CSI overhead, but don’t provide sufficient UPT gain; hence UPT vs overhead trade-off is inferior than .
· : the candidate for the support of additional  values are 3, 5, 16, and 32. Since 4 and 8 are already agreed values, values 3 and 5 can be excluded. The value 16 may be used for lower UE speeds (e.g. 10-20 kmph), especially when , since the prediction error is likely to be small at these speeds, as shown in Appendix B. The value 32 may be used for very low speed (e.g. 3-10 kmph). So, at least  should be supported.
· : the candidate for the support of additional  values are 5, 12, and 16. Since 4 and 8 are already agreed, the value 5 can be excluded. The remaining values (12 and 16) can incur very large delay (up to 32 slots for measurement if  plus a few slots for CSI processing) between the slot carrying the DCI that triggers the aperiodic CSI report and the slot in which the CSI is reported. We therefore do not support any additional value of . 
· : the candidate for the support of additional  values are 1, 3, 4, and 5. Sine  determines the first slot () of the CSI reporting window, it is preferable to have  as close to the measurement window as possible. This is to ensure that the channel prediction is accurate enough for the CSI reporting. Considering this, we support  as the last supported additional value. 
· : the candidate for the support of additional  values are as follows.
·  and : this applies only to AP-CSI-RS resources. Since  is already agreed,  corresponds to values in {3,4,…}, which can be supported if a SP/P-CSI-RS resource is supported (an FFS point from last meeting), since in that case,  can be equal to the periodicity ()
of the SP/P-CSIRS resource, and the min supported value of  is 4.
· : since  is agreed, this value is already supported for AP-CSIRS resources. For SP/P-CSI-RS resources,  will require per-slot channel interpolation (between two measurement occasions), which can be an over-burden for a UE.
· : this applies to SP/P-CSI-RS resources. If SP/P-CSI-RS resource is supported as CMR for Type II Doppler,  can also be supported.   

Observation 9: regarding remaining parameters,
· UPT vs overhead trade-off for  is worse than that for 
·  may be used for lower UE speeds (e.g. 10-20 kmph), since the prediction error is likely to be small 
·  can incur very large delay between the slot carrying the triggering DCI and the CSI reporting slot 
·  is preferable to be small to ensure that the channel prediction is accurate for the CSI reporting

Proposal 9: regarding remaining parameters,
· do not support  and any additional value of 
· support the following additional parameters
· at least 
·  as the last supported additional value
· d = period of P/SP CSI-RS resource


1.3.4 Issue 10 (W2 quantization)

	Offline proposal 2.D.1 (from RAN1#111): For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, reuse the following components of the legacy per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 

Offline proposal 2.D.2 (from RAN1#111): For the Rel-18 Type-II codebook refinement for high/medium velocities, on the  quantization scheme when N4>1, for each layer:
· One (common) SCI (Strongest Coefficient Indicator) applies across all Q selected DD basis vectors
· One group comprises one polarization across all Q selected DD basis vectors (Cgroup,phase=1, Cgroup,amp=2)
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported



The Rel-16/17 based  reporting mechanism (i.e., SCI, bitmap to indicate indices of NZ coefficients, and amplitude/phase of the NZ coefficients) should be reused for Doppler codebook, considering that the objective of this item is Type II codebook refinement, which implies reusing legacy as much as possible. We hence support both offline proposals.

Proposal 10: support the following 
· offline proposal 2.D.1, i.e., reuse legacy (Rel.16 quantization) for N4>1, and 
· offline proposal 2.D.2, i.e., similar to legacy, one SCI and one group per polarization for amplitude reporting 


1.3.5 Issue 11 (NNZC bitmap design)

	[1] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, support the following:
· Q different 2-dimensional bitmaps are introduced for indicating the location of the NZCs, where the qth (q=1,…., Q) 2-dimensional bitmap corresponds to qth selected DD basis vector
· The number of selected DD basis vectors is denoted as Q
· This implies that for each layer, the location of NZCs in SD-FD can be different for different selected DD basis vectors.
FFS: Further overhead reduction on bitmap(s)
FFS: Whether the number of NZCs is upper bounded across all DD basis vectors or per DD basis vector

Offline proposal 2.E.1: 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: 
· 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.



The Rel-16/17 based bitmap to indicate indices of NZ coefficients should be reused for Doppler codebook. However, since the coefficient matrix ( ) comprises  coefficients, the total number of coefficients increases to  times if Rel-16/17 parameter combinations are reused, which can be too large (for reporting via two-part UCI in one slot). Thus, mechanisms to limit the increase in  reporting payload should be considered. There are two possible solutions:
· Alt1: it is a simple extension of legacy bitmap, i.e., Q bitmaps, each bits, but with a smaller  value when . The rationale behind reducing beta value is that the ‘weak’ coefficients will add to overhead, but may not contribute to the UPT due to prediction and quantization errors. This has been demonstrated via SLS results in Section 3.3. In particular, it has been shown that a lower beta value can achieve better UPT vs overhead tradeoff than legacy Rel.16 beta for .
· Alt3A/3B/3C: there are two bitmaps, a first bitmap of size  bits and a second bitmap of size  bits, where ), , and  for Alt3A, Alt3B, and Alt3C, respectively. The second bitmap selects  out of  basis vector pairs, hence is equivalent to a joint basis across two of (SD, FD, DD). Between these alternatives, Alt3B and Alt3C includes a joint basis across (SD, DD) and (SD, FD), respectively, i.e., both alternatives include potentially selecting a subset of the  SD basis vectors (corresponding to angular spread of the channel), which is not desired. So, Alt3B and Alt3C should be excluded. 

Considering the above, the offline proposal 2.E.1 is OK for further discussion. Simulation results comparing these alternatives are provided in Section 3.3. When compared with Alt1, there is some overhead saving with Alt3A, but the gain in terms of UPT vs overhead trade-off is unclear. 

Observation 10: Regarding bitmap
· Alt3B and Alt3C correspond to reducing the number of candidate basis vectors in angular domain (i.e. SD), which is not desired.
· Compared with Alt1, Alt3A can save some overhead, but gains in terms of UPT vs overhead trade-off is unclear. 

Proposal 11: Regarding the bitmap design
· support Alt1 of offline proposal 2.E.1 as baseline
· support lower  values than legacy 

1.3.6 Issue 12 (parameter combination)

	[1] Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, 
· The definition and supported values for each of the SD/FD codebook parameters follow the legacy specification. 
· FFS: The supported parameter combinations considering SD, FD, and DD codebook parameters
· For N4=1, the legacy quantization is fully reused



For simplicity, the parameter  for the Doppler domain can be separate from the parameter combination . The legacy table should be a starting point for the discussion on the parameter combinations . For further study and discussions, support for lower  values and the need for supporting large  (e.g. ) and  values (e.g. ) should be considered.

Proposal 12: Regarding the parameter combination
·  is a separate from the parameter combination 
· Support legacy parameter combination table as the starting point for further discussion, which includes 
· supporting lower  values
· whether large  and  values need to be supported


1.4 Other issues
When the slot(s) associated with the CQI calculation (if Alt1 of CQI calculation is not supported) does not include all of the  slots, the UE behavior about the following needs to be clarified.
· BLER requirement: the UE calculates the CQI for reporting such that it meets the BLER requirement in each slot of the slot(s) associated with the CQI calculation.
· Validity: since the CSI report is expected to be valid for  slots, the calculated CQI is expected to be valid for a validity window comprising  slots.


Proposal 13: clarify the following UE behavior,
· BLER requirement is met for each slot of the slot(s) associated with CQI calculation.
· The calculated CQI is valid over a validity window comprising  slots.

1.5 SLS results
The SLS results based on the agreed EVM assumptions (Table 7 in Appendix A) are provided in this section.

Evaluation 1: reference or slot(s) associated with CQI

In this evaluation, we first compare UPT vs overhead tradeoffs of the three alternatives (Alt1, Alt2A, Alt2B) of the reference or slot(s) associated with the CQI. The results are shown in Figure 15 for the following simulation setting: 
· CSI report window 
· ,   
· 1st slot: 
· CSI-RS measurement:
· , 
· Measurement overhead modelled
· 
· CSI periodicity P = 20 slots
· UE speed = 10 kmph
· OLLA = ON, OFF

We also compare the following alternatives (cf. offline proposal 2.B.1), and the simulation result are shown in Figure 16.
· One slot: 3 alternatives are considered {1st, middle, last}
· Two slots: 3 alternatives are considered {(1st, middle), (middle, last), (1st, last)}

We can make the following observation.

Observation 11: 
· Alt1 outperforms Alt2A and Alt2B, i.e., achieves up to 2% and 2.5% avg. UPT gain, respectively.
· Alt1 outperforms Alt2A and Alt2B regardless whether OLLA is ON or OFF
· Among the three alternatives {1st, middle, last} for one slot, last slot is the best, i.e., achieves ~up to 2% avg. UPT gain over 1st or middle slots.
· Among the three alternatives {(1st, middle), (middle, last), (1st, last)} for two slots, (middle, last) or (1st, last) is better than (1st, middle), i.e., achieve ~up to 3% avg. UPT gain over (1st, middle).


[bookmark: _Ref127404143]Figure 15

[image: ]
[bookmark: _Ref127404656]Figure 16

Evaluation 2: Number of CQIs

In this evaluation, we compare UPT vs overhead tradeoffs for X=1 CQI and X=2 CQIs for the following simulation setting: 
· CSI report window 
· 
· 1st slot: 
· CSI-RS measurement:
· , 
· Measurement overhead modelled
· 
· CSI periodicity P = 20 slots
· UE speed = 10 kmph

The results are shown in Figure 17. The results based on CQI calculation in a slot, as agreed, are shown in Figure 18. We can make the following observation.

Observation 12: X=2 CQIs achieves better UPT vs overhead trade-off than X=1 CQI, i.e. up to 1.5%% gain in avg. UPT
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Evaluation 3: Q value

The simulation setting for comparing different  values is summarized as follows: 
· CSI report window 
· 
· 1st slot: 
· CSI-RS measurement:
· , 
· Measurement overhead modelled
· CSI periodicity P = 20 slots
· 
· UE speed = 10 kmph
· (Rel.16) paraComb=1-4 with 
· Rel.16 beta
· Smaller beta (e.g. Rel.16 beta / Q)

The UPT vs overhead tradeoffs is shown Figure 19. We can make the following observation.

Observation 13: 
· UPT vs overhead trade-off for Q>2 is worse than that for Q=2
· Weak coefficients increase overhead, but don’t provide UPT gain ( beta can be small)
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Evaluation 4: bitmap

In this evaluation, we compared the four alternatives for the bitmap (Alt1, Alt3A, Alt3B, and, Alt3C).
· Alt1:  and  
· Alt3A: 
· Alt3B: 
· Alt3C:  
· Here,  legacy (Rel.16) and two values  ,  are considered.

The simulation setting is summarized as follows.
· CSI report window 
· ,   
· 1st slot: 
· CSI-RS measurement:
· , 
· Measurement overhead modelled
· 
· CSI periodicity P = 20 slots
· UE speed = 10 kmph

The avg. UPT vs overhead tradeoffs is shown Figure 20. We can make the following observation.

Observation 14: there is no noticeable difference between Alt1 and Alt3A/3B/3C for the bitmap; 
· Alt1 with lower  value (i.e.,) than legacy can be used to achieve similar performance vs overhead as Alt3A/3B/3C with legacy 
· When compared with Alt1, 
· there is no gain with Alt3A/3B/3C in high overhead regime (>400 bits), and
· there is very small (<1%) gain with Alt3A/3B/3C in low overhead regime (<400 bits)
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To compare Alt1, and Alt3A, the additional simulation results for avg., 50%, and 5% UPT vs overhead tradeoffs are shown Figure 21 through Figure 23. We can make the following observation.

Observation 14-1: 
· Alt3A and Alt1 are similar in UPT vs overhead trade-off for all of avg. UPT, 50% UPT, and 5% UPT.
· For any (UPT, overhead) achieved by Alt3A, there is a similar (UPT, overhead) achieved by Alt1 
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Figure 22
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TDCP reporting
1.6 Key issues
1.6.1 Issue 13 (TDCP parameter)

	[1] Agreement
For the Rel-18 TRS-based TDCP reporting, down select only one of the following alternatives by RAN1#112:
· AltA.1 (Doppler spread) as described in R1-2210523
· AltA.2 (Doppler shift): A UE is configured to report the Doppler shifts corresponding to the M strongest peaks of the wideband Doppler spectrum, for each of the  configured TRS resources
· A TDCP report can be configured with N periodic TRS resources (e.g., N=2 with one TRS resource per TRP)
· Parameter M is RRC configured with candidate values TBD, e.g. M=1,2,3,…
· Wideband Doppler spectrum is calculated from the wideband time correlation function, given, as an example, by  , where   and  is the channel for subcarrier n.
· AltB (TD correlation profile) as described in R1-2210523
Down-selection is to done based on, at least, the (single-)user throughput (LLS) performance comparison among the alternatives assuming:
· Three special cases of an agreed use case (companies can select only one or more): aiding gNB to determine switching between Type-I and Rel-16 eType-II codebooks, or to determine SRS periodicity in the UL-SRS reciprocity-based precoding scheme; or aiding the gNB implementation in CSI prediction for TDD
· In their simulations on switching between Type-I and Rel-16 eType-II codebooks, companies should state how to calculate the metric for the determination and how to set the threshold, and what the UE reports.
· In their simulations on UL-SRS reciprocity-based precoding scheme, companies should state how to set the SRS periodicity based on the reported metrics, and what the UE reports; and the results should be displayed in terms of user throughput vs SRS overhead
· In their simulations on CSI prediction for TDD, the results should be the correlation between real channel and predicted channel, and what the UE reports; aided by the reported metric.
· Other scenarios of the agreed use cases can optionally be simulated 
· Based on the agreed EVM for sTRP and mTRP
Note: Different alternatives may or may not apply to different use cases  
FFS: The need for a measure of confidence level in the TDCP report, and/or UE behaviour when the quality of TDCP measurement is not sufficiently high
FFS: TDCP parameter(s) signalled with respect to each alternative



Regarding the TDCP parameter, we focused on the user case of switching between Type-I and Rel-16 eType-II codebooks, compared the three alternatives (AltA.1, AltA.2, AltB), and observed that AltB is better than other alternatives for this use case in terms of UPT performance, reporting overhead, and UE complexity. We therefore support the (auto-)correlation-based parameter, i.e., AltB. Besides, the auto-correlation has other advantages over Doppler-based metric. For instance, it is simpler to calculate (requires less computation), feasible with current UE implementations, is testable (i.e. RAN4 can come up with a test case), and can be used to compute other metric at the gNB, e.g., Doppler profile can be obtained (e.g. taking FFT) from (auto-)correlation values corresponding to ‘dominant’ lag values. Simulations results comparing the alternatives are provided in Section 4.2. 

Observation 13: AltB is simpler, easier to calculate/implement, and test; also, Doppler profile can be obtained from the TD correlation

There are a few open points with AltB that require further discussion. For instance,
· Number and indices of lag values: whether NW-configured or UE-reported
· Number of TRS resources: whether one TRS resource is sufficient considering that the min periodicity of a TRS resource is 4 slots, implying the possible lag value can be {0,1,4,5,…}. If the lag values = 2,3 are ‘dominant’, they can be supported with one TRS resource. So, number of TRS resources for TDCP reporting requires further study.
· Number of TRS resource sets: the current spec allows up to 4 TRS resources in one TRS resource set, 2 resources in 2 consecutive slots. Multiple TRS resource sets may be needed for (1) reporting different lag values and (2) for mTRP scenarios. 

Proposal 14: 
· support AltB (auto-correlation profile) for TDCP parameter
· support TDCP reporting associated with multiple TRS resources
· study TDCP reporting associated wih multiple TRS resource sets

1.7 Simulation results
Two sets of results are provided for the use case of Type I/II switching based on a threshold. The first set of results is based on a simplified SLS setup wherein average UPT vs UE speed performance has been considered as a metric, and the second set of results is based on a LLS, wherein BLER vs UE speed performance has been considered as a metric.

SLS results

SLS setup: 1 ring (21 cells), 1 UE per cell, full buffer, 16 BS ports, 2 UE ports, dynamic rank 1-2, Rel. 16 T2 PC 6, CSI period = 20, TRS period = 5

Observation 16: based on SLS evaluations,
· AltB and AltA.2 achieve similar performance, and AltA.1 is worse than AltA.2 and AltB
· AltB is simpler, easier to calculate/implement, and test; also, Doppler profile can be obtained from the TD correlation
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Figure 24
LLS results
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Figure 25 : BLER Vs UE speed 

In this section, we have provided the LLS results for Type I, Type II and switching between Type I and Type II based on a threshold. Based on our results, the switching point is between Type I and Type II is around ~8 km/hr. The relevant details for AltA.2 and AltB are provided in Table 4, and the simulation assumptions are provided in Table 8.
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	AltA.2
	AltB

	Threshold
	25Hz
	0.96

	#TRS lags
	7
	3

	Feedback
	1 Doppler shift
	1 correlation

	TRS period
	5 slots (2.5ms)
	5 slots (2.5ms)

	CSI period
	40 slots (20ms)
	40 slots (20ms)



Observation 17: based on LLS evaluations,
· The BLER performance is almost same for AltA.2 and AltB away from switching threshold speed. 
· At switching speed, AltB performs slightly better than AltA.2.
· The number of lags required for AltA.2 computation is higher than AltB    



Conclusion
In this contribution, the following observations and proposals are made: 

Type II C-JT

Observation 1: due to one SCI across TRPs, the W2 coefficients for different TRPs (after normalization with the strongest coefficient) capture the different power level across TRPs, implying that there is no need for per-TRP per-polarization reference amplitude reporting (i.e. Alt3)

Observation 2: on FD basis reporting for mode-1, when compared with Alt 2/3, Alt1 can
· unify the functionality of mode 1 and mode 2 (per agreement on support of mode1/2),
· achieve similar performance with lower overhead of FD basis reporting as well as lower complexity of FD basis calculation 

Observation 3: 
· a new parameter  or  is redundant
· two separate table allows reusing legacy table for  and can simplify the specification
a fully exhaustive search across all possible candidate parameter values is challenging, and a simplified approach is preferable for each of the discussions

Observation 4:  are good candidates to yield better UPT vs overhead trade-off performance than other combinations of 

Observation 5: 
·  (and its permutations) perform worse than , hence they are good candidates to be removed from parameter combination for  when 
·  (and its permutations) perform worse than , hence they are good candidates to be removed from parameter combination for  when 

Observation 6: max overhead of CJT CB Mode 2 with  for  cannot be supported by any MCS value, under the usage of 40% one-slot PUSCH capacity.

Observation 7: 
· Mode 1 with Alt 2 per-TRP SVD (the advocated lower complexity benefit for Alt2) incurs ~4% UPT loss (for the same PMI overhead) over Mode 2. 
· Overall, Mode 2 and Mode 1 with Alt 1 and Alt 2 using joint-SVD operation yield similar performance. 
Mode 1 with Alt 2 needs additional UE processing to find per-TRP FD basis vectors for the case of joint-SVD operation, compared to Mode 2 or Mode 1 with Alt 1 – thereby resulting in higher UE complexity

Observation A1: 
· With TRP-common , Mode 1 Alt1 performs slightly better than Alt2, and Mode 1 Alt 1 and Mode 2 perform similarly. 
· With TRP-specific  (additional spec impact to be needed), the performance of the both Mode 1 Alt1 and Alt2 can be improved and they yield a small gain (~2% average UPT gain) over Mode 2. Regardless, Mode1 Alt1 and Alt2 perform similarly.  

Observation A2: there is no benefit of Alt3 over Alt1 shown in our SLS results for both mode 1 and mode 2 cases even in the inter-site inter-cell scenarios.

Proposal 1: Revert the working assumption on the additional support for Alt3 for the amplitude grouping
· Note that the working assumption was included with the understanding that the gain of Alt3 over Alt1 (already agreed to be supported) can be demonstrated – not simply that “as long as Alt3 is not broken, the WA should be confirmed as agreement.”

Proposal 2: support Alt1 of the offline proposal 1.B.1 for mode-1 FD basis reporting

Proposal 3: regarding the parameter combinations for CJT codebook
· support the offline conclusion 1.C.1
· support two separate tables for supported  and supported , respectively
· separate RRC configurations of   combinations and 
· two tables are determined based on a simplified approach (e.g. Table 1) 
· a metric (UPT vs overhead trade-off), 
· a criterion similar to legacy, and 
· a simplified approach for ease of discussion and simulation efforts

Proposal 4: follow the legacy framework to divide UCI parameters into CSI part 1 and CSI part 2 for Rel-18 CJT

Proposal 5: For CBSR, consider an extension of the legacy framework with adding CSI-RS resources, and a joint rank restriction across CSI-RS resources  

Proposal 6: For CSI omission, consider an extension of the legacy framework with adding CSI-RS resources, a priority order can be CSI-RS resource  layer  SD  FD.



Type II Doppler

Observation 8: regarding CQI
· Alt2A and Alt2B, when compared with Alt1,
· are not aligned with the current spec, since CQI is not conditioned on PMI, and
· incur UPT performance loss due to inaccurate and outdated CQI for future slots
· provides an inferior reference (starting) CQI value to OLLA, which can’t recover the incurred UPT loss 
· X=1 CQI may lead UPT performance loss for fast varying channel due to high/medium UE velocities

Observation 9: regarding remaining parameters,
· UPT vs overhead trade-off for  is worse than that for 
·  may be used for lower UE speeds (e.g. 10-20 kmph), since the prediction error is likely to be small 
·  can incur very large delay between the slot carrying the triggering DCI and the CSI reporting slot 
·  is preferable to be small to ensure that the channel prediction is accurate for the CSI reporting

Observation 10: Regarding bitmap
· Alt3B and Alt3C correspond to reducing the number of candidate basis vectors in angular domain (i.e. SD), which is not desired.
· Compared with Alt1, Alt3A can save some overhead, but gains in terms of UPT vs overhead trade-off is unclear.

Observation 11: 
· Alt1 outperforms Alt2A and Alt2B, i.e., achieves up to 2% and 2.5% avg. UPT gain, respectively.
· Alt1 outperforms Alt2A and Alt2B regardless whether OLLA is ON or OFF
· Among the three alternatives {1st, middle, last} for one slot, last slot is the best, i.e., achieves ~up to 2% avg. UPT gain over 1st or middle slots.
· Among the three alternatives {(1st, middle), (middle, last), (1st, last)} for two slots, (middle, last) or (1st, last) is better than (1st, middle), i.e., achieve ~up to 3% avg. UPT gain over (1st, middle).

Observation 12: X=2 CQIs achieves better UPT vs overhead trade-off than X=1 CQI, i.e. up to 1.5%% gain in avg. UPT

Observation 13: 
· UPT vs overhead trade-off for Q>2 is worse than that for Q=2
· Weak coefficients increase overhead, but don’t provide UPT gain ( beta can be small)

Observation 14: there is no noticeable difference between Alt1 and Alt3A/3B/3C for the bitmap; 
· Alt1 with lower  value (i.e.,) than legacy can be used to achieve similar performance vs overhead as Alt3A/3B/3C with legacy 
· When compared with Alt1, 
· there is no gain with Alt3A/3B/3C in high overhead regime (>400 bits), and
· there is very small (<1%) gain with Alt3A/3B/3C in low overhead regime (<400 bits)

Observation 14-1: 
· Alt3A and Alt1 are similar in UPT vs overhead trade-off for all of avg. UPT, 50% UPT, and 5% UPT.
· For any (UPT, overhead) achieved by Alt3A, there is a similar (UPT, overhead) achieved by Alt1

Proposal 7: prioritize Rel-16-based design for Type II codebook refinement for high/medium UE velocities.

Proposal 8: support offline proposal 2.B.1, 
· support both X=1 and X=2 CQIs, and the validity window associated with a CQI = W_CSI/X

Proposal 9: regarding remaining parameters,
· do not support  and any additional value of 
· support the following additional parameters
· at least 
·  as the last supported additional value
· d = period of P/SP CSI-RS resource

Proposal 10: support the following 
· offline proposal 2.D.1, i.e., reuse legacy (Rel.16 quantization) for N4>1, and 
· offline proposal 2.D.2, i.e., similar to legacy, one SCI and one group per polarization for amplitude reporting

Proposal 11: Regarding the bitmap design
· support Alt1 of offline proposal 2.E.1 as baseline
· support lower  values than legacy 

Proposal 12: Regarding the parameter combination
·  is a separate from the parameter combination 
· Support legacy parameter combination table as the starting point for further discussion, which includes 
· supporting lower  values
· whether large  and  values need to be supported

Proposal 13: clarify the following UE behavior,
· BLER requirement is met for each slot of the slot(s) associated with CQI calculation.
· The calculated CQI is valid over a validity window comprising  slots.


TDCP reporting

Observation 15: AltB is simpler, easier to calculate/implement, and test; also, Doppler profile can be obtained from the TD correlation

Observation 16: based on SLS evaluations,
· AltB and AltA.2 achieve similar performance, and AltA.1 is worse than AltA.2 and AltB
· AltB is simpler, easier to calculate/implement, and test; also, Doppler profile can be obtained from the TD correlation

Observation 17: based on LLS evaluations,
· The BLER performance is almost same for AltA.2 and AltB away from switching threshold speed. 
· At switching speed, AltB performs slightly better than AltA.2.
· The number of lags required for AltA.2 computation is higher than AltB    

Proposal 14: 
· support AltB (auto-correlation profile) for TDCP parameter
· support TDCP reporting associated with multiple TRS resources
· study TDCP reporting associated wih multiple TRS resource sets
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Appendix A 
[bookmark: _Ref525812457]Table 5: EVM for Type II C-JT 
	Parameter
	Value (Intra-cell scenario)
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 
	FDD, OFDM 

	Multiple access 
	OFDMA 
	OFDMA 

	Scenario
	RMa (Rural Macro)
N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP) for each UE
[image: ]
Outdoor1

	Dense Urban (Macro only)
N_TRP (#TRPs): 2, 3, (N_TRP is semi-statically chosen based on, e.g. RSRP)
[image: ]
Outdoor2 OptA

	Frequency Range
	FR1, 700Hz
	FR1, 2GHz

	Inter-BS distance
	1.7km
	200m

	Channel model
	According to the TR 38.901 

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT

	According to the TR 38.901

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT


	Number of Rings
	2 rings (57 sectors)
· Each sector has N TRP as a cooperating mTRP set.
	2 rings (57 sectors):
· The three sectors of each site is a cooperating mTRP set.

	Number of UEs per sector
	30
	30

	Antenna setup and port layouts at gNB
	For each TRP,
- 4 ports: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.8)λ
- 8 ports: (2,2,2,1,1,2,2), (dH,dV) = (0.5, 0.8)λ
Total #ports in mTRP = N TRP x {4,8}
	For each TRP,
- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32}


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

	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 


	BS Tx power 
	46 dBm for 10 MHz
	41 dBm per TRP for 10 MHz

	BS antenna height 
	25m 
	25m 

	UE antenna height & gain
	Follow TR36.873 
	Follow TR36.873 

	UE receiver noise figure
	9dB
	9dB

	Modulation 
	Up to 256QAM 
	Up to 256QAM 

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

	Numerology
	Slot/non-slot
	14 OFDM symbol slot
	14 OFDM symbol slot

	
	SCS 
	15kHz
	15kHz

	Number of RBs
	52 for 15 kHz SCS
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz 
	10 MHz 

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

	MIMO and scheduling scheme
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4) 
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4)

	MIMO layers
	Up to 4
	Up to 12

	CSI feedback 
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Based on Alt1A/B, Alt2, Rel-16 eType-II
	Based on Alt1/B, Alt2B, Rel-16 eType-II

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	RU 30~40% or 70~80%
	RU 30~40% or 70~80%

	UE distribution
	50% indoor (3km/h), 50% outdoor (120km/h) 
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Feedback assumption
	Realistic
	Realistic

	Channel estimation
	Realistic
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead 
	User perceived throughput and CSI feedback overhead



[bookmark: _Ref118446604]Table 6: EVM for Type II C-JT 
	Parameter
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)
N_TRP (#TRPs): 2, 3, (N_TRP is semi-statically or dynamically chosen based on, e.g. RSRP)


        

(*Each same color indicates each collaborating mTRP set)
Outdoor2 OptA - Inter-site inter-cell scenario 


	Frequency Range
	FR1, 2GHz

	Inter-BS distance
	200m or 500m

	Channel model
	According to the TR 38.901

Difference in propagation delays between UE and N_TRP TRPs is taken into account in the composite Channel Impulse Response (CIR) for CJT


	Number of Rings
	2 rings (57 sectors):
· The three sectors with each same color above is a cooperating mTRP set.

	Number of UEs per sector
	30

	Antenna setup and port layouts at gNB
	For each TRP,
- 8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
Total #ports = N_TRP x {8,16,32}


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


	BS Tx power 
	41 dBm per TRP for 10 MHz

	BS antenna height 
	25m 

	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 
	10 MHz 

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

	MIMO and scheduling scheme
	MU-MIMO PF scheduling (User Rank 1 or 2 or 3 or 4)

	MIMO layers
	Up to 12

	CSI feedback 
	Feedback assumption 
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Based on Alt1/B, Alt2B, Rel-16 eType-II

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	RU 30~40% or 70~80%

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead



[bookmark: _Ref54212124]Table 7: EVM for Type-II Doppler
	Parameter
	Value

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

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 

UE speed: 10 kmph 

Mobility model: 
- Spatial consistency procedure not modeled
- No trajectory is assumed
- Doppler spectrum model is not needed

Single TRP

	Frequency Range
	FR1 only, 2GHz

	Duplexing gap (b/w DL and UL)
	200MHz

	Inter-BS (site) distance
	200m 

	Channel generation model
	According to the TR 38.901 
O2I car penetration loss per TS 38.901 can be assumed

	Reciprocity model
	Not applicable

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

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

	BS Tx power 
	41 dBm for 10MHz

	BS antenna height 
	25m 

	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 

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

	MIMO scheme
	Dynamic SU/MU-MIMO with rank adaptation

	MIMO layers
	Up to 4 MU layers

	CSI feedback 
	Baseline scheme: CSI feedback periodicity (full CSI feedback): p1=5 ms, 

Scheduling delay (from CSI feedback to time to apply in scheduling): D=4 ms

eType II Doppler:
CSI feedback periodicity : W=p2=20 ms
CSI-RS burst: window of B measurement instances with separation d
- B=4
- d=1
CSI reporting window: 
Speen = 10kmph
UE-side prediction: LMMSE

	Overhead 
	DMRS, CSI-RS (including CSI-RS burst overhead)

	Traffic model
	[bookmark: _GoBack]FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	50% for SU/MU-MIMO with dynamic rank 1-2 adaptation

	UE distribution
	100% outdoor 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead 

	Baseline for performance evaluation
	Rel-16 regular eTypeII with CSI feedback periodicity 5 ms



[bookmark: _Ref127443379]Table 8: simulation assumptions for TDCP LLS
	Parameter
	Value

	Channel Model 
	CDL-C

	Delay spread 
	300 ns

	Frequency
	3.5 GHz

	Subcarrier Spacing
	30 KHz

	FFT
	1024

	No of gNB ports
	32

	No of UE ports
	2

	Type II parameter combination
	6

	CSI periodicity
	40 slots (20 ms)

	Bandwidth
	20 MHz

	TRS periodicity
	5 slots(2.5 ms)

	Autocorrelation lags for Alt. A2
	7 lags 

	Autocorrelation lags for Alt. B
	3 lags

	Threshold for Alt. A
	25 Hz

	Threshold for Alt. B
	0.96

	UE Antenna Pattern 
	Omnidirectional

	BS Antenna Pattern 
	According to TR36.873

	Channel Estimation 
	Ideal

	DMRS estimation
	2DMMSE

	MIMO mode
	SU-MIMO with rank=1

	UE pathloss 
	0

	SNR
	-15 dB



Appendix B 
We used the Rel-16 parameter combination table unless otherwise noted.


Appendix C (W_CSI)
· Measurement: 10 slots
· Normalized MSE b/w channel  and predicted channel  where 
· 
· 
· Observation
· MSE period (P) decreases w/ UE speed
· CSI window (W_CSI) should depend on P, e.g. W_CSI=P/2
· If P is small (e.g. @higher speed), W_CSI can be within [n_ref, n]

 
[image: ]
Figure 26


Figure 27
[image: ]
Figure 28
Average UPT Gain vs overhead
(16 ports per TRP, Mode 2 CB, inter-cell scenario)

(4,2,2)	165	221	333	403	627	669	105.38805539526832	107.92460088478552	116.01509905751107	117.97220619349875	120.30919407578382	124.30515483746876	(4,4,2)	199	269	409	495	775	827	105.85929986535874	111.22812079246009	117.32063858434314	119.56145412579342	123.0356799384497	123.066935949221	overhead (number of bits)


Avg UPT Gain (%)




Average UPT Gain vs overhead
(8 ports per TRP, Mode 2 CB, intra-cell scenario)

(4,4,2,2)	220	304	472	574	910	972	99.268459123788716	104.81233792821074	106.33547154360585	106.18807151630956	106.96055684454757	106.6384604886038	(4,4,4,2)	247	345	541	659	1051	1123	99.972703698648829	102.80605977889996	106.66302715981986	105.67763068104274	107.1434420636004	106.32182339293026	overhead (number of bits)


Avg UPT Gain (%)




Avg UPT Gain
(16 ports per TRP, Mode 1)
Mode 2	310	480	582	920	1258	1581	100.22823120813693	105.47258744728354	112.39890845943934	114.7308360208385	116.25403125775242	118.97792111138673	Mode 1 w/ Alt 1	320	490	592	930	1268	1591	100	105.26172165715701	107.64574547258745	114.54725874472835	116.01339617960804	119.71471098982882	Mode 1 w/ Alt 2 Per-TRP SVD	344	514	616	954	1292	1637	96.871743984123043	104.03125775241875	104.17762341850656	111.88290746712974	114.42570081865541	117.53411064252046	Mode 1 w/ Alt 2 Joint SVD (Complex)	344	514	616	954	1292	1637	99.937980649962782	104.61175886876704	109.16645993549987	117.01314810220789	118.14686182088812	119.1193252294716	overhead (number of bits)

Avg UPT Gain (%)


Avg UPT Gain
(16 ports per TRP)
Mode1-Alt1	335	481	583	873	1163	1457	100	104.69658045045269	105.81398249070908	110.49310353428277	113.56346494400518	117.47187788391989	Mode1-Alt3	367	513	615	905	1195	1489	98.286483924874659	103.96827376349984	106.21554884892623	109.40064350385354	113.30406804180279	115.29693462699223	overhead (number of bits)

Avg UPT Gain (%)


Avg UPT Gain
(16 ports per TRP)
Mode2-Alt1	291	437	539	829	1119	1409	100	105.80526699700681	108.48152526599088	112.98639233342558	115.18223205976305	119.19158890258319	Mode2-Alt3	323	469	571	861	1151	1441	100.87280227381341	105.33994013632821	109.78947103654704	113.75103755313529	117.10642151067736	118.51497849435322	overhead (number of bits)

Avg UPT Gain (%)


Avg UPT Gain
(16 ports per TRP)
Mode1-Alt1	335	481	583	873	1163	1457	100	102.3021645588974	101.37824083174978	108.58615643361071	109.03173667081667	109.91416027783238	Mode1-Alt3	367	513	615	905	1195	1489	94.998143415678314	101.01129240110957	104.25485442194702	108.52281414498832	109.3550007644759	111.43000677107221	overhead (number of bits)

Avg UPT Gain (%)


Avg UPT Gain
(16 ports per TRP)
Mode2-Alt1	291	437	539	829	1119	1409	100	103.55886390938733	106.40767118585894	108.85103827012183	110.07593959155655	113.43101081173847	Mode2-Alt3	323	469	571	861	1151	1441	98.910245409301524	102.08941136090613	104.57139179680797	109.08486356615754	112.10528573880214	113.98875922430068	overhead (number of bits)

Avg UPT Gain (%)


10kmph, CQI Ref. Res., PC 1-4

Alt1, OLLA ON	207	319	386	610	1.0130843716378024	1.0266893416166314	1.045361468781453	1.0570922847325859	Alt2A, OLLA ON	207	319	386	610	1	1.015409710894388	1.0119390552875438	1.0265158088362893	Alt2B, OLLA ON	207	319	386	610	1.0052753965224031	1.0059695276437719	1.0362683510915212	1.0382466247874225	Alt1, OLLA OFF	207	319	386	610	0.99323222156665392	0.99326692812272244	1.0223163155520079	1.0452573491132475	Alt2A, OLLA OFF	207	319	386	610	0.99170513309964259	0.99652934439315599	1.0165203206885782	1.0143338076562662	Alt2B, OLLA OFF	207	319	386	610	0.99076805608579466	1.0086072259049734	1.022177489327734	1.0207545205289279	Rank 2 PMI overhead


Avg. UPT




X=1 CQI	149	205	240	352	1	1.0072268023153832	1.0266970706893528	1.057989826346255	X=2 CQIs	175	231	266	378	1.0157867040870023	1.0327310998070514	1.0456060340291178	1.0751447114541308	Rank 2 overhead (PMI+CQI)


Avg. UPT




CQI based on a slot (as agreed)

X=1	207	319	386	610	0.9891715545066464	1.0005553048970952	1.0059348210877035	1.0265158088362893	X=2	237	349	416	640	1.0112102176101065	1.0272099399576582	1.0429320098566619	1.0425849442959776	Rank 2 overhead (PMI+CQI)


Avg. UPT gain




Q=2, Rel.16 beta	207	319	386	610	1	1.0022534057154562	1.0355082112738569	1.0592031137969886	Q=3, Rel.16 beta	295	463	562	898	1.0058383693536823	1.0036873911707467	1.0557205776912832	1.0546280173443954	Q=4, Rel.16 beta	383	607	738	1186	0.99525419099320556	1.010106183208713	1.0580764109392604	1.0642903479121855	Q=2, smaller beta	151	207	274	386	0.98159718665710671	1	1.016866400355082	1.0355082112738569	Q=3, smaller beta	183	239	338	450	0.9655843490730307	0.99030352692136969	1.020587934036669	1.0497456382942401	Q=4, smaller beta	215	271	402	514	0.97835364812728332	0.98029977124517731	1.0174809655502064	1.046570384786097	Rank 2 overhead


Avg. UPT




Q=2

Alt1	179	263	330	498	666	848	193	291	358	554	750	946	207	319	386	610	834	1044	1	0.99451466730264737	0.98449797281182927	1.0262001294674798	1.0394875813430549	1.0192156996354469	0.98054580763858135	0.98214711594153525	0.99979557766345273	1.0394875813430549	1.028244352832953	1.0362508943477224	0.99451466730264737	1.0078702599570715	1.0262001294674798	1.0377159210929781	1.0339000374774283	1.0426901979489627	Alt3A	135	191	226	338	450	568	179	263	314	482	650	856	0.99928452182208438	1.0016353786923786	1.0120609178562912	1.0242581172702805	1.0242581172702805	1.028005860106981	0.98538380293686767	0.98211304555211076	1.0184320806786822	1.0181935879527104	1.0275629450444619	1.0243943988279787	Alt3B	135	191	242	354	466	572	179	263	330	498	666	824	0.98494088787434841	0.99805798780280064	1.0039862355626725	1.0170692651017001	1.0170692651017001	1.0197608258662396	0.99873939559129166	1.0049402064665598	1.0141732820006133	1.0347517972130422	1.0171033354911247	1.0230997240298456	Alt3C	151	207	274	386	498	652	195	279	362	530	698	904	0.98320329801369633	1.0022827160914449	1.0089264420292323	1.0178528840584649	1.0178528840584649	1.029675309188784	0.99451466730264737	1.0117202139620456	1.0262001294674798	1.0336615447514566	1.0410888896460087	1.0342748117610985	Rank 2 overhead


Avg. UPT gain




Q=2, Avg. UPT

Alt1, beta, 0.75beta, 0.5beta	120	176	240	352	464	616	148	232	296	464	632	812	176	288	352	576	800	1008	1	0.99451466730264737	0.98449797281182927	1.0262001294674798	1.0394875813430549	1.0192156996354469	0.98054580763858135	0.98214711594153525	0.99979557766345273	1.0394875813430549	1.028244352832953	1.0362508943477224	0.99451466730264737	1.0078702599570715	1.0262001294674798	1.0377159210929781	1.0339000374774283	1.0426901979489627	Alt3A, S=M, 1.5M	104	160	192	304	416	532	148	232	280	448	616	820	0.99928452182208438	1.0016353786923786	1.0120609178562912	1.0242581172702805	1.0242581172702805	1.028005860106981	0.98538380293686767	0.98211304555211076	1.0184320806786822	1.0181935879527104	1.0275629450444619	1.0243943988279787	Rank 2 overhead


Avg. UPT gain




Q=2, 50% UPT

Alt1, beta, 0.75beta, 0.5beta	120	176	240	352	464	616	148	232	296	464	632	812	176	288	352	576	800	1008	1	1.0229702551074416	0.98122860872940265	1.0353198546275713	1.0420239229384989	1.0350022934970537	0.98786210790021522	0.98712113192900741	0.9887089375815955	1.0420239229384989	1.0364136762993543	1.0398009950248757	1.0229702551074416	1.0205003352034154	1.0353198546275713	1.0480222998482764	1.0458346565047105	1.0412829469672911	Alt3A, S=M, 1.5M	104	160	192	304	416	532	148	232	280	448	616	820	1.0110087858579442	1.0100561024663914	1.0071274831516177	1.0339437563953282	1.0339437563953282	1.0468931936064358	1.0033873187255213	0.9946367453512579	1.0346847323665362	1.0347553015066511	1.0258283052821	1.0252637521611798	Rank 2 overhead


50% UPT gain




Q=2, 5% UPT

Alt1, beta, 0.75beta, 0.5beta	120	176	240	352	464	616	148	232	296	464	632	812	176	288	352	576	800	1008	1	0.96945250181290787	0.95712472806381432	1.0327229876722264	1.0480420594633792	1.0145939086294415	0.9285714285714286	0.99592095721537344	0.99229514140681641	1.0480420594633792	1.0179477882523569	1.0384336475707034	0.96945250181290787	1.020032632342277	1.0327229876722264	1.0191261783901377	1.0187635968092821	1.0297316896301667	Alt3A, S=M, 1.5M	104	160	192	304	416	532	148	232	280	448	616	820	0.99283901377810002	1.0031725888324874	1.008248730964467	1.0088832487309645	1.0088832487309645	1.0368020304568528	0.96691443074691807	0.98341189267585205	1.037799129804206	1.0088832487309645	1.0441443074691805	1.0423313995649022	Rank 2 overhead


5% UPT gain
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