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1	Introduction
In RAN1#112 [2], progress was made in several design aspects of the three CSI features and open issues were also identified and prioritised for discussion, summarised in the following table:
Table 1. Priority issues to be addressed in RAN1#112bis-e.
	
	Issue
	Topic

	1
	Type-II CJT 
	W2 quantization:  working assumption on Alt3

	2
	
	Finalize mode-1: Alt1 (including alphabet for FD window) vs Alt2

	3
	
	Finalize Parameter Combination: linkage 

	4
	
	Finalize CBSR

	5
	
	Finalize CSI omission

	6
	Type-II Doppler
	Finalize CQI: Exact format for X=2

	7
	
	Finalize NNZC bitmap design

	8
	
	Finalize Parameter Combination    

	9
	
	Progress on CBSR

	10
	
	Finalize UCI omission

	11
	TDCP
	Finalize TRS configuration 

	12
	
	Finalize quantization: amplitude and phase

	13
	
	Progress on Y>1 value(s), D_basic, and delay values

	14
	
	Progress on signaling/configuration of Y

	15
	
	Progress on priority (dropping) rules



In this paper we discuss the open issues that were identified for each of the three features, elaborate on our proposals and present some simulation results based on the agreed EVM assumptions.

[bookmark: _Ref54348033]2	Type-II CJT 

2.1	Issue 1: working assumption on Alt 3
In RAN1#110bis-e, the following working assumption was agreed on the number of reference amplitudes for the quantisation of 
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
The justification for supporting one reference amplitude per polarisation per TRP was to account for the possible RSRP difference between TRPs in some scenario. However, Type-II-CJT already allows for the UE flexibility of dynamically select and report a subset  of the configured TRPs and exclude TRPs with large RSRP gap from the best TRP.
Besides, the gNB also has the flexibility of selecting a subset  of TRPs to configure for reporting from a larger set of cooperating TRPs and exclude TRPs that are known from previously reported measurements to have poor RSRP for a UE. Therefore, supporting more that two amplitude references, one per polarisation across TRPs, seem unnecessary.
Proposal 1. [bookmark: _Ref127557169]Revert the working assumption on Alt 3 for the number of amplitude references in  quantisation.

2.2	Issue 2: FD bases determination for mode-1
In RAN1#112, two alternatives were down-selected for the FD basis vector determination for mode-1.
Agreement (RAN1#112)
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

The main use case for mode-1 is CJT scenarios where different distances between TRPs and UE may cause relative offsets of the power delay profiles between TRPs. Reporting an FD basis offset with respect to a reference TRP allows to compensate for these delay differences and maximise the alignment between FD basis vectors across TRPs. Note that the frequency selectivity characteristics and the delay spread of the channel from cooperating TRPs are expected to be very similar and the main difference between their propagation channels is their relative delay.
An FD basis offset, , of TRP  corresponds to applying a phase ramp across frequency with a slope determined by the offset value, as formulated in the description of Alt 1.  can be either integer in the value set:  or fractional in case of oversampling with oversampling factor . In case of oversampling, the value set is in the range:  The advantage of oversampling is to better capture the energy of the channel signature in the frequency domain, in a similar way as oversampling in the spatial domain improves the accuracy of the beam selection. Note that for single-TRP Type-II CSI, oversampling in the frequency domain is a UE implementation choice that is transparent to the gNB because the same phase multiplication applied to all the CSI-RS ports does not change a precoder. Hence, the choice of an orthogonal group for the FD basis vectors from an oversampled codebook does not need reporting for single-TRP Type-II CSI. Similarly, an FD basis vector offset within an orthogonal group and applied to all CSI-RS ports does not need reporting for single-TRP Type-II CSI. However, for CJT Type-II CSI, the choice of an orthogonal group for FD basis vector selection in case of oversampling, and/or the application of an FD basis vector offset within the selected orthogonal group needs to be reported if these offsets are TRP-specific, because different offsets may apply to different groups of CSI-RS ports corresponding to different TRPs.
An oversampled FD offset may also be described as a combination of an orthogonal group index  and an offset within the orthogonal group, . The final oversampled FD offset  is given by
	
	(1)


The best gain from delay compensation is observed when the delay offset is calculated before the eigenvector calculation. This is because a subband or wideband eigenvalue or singular value decomposition is applied across TRPs with different delay profiles if delay offsets are not applied beforehand, resulting in a spread-out delay profile per TRP. Calculating the delay offsets before the layer extraction operation implies that these delay offsets should be layer common. In case of oversampling, both the orthogonal group index and the integer offset should be layer common.
Note that if the orthogonal group index  is TRP-common the benefit of oversampling mostly disappears because the choice of orthogonal group must be the same across all TRPs. In this case, oversampling becomes a UE implementation choice without specification impact as there is no need to report a TRP-common FD offset.
Observation 1. [bookmark: _Ref127557057][bookmark: _Ref131790725]The delay offsets, , should be layer common and TRP specific to maximise the gain from delay compensation, because they are calculated before the layer extraction operation. In case of oversampling, if the delay offsets are expressed as a combination of orthogonal group index,  and integer offset,  within the orthogonal group, both  and  should be layer common and TRP specific.
When comparing Alt 1 and Alt 2 in simulations there is no noticeable advantage in reporting TRP-specific FD basis vectors. This is explained by the similarity between delay spreads of different TRPs in a typical scenario and the fact that the dominant FD component for each TRP can be reported without need for TRP-specific . On the other hand, Alt 1 has advantages over Alt 2 in performance, particularly when using fractional offset values, in overhead, because it reports a single TRP-common set of vectors instead of  separate sets and in complexity as a single set of vectors can be used for  calculation.
Observation 2. [bookmark: _Ref131790742]Alt 1 has advantages over Alt 2 in performance, particularly when using fractional offset values, in overhead, because it reports a single TRP-common set of vectors instead of  separate sets and in complexity as a single set of vectors can be used for  calculation.
To confirm the analysis above, we compared throughput for Alt 1 and Alt 2 from SLS results. We tested an Outdoor 1 scenario with 4 CSI-RS ports per TRP, RMa channel model at 700MHz and parameter combination 2 for Rel-16 Type-II. The results are shown in Table 2 for different oversampling factors and confirm the superiority of Alt 1 to Alt 2/Alt 3 in terms of performance, especially when using fractional offsets.

[bookmark: _Ref127324390]Table 2. Throughput comparison between Alt 1 and Alt 2 for mode 1. 
	
	Alt 2
	Alt1 (gain over Alt 2)

	Alt1 (gain over Alt 2)


	Mean UE SE
	3.65
	3.70 (1.3%)
	4.35 (19%)

	Cell edge SE
	1.15
	1.19 (3.5%)
	1.69 (47%)




Observation 1. [bookmark: _Ref127557118]
Observation 2. 
Observation 3. [bookmark: _Ref131790760]In terms of throughput performance, Alt 1 shows about 1.3% and 3.5% gain in mean and cell edge throughput, respectively, over Alt 2, when using integer offsets, i.e., no oversampling. This gain increases significantly with fractional offsets, i.e., with oversampling, and is about 19% and 47% in mean and cell edge throughput, respectively, with an oversampling factor . 
Proposal 1. 
Proposal 2. [bookmark: _Ref127557150][bookmark: _Ref131790857]Support Alt 1 for mode 1 in Type-II-CJT CSI reporting with layer-common and TRP-specific FD basis offsets. Support oversampling factor  with layer-common and TRP-specific orthogonal group selection.
Regarding the reporting of the FD offsets, , it is well known that these offsets are circular over their interval of definition and a common offset across all TRPs/SD beams does not change the precoder. The same property also applies to the reporting of the FD basis vectors. For example, say  ,  and oversampling factor  (either 1 or 4). The FD basis offsets, assuming the first TRP as reference, are: . The precoder for a generic layer does not change if a UE reports instead:  , by taking the second TRP as reference, or , by taking the third TRP as reference. Similarly for the reporting of the FD basis vectors, say the FD bases indices for a generic layer are:  and the SCI for that layer is found in basis 5. Then the precoder for this layer does not change if a UE reports instead FD bases: , such that the SCI is circularly shifted to the first column of . Besides, any offset applied to the reporting of the FD bases for each layer can be independent of the layer-common FD basis offsets .
Proposal 3. [bookmark: _Ref131790870]For the reporting of the FD basis offsets, , support the reporting of  offsets, by assuming as a reference TRP a fixed TRP.

2.3	Issue 3: parameters combinations
In RAN1#112 progress was made in the definition of the parameter combinations with the following agreements
Agreement (RAN1#112)
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 {an} 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

	NTRP
	{Ln} combination

	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 (RAN1#112)
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.
[bookmark: _Hlk131627824]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

Agreement (RAN1#112)
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,b} from where the value of {pv,b} is gNB-configured via higher-layer (RRC) signaling:
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {M} for Rel-17-based refinement are derived from the supported combinations of {pv ,b} for Rel-16-based refinement 

	 for layers 1-4
	
	Condition(s) 

	{1/8, 1/8, 1/16, 1/16}
 
	¼ 
	--

	
	½ 
	--

	{1/4, 1/4, 1/8, 1/8}
	¼ (*)
	--

	
	½ (*)
	--

	{1/4, 1/4, 1/4, 1/4}
	¾ (*) 
	--

	{1/2, 1/2, 1/2, 1/2}
	½ 
	- Only applicable when NTRP≤3 and NL=1
- Optional



(*) Supported by legacy Rel-16 

Agreement (RAN1#112)
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, support linkage between the list of supported {Ln} combinations and list of supported {pv,b} combinations via pairing each combination for {pv,b} with at least one combination for {Ln}, for each NTRP value.
· FFS (by RAN1#112bis-e): The exact list of supported pairs/linkage, or restriction of {Ln} when paired to each of {pv,b}
· FFS (by RAN1#112bis-e): Whether/How to support configuration signalling for indicating the linkage
· Note: While no additional codebook parameter will be introduced, the total number of SD basis vectors across CSI-RS resources can still be used as a criterion for choosing the supported pairs/linkage

For a value of , the following number of combinations of  and  are possible based on the above agreements, for a total of 92 combinations:
· : 3x6=18 - combinations 
· : 4x6=24 - combinations
· : 5x6=30 - combinations
· : 4x5=20 - combinations
The target is to reduce the number of combinations - to a maximum of 8 per  value, which is the maximum number of parameter combinations supported in Rel16 Type-II. To do so we select the combinations with the most favourable trade-off between average UPT and overhead, with consideration to the fact that if similar trade-off is achieved by two combinations with different , the combination with the smaller total number of SD beams is favoured because of the lower UE complexity.
Observation 4. [bookmark: _Ref131790782]The selection of - combinations is based on the best trade-off between average UPT and overhead, with consideration to the fact that if similar trade-off is achieved by two combinations with different , the combination with the smaller total number of SD beams is favoured because of the lower UE complexity.
The SLS results are reported in Figure 1 to Figure 8 and Table 4 to Table 7. We simulated scenario Outdoor 2A - DU of the agreed EVM assumptions at 2GHz, with 16 ports per TRP, mode-2 and rank adaptation with maximum rank 2. A UE also selects  TRPs to report. Note that the average and cell-edge UPT gains are plotted with reference to the combination:  and combination , . The feedback overhead is calculated by averaging the actual reported overhead over all drops and UEs, rather than calculating the maximum overhead for .
For the configuration with  and SD combinations  and , we assume the network configures both permutations, i.e., , such that a UE assigns 4 SD beams to the TRP with the largest RSRP, by selecting one of the two configured permutations. Similarly, for  and SD combinations  and , we assume the gNB configures all 3 permutations together with . However, for , and SD combination  there are 4 possible permutations in total but only one can be configured, hence we assume that the gNB has prior knowledge of the TRP RSRP values and it transmits the CSI-RS resource with the highest index from the TRP with the largest RSRP. Similarly, for , and SD combination , there are 6 possible permutations in total but only one can be configured, hence we assume that the gNB transmits the 2 CSI-RS resources with the highest index from the two TRPs with the largest RSRP. We believe this explains why the configuration with a single  achieves most of the UPT gain of the combination with  for all , but with smaller overhead and complexity.
Observation 5. [bookmark: _Ref131790797]For the configuration with  and SD combinations  and , and for  and SD combinations  and , we assume the gNB configures all 3 permutations together with  and , respectively. For , and SD combination , and for , and SD combination , we assume that the gNB has prior knowledge of the TRP RSRP values and it transmits the CSI-RS resource(s) with the highest index(es) from the TRP(s) with the largest RSRP. In all these cases,  SD beams are assigned to the TRP(s) with the largest RSRP.
Observation 6. [bookmark: _Ref131790812]We observe that for , the combination(s) with a single  achieves most of the UPT gain of the combination with ,, but with smaller overhead and complexity.
For , we note that, with 16 ports per TRP, the combinations with  achieve similar UPT-overhead trade-off as with . Therefore, we propose to keep the same restrictions and supported combinations as for Rel16, with  applicable only for 32 ports.

Proposal 4. [bookmark: _Ref131790884]For Type-II-CJT parameter combinations, support the combinations in the following table
[bookmark: _Ref131627720]Table 3. Type-II-CJT: parameter combinations
	
	SD combo
	FD combo 

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½ 
	{1/4, 1/4, 1/8, 1/8}, ¼ 
	{1/4, 1/4, 1/8, 1/8}, ½ 
	{1/4, 1/4, 1/4, 1/4}, ¾ 
	{1/2, 1/2, 1/2, 1/2}, ½ 

	1
	2
	X
	X
	
	
	
	

	
	4
	
	X
	
	X
	
	X

	
	6 w/ restriction
	
	
	
	X
	X
	

	2
	{2,2}
	X
	X
	
	
	
	

	
	{2,4}
	
	X
	X
	X
	
	X

	
	{4,2}
	
	
	
	
	
	

	
	{4,4}
	
	
	
	
	X
	

	3
	{2,2,2}
	X
	X
	
	
	
	

	
	{2,2,4} 
	
	X
	X
	X
	
	X

	
	{2,4,2}
	
	
	
	
	
	

	
	{4,2,2}
	
	
	
	
	
	

	
	{4,4,4}
	X
	
	
	
	
	

	4
	{2,2,2,2}
	X
	X
	
	
	
	N/A

	
	{2,2,2,4} 
	
	X
	
	X
	
	N/A

	
	{2,2,4,4} 
	
	
	X
	
	
	N/A

	
	{4,4,4,4}
	
	
	
	
	X
	N/A



	[image: ]
[bookmark: _Ref131762552]Figure 1. Trade-off between average UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Rank adaptation with max rank 2.
	[image: ]
[bookmark: _Ref131765153]Figure 2. Trade-off between cell-edge UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Rank adaptation with max rank 2.



[bookmark: _Ref131762593]Table 4. SLS results related to Figure 1 and Figure 2
	
	SD combo
	FD combo



	
	
	{1/8}, ¼
	{1/8}, ½ 
	{1/4}, ¼ 
	{1/4}, ½ 
	{1/4}, ¾ 
	{1/2}, ½ 

	1
	2
	SE = (4.3381  1.3350); RU =0.35576; 
meanOH = 52.3933
	SE = (4.6063  1.4841); RU =0.33622; 
meanOH = 79.1692
	SE = (4.6085  1.4911); RU =0.33576; 
meanOH = 103.2522
	SE = (4.7280  1.5990); RU =0.32708; 
meanOH = 145.0305
	SE = (4.7798  1.6051); RU =0.32401; 
meanOH = 173.0387
	SE = (4.8206  1.6104); RU =0.32135; 
meanOH = 222.7111

	
	4
	SE = (4.6723  1.5401); RU =0.33215; 
meanOH = 99.9130
	SE = (4.9181  1.6729); RU =0.31638; 
meanOH = 148.5554
	SE = (4.9359  1.6792); RU =0.31493; 
meanOH = 190.1304
	SE = (5.1159  1.8238); RU =0.30433; 
meanOH = 264.9266
	SE = (5.1571  1.8298); RU =0.30206; 
meanOH = 306.5567
	SE = (5.2150  1.9043); RU =0.29865; 
meanOH = 401.8734

	
	6 w/ restriction
	SE = (4.8383  1.6188); RU =0.32099; 
meanOH = 142.0416
	SE = (5.0629  1.8186); RU =0.30802; 
meanOH = 206.1936
	SE = (5.1023  1.8225); RU =0.30527; 
meanOH = 268.1753
	SE = (5.2537  1.9115); RU =0.29634; 
meanOH = 361.7027
	SE = (5.2898  1.9156); RU =0.29457; 
meanOH = 401.7992
	SE = (5.3557  2.0008); RU =0.29102; 
meanOH = 541.2545


	[image: ]
[bookmark: _Ref131765179]Figure 3. Trade-off between average UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2.
	[image: ]
[bookmark: _Ref131765181]Figure 4. Trade-off between cell-edge UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2.



Table 5. SLS results related to Figure 3 and Figure 4
	
	SD combo
	FD combo



	
	
	{1/8}, ¼
	{1/8}, ½ 
	{1/4}, ¼ 
	{1/4}, ½ 
	{1/4}, ¾ 
	{1/2}, ½ 

	2
	{2,2}
	SE = (4.5612  1.5435); RU =0.41517; 
meanOH = 74.1028
	SE = (4.7768  1.7407); RU =0.41117; 
meanOH = 109.4229
	SE = (4.8064   1.7495); RU =0.40632; 
meanOH = 141.2981
	SE = (4.9390   1.8337); RU =0.40053; 
meanOH = 197.8414
	SE = (4.9643   1.9040); RU =0.39924; 
meanOH = 229.7175
	SE = (5.0266   1.9152); RU =0.39512; 
meanOH = 303.7026

	
	{4,2}
{2,4}
	SE = (4.8340  1.7407); RU =0.39811; 
meanOH = 121.5425
	SE = (5.0674  1.9101); RU =0.39099; 
meanOH = 178.4471
	SE = (5.1199   2.0002); RU =0.38616; 
meanOH = 228.2224
	SE = (5.2854   2.1089); RU =0.37923; 
meanOH = 317.2799
	SE = (5.3218   2.1189); RU =0.37717; 
meanOH = 361.4586
	SE = (5.4005   2.2255); RU =0.3726; 
meanOH = 481.9881

	
	{4,4}
	SE = (4.8824  1.7514); RU =0.39872; 
meanOH = 139.0720
	SE = (5.1008  1.9115); RU =0.39044; 
meanOH = 200.2313
	SE = (5.1683   2.0019); RU =0.38495; 
meanOH = 260.2969
	SE = (5.3211   2.1203); RU =0.37704; 
meanOH = 353.1061
	SE = (5.3506   2.1417); RU =0.37572; 
meanOH = 390.6116
	SE = (5.4295   2.2316); RU =0.37081; 
meanOH = 532.2897




	[image: ]
[bookmark: _Ref111201232]Figure 5. Trade-off between average UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2.
	[image: ]
[bookmark: _Ref111201432]Figure 6. Trade-off between cell-edge UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2.



Table 6. SLS results related to Figure 5 and Figure 6
	
	SD combo
	FD combo



	
	
	{1/8}, ¼
	{1/8}, ½ 
	{1/4}, ¼ 
	{1/4}, ½ 
	{1/4}, ¾ 
	{1/2}, ½ 

	3
	{2,2,2}
	SE = (4.5652   1.6007); RU =0.4232; 
meanOH = 77.5680
	SE = (4.7797   1.7430); RU =0.42172; 
meanOH = 113.4554
	SE = (4.8121   1.7495); RU =0.41735; 
meanOH = 147.2737
	SE = (4.9478   1.8277); RU =0.41194; 
meanOH = 204.7982
	SE = (4.9647   1.9077); RU =0.41094; 
meanOH = 236.3488
	SE = (5.0203   1.9242); RU =0.4077; 
meanOH = 314.2220

	
	{4,2,2}
{2,4,2}
{2,2,4} 
	 SE = (4.8305   1.7466); RU =0.407; 
meanOH = 124.8741
	SE = (5.0632   1.9102); RU =0.40199; 
meanOH = 182.3203
	SE = (5.1223   1.9998); RU = 0.39731; 
meanOH = 234.0918
	SE = (5.2817   2.1079); RU =0.39102; 
meanOH = 324.0264
	SE = (5.3182   2.1151); RU =0.38869; 
meanOH = 367.6832
	SE = (5.3912   2.2240); RU =0.38494; 
meanOH = 492.3091

	
	{4,4,4}
	SE = (4.8762   1.8063); RU =0.40933; 
meanOH = 145.1634
	SE = (5.0964   1.9173); RU =0.40215; 
meanOH = 206.5143
	SE = (5.1658   2.0016); RU =0.39618; 
meanOH = 270.8621
	SE = (5.3154   2.1107); RU =0.3894; 
meanOH = 363.7067
	SE = (5.3464   2.1221); RU =0.38731; 
meanOH = 400.3011
	SE = (5.4227   2.2274); RU =0.38289; 
meanOH = 548.2348
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[bookmark: _Ref131765220]Figure 7. Trade-off between average UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2. For the cases  and , gNB is assumed to transmit CSI-RS resource(s) of highest index(es) from the one or two strongest TRP(s), respectively.
	[image: ]
[bookmark: _Ref131762572]Figure 8. Trade-off between cell-edge UPT gain and mean feedback overhead for scenario outdoor 2A, with DU channel model.  with 16 ports per TRP. Mode-2 and rank adaptation with max rank 2. For the cases  and , gNB is assumed to transmit CSI-RS resource(s) of highest index(es) from the one or two strongest TRP(s), respectively.



[bookmark: _Ref131762619]Table 7. SLS results related to Figure 7 and Figure 8
	
	SD combo
	FD combo



	
	
	{1/8}, ¼
	{1/8}, ½ 
	{1/4}, ¼ 
	{1/4}, ½ 
	{1/4}, ¾ 
	{1/2}, ½ 

	4
	{2,2,2,2}
	SE = (4.5605    1.5520); RU =0.42329; 
meanOH = 77.5656
	SE = (4.7800    1.7421); RU =0.422; 
meanOH = 113.4623
	SE = (4.8130    1.7498); RU =0.4168; 
meanOH = 147.3001
	SE = (4.9428    1.8335); RU =0.41212; 
meanOH = 204.7746
	SE = (4.9653    1.8890); RU =0.41091; 
meanOH = 236.3250
	N/A

	
	{2,2,2,4} 
	 SE = (4.8305    1.7466); RU =0.407; 
meanOH = 124.8741
	SE = (5.0623    1.9103); RU =0.40206; 
meanOH = 182.2975
	SE = (5.1145    2.0005); RU =0.39763; 
meanOH = 234.0675
	SE = (5.2817    2.1079); RU =0.39095; 
meanOH = 324.0247
	SE = (5.3220    2.1178); RU =0.38876; 
meanOH = 367.6926
	N/A

	
	{2,2,4,4} 
	 SE = (4.8773    1.7532); RU =0.40812; 
meanOH = 142.4543
	SE = (5.0966    1.9144); RU =0.4017; 
meanOH = 203.9940
	SE = (5.1691    2.0040); RU =0.39579; 
meanOH = 266.1038
	SE = (5.3138    2.1136); RU =0.38906; 
meanOH = 359.6031
	SE = (5.3482    2.1235); RU =0.38709; 
meanOH = 396.6972
	N/A

	
	{4,4,4,4}
	SE = (4.8805    1.8192); RU =0.40891; 
meanOH = 145.1691
	SE = (5.0946    1.9159); RU =0.40227; 
meanOH = 206.5179
	SE = (5.1669    2.0012); RU =0.3962; 
meanOH = 270.8748
	SE = (5.3142    2.1178); RU =0.38931; 
meanOH = 363.6839
	SE = (5.3476    2.1193); RU =0.38741; 
meanOH = 400.2502
	N/A






Regarding the question of whether to support at least one additional combination for , in addition to the supported combinations/permutations, where at least one of the  values () is 6, we do not think this is needed. The  case was supported in Rel16 Type-II with significant restrictions, namely:
· 32 ports only
· rank  2 only
·  only
Supporting combinations with one value of  is unlikely to provide any significant gain over similar combinations with one value of  for the overhead range of interest. Besides, the restrictions applicable for , particularly the 32-port restriction, are not practical for , as the implementation complexity is significantly higher.
Proposal 5. [bookmark: _Ref127557183]Support the value of  only for .
Proposal 6. [bookmark: _Ref131790957]For  and , reuse the same restrictions as in Rel-16 Type-II, i.e., 32 ports, rank  and .

2.4	Issue 5-6: UCI omission
UCI omission is an emergency procedure that is indented to truncate the reported PMI when the PUSCH/PDCCH resource is not enough to fit the CSI payload in full. In RAN1#112 three alternatives were identified for the extension of the priority function  introduced in Rel16 Type-II to the CJT case.
Agreement (RAN1#112)
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,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.l+n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(l,l,m,n)=2L’.Qn).RI.N3+2L’.RI. P(m)+RI.l(n)+l
· 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,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+ l
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
In all three alternatives the TRP index  is added to the layer, SD basis and FD basis index.
· In Alt 3 a simple extension is introduced for the SD basis index , such that it is defined over all the  reported TRPs and its value set becomes: . Say  the SD basis index for TRP , the new index across TRPs reads: .

	
	(2)



· In Alt 1, the TRP index is given the highest priority, such that

	
	(3)


· In Alt 2, TRPs are given the lowest priority so there is high probability that entire TRPs are omitted, however CJT layers are formed by the contributions of all SD bases, so removing groups of SD bases from all layers is going to increase interference between layers. Besides, other than the strongest TRP, it is not possible to order the other  TRPs from strongest to weakest with a fixed function .
Regarding the permutation, , applied to the FD basis index , our preference is to reuse the same rule as Rel16 Type-II for the CJT extension.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. [bookmark: _Ref131790977]Regarding UCI omission for Type-II-CJT, support Alt 3 (first choice) or Alt 1 (second choice).
Proposal 8. [bookmark: _Ref131790988]Regarding UCI omission for Type-II-CJT, reuse the permutation function, , applied in Rel16 Type-II.

3	Type-II Doppler
[bookmark: _Ref101288260][bookmark: _Ref111191937]3.1	Issue 6: format for  CQIs per subband per report
In RAN1#112, it was agreed to support one CQI per subband per report calculated on the first  and first slot of the CSI reporting window, , and, as optional features, one CQI per subband calculated on the first  and the first slot of , and -th  and last slot of ; and 2 CQIs per subband, calculated on the first and -th , and the first and middle slot of , respectively.
Agreement (RAN1#112)
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
For , regarding the format of the second time-domain (TD) CQI and possible overhead reduction, three alternatives have been proposed in RAN1#112:
· Alt 1. Independent of the first TD CQI: A 4-bit wideband CQI and 2-bit sub-band CQIs
· Alt 2. Differential reference CQI relative to the first TD CQI: A -bit wideband CQI and 2-bit sub-band CQIs  
· Alt 3. Differential reference and sub-band CQIs relative to the first TD CQI: A -bit wideband CQI and 1-bit sub-band CQIs, where  (0 implies that the reference CQI for the 2nd TD CQI is the reference CQI for the 1st TD CQI)
Some simulations were carried out to understand the possible degradation because of using  or  CQIs per subband. Results are depicted in Figure 9. The MU-MIMO simulation setup of the CSI feedback is done with a P-CSI-RS scheme with , ,  and adaptive rank with Max-rank 2. The goal is to observe in a clearer way the impact of reducing the number of CQIs into the CSI report. As seen the degradation from reducing from N4 CQIs per Subband to only  or  CQIs is certainly negligible. Notice that we have tried in addition to use oversampling for Doppler domain in this experiment to see if there is some sort of impact or benefit on doing this. The gain is certainly also not very significant. The conclusion is that for a setup with UE mobility,  or  CQIs is enough. Having more CQI overhead may not help substantially. Also, in this figure we notice that mean UPT gain is significantly less to the gain for the UE edge UPT. Later in the following section, we will delve deeper a little bit more on this.
Regarding the choice between different formats for the second TD CQI, our preference is Alt1 because the overhead saving of Alt2 seems negligible and reducing the subband differential CQI to 1 bit as proposed in Alt3 will have a nonnegligible impact on performance
Proposal 9. [bookmark: _Ref127557256]Support a format for the second CQI with 4-bit wideband CQI and 2-bit sub-band CQIs calculated independently of the first CQI.
It was also discussed where in the UCI the second TD CQI should be mapped, with the following alternatives:
· Alt1. In UCI part 1
· Alt2. In UCI part 2
· Alt3 Wideband CQI in UCI part 1, sub-band CQIs in UCI part 2
Because of the additional overhead required by reporting the second TD CQI, it seems natural to follow the same mapping used for the second CQI (associated to the second codeword) in Type-I reporting when the reported rank is larger than 4. Hence, we support mapping the second CQI in UCI part 2 as per Alt 2.
Proposal 10. [bookmark: _Ref131791013]Support mapping the second time-domain CQI to UCI part 2. 
[image: ]
[bookmark: _Ref131677074]Figure 9. Results for the case with Rel. 18 Doppler/TD codebook at 10km/h ,  and  for different number of CQIs per subband and a given oversampling  in Doppler domain compression. Note that oversampling in Doppler domain is UE implementational.

3.2	Issue 7: NNZC and bitmap design
In RAN1#112, two proposals were discussed to reduce the overhead of the  bitmaps as described in the following agreement
Agreement (RAN1#112)
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.
Nokia/NSB, Samsung, vivo, and ZTE raised concerns that, in their understanding, Alt3A violates previous agreements for “Q different two-dimensional bitmaps” and/or common DD basis selection across SD/FD basis pairs and hence, to some extent, objective 1 of the WID.
In offline discussions, a simplified version of Alt4 was proposed, which applies the restriction only to SD and FD coordinates and uses the same restricted SD indices for both polarisations. The simplified Alt4’ is described as follows:
· Alt4’: Q different bitmaps are supported for each layer, each of the Q bitmaps corresponds to DD basis q = 0 or 1.
· For each polarization, each of the Q bitmaps contains bits included in a set of SD basis and FD basis pairs , satisfying , where
· , 
·  is the SD basis indicated by SCI
· Two polarizations have same set of  in the bitmap
Our first preference is Alt1, which is the basic design for , but given the concern expressed by several companies on the bitmap overhead we are open to consider the simplified Alt4’, for example as optional for .
Observation 1. 
Observation 2. 

Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. [bookmark: _Ref131791023]Regarding the bitmap design, support Alt1, i.e., the bitmap size is  for each of the  DD basis vectors for  and as the basic feature for . Alt4’ as optional feature for .
3.3	Issue 8: parameter combinations
For this section, we also have used a MU-MIMO CSI setup with P-CSI-RS with   and two different PMI prediction windows consisting of  and  respectively and adaptive rank scheme with max-rank 2. Also, for analysis 3 different speeds are considered, i.e., 10, 20 and 30km/h. In Figure 10, we observe that for the case with  there are gains for the mean UE- UPT and the edge UE- UPT, however the gains are more noticeable for the edge UEs. This interesting behaviour occurs because of LOS/NLOS channel properties in different regions of the cell for each UE and the resulting effective SINR after MU-MIMO transmission. Despite that SINR gains are nearly constant after applying prediction, for UEs in the edge, spectral efficiency gain seems to have larger changes for gains on small SINR levels due the logarithmic law governing this relationship. Moreover, this latter is significantly less noticeable for UEs in the centre of the cell and closer to the gNodeB. On the other hand, we may also observe that gains are not the same for each speed. This might be explained because gains are obtained in comparison to a Zero-order Holder (ZoH) scheme (i.e. Rel 16 Type II with ) and such gains are relative to how faster ZoH degrades in time due to CSI aging. For low speeds with ZoH, the system degrades much slower in presence of CSI aging and the gains of the prediction, despite the algorithm is working, are only remarkably visible for the latest predicted points in the CSI window. For higher speeds, ZoH degrades faster but also prediction becomes less accurate as the channel coherence time window becomes narrower. Thus, there must be a trade-off with an optimal speed somewhere in the middle in which prediction still works well while ZoH degrades fast enough to allow experiencing more significant performance gains. In the case of  Figure 10 we notice that at 20km/h, we may say that this is the optimal speed out of the set of 3 speeds chosen {10, 20, 30 km/h}, in which gain is the highest for  and . For Figure 11, we notice that for  and , mean UPT gains are quite reduced, however UE edge gains are still high. Results seems consistent considering that a realistic prediction model would have more difficulties to predict in longer predictions windows, which simply confirms that N4 must be chosen accordingly to the UE mobility conditions.
[image: ]
[bookmark: _Ref131677310]Figure 10. Results with Type-II-Doppler at 10, 20 and 30km/h for a P-CSI-RS with ,  and 
[image: ]
[bookmark: _Ref131677355]Figure 11. Results with Type-II-Doppler at 10 and 20km/h for a P-CSI-RS with ,  and  

We have additionally performed a sweeping of parameters for the PMI values L,  and  with fixed  and adaptive max-rank 2. In Figure 12 and Figure 13 (for further details, see also Table 8) we provide the mean UE-UPT gain (%) and the UE cell edge- UPT gain (%) respectively. In order to set the speed of interest, we have used the best-case gain with  obtained from Figure 10, which corresponds to 20km/h. As seen in the Figures there is a strong relationship between the space-frequency CSI compression parameters and the attainable gain. Major changes are observed by increasing the number of beams L, which is particularly noticeable for the transition from  to . Also   seems to play a big role enabling larger gains. For instance, the configurations with  3/4 but limited with   =1/4 does not attain higher gains than configuring  1/2 and  =1/4. In contrast, if we increase  enables higher performance gain but at the same time we may significantly increase the bit overhead. In general, and as expected, the increment of any of the parameters, L,  and  produces as a result an additional bit overhead of the CSI report. Notice that the bit overhead range goes from approximately ~160bits to up to nearly 500 bits. The increase of bit overhead is approximately between 52% to 65% more with respect to a legacy Rel 16 Type II (i.e. with ) configured to be updated at the same CSI periodicity. Accordingly, the performance gains in the observed range of bit overhead fluctuate between 4.5% to 8.5% for mean UE-UPT and from 13% to 30% for the UE cell edge UPT. From the results we may conclude that the CSI report with  and   =1/4 and , brings the best gain benefits with the most reasonable bit overhead budget ~330 bits. 

[image: ]
[bookmark: _Ref131702583]Figure 12. Mean UE-UPT gain of Type-II-Doppler at 20km/h for a P-CSI-RS with ,  and  . The same parameter combinations of Rel-16 Type-II are used. Red labels show the overhead increase over Rel-16 Type-II.
[image: ]
[bookmark: _Ref131702608]Figure 13. UE cell edge-UPT gain of Type-II-Doppler at 20km/h for a P-CSI-RS with ,  and  . The same parameter combinations of Rel-16 Type-II are used. Red labels show the overhead increase over Rel-16 Type-II.

[bookmark: _Ref131790253]Table 8. SLS results for Type-II-Doppler parameter combinations displayed in Figure 12 and Figure 13
	Parameter comb.
()
	Algorithm
	Mean UE SE 
	UE cell-edge SE 
	Mean UE-UPT gain (%)
	UE cell edge-UPT gain (%)
	Bit OH

	 (2, 1/4,1/4)
	CSI prediction 
	5.47
	1.68
	4%
	13%
	165.15

	
	Zero-Order Holder
	5.24
	1.48
	
	
	100.20

	 (2, 1/4,1/2)
	CSI prediction 
	5.51
	1.74
	5%
	18%
	193.96

	
	Zero-Order Holder
	5.23
	1.48
	
	
	123.20

	 (4, 1/4,1/4)
	CSI prediction 
	5.65
	1.83
	7%
	21%
	286.90

	
	Zero-Order Holder
	5.28
	1.50
	
	
	174.03

	 (4, 1/4,1/2)
	CSI prediction 
	5.70
	1.91
	8%
	24%
	330.01

	
	Zero-Order Holder
	5.29
	1.54
	
	
	210.04

	 (4, 1/4,3/4)
	CSI prediction 
	5.71
	1.91
	8%
	24%
	347.69

	
	Zero-Order Holder
	5.30
	1.54
	
	
	228.79

	 (4, 1/2,1/2)
	CSI prediction 
	5.74
	1.92
	8%
	25%
	483.52

	
	Zero-Order Holder
	5.30
	1.54
	
	
	302.42

	 (6, 1/4,1/2)
	CSI prediction 
	5.78
	2.00
	9%
	30%
	434.54

	
	Zero-Order Holder
	5.32
	1.54
	
	
	274.83

	 (6, 1/4,3/4)
	CSI prediction 
	5.79
	2.00
	9%
	30%
	450.43

	
	Zero-Order Holder 
	5.33
	1.54
	
	
	293.19



Observation 3. 
Observation 4. 
Observation 5. 
Observation 6. 
Observation 7. [bookmark: _Ref131791060]For Type-II-Doppler, for average and cell-edge UPT gain over Rel-16 Type-II increase with overhead, for the same parameter combinations.
Observation 8. [bookmark: _Ref131791089]For Type-II-Doppler, cell-edge UPT gain over Rel-16 Type-II tend to be noticeably higher than average UPT gain.
Proposal 12. [bookmark: _Ref131791211]For Type-II-Doppler, support the same parameter combinations as Rel-16 Type-II.

Observation 1. Former legacy parameters of Rel 16 Enhanced Type II  
Proposal 1. 

3.4	Issue 10: UCI omission
In RAN1#112, the following alternatives were discussed for extending the priority function  that maps bitmap bits and NZCs to UCI.
Agreement (RAN1#112)
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(l,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.l+q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(l,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+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,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l + l 
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(l,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+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
Our preference is to support a simple extension of the mapping rule and we do not see a need to introduce a mapping function, , for the DD basis vector index , considering that .
Proposal 11. [bookmark: _Ref127557288]
Proposal 12. 
Proposal 13. [bookmark: _Ref131791392]Regarding the UCI omission for Type-II-Doppler, support Alt1 for the extension of the priority function, without the introduction of a new mapping function .
Proposal 14. [bookmark: _Ref131791451]Regarding the UCI omission for Type-II-Doppler, reuse the permutation function, , applied in Rel16 Type-II.


4	TDCP
4.1	Issue 11: TRS configuration
In RAN1#112, several possible TRS configurations were discussed to enable TDCP reporting. For , the network should be able to configure reporting of the time-correlation amplitude measured on a delay between two TRS resources of ~5ms or larger. However, for a single periodic TRS resource set, the minimum configurable periodicity is 10ms for SCS=15KHz, whereas for a 4-resource TRS, a correlation lag of 1 slot can be measured. 
Agreement (RAN1#112)
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome
Observation 9. [bookmark: _Ref131791334]For TDCP measurement, configuring a single periodic TRS resource set allows to measure a maximum time-correlation delay of 1 slot. 
The solution of triggering an aperiodic TRS with a desired offset from a periodic TRS has the drawback that aperiodic TRS are not widely supported by UEs. An alternative solution is to configure two periodic TRSs by fully reusing existing specifications. The resources in the two TRS resource sets are expected to share the same configuration parameters except for the slot offset configured in the IE periodicityAndOffset. The second periodic TRS is not supposed to impact UE measurements related to carrier and timing frequency offset (CFO and TFO) and Doppler compensation, which are UE implementation operations.
Proposal 1. 
Proposal 2. 
Proposal 3. 
Proposal 4. 
Proposal 5. 
Proposal 6. 
Proposal 7. 
Proposal 8. 
Proposal 9. 
Proposal 10. 
Proposal 11. 
Proposal 12. 
Proposal 13. 
Proposal 14. 
Proposal 15. [bookmark: _Ref131791464]For TDCP measurement,  TRS resource set(s) can be configured in the CSI reporting setting when reportQuantity is ‘tdcp’. The resources in the  TRS resource sets have the same configuration parameters except for the slot offset configured in periodicityAndOffset.
4.2	Issue 12: quantisation
In RAN1#112 the basic TDCP quantity was agreed in the form of  wideband quantised normalised amplitude of the time correlation measured at a configured delay. Optionally, a UE may also report the phase for this single correlation value or amplitude and phase of  correlation values, as described in the following agreement
Agreement (RAN1#112)
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic
In general, we can formulate a -bit logarithmic quantisation alphabet for TDCP as follows:
	Quantisation alphabet: , with 
	[bookmark: _Ref534994984][bookmark: _Ref534994990](4)


such that the quantisation levels are defined in the interval . 
We evaluated the quantiser with link-level simulations. We consider the use case of a gNB deciding to switch between Type-I and Type-II CSI reporting based on the TDCP report. We assume the time-correlation is measured from periodic TRS resources separated by 1ms or 10 ms. We assume TDCP quantity is reported every 100ms, whereas both Type-I and Type-II CSIs are available every 20ms. The simulated channel is CDL-A, with 10MHz bandwidth, and SU-MIMO downlink transmission.
First, we test the effect of quantisation codebook choice on the use case performance. The results for delay of 1ms and 10ms are shown on Figure 14 and Figure 15 respectively. In these two figures we compare 5 codebooks: 2 codebooks are produced from equation (4) with values Q=2, S=4 (1.5 dB step), and N=20 and N=41; and 3 codebooks derived from Rel-16 eType-II definition and by utilizing formula 1-p(i), with step sizes of 3dB, 1.5dB, and 0.75dB and codebook sizes of 3, 4, and 4 bits. Performance gain is derived with comparison to min(Type-I, Type-II). “A” value in the legend denotes decision threshold or decision quantisation level. 
By comparing the performance gains in 1ms delay scenario and 10ms delay scenario one can notice that codebook with N=41 shows best performance, while all other codebooks lead to preferring Type-II too often, what is explained by the fact that highest quantisation level is still is not high enough for 1ms delay correlation profile calculation. But in case of 10ms delay (see Figure 15) codebook with N=20 shows best performance, and N=41 shows very poor performance.
[image: ]
[bookmark: _Ref131796277]Figure 14. Quantisation codebooks performance in terms of throughput for 1ms delay between two channel measurements; Decision threshold A is chosen to maximize the throughput.

[image: ]
[bookmark: _Ref131796295]Figure 15. Quantisation codebooks performance in terms of raw throughput for 10ms delay between two channel measurements; Decision threshold A is chosen to maximize the throughput.
 Now we test performance degradation effect due to noisy channel estimation. The results for delay of 1ms and 10ms are shown on Figure 16 and Figure 17 respectively. Here we show the same quantisation codebook of size Q=4 bits. As expected, we observe some performance degradation, and comparing the effect for 1ms and 10ms we can notice that performance drop for 10ms case is even quicker: 2.4% vs 3.5% performance drop at SNR=15dB for 1ms and 10ms delays respectively. Therefore, configuring shorter delays for TDCP measurements does not appear to be impacted more than larger delays by noisy estimates. 
Observation 10. [bookmark: _Ref131796077]Performance degradation of Type-I/Type-II switching with noisy TDCP measurements does not increase for shorter delays.

[image: ]
[bookmark: _Ref131797827]Figure 16. Performance degradation effect due to additive noise to the channel estimation. Short delay of 1ms between two channel measurements.

[image: ]
[bookmark: _Ref131797846]Figure 17. Performance degradation effect due to additive noise to the channel estimation. Longer delay of 10ms between two channel measurements.

Proposal 16. [bookmark: _Ref131791488]For the quantisation of the normalised wideband amplitude of a TDCP measurement, support a -bit quantisation alphabet with quantisation levels taken from the set 

5	Conclusion
Hereafter is a summary of observations and proposals for Type-II-CJT enhancement in FDD.
Observation 1	The delay offsets, , should be layer common and TRP specific to maximise the gain from delay compensation, because they are calculated before the layer extraction operation. In case of oversampling, if the delay offsets are expressed as a combination of orthogonal group index,  and integer offset,  within the orthogonal group, both  and  should be layer common and TRP specific.
Observation 2	Alt 1 has advantages over Alt 2 in performance, particularly when using fractional offset values, in overhead, because it reports a single TRP-common set of vectors instead of  separate sets and in complexity as a single set of vectors can be used for  calculation.
Observation 3	In terms of throughput performance, Alt 1 shows about 1.3% and 3.5% gain in mean and cell edge throughput, respectively, over Alt 2, when using integer offsets, i.e., no oversampling. This gain increases significantly with fractional offsets, i.e., with oversampling, and is about 19% and 47% in mean and cell edge throughput, respectively, with an oversampling factor .
Observation 4	The selection of - combinations is based on the best trade-off between average UPT and overhead, with consideration to the fact that if similar trade-off is achieved by two combinations with different , the combination with the smaller total number of SD beams is favoured because of the lower UE complexity.
Observation 5	For the configuration with  and SD combinations  and , and for  and SD combinations  and , we assume the gNB configures all 3 permutations together with  and , respectively. For , and SD combination , and for , and SD combination , we assume that the gNB has prior knowledge of the TRP RSRP values and it transmits the CSI-RS resource(s) with the highest index(es) from the TRP(s) with the largest RSRP. In all these cases,  SD beams are assigned to the TRP(s) with the largest RSRP.
Observation 6	We observe that for , the combination(s) with a single  achieves most of the UPT gain of the combination with ,, but with smaller overhead and complexity.


Proposal 1	Revert the working assumption on Alt 3 for the number of amplitude references in  quantisation.
Proposal 2	Support Alt 1 for mode 1 in Type-II-CJT CSI reporting with layer-common and TRP-specific FD basis offsets. Support oversampling factor  with layer-common and TRP-specific orthogonal group selection.
Proposal 3	For the reporting of the FD basis offsets, , support the reporting of  offsets, by assuming as a reference TRP a fixed TRP.
Proposal 4	For Type-II-CJT parameter combinations, support the combinations in the following table
	
	SD combo
	FD combo 

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½ 
	{1/4, 1/4, 1/8, 1/8}, ¼ 
	{1/4, 1/4, 1/8, 1/8}, ½ 
	{1/4, 1/4, 1/4, 1/4}, ¾ 
	{1/2, 1/2, 1/2, 1/2}, ½ 

	1
	2
	X
	X
	
	
	
	

	
	4
	
	X
	
	X
	
	X

	
	6 w/ restriction
	
	
	
	X
	X
	

	2
	{2,2}
	X
	X
	
	
	
	

	
	{2,4}
	
	X
	X
	X
	
	X

	
	{4,2}
	
	
	
	
	
	

	
	{4,4}
	
	
	
	
	X
	

	3
	{2,2,2}
	X
	X
	
	
	
	

	
	{2,2,4} 
	
	X
	X
	X
	
	X

	
	{2,4,2}
	
	
	
	
	
	

	
	{4,2,2}
	
	
	
	
	
	

	
	{4,4,4}
	X
	
	
	
	
	

	4
	{2,2,2,2}
	X
	X
	
	
	
	N/A

	
	{2,2,2,4} 
	
	X
	
	X
	
	N/A

	
	{2,2,4,4} 
	
	
	X
	
	
	N/A

	
	{4,4,4,4}
	
	
	
	
	X
	N/A



Proposal 5	Support the value of  only for .
Proposal 6	For  and , reuse the same restrictions as in Rel-16 Type-II, i.e., 32 ports, rank  and .
Proposal 7	Regarding UCI omission for Type-II-CJT, support Alt 3 (first choice) or Alt 1 (second choice).
Proposal 8	Regarding UCI omission for Type-II-CJT, reuse the permutation function, , applied in Rel16 Type-II.


Hereafter is a summary of observations and proposals for Type-II-Doppler enhancement.
Observation 7	For Type-II-Doppler, for average and cell-edge UPT gain over Rel-16 Type-II increase with overhead, for the same parameter combinations.
Observation 8	For Type-II-Doppler, cell-edge UPT gain over Rel-16 Type-II tend to be noticeably higher than average UPT gain.

Proposal 9	Support a format for the second CQI with 4-bit wideband CQI and 2-bit sub-band CQIs calculated independently of the first CQI.
Proposal 10	Support mapping the second time-domain CQI to UCI part 2.
Proposal 11	Regarding the bitmap design, support Alt1, i.e., the bitmap size is  for each of the  DD basis vectors for  and as the basic feature for . Alt4’ as optional feature for .
Proposal 12	For Type-II-Doppler, support the same parameter combinations as Rel-16 Type-II.
Proposal 13	Regarding the UCI omission for Type-II-Doppler, support Alt1 for the extension of the priority function, without the introduction of a new mapping function .
Proposal 14	Regarding the UCI omission for Type-II-Doppler, reuse the permutation function, , applied in Rel16 Type-II.


Hereafter is a summary of observations and proposals for TRS-based TDCP reporting enhancement.
Observation 9	For TDCP measurement, configuring a single periodic TRS resource set allows to measure a maximum time-correlation delay of 1 slot.
Observation 10	Performance degradation of Type-I/Type-II switching with noisy TDCP measurements does not increase for shorter delays.

Proposal 15	For TDCP measurement,  TRS resource set(s) can be configured in the CSI reporting setting when reportQuantity is ‘tdcp’. The resources in the  TRS resource sets have the same configuration parameters except for the slot offset configured in periodicityAndOffset.
Proposal 16	For the quantisation of the normalised wideband amplitude of a TDCP measurement, support a -bit quantisation alphabet with quantisation levels taken from the set 
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Appendix A	SLS assumptions for Type-II-CJT
[bookmark: _Ref111208480]Table 9
	Parameters
	Scenarios

	
	Outdoor 1
	Outdoor 2A, intra-site
	Outdoor 2A, inter-site

	Inter-site distances
	1.7 km
	200 m
	200 m

	Carrier frequencies
	0.7 GHz
	2 GHz
	2 GHz

	Channel type
	RMa
	DU
	DU

	System bandwidth
	10MHz

	BS Transmit Power
	Macro: 46 dBm
RRH: 46 dBm 
	Macro: 46 dBm
	Macro: 46 dBm

	BS Height
	Macro: 35 m
RRH: 35m
	Macro: 25m
	Macro: 25m

	BS Antenna Configuration
	4 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,2,2,1,1,1,2)
100 mechanical elevation tilt
	4 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,2,2,1,1,1,2)
16 ports: (M,N,P,Mg,Ng,Mp,Np)  = (8,4,2,1,1,2,4)
100 mechanical elevation tilt
	16 ports: (M,N,P,Mg,Ng,Mp,Np) = (8,4,2,1,1,2,4)
100 mechanical elevation tilt

	UE Distribution
	100% outdoor 
	100%, 20% outdoor 
	20% outdoor

	UE Antenna Configuration
	2 Rx: (M,N,P) = (1,1,2) 
	4 Rx: (M,N,P) = (1,2,2) 
	4 Rx: (M,N,P) = (1,2,2) 

	UE speed
	3 kmph

	Traffic Model
	FTP Model 1: target resource utilisation (RU) as specified in the results

	Receiver
	Non-ideal 2RX MMSE
	Non-ideal 4RX MMSE
	Non-ideal 4RX MMSE

	CJT scheduling set size
	4 TRPs (intra-sector),
12 TRPs (inter-sector)
	3 TRPs
	9 TRPs

	CJT reporting set size ()
	Up to 4 TRPs, gNB configured
	Up to 3 TRPs, gNB configured
	Up to 4 TRPs, gNB configured





Appendix B	SLS assumptions for Type-II-Doppler
Table 10
	Parameter
	Value

	Duplexing 
	FDD

	Scenario
	Dense Urban


	Carrier frequency
	2GHz

	Inter-BS distance
	200m 

	BS antenna configuration
	16TX: (8,4,2,1,1,2,4)
100 mechanical elevation tilt

	UE antenna configuration
	4RX: (1,2,2,1,1,1,2)

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	SCS 
	15kHz 

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz

	DL MIMO
	Max Rank-2 MU-MIMO

	CSI feedback
	Rel-16 Type-II, default setup: N1=4, O1=4, N2=2, O2=4, L=4, 
, N3=13, Q=2 , N4={4,8}

	Traffic model
	FTP Model 1

	UE distribution
	100% outdoor

	UE speed
	10//20/30 km/h

	UE receiver
	Nonideal 4Rx MMSE

	CSI-RS period
	5ms respectively for each of the UE speeds.

	Channel prediction parameters
	 or 
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