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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In last meeting, there was good progress on enhancements of CSI acquisition for CJT and mobility with agreements agreed [1]. 
In this contribution, we discuss the CSI enhancement for CJT and mobility.
[bookmark: _Ref129681832]CSI enhancement for coherent JT
0. FD basis selection and indication
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources




For CJT, both mode-1 (independent FD basis selection across TRPs) and mode-2 (joint/common FD basis selection across TRPs) codebook have been agreed. Because TRPs, especially inter-site TRPs, have different delay property and have different FD basis distribution, mode-1 codebook with TRP-independent FD basis selection is more flexible and applicable to a wider range of scenarios. In last meeting, the alternatives have been down-selected to two for mode-1.
With Alt1, TRP-common Wf selection can be achieved by relative FD basis shifting and can have overhead reduction for FD basis selection indication. However, Alt1 is too restrictive since the delay profile may be still different even if the dominant FD basis vectors are aligned. As a result, it will result in a performance degradation. Besides, Alt1 has more complexity than Alt2 for UE processing, since it is needed to search over different sets of TRP-common Wf across TRPs.
Alt 2 can be seen as a baseline for mode-1 with TRP-independent FD basis selection. However, since the strongest FD basis vector of N-1 TRPs other than SCI-associated TRP is not remapped to index 0, legacy FD basis selection indication scheme needs to be slightly modified especially for the window based scheme. 
· For ,  bits for SCI-associated TRP and   bits for other N-1 TRPs.
· For ,
· For SCI-associated TRP, Minitial is reported by bits and FD basis selection is reported by  bits;
· For other N-1 TRPs, Minitial is reported  bits and FD selection reported  bits.
Observation 1: For Alt 2, the Minitial needs to be enhanced for the window based FD basis selection scheme.
Based on above analysis, our view on about above two alternatives are summarized below.
Table 1. Comparison of the alternatives for mode-1 codebook
	
	Alt1
	Alt2

	Description
	FD basis selection offset reporting with common  
	 independently selected

	Implementation
	Layer-common/specific offsets to align  to obtain common 
	Legacy window-based indication scheme should be modified with per-TRP Minitial reporting

	Performance
	Performance degradation
	--

	Overhead
	Reducing the FD basis indication overhead of other N-1 TRPs
	larger than Alt 1

	UE complexity
	Alt2 has less complexity than Alt1 for UE processing without searching over different set of TRP-common Wf and TRP-specific FDoffset



Due to differences of delay profiles across layers and TRPs, for Alt 1, per-TRP FD basis offset is preferred to be layer-specific to obtain better Wf alignment between TRPs. Moreover, FD offset oversampling can be introduced to achieve more precise relative offsets reporting for Alt1, which can also be applied in Alt 2 so as to achieve more efficient per-TRP FD compression. And the corresponding relative rotation factors w.r.t a reference TRP need to be reported.
SLS evaluations are performed for inter-site CJT scenario with Rel-16 based CJT codebook. The gain over sTRP transmission with Rel-17 Type II codebook is provided in Figure 1. The parameter combinations {Ltot, pv(M), β} of each point are {3*4, 0.125(2), 0.5},{3*4, 0.25(4), 0.25},{3*4, 0.25(4), 0.5} and {3*4, 0.25(4), 0.75} respectively. And N3 is 13 with R=1 and 13 subbands. As shown in Figure 1, regarding Alt1 for mode1, layer-specific FD offset with oversampling (oversampling factor = 4) outperforms that w/o oversampling with 2~3% edge UPT gain, which has similar performance to Alt2. And layer-specific offset (oversampling factor = 4) has ~1% mean UPT gain and  3~5% edge UPT gain compared to layer-common offset (oversampling factor = 4). Both Alt2 and Alt 1 with layer-specific and oversampled FD offset outperforms mode2 (TRP-common Wf) with 2~3% mean UPT gain and 8~12% edge UPT gain.
[image: ]
[bookmark: _Ref127555351]Figure 1.  Performance comparison of inter-site CJT with difference FD basis selection schemes.
Observation 2: Regarding Alt1 for mode1, layer-specific FD offset with oversampling (over sampling factor 4) outperforms that w/o oversampling with 2~3% edge UPT gain, which has similar performance to Alt2. 
Observation 3: Layer-specific offset (oversampling factor 4) has ~1% mean UPT gain and  3~5% edge UPT gain compared to layer-common offset (oversampling factor 4).
Observation 4: Both Alt2 and Alt 1 with layer-specific and oversampled FD offset outperforms mode2 (TRP-common Wf) with 2~3% mean UPT gain and 8~12% edge UPT gain.
Based on our analysis and simulation results, we have following proposal,
Proposal 1: Support Alt 2 or Alt 1 with layer-specific and oversampled FD offset.

0. Parameter Combination
	Agreement
On the Type-II codebook refinement for CJT mTRP, only support NL ={2,4} as additional candidate values to NL=1.
· FFS: Additional restriction(s) depending on the configured value for NTRP

Agreement 
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {Ln} for the higher-layer-configured value of NTRP (FFS by RAN1#112: whether the bracketed permutations are also supported):
· FFS by RAN1#112: whether other combinations can be supported
FFS (by RAN1#112bis-e): Whether/how the supported combinations of {n} for Rel-17-based refinement are derived from the supported combinations of {Ln} for Rel-16-based refinement 
FFS: Whether the total number of Ln is a UE capability
	[bookmark: _Hlk128062296]NTRP
	{Ln} combination

	[bookmark: _Hlk128062270]1
	{2}

	
	{4}

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

	2
	{2,2}

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

	
	{4,4}

	3
	{2,2,2}

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

	
	{4,4,4}

	4
	{2,2,2,2}

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

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

	
	{4,4,4,4}



Agreement
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, support at least the following combinations of {pv,} from where the value of {pv,} 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 ,} for Rel-16-based refinement 
	[bookmark: _Hlk128065209]pv 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
On the Type-II codebook refinement for CJT mTRP, for Rel-16-based refinement, regarding the list of supported combinations of {Ln}, only support the following additional combinations:
	NTRP
	{Ln} combination

	2
	{4,2}

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


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

Agreement
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,} combinations via pairing each combination for {pv,} 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,}
· 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




Parameter combinations for Rel-16 based enhancement
In the last meeting, supported {Ln} combinations have been agreed. For the agreed {Ln} combination, there is a mismatch about {Ln} combinations when UE selects and reports different values of NTRP. For NTRP=4, {Ln} combination of {2,2,4,4} is supported. When UE reports selection of 1st, 3rd and 4th TRPs, then the {Ln} combination will be {2,4,4}. However, {2,4,4} is not included in the supported combinations for NTRP=3. To resolve this mismatch, it is preferred to include Ln combination {2, 4, 4} into list.
Observation 5: For {Ln} combination {2,2,4,4}, when UE selects of 1st, 3rd and 4th TRPs, Ln={2,4,4} will be selected which is not a supported {Ln} combination. 
Regarding parameter combinations for Rel-16-based enhancement, we have simulated the supported {Ln} combinations paired to all six {pv, beta} combos , involving 32 ports, rank adaption up to 4, NTRP=1,2,3,4 and 13 subbands with R=1. The case with lowest overhead is taken as baseline for each NTRP value.
[image: ]
Figure 2. Performance v.s. overhead of agreed {Ln} and  {pv ,} for NTRP=1 for Rel-16-based CJT codebook
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Figure 3. Performance v.s. overhead of agreed {Ln} and  {pv ,} for NTRP=2 for Rel-16-based CJT codebook 
[image: ]
Figure 4. Performance v.s. overhead of agreed {Ln} and  {pv ,} for NTRP=3 for Rel-16-based CJT codebook
[image: ]
Figure 5. Performance v.s. overhead of agreed {Ln} and  {pv ,} for NTRP=4 for Rel-16-based CJT codebook
As shown in Figure 2-5, it can be observed that: 
· For {Ln} combinations where each Ln equals 2, adding overhead by increasing pv and/or beta (such as {pv, beta} combo #3~#6) has no significant performance improvement compared with other {Ln} combinations.
· For a given NTRP, the {Ln} combinations with at least one Ln=4 have similar performance-overhead tradeoff. It may be hard to select some of the pairs. Therefore, it is more reasonable to configure {Ln} and {pv, beta} pairs based on gNB implementation other than predefined pairs/linkage.
If predefined linkage/pairs are to be used, the combinations in Table 2 based on the simulation results are proposed, which appear on the top-left envelop and are linked by red dotted lines in Figure 2-5. It should be noted that the unequal {Ln} combination and its permutations (such as {2,2,4},{2,4,2}, {4,2,2}) should be treated as one category which have the same overhead. If gNB configures the CSI-RS resource index properly, these combinations can achieve equivalent performance. Hence, they need to be linked to the same {pv, beta} combinations.



Table 2. Preferred {Ln} and  {pv ,} pairs based on supported combinations
	NTRP
	SD combo
	FD combo {pv},

	
	
	{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
	Y
	Y
	
	
	
	

	
	4
	Y
	Y
	
	Y
	Y
	

	
	6 w/ restriction
	
	
	
	Y
	Y
	

	2
	{2,2}
	Y
	
	
	
	
	

	
	{2,4}
	Y
	Y
	
	
	Y
	

	
	{4,2}
	
	
	
	
	
	

	
	{4,4}
	
	Y
	
	Y
	
	Y

	3
	{2,2,2}
	Y
	
	
	
	
	

	
	{2,2,4} 
	Y
	Y
	
	Y
	Y
	

	
	{2,4,2}
	
	
	
	
	
	

	
	{4,2,2}
	
	
	
	
	
	

	
	{4,4,4}
	
	Y
	
	Y
	Y
	

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

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

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

	
	{4,4,4,4}
	
	
	
	Y
	
	N/A



Observation 6: For {Ln} combinations where each Ln equals 2, adding overhead by increasing pv and/or beta has no significant performance improvement.
Observation 7: The uneven {Ln} combination and its permutations with the same Ltot (such as {2,2,4},{2,4,2}, {4,2,2}) should be treated as one combination, due to the same overhead and performance with proper gNB configuration.
Proposal 2: For linkage between SD combo and FD combo, use the following table.
	NTRP
	SD combo
	FD combo {pv},

	
	
	{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
	Y
	Y
	
	
	
	

	
	4
	Y
	Y
	
	Y
	Y
	

	
	6 w/ restriction
	
	
	
	Y
	Y
	

	2
	{2,2}
	Y
	
	
	
	
	

	
	{2,4}
	Y
	Y
	
	
	Y
	

	
	{4,2}
	
	
	
	
	
	

	
	{4,4}
	
	Y
	
	Y
	
	Y

	3
	{2,2,2}
	Y
	
	
	
	
	

	
	{2,2,4} 
	Y
	Y
	
	Y
	Y
	

	
	{2,4,2}
	
	
	
	
	
	

	
	{4,2,2}
	
	
	
	
	
	

	
	{4,4,4}
	
	Y
	
	Y
	Y
	

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

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

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

	
	{4,4,4,4}
	
	
	
	Y
	
	N/A



As Ln=6 has been agreed for NTRP=1, then some multi-TRP combinations including Ln=6 should also be included, so that the Ln=6 for single-TRP can also be used when UE selects one single TRP, analogous to legacy Rel-16 Type II codebook. 
Furthermore, combinations including Ln=6 for multi-TRP can also help to achieve a better performance. In addition to the supported combinations, SLS results of some new {Ln} combinations with at least one Ln=6 for NTRP>1 are also provided. As shown in Figure 3-5, combinations including Ln=6 has a better performance-overhead tradeoff compared with other combinations, especially in the larger overhead regime. Therefore, {6,4}, {6,4,2}, {6,4,2,2} and their permutations should be supported. 
Regarding the concern on high overhead and complexity, it is  which affects the reporting overheads and UE complexity, other than the specific value of Ln. For example, {6,4,2} with Ltot = 12 can have similar NZCs reporting overhead and UE complexity as {4,4,4} with Ltot =12.
Hence, we propose to add {6,4}, {6,4,2}, {6,4,2,2} and their permutations, and propose to support the following pairs (which are circled in blue in Figure 3-5).
Table 3. Preferred combinations for {6,4}, {6,4,2} and {6,4,2,2}
	NTRP
	SD combo
	FD combo {pv},

	
	
	{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 

	2
	{6,4} and permutations
	
	
	 
	Y
	Y
	Y

	3
	{6,4,2} and permutations
	
	Y
	
	Y
	Y
	

	4
	{6,4,2,2} and permutations
	
	
	Y
	Y
	Y
	N/A



Observation 8: Adding {Ln} combinations including Ln=6 does not increase the overhead and UE complexity as long as Ltot does not exceed the current maximum Ltot value, and can increase performance.
Proposal 3: Support the {Ln} combinations of {6,4}, {6,4,2}, {6,4,2,2} and their permutations for NTRP>1.

Parameter combinations for Rel-17 based enhancement
For Rel-17-base CJT codebook, the similar approach as Rel-16-based refinement can be applied to discussion on the {} and  combinations. Regarding  combinations, it is reasonable to reuse the legacy five combos (where M=2 is optional feature for UE), which even has less combos than Rel-16-base CJT codebook.
Proposal 4: Support the following listed combinations for Rel-17-based CJT codebook.
	M
	

	1
 
	1/2 

	
	3/4

	
	1

	2
	1/2 

	
	3/4 


As the SD combos have been agreed for Rel-16-base CJT codebook, one straightforward way for Rel-17-based enhancement is to derive the combos from those of Rel-16-based. The   for Rel-17 based Type-II codebook can be derived from Ln and , as shown in Table 4. However, it can be observed that there is no valid combos for most values of . To support all possible , the combos in Table 5 can be used as the starting point, and further combinations can be added/replaced based on evaluations.


[bookmark: _GoBack]
Table 4. Comparison of legacy Rel-16/17 Type-II codebooks
	
	Legacy Rel-16 eType-II
	Legacy Rel-17 FeType-II

	Ln
	The number of SD basis vectors. 
, =6 only for 32 ports.
	The number of selected ports. , so  with 

	{Mv/M,}
	 when v=1,2 and . When N3=13 and Mv=1, .
{ }
	

	Overhead
	100~800bits
	Related to , when , it is 200~900bits



Table 5. Simple derivation of {} from supported {} combinations
	NTRP
	{Ln} combination
	{αn } combination corresponding to 

	
	
	4
	8
	12
	16
	24
	32

	1
	{2}
	{1}
	{1/2}
	/
	/
	/
	/

	
	{4}
	/
	{1}
	/
	{1/2}
	/
	/

	
	{6}
	/
	/
	{1}
	{3/4}
	{1/2}
	/

	2
	{2,2}
	{1,1}
	{1/2, 1/2}
	/
	/
	/
	/

	
	{2,4}, {4,2}
	/
	{1/2, 1}; {1, 1/2}
	/
	/
	/
	/

	
	{4,4}
	/
	{1,1}
	/
	{1/2, 1/2}
	/
	/

	3
	{2,2,2}
	{1,1,1}
	{1/2, 1/2, 1/2}
	/
	/
	/
	/

	
	{2,2,4} {2,4,2}, {4,2,2}
	/
	{1/2, 1/2, 1}; {1/2, 1, 1/2}; {1/2, 1/2, 1}
	/
	/
	/
	/

	
	{4,4,4}
	/
	{1,1,1}
	/
	{1/2, 1/2, 1/2}
	/
	/

	4
	{2,2,2,2}
	{1,1,1,1}
	{1/2, 1/2, 1/2, 1/2}
	/
	/
	/
	/

	
	{2,2,2,4}
	/
	{1/2, 1/2, 1/2, 1}
	/
	/
	/
	/

	
	{2,2,4,4}
	/
	{1/2, 1/2, 1, 1}
	/
	/
	/
	/

	
	{4,4,4,4}
	/
	{1,1,1,1}
	/
	/
	/
	/



For NTRP=1, it is straightforward to reuse the legacy {1/2}, {3/4} and {1}. For NTRP>1, we have simulated each above-listed {} combinations paired to all five  combos, assuming 32T4R with 16/32 ports, rank adaption up to 4. The case with lowest overhead is taken as baseline for each NTRP value and each port-configuration. We mainly use simulation results for PCSI-RS =16 (shown in Figure 6-8) as basis for the combination selection, to make sure that overheads related to all possible PCSI-RS values are within a reasonable limit as much as possible. The results of 32-port are also provided for verification. For NTRP=2, {3/4, 1} is add as seen in Figure 6. And as shown in Figure 7 for NTRP=3, it can be observed that {1, 1, 1} can be replaced by {1/2, 1, 1} and {1/2, 3/4, 1} to achieve better performance. For NTRP=4 in Figure 8, {3/4,1,1,1} and {1/2, 1/2,3/4,1} outperforms {1,1,1,1} and {1/2, 1/2, 1/2, 1} respectively at performance-overhead trade-off. 

[image: ]
Figure 6. Performance v.s. overhead of {}combinations for NTRP=2 for Rel-17-based CJT codebook

[image: ]
Figure 7. Performance v.s. overhead of {}combinations for NTRP=3 for Rel-17-based CJT codebook

[image: ]
Figure 8. Performance v.s. overhead of {}combinations for NTRP=4 for Rel-17-based CJT codebook
Considering the UCI omission design may involve the order of CSI-RS resources, it is recommended to rearrange the arrangement order inside the both {} and {} combination by descending, so that the CSI-RS resource with a larger / value and a smaller index has higher priority.
To summarize, we have following proposal.
Proposal 5: support the following {} combinations for the value of NTRP for Rel-17-based enhancement.
	NTRP
	{} combination

	1
	{1/2}

	
	{3/4}

	
	{1}

	2
	{1/2,1/2}

	
	{1,1/2}, {1/2,1}

	
	{1, 0.75},{0.75,1}

	
	{1,1}

	3
	{1/2,1/2,1/2}

	
	{1, 3/4, 1/2} and its other permutations

	
	{1, 1, 1/2} and its other permutations

	
	{1, 3/4, 3/4} and its other permutations

	4
	{1/2,1/2,1/2,1/2}

	
	{1, 1, 1/2,1/2} 

	
	{1, 3/4, 1/2, 1/2}

	
	{1,1,1, 3/4}



For Rel-17-based enhancement, it is difficult and complex to predefine linkages suitable for all  values. The configuration of {} combinations and  combinations can depend on the gNB implementation with the restriction of . Nevertheless, we also provide suggested combination pairs for reference. For Rel-17-based enhancement, since M=1 is the basis feature and M=2 is optional, the {}- combo pairs for M=1 and 2 should be selected separately. The principle for pair selection is to select the pairs on the top-left envelop for both 16/32 port, which are linked by black lines, as shown in Figure 9-11. Besides, try to make sure each {}  combo is linked to at least one  combo. The suggested {} and   pairs are summarized in Table 6.

[image: ]
Figure 9. Performance v.s. overhead of {} and  {M, } linkage for 16/32 ports and NTRP=2 
for Rel-17-based CJT codebook
[image: ]
Figure 10. Performance v.s. overhead of {} and  {M, } linkage for 16/32 ports and NTRP=3 
for Rel-17-based CJT codebook
[image: ]
Figure 11. Performance v.s. overhead of {} and  {M, } linkage for 16/32 ports and NTRP=4 
for Rel-17-based CJT codebook
Table 6. Preferred {} and   pairs based on supported combinations
	NTRP
	{}  combo
		M, beta

	
	
	1, 1/2
	1, 3/4
	1, 1
	2, 1/2
	2, 3/4

	1
	{1/2}
	
	
	
	Y
	

	
	{3/4}
	Y
	
	
	Y
	

	
	{1}
	Y
	Y
	Y
	Y
	Y

	2
	{1/2,1/2}
	Y
	
	
	Y
	

	
	{1,1/2}, {1/2,1}
	Y
	Y
	
	
	

	
	{1, 0.75},{0.75,1}
	
	Y
	
	Y
	

	
	{1,1}
	
	Y
	
	Y
	

	3
	{1/2,1/2,1/2}
	Y
	
	
	Y
	

	
	{1, 3/4, 1/2} and its other permutations
	Y
	
	
	Y
	

	
	{1, 1, 1/2} and its other permutations
	
	Y
	
	Y
	Y

	
	{1, 3/4, 3/4} and its other permutations
	
	
	Y
	
	

	4
	{1/2,1/2,1/2,1/2}
	Y
	
	
	Y
	

	
	{1, 1, 1/2,1/2} 
	
	Y
	
	Y
	

	
	{1, 3/4, 1/2, 1/2}
	Y
	
	
	Y
	

	
	{1,1,1, 3/4}
	
	Y
	
	Y
	



W2 quantization
	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


Considering the inter-site or distributed MTRP scenario, the Alt3 scheme is preferred because the signal strength from different TRPs may vary significantly, even more than those between polarizations. With per-TRP per-polarization amplitude group, the range of amplitude within each group is smaller and can be quantified more accurately with a limited quantization alphabet. For Alt1, the current quantization range for reference amplitude is not sufficient to cover the power difference among different TRPs, which may lead to performance loss.
The evaluation results for alternatives are shown in Figure 12, assuming inter-site CJT scenario with ISD=500m, which proves the above analysis. As shown in Figure 12, Alt 3 (Cgroup,amp=2N) outperforms Alt1 (Cgroup,amp=2) .
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[bookmark: _Ref117938605]Figure 12. Performance gain of inter-site CJT with difference W2 quantization group scheme.
Observation 9: For inter-site CJT with large inter-site distance, Alt 3 (Cgroup,amp=2N) has better performance compared to Alt1 (Cgroup,amp=2).
0. CBSR 
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, at least for restricting SD basis selection, the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources (resulting in CSI-RS-resource-specific SD beam group restriction)
· FFS: Whether amplitude restriction is CSI-RS-resource-common or specific, and soft vs hard restriction
· FFS: Whether CBSR can be configured to be off for a CSI-RS resource
The same rank restriction is applied across NTRP CSI-RS resources



For single TRP transmission with Rel-15 Type I and Rel-15/16 Type II codebook, CBSR was introduced to suppress the interference of adjacent cells through restriction of the direction and strength of some spatial beams. Regarding CJT, it has been agreed that the legacy CBSR scheme is fully reused for each of the RRC-configured NTRP CSI-RS resources with CSI-RS-resource-specific SD beam group restriction. As for amplitude restriction, CSI-RS-resource-specific is preferred, because the property of spatial beams are different across TRPs. And soft amplitude restriction will be more flexible for the beam selection of UE.
Proposal 6: Support CSI-RS-resource-specific and soft restriction for amplitude.
For CJT, some TRP may not have strong interference to adjacent TRPs. Hence, it is more reasonable that partial of NTRP CSI-RS resource are not configured with CBSR. And the mapping of CSI-RS resources and CBSRs can be gNB-configured. 
Proposal 7: Support that CBSR can be configured to be off for a CSI-RS resource. 
0. UCI omission
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1. Prio(,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(,l,m,n)=2L’.Q(n).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L’ denotes the max value of Ln from all selected N CSI-RS resources
· FFS: Q(n) maps the index n according to a rule, e.g., Q(n)=n, or Q(n)=0 if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
· 



In multi-TRP CJT, the primary/strongest TRP has stronger NZCs than the other TRPs, which has greater impact on the performance. When UCI omission occurs, it’s beneficial in terms of throughput to keep the NZCs of the strongest TRP. Therefore, Alt 2 is preferred that it can fall back to single-TRP transmission in UCI omission.  
For Alt 2, the order of CSI-RS resource derived by Q(n) need to be clarified. One option is to determine the TRP-ordering implicitly by existing reporting which is known to both gNB and UE, such as Ln value for each CSI-RS resource. The larger value of Ln, the lower value of Q(n). Or it can following the gNB-configured order of CSI-RS resources in the configured CSI-RS resource set, and the strongest TRP can be index 0. Another option is that UE can determine the TRP-ordering based on CSI measurement results such as CSI-RS strength, and explicitly report the order of TRPs prior to phase and bitmap indications for NZCs in CSI part2.
For Rel-16-based enhancement, it can be analogous to Rel-16 Type II codebook. A TRP-common FD cyclic shift is performed to remap the dominant FD basis vector of SCI-related TRP to be index 0. And then FD permutation as Rel-16-analogous can be applied. While for Rel-17-based enhancement, following the legacy design, no need for FD permutation and P(m)=m. 
Proposal 8: Support Alt2 (CSI-RS resource to be the lowest priority) for UCI omission. 
CSI measurement resource configuration
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, 
· Only CSI reporting over PUSCH is supported 
· FFS: Whether AP only, or both AP and SP (following legacy), is supported
· An associated Resource Setting includes a CMR comprising K≥1 NZP CSI-RS resources from one CSI-RS resource set 
· Periodic, semi-persistent, and aperiodic NZP CSI-RS are supported
· The supported CSI-RS resource parameter settings follow the legacy specification (without additional enhancement)
· FFS: Whether or not the K NZP CSI-RS resources are constrained to be in the same slot

Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.




In RAN1#110-b, it was agreed to configure K≥1 NZP CSI-RS resources from one CSI-RS resource set for channel measure, and FFS whether the K NZP CSI-RS resources are constrained to be in the same slot. Similar to Rel-17 NCJT CSI measurement, to avoid random phase change in channel measurement, there should be no DL/UL switching in between the K resources. 
Proposal 9: To avoid the problem of random phase problem, there should be no DL/UL switching between the K CSI-RS resources from one CSI-RS resource set configured for CJT CSI measurement.
In RAN1#110-b, for TRP selection, UE can report N out of NTRP CSI-RS resources, and gNB can also configure N=NTRP. For N=NTRP, the UE measures and reports the CJT CSI for all K=NTRP NZP CSI-RS resources configured by gNB. In this case, it is preferred to configure only one CSI-IM resource associated with K NZP CSI-RS resources from one CSI-RS resource set, i.e., the CSI-IM is used to measure the interference outside the CJT cooperative set. However, when UE reports N out of NTRP CSI-RS resources and N<NTRP, the UE only measures and reports N out of K=NTRP NZP CSI-RS resources for CJT. As a result, the rest K-N NZP CSI-RS resources may cause strong interference since they belong to one CJT cooperative set with the N NZP CSI-RS resources. In this case, the interference should include not only the interference outside the CJT cooperative set (i.e., the CSI-IM resource), but also the interference within the CJT cooperative set (i.e., the rest K-N NZP CSI-RS resources). The resources configuration for interference measurement needs further study.
Observation 10: For interference measurement for CJT,
· When N=NTRP, one CSI-IM is enough for measuring the interference outside the CJT cooperative set;
· When N<NTRP, the rest NTRP-N also cause strong interference which should also be considered in interference measurement.
Receiver side information feedback
	Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· Receiver side information by per RX reporting or per layer, e.g. information related to the left singular matrix U of the channel
· …
· …



In the CJT scenario especially for MU-MIMO, receiver side information feedback to obtain the full channel H has some significant advantages over the legacy per-rank PMI.
· Precise SINR estimation and MCS setting: Since the major scenario of CJT is ideal backhaul, gNB can acquire the exact information of the channel and optimal precoder for both signal and interference in MU-MIMO for CJT, thus the accuracy of SINR estimation and MCS is increased. It is especially beneficial for the UE-centric scenario in which the measurement and transmission TRP set are not exactly the same for different UEs.
· Multiple transmission hypotheses are supported by gNB implementation: With the full channel of all TRPs, gNB can easily calculate the precoder for multiple transmission hypotheses using the channels of selected TRPs. However, the per-rank PMI feedback cannot do that, because part of the eigenvector of the combined channel of multiple TRPs is not equal to the eigenvector of the channel of a single TRP.
This can be achieved by per-RX reporting or per-layer reporting with additional information related to the left singular matrix U of the channel. The former is preferred because UE needs not to do the SVD operations, which reduces UE complexity.
For per-RX reporting, the CJT codebook design for per-layer reporting can be reused with following difference.
· Per-layer reporting in current spec: the recommended PMI is feedback to gNB as  , where  is the PMI for layer .
· Per-RX reporting: the channel is feedback to gNB as , where  is the channel measured at antenna port t of UE. 
· And the co-phase and co-amplitude between layers (i.e. receiving antenna ports) need to be reported. 
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[bookmark: _Ref115356342]Figure 13. Performance gain of CJT with receiver side information feedback (by per-Rx reporting)
The performance of receiver side information feedback via per-RX reporting is evaluated. As shown in Figure 13, there is a significant performance gain with receiver side information feedback for both mean UPT and 5% UPT. The receiver side information feedback can lead to about 5~10% performance gain for mean UPT and 18~35% performance gain for 5%UPT. 
Observation 11: The full channel feedback for CJT codebook by per-RX reporting can provide 5~10% gain for mean UPT and 18~35% gain for 5% UPT respectively. 
Proposal 10: Support receiver side information feedback for CJT by per-RX reporting.
· The channel feedback is , where  is the channel measured at antenna port t of UE.
· Report the co-phase and co-amplitude between layers (i.e., receiving antenna ports).
Propagation delay difference 
	Agreement
For the Type-II codebook refinement for CJT mTRP, further study the following issues:
· The need for the following additional parameters:
· ...
· Delay/frequency difference(s) across TRPs
· …



In the multi-TRP CJT scenario, one UE is jointly served by a set of TRPs. And the signals transmitted by different TRPs travel through different propagation paths to the UE. Since the distances of the propagation paths from the serving TRPs to the UE are different, additional delay will be introduced for the channel of the farther TRPs. As a result, the delay spread is increased. For CSI measurement of multiple TRPs, such delay spread will lead to heavier frequency selectivity compared with the single-TRP channel. To resolve this issue, finer frequency domain granularity with R=4 can be applied for the CJT CSI acquisition.
Another way to overcome this issue is to report the relative propagation delay difference  of different TRPs by UE. The whole process is illustrated in Figure 14. Base on the feedback of delay difference among TRPs, UE can pre-compensate the delay differences of multi-TRP channel by phase rotation to reduce the delay spread before computing the precoding matrix, so as to reduce the CJT PMI precision loss caused by great frequency selectivity. And then gNB restores the real CJT precoding matrix with actual delay spread by phase de-rotation based on the reported delay difference and CJT PMI. With the reported delay difference, gNB can obtain the more precise precoding matrix with finer frequency domain granularity by RB-level phase de-rotation in the PMI subband.
[image: ]
[bookmark: _Ref115375087]Figure 14. Illustration of delay difference pre-compensation and recovery
Proposal 11: Support to report the relative propagation delay differences among TRPs with respect to a reference TRP.
CSI enhancement for mobility
Parameter combinations
	Agreement
On the Type-II codebook refinement for high/medium velocities based on Rel-16 regular eType-II codebook (if supported), for the purpose of choosing the supported Parameter Combinations 
· Regarding the codebook parameter pv, in addition to the supported values from the legacy specification, introduce as additional candidate values
· pv =1/8 for v=1,2 (hence 1/16 for v=3,4)
· pv =1/2 for v=1,2,3,4 
· Regarding the codebook parameter , in addition to the supported values from the legacy specification, introduce as an additional candidate value = 1/8
Regarding the codebook parameter L, the supported values from the legacy specification apply

	

	



For parameter combinations selection, the following principle should be considered：Firstly, Type-II doppler codebook should have greater UPT performance gain compared with legacy Type-II codebook. Secondly, due to introduction of doppler dimension and a larger value of pv =1/2 for v=1,2,3,4, the upper bound of overhead will be significantly increased. Considering the payload capability of UCI in PUSCH, the max value of CSI feedback overhead shouldn’t be more than twice as much as legacy Type-II codebook. Thirdly, support more parameter combinations with L={2,4}for the configuration of smaller CSI-RS ports and lower UE implementation complexity. In addition, the selected combination parameters need to have more robust UPT performance gains for different speeds, prediction period, etc.
Regarding the agreed candidate values pv =1/8 for v=1,2 (hence 1/16 for v=3,4), pv =1/2 for v=1,2,3,4 and = 1/8, combined with the legacy parameter combinations, we consider the following candidate parameter combinations:
· L=2, 4, 6
· Pv={1/8, 1/16}, {1/4, 1/8}, {1/4, 1/4}, {1/2, 1/4}
· = 1/8, 1/4, 1/2, 3/4
The SLS evaluation is performed with different values of UE speed and N4, and the legacy Type II codebook with parameter combination {L=2, Pv = {1/4, 1/8},= 1/4} is used as baseline.
As observed from Figure 15,  the following parameter combinations are selected for N=2, v=60km/h:
· L=2, pv=1/8, 1/16, =1/2
· L=4, pv=1/8, 1/16, =1/4
· L=4, pv=1/8, 1/16, =1/2
· L=4, pv=1/4, 1/8, =1/4
· L=4, pv=1/8, 1/16, =3/4
· L=4, pv=1/4, 1/8, =1/2
· L=4, pv=1/4, 1/4, =1/2
· L=6, pv=1/4, 1/8, =1/2
· L=6, pv=1/4, 1/4, =1/2
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Figure 15. Mean UPT performance gain, 32T4R, dynamic rank 4
As observed from Figure 16,  the following parameter combinations are selected for N=4, v=60km/h,
· L=2, pv=1/4, 1/8, =1/4
· L=4, pv=1/8, 1/16, =1/4
· L=4, pv=1/4, 1/8, =1/8
· L=4, pv=1/8, 1/16, =1/2
· L=4, pv=1/4, 1/8, =1/4
· L=4, pv=1/4, 1/8, =1/2
· L=4, pv=1/4, 1/4, =1/2
· L=6, pv=1/4, 1/8, =1/2
· L=6, pv=1/2, 1/4, =1/4
· L=6, pv=1/4, 1/4, =1/2
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Figure 16. Mean UPT performance gain, 32T4R, dynamic rank 4
As observed from Figure 17,  the following parameter combinations are selected for N=2, v=30km/h, 
· L=2, pv=1/8, 1/16, =1/2
· L=2, pv=1/4, 1/8, =1/4
· L=4, pv=1/8, 1/16, =1/4
· L=4, pv=1/8, 1/16, =1/2 
· L=4, pv=1/4, 1/8, =1/8 
· L=4, pv=1/4, 1/8, =1/4
· L=4, pv=1/4, 1/8, =1/2
· L=4, pv=1/2, 1/4, =1/4
· L=6, pv=1/4, 1/8, =1/2
· L=6, pv=1/2, 1/4, =1/4
· L=6, pv=1/4, 1/4, =1/2
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Figure 17. Mean UPT performance gain, 32T4R, dynamic rank 4
As observed from Figure 18,  the following parameter combinations are selected for N=4, v=30km/h, 
· L=2, pv=1/8, 1/16, =1/2
· L=2, pv=1/4, 1/8, =1/4
· L=4, pv=1/8, 1/16, =1/4
· L=4, pv=1/8, 1/16, =1/2 
· L=4, pv=1/4, 1/8, =1/8 
· L=4, pv=1/4, 1/8, =1/4 
· L=4, pv=1/4, 1/8, =1/2
· L=6, pv=1/4, 1/8, =1/2
· L=6, pv=1/4, 1/4, =1/2
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Figure 18. Mean UPT performance gain, 32T4R, dynamic rank 4
As observed from Figure 19, the following parameter combinations are selected for N=8, v=10km/h, 
· L=4, pv=1/8, 1/16, =1/4
· L=4, pv=1/8, 1/16, b =1/2
· L=4, pv=1/8, 1/16, =3/4
· L=4, pv=1/4, 1/8, b =1/2
· L=4, pv=1/4, 1/4, b =1/2
· L=6, pv=1/4, 1/8, =1/2
· L=6, pv=1/2, 1/4, =1/4
· L=6, pv=1/4, 1/4, =1/2
[image: ]
Figure 19. Mean UPT performance gain, 32T4R, dynamic rank 4
Based on above analysis and evaluation results, we propose the following parameter combination:
· Support L=6
· Support smaller value of pv, e.g., {1/8, 1/16}, {1/4, 1/8}, {1/4, 1/4}
	[bookmark: _Hlk131759149]paramCombination-Type II doppler
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Proposal 12: Regarding parameter combination selection on Type-II codebook refinement for high/medium velocities, 
· Support L=6
· Support smaller value of pv, e.g., {1/8, 1/16}, {1/4, 1/8}, {1/4, 1/4}
· Support the following parameter combinations
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Bitmap of NZCs selection indication
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.

Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the down-selection of bitmap(s) for indicating the locations of the NZCs (in RAN1#112bis-e), the following is used as a guidance for evaluation: 
· Following the agreed EVM, use “UPT vs. overall overhead (including CQI and PMI)” to compare across alternatives, assuming at least FTP1 traffic model and Rel-16 Parameter Combinations (L, beta, pv)
· Use only the supported codebook parameter values (e.g. Q, K, m, d, delta, N4)
· Companies are to state their assumptions on UE-side prediction (e.g. ideal or realistic, CSI-RS type, CSI-RS overhead calculation in relation to UPT, assumptions on WCSI and l) and the use of rank adaptation


	

	



Regarding bitmap for indicating the locations of the NZCs, there alternatives has been agreed in the last meeting. Alt1 reports the 3-dimensonal bitmap, which requires an overhead up to 2LMQ bits without any overhead reduction. With Alt 3A , one of the bitmaps report the selected  pairs of FD basis vectors and DD basis vectors, and the other bitmap indicate the location of NZCs correspond to the selected basis vector pairs. 
System level evaluations are performed for Alt1 and Alt3A. The simulation results are shown in Figure 20-22. The following candidate parameter combinations are used:
· L=2, 4, 6
· Pv={1/8, 1/16}, {1/4, 1/8}, {1/4, 1/4}, {1/2, 1/4}
· = 1/8, 1/4, 1/2, 3/4
assuming N4 = {2, 4} with speed = {30km/h, 60km/h}. The UPT gain vs. overall overhead has been showed in Figure 20-22. It can be observed that Alt.3A has better UPT vs. overhead tradeoff than Alt.1. 
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Figure 20. Mean UPT performance gain, 32T4R, dynamic rank 4, UE speed =30km/h, N4=2
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Figure 21. Mean UPT performance gain, 32T4R, dynamic rank 4, UE speed =60km/h, N4=2
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Figure 22. Mean UPT performance gain, 32T4R, dynamic rank 4, UE speed =60km/h, N4=4
Observation 12: Alt.3A has better UPT vs. overhead tradeoff than Alt.1.
In addition, Alt 4 is simplified to Alt 4’  in discussion as below:
· 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
As Alt 4’ can also reduce the overhead of bitmap, we can also accept it as second preference.
Proposal 13: For NZC selection, support Alt3A for bitmap overhead reduction as first preference, and Alt 4’ second preference. 

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



For X=2, three CQI format alternatives for the 2nd time-domain (TD) CQI have been proposed in RAN1#112:
· Alt1.1. Independent of the 1st TD CQI: A 4-bit wideband CQI and 2-bit sub-band CQIs
· Alt1.2. Differential reference CQI relative to the 1st TD CQI: A BR-bit wideband CQI and 2-bit sub-band CQIs  
· Alt1.3. Differential reference and sub-band CQIs relative to the 1st TD CQI: A BR-bit wideband CQI and 1-bit sub-band CQIs
Considering the performance gain for X=2 is not obvious, we support the overhead reduction for the second wideband and sub-band CQIs. For Alt1.2, only a BR-bit wideband differential reference relative to the 1st TD CQI is introduced and the overhead can be reduced by up to 4 bits. For Alt1.3, a BR-bit wideband differential reference and 1-bit sub-band differential reference relative to the 1st TD CQI is introduced. In this manner, the overhead of the second CQI can be reduced significantly. Set  and BR =2 as an example. In this case, the overhead of the first CQI is 30bits, i.e., 4 bits wideband CQI and 13*2 bits sub-band CQIs. And the reduced overhead of the second CQI is 15 bits, i.e., 2 bits wideband CQI and 13*1 bits sub-band CQIs.
Proposal 14: For the 2nd time domain CQI, support differential reference and sub-band CQIs relative to the 1st TD CQI: A BR -bit wideband CQI and 1-bit sub-band CQIs.

UCI omission
	Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3. Prio(,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l +  
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m q=0,…,Q-1



Regarding UCI omission, it is reasonable that the coefficients with larger amplitudes should be configured with higher priority. Therefore, if the coefficients with larger amplitudes associated with one dimension is less concentrated, the coefficients of that dimension should be reported with higher priority. In Rel-16 type II, the coefficients with larger amplitudes are concentrated in delay domain, especially after phase alignment between different subbands, but the distribution of coefficients in spatial domain is not concentrated. Therefore, legacy UCI omission priority rule is in order of layerSDFD. For doppler Type-II codebook, because phase alignment between different slots could also be introduced, and DD basis can be remapped similar to FD basis,  the strongest coefficient are located in the DC component of the delay domain and Doppler domain. 
Based on the above analysis, SD basis should have higher priority than DD basis and FD basis for UCI omission priority rule. Therefore, we do not support Alt1, as DD basis have higher priority than SD basis in Alt1. We prefer Alt2 and DD permutation can be similar with FD permutation in R16.
Proposal 15: Regarding UCI omission, support Alt2 and DD permutation can be similar with FD permutation in Rel-16.

CBSR
CBSR was introduced to suppress the interference of adjacent cells through restriction of the direction and strength of some spatial beams. For R16 eType II codebook, the CBSR is implemented in two dimensions:
1) Restriction of spatial beam vectors. Part of  SD beam vector groups are restricted, where each SD beam group comprises  spatial beam vectors.
2) Restriction of the average amplitude of the coefficients associated with the selected spatial beam vectors. Per SD beam restriction is introduced for the average amplitude across the frequency domain.

The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence to achieve the CBSR for R16 eType II codebook. The UE shall be configured with restrictions for 4 vector groups  indicated by binary sequence B1 through predefined encoding rule, k=0, 1, 2, 3. The bit sequence  is the concatenation of the bit sequences  corresponding to the group indices . Bits  indicate the maximum allowed average amplitude,  (), with , of the coefficients associated with the vector in group  indexed by , where the maximum amplitudes are given in Table 7 and the average coefficient amplitude is restricted as follows

for , and .
Table 7. Maximum allowed average coefficient amplitudes for restricted vectors
	Bit

	Maximum
Average Coefficient Amplitude 

	
	

	00
	0

	01
	

	10
	

	11
	1


For high/medium velocity codebook based on Rel-16 eTypeII codebook, the CBSR should also be supported. And the indication of restricted vector groups in CBSR should be reused. As the legacy amplitude restriction is applied on coefficients for a reference slot, the restriction of the coefficient amplitude is not suitable to be averaged in Doppler domain. 
For example, we should restrict the average coefficient amplitude in each time unit , instead of the average coefficient amplitude  for each Doppler basis or the average coefficient amplitude  across all Doppler basis.
The coefficient amplitude  in each time unit  could be defined as, where =. The corresponding average coefficient amplitude restriction could be

The above amplitude restriction is more reasonable than simply averaging over the Doppler domain. In addition, as, the following approximate form of average coefficient amplitude restriction could also be considered

to further simplify the complexity at UE side.
Proposal 16: Support CBSR for high/medium velocity codebook based on Rel-16 eTypeII codebook, and support the average of amplitude restriction in each time unit.

The time domain of reference resource
For P/SP CSI-RS, it has been agreed to support only one NZP CSI-RS resource with more CSI RS occasions for channel measurement. While for AP CSI-RS, supporting K>1 NZP CSI-RS resources in a same CSI-RS resource set for a burst of CSI RS occasions. 
The CSI reference resource is defined to ensure that the UE has sufficient time to calculate and reporting CSI. In current spec, for AP CSI reporting, the value of nCSI_ref is not directly related to the number of resources. However, for measurement of Doppler information, UE has to measure multiple occasions or multiple resources, which increases UE complexity. Therefore, the time domain of reference resource should take into account the number of CSI-RS occasions and the offset between two consecutive CSI-RS occasions.
Proposal 17: Consider to enhance the value for nCSI_ref， taking into account the number of CSI-RS occasions and the offset between two consecutive CSI-RS occasions.

TRS-based TDCP reporting enhancement
	Agreement
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

Agreement
For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 

Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y for Y>1, down-select from the following alternatives:
· Alt1. The value of Y is gNB-configured via higher-layer (RRC) signalling
· Alt2. The value of Y follows the delays from the configured TRS resource
· Alt3. The value of Y is UE-selected and reported
The value of Y is a UE capability

Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, by RAN1#112bis-e, decide between the following alternatives:
· Alt1. Fully reuse legacy TRS 
· Alt2. Study enhancements on TRS (e.g. periodicities)
Note. If there is no consensus on Alt2, Alt1 is the default outcome



 
Considering the computing and reporting of TDCP corresponding to small delays (e.g., 5 slots), legacy >=1 TRS resource sets can be reused. For example, P+P TRS resource set or P+AP resource set can be configured with different slot offset. And the value of Y can be the slot offset between the two sets. Note that P resource set associated with AP resource set has been supported in current spec and can reduce RS overhead compared to P+P TRS resource set configuration. Therefore, P+AP TRS resource sets are preferred for TDCP measurement.
Proposal 18: For TDCP measurement and calculation, support fully reuse legacy TRS, e.g., reuse legacy P resource set associated with AP resource set.
Proposal 19: Regarding the value of parameter Y, support higher-layer (RRC) signaling or following the delays from the configured TRS resource, e.g., the value of Y can be the slot offset between the two TRS resource sets

Conclusions
This contribution provides our views on CSI enhancement for CJT and mobility. We have following observations and proposals.
For CSI enhancement for CJT:
Observation 1: For Alt 2, the Minitial needs to be enhanced for the window based FD basis selection scheme.
Observation 2: Regarding Alt1 for mode1, layer-specific FD offset with oversampling (oversampling factor 4) outperforms that w/o oversampling with 2~3% edge UPT gain, which has similar performance to Alt2.
Observation 3: Layer-specific offset (oversampling factor 4) has ~1% mean UPT gain and  3~5% edge UPT gain compared to layer-common offset (oversampling factor 4).
Observation 4: Both Alt2 and Alt 1 with layer-specific and oversampled FD offset outperforms mode2 (TRP-common Wf) with 2~3% mean UPT gain and 8~12% edge UPT gain.
Observation 5: For {Ln} combination {2,2,4,4}, when UE selects of 1st, 3rd and 4th TRPs, Ln={2,4,4} will be selected which is not a supported {Ln} combination. 
Observation 6: For {Ln} combinations where each Ln equals 2, adding overhead by increasing pv and/or beta has no significant performance improvement.
Observation 7: The uneven {Ln} combination and its permutations with the same Ltot (such as {2,2,4},{2,4,2}, {4,2,2}) should be treated as one combination, due to the same overhead and performance with proper gNB configuration.
Observation 8: Adding {Ln} combinations including Ln=6 does not increase the overhead and UE complexity as long as Ltot does not exceed the current maximum Ltot value, and can increase performance.
Observation 9: For inter-site CJT with large inter-site distance, Alt 3 (Cgroup,amp=2N) has better performance compared to Alt1 (Cgroup,amp=2).
Observation 10: For interference measurement for CJT,
· When N=NTRP, one CSI-IM is enough for measuring the interference outside the CJT cooperative set;
· When N<NTRP, the rest NTRP-N also cause strong interference which should also be considered in interference measurement.
Observation 11: The full channel feedback for CJT codebook by per-RX reporting can provide 5~10% gain for mean UPT and 18~35% gain for 5% UPT respectively. 

Proposal 1: Support Alt 2 or Alt 1 with layer-specific and oversampled FD offset.
Proposal 2: For linkage between SD combo and FD combo, use the following table.
	NTRP
	SD combo
	FD combo {pv},

	
	
	{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
	Y
	Y
	
	
	
	

	
	4
	Y
	Y
	
	Y
	Y
	

	
	6 w/ restriction
	
	
	
	Y
	Y
	

	2
	{2,2}
	Y
	
	
	
	
	

	
	{2,4}
	Y
	Y
	
	
	Y
	

	
	{4,2}
	
	
	
	
	
	

	
	{4,4}
	
	Y
	
	Y
	
	Y

	3
	{2,2,2}
	Y
	
	
	
	
	

	
	{2,2,4} 
	Y
	Y
	
	Y
	Y
	

	
	{2,4,2}
	
	
	
	
	
	

	
	{4,2,2}
	
	
	
	
	
	

	
	{4,4,4}
	
	Y
	
	Y
	Y
	

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

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

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

	
	{4,4,4,4}
	
	
	
	Y
	
	N/A



Proposal 3: Support the {Ln} combinations of {6,4}, {6,4,2}, {6,4,2,2} and their permutations for NTRP>1.
Proposal 4: Support the following listed combinations for Rel-17-based CJT codebook.
	M
	

	1
 
	1/2 

	
	3/4

	
	1

	2
	1/2 

	
	3/4 



Proposal 5: support the following {} combinations for the value of NTRP for Rel-17-based enhancement.
	NTRP
	{} combination

	1
	{1/2}

	
	{3/4}

	
	{1}

	2
	{1/2,1/2}

	
	{1,1/2}, {1/2,1}

	
	{1, 0.75},{0.75,1}

	
	{1,1}

	3
	{1/2,1/2,1/2}

	
	{1, 3/4, 1/2} and its other permutations

	
	{1, 1, 1/2} and its other permutations

	
	{1, 3/4, 3/4} and its other permutations

	4
	{1/2,1/2,1/2,1/2}

	
	{1, 1, 1/2,1/2} 

	
	{1, 3/4, 1/2, 1/2}

	
	{1,1,1, 3/4}



Proposal 6: Support CSI-RS-resource-specific and soft restriction for amplitude.
Proposal 7: Support that CBSR can be configured to be off for a CSI-RS resource. 
Proposal 8: Support Alt2 (CSI-RS resource to be the lowest priority) for UCI omission.
Proposal 9: To avoid the problem of random phase problem, there should be no DL/UL switching between the K CSI-RS resources from one CSI-RS resource set configured for CJT CSI measurement.
Proposal 10: Support receiver side information feedback for CJT by per-RX reporting.
· The channel feedback is , where  is the channel measured at antenna port t of UE.
· Report the co-phase and co-amplitude between layers (i.e., receiving antenna ports).
Proposal 11: Support to report the relative propagation delay differences among TRPs with respect to a reference TRP.

For CSI enhancement for mobility:
Observation 12: Alt.3A has better UPT vs. overhead tradeoff than Alt.1.

Proposal 12: Regarding parameter combination selection on Type-II codebook refinement for high/medium velocities, 
· Support L=6
· Support smaller value of pv, e.g., {1/8, 1/16}, {1/4, 1/8}, {1/4, 1/4}
· Support the following parameter combinations
	paramCombination-Type II doppler
	
	
	

	
	
	
	
	

	1
	2
	1/8
	1/16
	1/2

	2
	4
	1/8
	1/16
	1/4

	3
	4
	1/8
	1/16
	1/2

	4
	4
	1/4
	1/8
	1/4

	5
	4
	1/4
	1/8
	1/2

	6
	4
	1/4
	1/4
	1/2

	7
	6
	1/4
	1/8
	1/2

	8
	6
	1/4
	1/4
	1/2



Proposal 13: For NZC selection, support Alt3A for bitmap overhead reduction as first preference, and Alt 4’ second preference. 
Proposal 14: For the 2nd time domain CQI, support differential reference and sub-band CQIs relative to the 1st TD CQI: A BR -bit wideband CQI and 1-bit sub-band CQIs.
Proposal 15: Regarding UCI omission, support Alt2 and DD permutation can be similar with FD permutation in Rel-16.
Proposal 16: Support CBSR for high/medium velocity codebook based on Rel-16 eTypeII codebook, and support the average of amplitude restriction in each time unit.
Proposal 17: Consider to enhance the value for nCSI_ref， taking into account the number of CSI-RS occasions and the offset between two consecutive CSI-RS occasions.

For TRS-based TDCP reporting enhancement:
Proposal 18: For TDCP measurement and calculation, support fully reuse legacy TRS, e.g., reuse legacy P resource set associated with AP resource set.
Proposal 19: Regarding the value of parameter Y, support higher-layer (RRC) signaling or following the delays from the configured TRS resource, e.g., the value of Y can be the slot offset between the two TRS resource sets
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Appendix I Evaluation assumptions for coherent JT
A typical scenario of coherent joint transmission by multiple TRPs is illustrated in Figure A-1. There is a coordination TRP set (TRPs inside the black solid line as an example in the figure), a CSI measurement TRP set (TRPs within the dashed red line), and a coherent joint transmission TRP set. There’s backhaul connection for TRPs within the coordination TRP set. And the CSI measurement TRP set and joint transmission TRP set can be selected in a UE-centric way. The CSI measurement TRP set is configured by RRC based on the RSRP difference with the serving cell, such that the TRPs with strongest RSRP are included in the CSI measurement set. And each UE needs to measure the CSI of TRPs within the CSI measurement TRP set and report the measurement to gNB. Then gNB can determine coherent joint transmission TRP set for each UE depending on scheduling and CSI. The transmission TRP set is usually the same with the measurement set.
[image: ]
[bookmark: _Ref111238306]Figure I-1. Illustration of typical scenario for CJT
Evaluation assumptions for system level simulation are listed in Table A-1.
Table I-1 SLS assumptions for CJT CSI enhancement
	Parameters
	Evaluation assumptions

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	Dense Urban with 200m ISD, Outdoor2A

	Carrier frequency
	2.1GHz

	Subcarrier spacing
	15kHz

	Simulation Bandwidth
	10MHz/20MHz

	Channel Model
	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.

	BS antenna configuration
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (2,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	BS antenna height
	25m

	BS Tx power
	41 dBm for 10MHz, 44 dBm for 10MHz

	UE antenna configuration
	4RX: (M, N, P, Mg, Ng) = (1,2,2,1,1) ;

	UE antenna height & gain
	Follow TR36.873

	Modulation
	Up to 256QAM

	Coordination TRP selection
	Each UE selects N strongest TRPs based on RSRP for CJT, N = 3, inter-site CJT.

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 10 users per BS

	UE receiver
	MMSE-IRC

	MIMO mode
	MU-MIMO with rank adaptation

	Traffic model
	FTP model 1 with packet size 0.5Mbytes

	Traffic load
	50%/70% RU

	Baseline of evaluation
	Single-TRP transmission 
with Rel-17 FeType II CB



For single-TRP transmission and CJT with Rel-17 FeType II CB, the additional evaluation assumptions including duplexing gap between UL and DL, SRS modeling for UL channel estimation, and FDD DL/UL calibration error model are the same as that of the EVM assumptions in Section 4 of R1-2006973 for Rel-17 CSI enhancements.
Appendix II Evaluation assumptions for CSI mobility
Table II-1 SLS assumptions for CSI mobility enhancement
	Parameter
	Value

	Duplex, Waveform
	FDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Urban Macro, UE speed with 60kmph, not use Spatial consistency procedure A/B

	Frequency Range
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Inter-BS distance
	200m

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ

	BS Tx power
	41dBm

	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)

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

	MIMO scheme
	MU-MIMO with rank with rank1

	CSI feedback
	10/20/40 ms

	Traffic model
	Full buffer

	UE distribution
	100% outdoor

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-17/Rel-16 Type II with CSI feedback periodicity 10/20/40 ms




image3.png
Mean UPT performance v.s. overhead for NTRP=2
(Dense Urban, 32T4R, model CB, RU=70%, up to rank4)
160.00%

150.00%
140.00%

130.00%

Performance

120.00%

110.00%

100.00% .
0 500 1000 1500

Overhead
* 2,2} v {42} {44 A {62} B {6,4) e selected




image4.png
rFerrormance

160.00%

150.00%

140.00%

130.00%

120.00%

110.00%

100.00%

.

Mean UPT performance v.s. overhead for NTRP=3
(Dense Urban, 32T4R, model CB, RU=70%, up to rank4)
[ ]

*

0 500 1000 1500 2000
Overhead

22 ¢ {422} ¢ {444} A {622} ®E {642} eeee

2500

selected




image5.png
Mean UPT performance v.s. overhead for NTRP=4

(Dense Urban, 32T4R, model CB, RU=70%, up to rank4)
160.00%

"
150.00%
3 140.00%
c
m©
.00%
€ 130.00%
L
=
& 120.00%
110.00%
100.00% ‘
0 500 1000 1500 2000 2500 3000
Overhead
* {2,2,2,2} * {4,2,2,2} * {4422} {4,4,4,4}
A {6222} B {64,222}  ceeeeeee selected





image6.png
Performance

Mean UPT performancev.s. overhead for NTRP=2
(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)
130.00%

125.00%
120.00%

115.00%

110.00%
105.00%

100.00%
0 200 400 600 800 1000
Overhead
——{0.5,0.5} —o—{0.5,1} --4- {0751} —o—{1,1}

Performance

Mean UPT performancev.s. overhead for NTRP=2

(Dense Urban, 32T4R, 32ports, model CB, RU=70%, up to rank4)

118.00%

115.00%

112.00%

109.00%

106.00%

103.00%

100.00%

400 800 1200 1600 2000
Overhead
—— {0505 —e—{0.51} --4-{0751 —e— {11}




image7.png
Mean UPT performancev.s. overhead for NTRP=3 Mean UPT performancev.s. overhead for NTRP=3

(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4) (Dense Urban, 32T4R, 32ports, model CB, RU=70%, up to rank4)
128.00% 118.00%
124.00% 115.00%
120.00%
o @ 112.00%
2 2
§ 116.00% 5
£ £ 109.00%
£ 112.00% £
& & 106.00%
108.00%
104.00% 103.00%
100.00% 100.00%
0 300 600 900 1200 1500 0 500 1000 1500 2000 2500 3000 3500
Overhead Overhead

—— {0.5,0.5,0.5} —&—{0.5,0.5,1} - 4-- {0.50.75,1} - -4 - {0.75,0.75,1} —e— {1,1,1} ——{0.5,0.5,0.5} —&—{0.5,0.5,1} -4 - {0.5,0.75,1} -4 - {0.75,0.75,1} —e— {1,1,1}




image8.png
Performance

Mean UPT performancev.s. overheadfor NTRP=4
(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)
128.00%
124.00%
120.00%

116.00%

112.00%

108.00%

104.00%

100.00%
0 300 600 900

1200
Overhead

—+—{05,0.5,05,1}
- - {0.751,1,1}

1500 1800 2100

—+—{05,0.5,0.5,05}
—+—1{05,0.5,1,1}

————— +—{05,0.5,0.75,1}
—e—{1,1,11}

Performance

Mean UPT performancev.s. overheadfor NTRP=4

(Dense Urban, 32T4R, 32ports, model CB, RU=70%, up to rank4)
118.00%

115.00%

112.00%

109.00%

106.00%

103.00%

100.00%

0 600 1200 1800 2400 3000 3600 4200
Overhead

——{0.5,0.5,0.5,0.5} ——{0.5,0.5,0.5,1} -4 - {0.5,0.5,0.75,1}
—+—{0.5,0.5,1,1} --e---{0.75,1,1,1} —e—1{1,1,1,1}




image9.png
Performance

Mean UPT performancev.s. overhead for NTRP=2

(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)

130.00%

125.00%

120.00%

115.00%

110.00%

105.00%

100.00%

0 200

{0.5,0.5,M=1
{0.5,0.5,M=2

[]
A

400

{0.5,1}M=1
{0.5,1},M=2

600 800
Overhead
A {0.751},M=1

 {0.751},M=2

-

-

1000

{1,1;M=1
{1,1;M=2

1200

Performance

Mean UPT performancev.s. overhead for NTRP=2
(Dense Urban, 32T4R, 32ports, model CB, RU=70%, up to rank4)

118.00%
A *

115.00%

112.00% 4

109.00% “
106.00%
103.00%

100.00%
0 400 800 1200 1600 2000

Overhead
e {0505,M=1 ® {051}M=1 4 {0751,M=1 + {1,1}M=1
e {0505,M=2 ® {051},M=2 A {0751,M=2 & {1,1},M=2




image10.png
Mean UPT performancev.s. overhead for NTRP=3
(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)

128.00%

124.00%

120.00%

116.00%

112.00%

Performance

108.00%
104.00%

100.00%

® {05050.5}, M=1
® {0511},M

300 600

® {05,050.5}, M=2
m {0511},

900

Overhead

A
-

{0.5,0.75,1},M=1
{0.75,0.75,1;,M=1

1200

A
-

1500

{0.5,0.75,1},M=2
{0.75,0.75,1,M:

Mean UPT performancev.s. overhead for NTRP=3
(Dense Urban, 32T4R, 32ports, model CB, RU=70%, up to rank4)
120.00%
116.00%

112.00%

108.00%

Performance

104.00%

100.00%

96.00%
0 300 600 900 1200 1500 1800 2100 2400 2700
Overhead
e (050505, M=1 ® {050505,M=2 4 {050.751}M=1 4 {0.50.75,1},M=2
® {051,1}M=1 ® {051,1},M=2 + {0750.751,M=1 ¢ {0.75,0.75,1},M





image11.png
Performance

125.00%

120.00%

115.00%

110.00%

105.00%

100.00%

{0.5,0.5,0.5,0.5}M=1
{0.5,0.5,0.5,0.5}M=2

Mean UPT performancev.s. overheadfor NTRP=4
(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)

300 600 2100

900
Overhead

1200 1500 1800
4 {05050751,M=1

4 {05050751,M=2

{0.5,0.5,1,1},M=1
{0.5,0.5,1,1},M=2

® {075111}M=1
® {075111},M=2

Performance

Mean UPT performancev.s. overheadfor NTRP=4
(Dense Urban, 32T4R, 16ports, model CB, RU=70%, up to rank4)
120.00%

116.00%
112.00%
108.00%

104.00%

100.00%
0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900
Overhead
{05,0.50.751,M=1 ¢ {0.5,0.51,1},M=1
{05,0.50.751,M=2 ¢ {0.5,0.51,1},M=2

{0.50.50.505;M=1 4
{0.50.50.505,M=2 &

® {075111}M=1
® {075111},M=2




image12.png
mean UPT gain

Mean UPT gain vs overhead with different W2
grouping scheme of CJT over single-TRP transmission
32T4R, 2RB, 21TRP, ISD = 500m, rank2, RU 70%

21.0%
16.0%
11.0%

6.0%
500 1000 1500

overhead

—O—Altl —8—Alt3

2000

mean UPT gain

5% UPT gain vs overhead with different W2
grouping scheme of CJT over single-TRP transmission
32T4R, 2RB, 21TRP, ISD = 500m, rank2, RU 70%

26.0%
21.0%
16.0%
11.0%

6.0%
500 1000 1500

overhead

—O—Altl —@—Alt3

2000




image13.png
mean UPT gain

Mean UPT gain vs overhead with receiver side
information feedback over single-TRP transmission
32T4R, 2RB, 21TRP, CB model, RU 50%

60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%
0 500 1000 1500 2000

overhead

—e— without receiver side information ~—@— with receiver side information

5% UPT gain

5% UPT gain vs overhead with receiver side
information feedback over single-TRP transmission
32T4R, 2RB, 21TRP, CB model, RU 50%

100.00%
80.00%

60.00%

40.00% ./.——"‘_—'
20.00%

0.00%

—e@—without receiver side information

1000 1500 2000
overhead

—@— with receiver side information




image14.png
Delay
Delay

TRP2

recovery
At gNB side

TRP2

Delay Spread

Delay

TRP2

At UE side

TRP2





image15.png
UPT gain

18000%

17000%

16000%

15000%

14000%

13000%

12000%

11000%

10000%

o o o
o
oo a
x
o oy®a
a2t A
5a
I
Al=4,pv=1/4,1/4
.
t " r Al=4,pv=1/2,1/4
+ O1=6, pv=1/8, 1/16
.
= Qv il 118
E
OL=6, pv=1/4,1/4
OL=6,pv=1/2,1/4
- o 20 o w0

overhead bits




image16.png
UPT gain

150.00%

145.00%

140.00%

135.00%

130.00%

125.00%

120.00%

115.00%

110.00%

105.00%

100.00%

o a
a A
a
S A A
a
o % A
o A
Ap A
A O
a
5}
A A
a
A +H-
+
4+
+H
500 1000 1500

overhead bits

2000

o
+1=2, pv=1/8, 1/16
+1=2, pv=1/4, 1/8
+1=2, pv=1/4, 1/4
+1=2, pv=1/2, 1/4
Al=4, pv=1/8, 1/16
Al=4,pv=1/4,1/8
Al=4,pv=1/4,1/4
Al=4,pv=1/2, 1/4
01=6, pv=1/8, 1/16
OL=6, pv=1/4, 1/8
OL=6, pv=1/4, 1/4
01L=6, pv=1/2, 1/4

2500




image17.png
UPT gain

180.00%

17000%

16000%

15000%

14000%

13000%

12000%

11000%

10000%

of +122,pv=1/8, 1/16
+1=2,pv=1/4,1/8
o B +1=2,pv=1/4,1/4
=2, pue1/2, 1/
AlL=4,pv=1/8,1/16
BL=4,pv=1/4,1/8

a8 Al=4,pv=1/4,1/4

81=4,pv=1/2,1/4
OL=6,pv=1/8, 1/16
OL=6,pv=1/4,1/8
OL=6, pv=1/4,1/4
OL=6, pv=1/2,1/4

500 1000 1500 2000 2500
overhead bits




image18.png
UPT gain

170.00%

16000%

15000%

14000%

13000%

12000%

11000%

10000%

+1=2,pv=1/8,1/16
+1=2,pv=1/4,1/8
+1=2,pv=1/4,1/4
a +1=2,pve1/2,1/a
AL=,pv=1/8,1/16
AL=4,pv=1/4,1/8
Al=a,pu=1/a,1/4
AL=a,pv=1/2,1/4
OL=6, pv=1/8, 1/16
OL=6,pv=1/4,1/8
0O1=6, pv=1/4,1/4
0OL=6,pv=1/2,1/4

500 1000 1500 2000 2500
overhead bits




image19.png
UPT gain

170.00%

160.00%

150.00%

140.00%

130.00%

120.00%

110.00%

100.00%

[u]
o
A
DDAdgA
o &
AA A
oo e
A
N
A
+  F
o 4+++
1+
++
500 1000

1500

overhead bits

+1=2, pv=1/8, 1/16
+1=2, pv=1/4, 1/8
+1=2, pv=1/4, 1/4
+1=2, pv=1/2, 1/4
Al=4, pv=1/8, 1/16
Al=4,pv=1/4,1/8
Al=4,pv=1/4,1/4
AlL=4,pv=1/2, 1/4
01=6, pv=1/8, 1/16
OL=6, pv=1/4, 1/8
OL=6, pv=1/4, 1/4
01L=6, pv=1/2, 1/4

2000 2500




image20.png
Mean UPT performance vs. overhead with Rel-16 codebook

18000%
17000%
16000%
15000%
14000%
13000%
12000%
1000%
10000%

32748, 21TRP, rankd, RU=70.

1000

1500

R16_doppler_AltL
 Ri6_doppler_AIA

2000

2500

Mean UPT performance v.. overhead with Rel-16 codebook

17000%

16000%

15000%

14000%

13000%

12000%

11000%

10000%

32148, 21TR, ranke, RU70

400 600

—eR16_doppler_AltL

—e—R16_doppler_AI3A

800

1000




image21.png
Mean UPT performance v.. overhead with Rel-16 codebook Mean UPT performance vs. overhead with Rel-16 codebook

32148, 21TRP, ranks, RU=70 32T4R, 21TRP, rankd, RU=70
180.00% 17000%
.. ..
17000% a o
160.00%
15000%
15000% © R16_doppler_Alt1
—e—R16_doppler_Alt1
* R16_doppler. w0.00%
oo Ri6_doppler_AI3A
—e-R16_doppler_Alt3A
000 13000%
12000% 12000%
11000% 11000%
10000% L0000k

o 500 1000 1500 2000 2500 o 200 0 . o




image22.png
Mean UPT performance v.s. overhead with Rel-16 codebook
32T4R, 21TRP, rankd, RU=70

150.00%
145.00%
140.00%
135.00%
130.00%
125.00%
12000%
115.00%
110.00%
105.00%
100.00%

400

600

© R16_doppler_Alt1
© R16_doppler_AIt3A

800

Mean UPT performance v.s. overhead with Rel-16 codebook
32T4R, 21TRP, rankd, RU=70

15000%
145.00%

140.00%
135.00%
13000%
125.00%
12000%
115.00%
11000%
105.00%

100.00%
1000

200

400

600

—e—R16_doppler Alt1

—e—R16_doppler_AIt3A

800

1000




image23.wmf
12

BBB

=


oleObject1.bin

image24.png




image1.png
mean UPT gain

Mean UPT performance v.s. overhead with different Wf selection
over single-TRP transmission
32T4R, 21TRP (3TRP), rank2, R=1, RU=70%

35.0%
30.0%
25.0%
20.0%

15.0%

300 500 1300

900

overhead (bits)
—&— TRPcommon W with layer-specific offsets(os=4)

700 1100

—@— TRP-specific Wf (mode1 Alt2)
—8— TRPcommon Wf (mode2) —&— TRPcommon W with layer-specific offsets(os=1)

—e— TRP-commom Wf with layer-common offsets(os=4)

1500

5% UPT performance v.s. overhead with different Wf selection
over single-TRP transmission
32T4R, 21TRP(3TRP), rank2, R=1, RU=70%

65.0%
60.0%
55.0%
50.0%
45.0%
40.0%
35.0%

30.0%
300

in

5% UPT ga

1300 1500

500 700 900 1100

overhead (bits)
—8— TRP-specific Wf (mode1 Alt2) —&— TRP-common WF wiith layer-specific offsets(os=4)

—8— TRP-common Wf (mode2) —&— TRP-common WF wiith layer-specific offsets(os=1)

—&— TRP-commom Wf with layer-common offsets(os=4)




image2.png
Performance

160.00%

150.00%

140.00%

130.00%

120.00%

110.00%

100.00%

Mean UPT performance v.s. overhead for NTRP=1
(Dense Urban, 32T4R, model CB, RU=70%, up to rank4)
i

*
400 600 800
Overhead
{4 A {6}

1000 1200

++ selected




