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Introduction
This contribution provides Samsung’s view on the key issues related to Rel.18 CSI enhancements that are prioritized for RAN1#113 (as announced by the FL). It also discusses other issues that are relevant for further discussions. 

Type II codebook refinement for coherent-JT
1.1 Key issues
1.1.1 Issue 1.1 (parameter combination linkage for Rel-17-based) 

	[1] Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, 
· For =1, the Rel-17 legacy Parameter Combination is fully reused
· Regarding the combinations {M, }, it is proposed to reuse the legacy as below, with restriction on M=2.
	M
	
	Condition

	1
	½ 
	

	
	¾
	

	
	1
	

	2
	½ 
	FFS: NTRP≤3, NL=1

	
	¾ 
	FFS: NTRP≤3, 
NL =1


· n combinations for  are derived from the Ln combinations for Rel-16 based refinement, where each entry in the combination is the nearest value of min{1, 2 Ln /} to {1/2, ¾, 1}, .
· Note: no other dependency of combinations is introduced, such as dependency on 
· FFS: pruning on combinations

[1] Conclusion: 
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, there is no consensus on introducing restriction “NTRP≤3, NL =1” for M=2. 

[1] Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, for Rel-17 FeType-II based, only the following n combinations are supported (after pruning):  

	NTRP
	 combination

	2
	{1/2,1/2}

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

	
	{3/4,3/4}

	
	{1,1}

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

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

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

	
	{1, 1, 1}

	

4


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

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

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

	
	{1, 1, 1, 1}






On the linkages of parameter combinations for Rel-17 FeType-II based CJT, the following observations can be made:
· the two linkages yielding the lowest overhead (i.e., ) and the highest performance (i.e., ) can achieve Pareto-boundary (start and end) points among all possible combinations for each  (highlighted by green in the following table).
·  combos including asymmetric values such as {1/2, 1}, {1/2, 1/2, 1}, {1/2, 1/2, 1/2, 1} yield good overhead-performance tradeoff in most combinations of  (highlighted by yellow in the following table).
· There is a tendency that as the value of  increases, the performance becomes relatively better when  has also larger values.

Based on the observations, the following linkage table and proposal can be made.

	NTRP
	 combination
	M=1
	M=2

	
	
	=1/2 
	=3/4
	=1
	=1/2 
	=3/4

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

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

	
	{3/4,3/4}
	
	o
	o
	
	

	
	{1,1}
	
	
	o
	o
	o

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

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

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

	
	{1, 1, 1}
	
	
	o
	
	o

	

4


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

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

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

	
	{1, 1, 1, 1}
	
	
	o
	
	o




Proposal 1: on linkages of parameter combinations for Rel-17 FeType-II based CJT, 
· support the two linkages  and  for each .
· consider a sufficient number of linkages () for each of  combos having asymmetric values such as {1/2, 1}, {1/2, 1/2, 1}, {1/2, 1/2, 1/2, 1}

1.1.2 Issue 1.2 (Further details on CSI measurement and calculation: EPRE assumption, further restriction on CMR, further restriction on dynamic TRP selection)

	[1] Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· [bookmark: _Hlk133268130]For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· [bookmark: _Hlk133270389]Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
[bookmark: _Hlk133241962]Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation

Offline proposal 1.B.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted signal across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 




In Alt1/Alt2, UE simply assumes that the PDSCH channel is  where each  is channel for TRP  via CSI-RS resource , and  is a power offset value inferred from Pcoffset_n (or common PcOffset). And then, the UE can perform precoder (PMI) selection for the channel  and CQI selection based on the selected PMI. 

We have concerns on Alt3/Alt4/Alt5 since those three alternatives suggest that the NW can freely configure different Pcoffset values for different TRPs without the UE properly/accurately taking such into account in CSI calculation. In particular,
· Alt3: CQI calculation impairment caused from variable (not fixed) Pcoffset values across N TRPs (under the configured average Pcoffset value). 
· Alt4: Unclear that dividing a common PcOffset value by N is any beneficial for CQI/PMI computation. Depending on the number N of selected CSI-RS resources, the UE needs to consider a different PcOffset value for CQI/PMI calculation, which causes UE computational complexity high (multiple hypotheses with different PCoffset assumption) and can potentially cause biased TRP/PMI/CQI selection operations.
· Alt5: If the UE does not select the TRP which is the TRP associated with the Pcoffset, mismatch between target PcOffset that NW wants and selected TRPs can happen. Or if Alt5 refers to the same operation of Alt2, it is better to clearly say a common Pcoffset configured for the selected N CSI-RS resources.

Additionally, Alt2 is preferred over Alt1 since
· NW/UE implementation become simpler with a common Pcoffset value across  TRPs. 
· Dynamic TRP selection and W2 amplitude selection by the UE can play a similar role assigning different powers for different TRPs.

Hence, we support offline proposal 1.B.1. 


Proposal 2: For PDSCH EPRE assumption for CQI calculation, 
· support offline proposal 1.B.1

1.1.3 Issue 1.3 (Finalize CPU and Z/Z’ issues) 

	[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· Note: The fall-back of gNB configuring NL=1 is supported



In our view, a simple linear form for the required number of CPUs is sufficient, e.g.,  where  is a UE capability that is determined by the UE, and  is a number of CSI-RS resources, and  is a constant, not associated with UE capability. On the candidate values of , we can consider the following aspects.
· Dynamic TRP selection 
· Low-complexity dynamic TRP selection: UE can simply filter out CSI-RS resources not contributing the composite channel of mTRP in a sub-optimal algorithm. In this case, the additional usage of CPU may not be needed, i.e., .
· Exhaustive-search-based dynamic TRP selection: In this case, UE may need to consider  possible hypotheses and require additional usage of CPU, since each hypothesis requires almost the same complexity for UE to compute, i.e.,  in this case. 

	
	1
	2
	3
	4

	
	1
	3
	7
	15



·  
· Since a different combination of  make different SD basis vector selection for each TRP and effective channel projected onto the selected SD basis vectors differently, the UE needs to calculate  and  for each different combination of  (similar to per-hypothesis CSI calculation). Hence, it is expected that the required number of CPUs is . 

Based on the above analysis, we support , where  is a UE-capability IE.

On Z/Z’, a scaled version of Z/Z’ is sufficient, e.g., (Z,Z’): legacy ( for  (FR1). Based on our analysis shown in Table 1, layer extraction via SVD is an operation that requires the highest computational complexity, and the operation is around 7 times larger than the case of legacy Fe/eType-II CSI. Hence we support .
[bookmark: _Ref134968193]Table 1
	
	Legacy (R16/17 T2)
	CJT

	Channel
	Number of hypotheses: 1
	Number of hypotheses: 
· TRP selection can be low-complexity (e.g. RSRP-based), or high-complexity (cf. per-hypothesis CSI-based)
Complexity: for RSRP-based, small (e.g. ) 

	Basis
	SD:  (max 6)
FD:  per layer + window
	· SD:  (max 16)
· FD:  per layer+ window + FD offset per trp

Complexity: small (e.g. ) 

	Layer extraction (SVD)
	Number of SVDs: 
Size: () (max 
	· Number of SVDs: 
· Size: (max 
Complexity: large (e.g. )  

	CQI
	Number of matrix inversion:  
Size: 
	· Number of matrix inversion: 
· Size: 
Complexity: large (e.g.  for    )

	Total
	
	 (





Proposal 3: for the required number of CPU and the value of Z/Z’, support
· , where  is a UE-capability IE, and  is a number of CSI-RS resources, and
· (Z,Z’): legacy ( for , where 

1.1.4 Issue 1.4 (W2 quantization, working assumption)

	[4] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook



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

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


Proposal 4: Revert the working assumption on the additional support for Alt3 for the amplitude grouping
· Note that the working assumption was included with the understanding that the gain of Alt3 over Alt1 (already agreed to be supported) can be demonstrated – not simply that “as long as Alt3 is not broken, the WA should be confirmed as agreement.”

1.1.5 Other issues 

	[2] 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

[1] Conclusion: 
On the Type-II codebook refinement for CJT mTRP, regarding CBSR for NTRP>1, there is no consensus in supporting the additional optional soft amplitude restriction. Therefore, only hard amplitude restriction (per CSI-RS resource, based on the legacy design) is supported. 

[1] Agreement
On the Type-II codebook refinement for CJT mTRP, regarding CBSR, one of the NTRP configured CSI-RS resources must be configured with CBSR, while the remaining (NTRP –1) configured CSI-RS resources can be optionally configured with CBSR
· Note: if CBSR of one particular resource is absent, it means no restriction for SD basis selection for the resource.

[1] Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, support 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, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 



The following three clarifications are needed to help RAN2 discussion on specifying relevant IEs.

Clarification1: whether we have one or multiple (per resource) RI restriction
In our view, instead of using the same RI value restriction per resource, specifying one common RI restriction (across all resources) is sufficient under the relevant IE (e.g., codebookConfig-r18-cjt).

Clarification2: legacy hard restriction still uses 2bits per restricted DFT vectors (text below). Whether “based on the legacy design” means 2-bits or 1-bit (1-bit is not legacy).

---START: 5.2.2.2.5, TS 38.214
The bitmap parameter n1-n2‑codebookSubsetRestriction-r16 forms the bit sequence  and configures the vector group indices  as in clause 5.2.2.2.3. 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 5.2.2.2.5-6 and the average coefficient amplitude is restricted as follows
	
for , and . A UE that does not report the parameter softAmpRestriction-r16 = 'supported' in its capability signalling is not expected to be configured with  or .
---END: 5.2.2.2.5, TS 38.214

Since we agreed to follow the legacy framework of CBSR, we prefer to use the legacy definition of 2-bits.

Clarification3: “the remaining (NTRP –1) configured CSI-RS resources can be optionally configured with CBSR”
In our view,  and  are common across all CSI-RS resources, but the (N1,N2) is configured with CBSR together in legacy, i.e., n1-n2-codebookSubsetRestriction. We prefer to have n1-n2 to be separated out from n1-n2-codebookSubsetRestriction.


On FD relative offset for Rel-17 FeType-II-based CJT: 
Rel-17 based CJT codebook, the gNB performs beamforming (for delay compensation or channel shortening) on CSI-RS ports, where the beamforming can be designed to compensate for delay difference across TRPs assuming FDD partial reciprocity. In this case, a very small size of window can be beneficial in terms of overhead (e.g. around 4). Additionally, a reference CSI-RS resource indicator is also needed to indicate the reference CSI-RS resource for reporting .


Proposal 5:
On CBSR, 
· instead of using the same RI value restriction per resource, specifying one common RI restriction (across all resources) is sufficient,
· support to reuse the legacy definition of amplitude restriction using 2 bits, and
· support to have n1-n2 to be separated out from n1-n2-codebookSubsetRestriction.
On FD relative offset for Rel-17 FeType-II based CJT
· support a subset (e.g. window) of  as an alphabet for  reporting.
· support reporting reference CSI-RS resource  for indicating the relative FD offset values, i.e.,  for 


1.2 Simulation results 
We provide system-level simulation (SLS) results on (1) performance comparison for different reference grouping methods, i.e., Alt1, and Alt3, of Issue 1.4 for both mode 1 and mode 2 codebooks, in inter-site inter-cell scenarios with ISD=500m and 200m. The simulation assumptions are summarized in Appendix A. 

Evaluation 1: performance comparison for different reference grouping methods, i.e., Alt1, and Alt3, of Issue 1.4, in inter-site inter-cell scenarios with ISD=500m and 200m


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





[bookmark: _Ref118449030][bookmark: _Ref118449014]Figure 2: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 200m (Mode 1)



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



[bookmark: _Ref118446871]Figure 4: Average UPT gain vs overhead w.r.t. reference grouping methods, Alts 1 and 3, in inter-site intercell scenario with ISD = 200m (Mode 2)

To verify if there is any benefit of Alt3 for W2 quantization scheme, we considered inter-site inter-cell scenarios with ISD=500m and ISD=200m (detailed assumptions are described in Table 3) which has been advertised by Alt3 proponents as the primary use case for Alt3. As seen in Figure 1 - Figure 4, there is no benefit of Alt3 over Alt1 shown in our SLS results for both mode 1 and mode 2 cases even in the inter-site inter-cell scenarios. The Alt1 scheme sufficiently performs well with the least overhead. Here, we use the UPT for Alt1 scheme with paraComb=1 as the reference UPT value (which we regard as 100%).

Note that for the Mode 1 results, we have re-evaluated the performance w.r.t. the agreed parameter combinations of  (1st to 6th combos) for ), using the agreed Mode 1 (i.e., common FD basis + FD offset per TRP). For Mode 1, we used the basic feature in the simulations, i.e., oversampling factor O3=1.

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

Type II codebook refinement for high/medium velocities
1.3 Key issues
1.3.1 Issue 2.1 (Finalize Parameter Combination: candidates for Rel-17-based)
	[1] Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 

	
	
	

	
	
	
	

	4
	1/4
	1/4
	1/4 

	4
	1/4
	1/4
	1/2 

	4 (*)
	1/2
	1/4
	1/2

	4 (*)
	1/4 
	1/4 
	3/4 

	6 (*)
	1/4
	--
	1/2 

	6 (*)
	1/4 
	-- 
	3/4 


 (*) Note: From legacy. For L=6, the same restriction and UE optionality as legacy apply
· FFS: UE feature/capability to support only a subset of Parameter Combinations

[1] Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, in addition to the already agreed six Parameter Combinations, the following three Parameter Combinations are supported:

	
	
	

	
	
	
	

	2
	1/8
	1/16
	¼

	2 (*)
	¼ 
	1/8
	½ 

	4 (*)
	¼ 
	1/8 
	¼ 






The parameter combinations for Rel.17-based Doppler codebook is an open issue. Since only  is supported for Rel-17-based Doppler codebook, there is no Doppler domain compression, i.e., the CSI reporting is similar to legacy, hence the legacy (Rel-17) parameter combinations (Table 1) should be supported, including the restrictions:
· The UE is not expected to be configured with parameter-combination equal to
· 1 or 6 when ,
· 7 or 8 when ,
· 5 when  and higher layer parameter RI-Restriction is configured with  for any .
[bookmark: _Ref94008546]Table 2
	paramCombination-r17
	
	
	

	1
	1
	¾
	½

	2
	1
	1 
	½ 

	3
	1
	1 
	¾ 

	4
	1
	1
	1 

	5
	2
	½ 
	½  

	6
	2
	¾
	½ 

	7
	2
	1
	½ 

	8
	2
	1 
	¾ 


Regarding FFS on “UE feature/capability to support only a subset of Parameter Combinations,” at least for , the legacy restrictions should be included and any new restriction perhaps is not needed. For , however, considering  increase in SVD operations (to determine un-quantized ) for each layer, and complexity increase due to CQI calculation, there should be some restriction, at least for  or . In particular, the parameter combinations with  (for Rel-16-based) or  (for Rel-17-based) should be restricted to .   

Proposal 6: 
· for Rel-17-based Doppler codebook, reuse legacy (Rel-17) parameter combinations (Table 1), including the restrictions
· the parameter combinations with  (for Rel-16-based) or  (for Rel-17-based) are restricted to  only.   





1.3.2 Issue 2.3 (Finalize CPU and Z/Z’ issues)

	[1] Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and DD compression (when the configured N4 value is >1) 



In our view, a simple linear form for the required number of CPUs is sufficient, e.g.,  where  is a UE capability that is determined by the UE, and  is a number of CSI-RS resources, and  is a constant, not associated with UE capability. The value of  depends on the CMR type.
· For P/SP CMR, since ,  and 
· For AP CMR, since  when ; , otherwise. Regarding, , the number of CSI-RS occasions (measurements) is less than the number of TD/DD units, which can impact the UE-side prediction (since measurement dimension is smaller than prediction dimension). Therefore,  can be removed (not supported). Then,  and . 

On Z/Z’, a scaled version of legacy  is sufficient, e.g., ( for  (FR1). Based on our analysis shown in Appendix B, in the worst case,  for Type II Doppler.

Observation 3: when , the number of CSI-RS occasions (measurements) is less than the number of TD/DD units, which can impact the UE-side prediction (since measurement dimension is smaller than prediction dimension).

Proposal 7: for Type II Doppler, 
· Support  values depending on CMR types and the value 
· For P/SP CMRs, , where  is subject to UE-capability
· For AP CMRs, , where  is subject to UE-capability
· Do not support  
· Support (Z,Z’) based on legacy ( for , where 


1.3.3 Other issues

	[1] Conclusion: On the Type-II codebook refinement for high/medium velocity, regarding CBSR, there is no consensus in supporting the additional optional soft amplitude restriction. Therefore, only hard amplitude restriction (based on the legacy design) is supported. 



Similar to CBSR for Type II CJT, a clarification from RAN1 is needed on whether “based on the legacy design” means 2-bits or 1-bit (1-bit is not legacy). Since we agreed to follow the legacy framework of CBSR, we prefer to use the legacy definition of 2-bits.

Proposal 8: support the clarification that the agreement on CBSR “only hard amplitude restriction (based on the legacy design)” implies the legacy 2-bit restriction


TDCP reporting
1.4 Key issues
1.4.1 Issue 3.1 (Finalize restrictions on TRS configuration)

	[1] Agreement 
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· All the TRS resources in the configured resource set(s) share the same RE locations
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, slot offset between TRS resource set(s), relation with resource set used for legacy usage  

[1] Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· [bookmark: _GoBack]If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
· [bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets



Any restriction on TRS configuration should be based on the legacy TRS configuration (per WID objective and agreement last meeting). 
· Since the legacy TRS configuration already supports joint use of P and AP-TRS resource sets, the same can be used and supported for TDCP measurement and reporting.
· Following legacy, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets

Proposal 9: regarding any restriction on TRS configuration, any restriction should be based on legacy TRS configuration; support the following
· Joint use of P and AP-TRS resource sets for TDCP measurement and reporting based on the legacy TRS configuration
· UE shall assume the same antenna port for the CSI-RS resources in all the resource sets



1.4.2 Issue 3.2 (Finalize amplitude quantization)

	[1] Agreement 
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  where 
· TBD: supported value(s) of N (e.g.  or a larger value), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases

[1] Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={1/5, ¼, 1/3} 
· Alt2: N=2Q where Q=3, s={¼, 1/3, ½, 2/3, ¾} 
· Alt3: N=2Q where Q=4, s={¼, ½, 2/3, ¾} 
· Alt4: N={2Q –1, …, 2Q+1 –1} (i.e., 7-15) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5} 
· Alt4A: N={2Q , 2Q+0.5,…, 2Q+1-0.5} (i.e., 8, 8.5,…,15.5) where Q=3, s={1/5, ¼, 1/3, 2/5, ½, 3/5, 2/3, ¾, 4/5}
Once an alternative is selected, reducing the number of candidate values for s is not precluded. 
Companies can simulate each alternative with and without a configurable center threshold

Offline proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s=1/3 
· Alt3: N=2Q where Q=4, s=½
FFS: Whether further overhead reduction is needed for Y>1



We support the offline proposal 3.B.1. Between the two alternatives, we prefer Alt3 over Alt1 due to the following reasons. 
· First, Alt1 has very small granularity of 0.0005 (10 levels between 1 and 0.995 as shown in Figure 5 – assuming an ideal channel measurement). A typical UE may not be able to process values with such small granularities (especially with realistic channel measurements). Besides, Alt1 targets one use case (i.e. T1-T2 codebook switch), for which the quantization levels needs to be within a small value range, e.g. [0.9,1], since the threshold for switching is around . Based on the simulation results, it can be observed that there is no significant performance benefits (the gain visible after 2-3 decimal points) with  over . For other use cases (e.g. SRS), the quantization needs to cover a larger range of values, e.g. [0,1]. Therefore, since Alt1 (with a 5-bit alphabet) is not expected to offer any measurable and practical benefit, Alt3 (with a 4-bit alphabet) is the logical choice.
· By the same token, supporting both Alt1 and Alt3 for the sake of compromise isn’t acceptable since they are redundant. We maintain that only one of the alternatives should be supported.
· For Y>1, the correlation function has a monotonic behaviour, especially when the delay values are small, which is the case here. This implies that the amplitude reporting can be differential, e.g. the -th delay can be used as a reference for amplitude reporting for -th delay. In particular, the amplitude codebook for -th delay can be } and , where . Such differential reporting can reduce reporting payload without any noticeable loss in performance.

The MSE analysis comparing the independent and differential reporting are provided in Section 3.2, wherein it has been shown that the difference between the two reporting schemes is almost 0 (speed <= 15) and very small (<=0.1% for speed >15), and there is no significant difference between Alt1 and Alt3.

[image: image011]
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Proposal 10: support the offline proposal 3.B.1 and down-select by selecting Alt3 over Alt1
· Supporting both Alt1 and Alt3 is unacceptable as they are redundant 
· In addition, for Y>1, support differential reporting, i.e., for -th delay, amplitude is quantized as  and , where 



1.4.3 Issue 3.3 (Finalize phase quantization)

	[1] Agreement
For the Rel-18 TRS-based TDCP reporting, regarding phase quantization, down-select (by RAN1#113) from the following candidates:
· Alt1. 1-bit (early vs. late) phase indicator 
· Alt2. 3-bit (8-PSK) uniform quantization
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt4. Adaptive/gNB-configurable phase quantizer e.g. , where
· : legacy (Rel.16) based
· Linear: legacy -PSK 
· Exponential: legacy Rel.16 amplitude,  or 
·  a slope value from  depending on the amplitude ) of the 1st correlation (smallest delay), e.g. the slope decreases towards 0 as  increases towards 1 
· 
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):      
· Alt6. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay and p(.) denotes amplitude quantization values used for Rel-16 e-TypeII codebook and ): 
· Mode 1: ,     
· Mode 2:      
· The quantization mode is selected by UE and reported to gNB.
· Alt7. A given correlation phase value  is quantized to  based on the following alphabet: , with , . TBD value(s) of 
The evaluation should consider the impact of delay tracking operation at the UE where the phase difference between two slots can be close to zero.
Note: This proposal doesn’t preclude the UE supporting only smaller delay values (e.g. 4-symbol only) for the phase report (which is already optional)

Offline proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates (where  denotes delay):
· Alt3. A given correlation phase value  is quantized to  based on the 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following size-16 alphabet: 
FFS: Whether further overhead reduction is needed for Y>1



We support offline proposal 3.C.1, in particular Alt5. The phase values are expected to be around 0 (due to delay/phase tracking issue at the UE), and are a function of delay values and UE speeds (which is not known to the NW). So, a uniform quantization may not work. The delay values are likely to be distributed more around 0 and less far away from 0. This implies that we need more quantization levels around 0 and less far from it. We therefore prefer Alt5 since it has this type of quantization levels. Besides, in our view, Alt5 is an oversampled version of linear quantization, where oversampling factor decreases as we move away from 0 (on either side, +ve, -ve). Since the legacy phase quantization already includes QPSK, 8PSK for Type II and, 16PSK for eTypeII and feTypeII, Alt5 is not completely new. It is rather a union on or is based on some of the legacy phase quantization levels.

Finally, similar to amplitude reporting, phase reporting can also be differential. The same scheme can be used.

Proposal 11: Support the offline proposal 3.C.1, and Alt5, and, for Y>1, support differential reporting of phase value 

1.4.4 Issue 3.4 (Finalize FFS on Dbasic, D, and Y)

	[1] Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
· FFS: Whether Y=7 is also supported 
[1] Agreement
For the Rel-18 TRS-based TDCP reporting, 
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)



Our view about the open issues are as follow.
· Considering the agreed values, the max value is only 5 slots, which is small in our view, and larger values are needed, especially for low-medium UE velocities. We support to confirm the working assumption.
· If the working assumption is confirmed, the value  can be supported. 

Proposal 12: 
· Confirm the working assumption 
· If WA is confirmed, support  

1.5 Simulation results
Results are provided for the two reporting schemes for the amplitude values: independent vs differential (3bits) reporting. The MSE value of the quantization error is averaged across considered speed values (from 3, 5, 10, 15, 20, 30 kmph) and 5 delay values (2, 4, 6, 8, 10 slots) for 210 UEs that are dropped according to a simplified SLS setting (hexagonal layout, 2-tier or 21 cells, 1 UE per cell, 10 drops, 4000 slots). The alphabet size is 16 (Q=4), but for differential reporting 8 values are considered for each delay value in a differential manner. Four (s, N) values are considered:
· CB index 1: (s, N) = (1/2,2^Q-1),
· CB index 2: (s, N) = (1/2,2^Q),
· CB index 3: (s, N) = (2/3,2^Q-1), 
· CB index 4: (s, N) = (2/3,2^Q)

The results are shown in Figure 6. We can observe the following.

Observation 4:
· the difference between the two reporting schemes is almost 0 (speed <= 15) and very small (<=0.1% for speed >15), hence, most likely, will not have any significant impact on performance. 
· CB index 2: (s, N) = (1/2,2^Q) is the best among the four candidates.
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Conclusion
In this contribution, the following observations and proposals are made: 

Type II C-JT

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

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


Proposal 1: on linkages of parameter combinations for Rel-17 FeType-II based CJT, 
· support the two linkages  and  for each .
· consider a sufficient number of linkages () for each of  combos having asymmetric values such as {1/2, 1}, {1/2, 1/2, 1}, {1/2, 1/2, 1/2, 1}

Proposal 2: For PDSCH EPRE assumption for CQI calculation, 
· support offline proposal 1.B.1

Proposal 3: for the required number of CPU and the value of Z/Z’, support
· , where  is a UE-capability IE, and  is a number of CSI-RS resources, and
· (Z,Z’): legacy ( for , where 

Proposal 4: Revert the working assumption on the additional support for Alt3 for the amplitude grouping
· Note that the working assumption was included with the understanding that the gain of Alt3 over Alt1 (already agreed to be supported) can be demonstrated – not simply that “as long as Alt3 is not broken, the WA should be confirmed as agreement.”

Proposal 5:
On CBSR, 
· instead of using the same RI value restriction per resource, specifying one common RI restriction (across all resources) is sufficient,
· support to reuse the legacy definition of amplitude restriction using 2 bits, and
· support to have n1-n2 to be separated out from n1-n2-codebookSubsetRestriction.
On FD relative offset for Rel-17 FeType-II based CJT
· support a subset (e.g. window) of  as an alphabet for  reporting.
· support reporting reference CSI-RS resource  for indicating the relative FD offset values, i.e.,  for 

Type II Doppler

Observation 3: when , the number of CSI-RS occasions (measurements) is less than the number of TD/DD units, which can impact the UE-side prediction (since measurement dimension is smaller than prediction dimension).

Proposal 6: 
· for Rel-17-based Doppler codebook, reuse legacy (Rel-17) parameter combinations (Table 1), including the restrictions
· the parameter combinations with  (for Rel-16-based) or  (for Rel-17-based) are restricted to  only

Proposal 7: for Type II Doppler, 
· Support  values depending on CMR types and the value 
· For P/SP CMRs, , where  is subject to UE-capability
· For AP CMRs, , where  is subject to UE-capability
· Do not support  
· Support (Z,Z’) based on legacy ( for , where 

Proposal 8: support the clarification that the agreement on CBSR “only hard amplitude restriction (based on the legacy design)” implies the legacy 2-bit restriction

TDCP reporting

Observation 4:
· the difference between the two reporting schemes is almost 0 (speed <= 15) and very small (<=0.1% for speed >15), hence, most likely, will not have any significant impact on performance. 
· CB index 2: (s, N) = (1/2,2^Q) is the best among the four candidates.

Proposal 9: regarding any restriction on TRS configuration, any restrictions should be based on legacy TRS configuration; support the following
· Joint use of P and AP-TRS resource sets for TDCP measurement and reporting based on the legacy TRS configuration
· UE shall assume the same antenna port for the CSI-RS resources in all the resource sets

Proposal 10: support the offline proposal 3.B.1 and Alt3
· Support different reporting, i.e., for -th delay, amplitude is quantized as  and , where 

Proposal 11: Support the offline proposal 3.C.1 and Alt5, and support different reporting of phase value

Proposal 12: 
· Confirm the working assumption 
· If WA is confirmed, support 
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	Parameter
	Value (Intra-cell scenario)
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 
	FDD, OFDM 

	Multiple access 
	OFDMA 
	OFDMA 

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

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

	Frequency Range
	FR1, 700Hz
	FR1, 2GHz

	Inter-BS distance
	1.7km
	200m

	Channel model
	According to the TR 38.901 

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

	According to the TR 38.901

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


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

	Number of UEs per sector
	30
	30

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


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

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


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

	BS antenna height 
	25m 
	25m 

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

	UE receiver noise figure
	9dB
	9dB

	Modulation 
	Up to 256QAM 
	Up to 256QAM 

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

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

	
	SCS 
	15kHz
	15kHz

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

	Simulation bandwidth 
	10 MHz 
	10 MHz 

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

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

	MIMO layers
	Up to 4
	Up to 12

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

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

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

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

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

	UE receiver
	MMSE-IRC
	MMSE-IRC

	Feedback assumption
	Realistic
	Realistic

	Channel estimation
	Realistic
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead 
	User perceived throughput and CSI feedback overhead
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	Parameter
	Value (Inter-cell scenario)

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

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


        

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


	Frequency Range
	FR1, 2GHz

	Inter-BS distance
	200m or 500m

	Channel model
	According to the TR 38.901

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


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

	Number of UEs per sector
	30

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


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


	BS Tx power 
	41 dBm per TRP for 10 MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

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

	Numerology
	Slot/non-slot
	14 OFDM symbol slot

	
	SCS 
	15kHz

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz 

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

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

	MIMO layers
	Up to 12

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

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

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

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

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

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	User perceived throughput and CSI feedback overhead
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[image: ]

	
	Legacy 
(R16/17 T2)
	CJT
	Doppler

	Channel
	Number of hypotheses: 1
	Number of hypotheses: 
TRP selection can be low-complexity (e.g. RSRP-based), or high-complexity (cf. per-hypothesis CSI-based)
Complexity: for RSRP-based, small (e.g. ) 
	Number of hypotheses: 1
UE-side prediction
prediction may require small #measurements occasions (e.g. latest) or large #measurement occasions (e.g. latest + from past measurements)
Complexity: large (e.g. ) depending on prediction algorithm

	Basis
	SD:  (max 6)
FD:  per layer + window
	SD:  (max 16)
FD:  per layer+ window + FD offset per trp

Complexity: small (e.g. ) 
	SD: (max 6)
FD:  per layer+ window
DD:  per layer
Complexity: small (e.g. ) 

	Layer extraction (SVD)
	Number of SVDs: 
Size: () (max 
	Number of SVDs: 
Size: (max 
Complexity: large (e.g. )  
	Number of 
 (max 
Complexity: large (e.g. ) for 

	CQI
	Number of matrix inversion:  
Size: 
	Number of matrix inversion: 
Size: 
Complexity: large (e.g.  for   
	Number of matrix inversion:  for 2 slots
Size: 
Complexity:   

	Total
	
	 (
	 (



Avg UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=500)
Mode2-Alt1	291	437	539	829	1119	1409	100	105.80526699700681	108.48152526599088	112.98639233342558	115.18223205976305	119.19158890258319	Mode2-Alt3	323	469	571	861	1151	1441	100.87280227381341	105.33994013632821	109.78947103654704	113.75103755313529	117.10642151067736	118.51497849435322	overhead (number of bits)

Avg UPT Gain (%)


Avg UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=200)
Mode2-Alt1	291	437	539	829	1119	1409	100	103.55886390938733	106.40767118585894	108.85103827012183	110.07593959155655	113.43101081173847	Mode2-Alt3	323	469	571	861	1151	1441	98.910245409301524	102.08941136090613	104.57139179680797	109.08486356615754	112.10528573880214	113.98875922430068	overhead (number of bits)

Avg UPT Gain (%)


Average UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=500)

Mode1-Alt1	325	493	595	931	1267	1581	100	105.62945778523655	107.88025370813695	113.95641550877367	115.41499049828477	119.09721365285422	Mode1-Alt3	357	525	627	963	1299	1613	100.46644783928527	104.61018287716874	107.94195315777783	115.43226634418421	116.67859522693058	119.81539524667441	overhead (number of bits)


Avg UPT Gain (%)




Average UPT Gain vs overhead
(16 ports per TRP, Inter-site inter-cell scenario with ISD=200)

Mode1-Alt1	325	493	595	931	1267	1581	100	103.57022849462368	107.35887096774192	111.29872311827957	113.15734206989248	115.1377688172043	Mode1-Alt3	357	525	627	963	1299	1613	100.76024865591397	106.23109879032258	106.01898521505377	112.84232190860214	112.16397849462365	115.37298387096774	overhead (number of bits)


Avg UPT Gain (%)
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