	
3GPP TSG RAN WG1#109-e			R1-2203890
e-Meeting, May 9th – May 20th, 2022

[bookmark: Source]Agenda item:	9.1.2
Source: 	Samsung
Title: 	Views on CSI enhancements
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
The Rel-18 WID [1] includes the following objectives regarding the CSI enhancements.
	1. Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
· Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
· UE reporting of time-domain channel properties measured via CSI-RS for tracking
4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off



This contribution provides Samsung’s view regarding the Rel-18 CSI enhancements. 

CSI for Coherent-JT
1.1 Scenarios
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[bookmark: _Ref100484156]Figure 1: necessity of distributed MIMO at low bands

The study of coherent joint transmission (C-JT) from multiple TRPs (mTRPs) should target the following scenarios.

1. Intra-cell mTRP for sub-1GHz bands (e.g. 700MHz): Recently, sub-1GHz frequency bands previously allocated for 4G deployments and digital TVs are being re-farmed for 5G NR. Sub-1GHz bands have several beneficial properties such as wide coverage thanks to the low path loss and less susceptible to Doppler effect. Due to the smaller available bandwidth, MIMO becomes even more crucial. At the same time, as shown in Figure 1, due to the large wavelength at the low frequency bands, employing an array with large number of antenna elements at a gNB is infeasible. This motivates utilizing geographically distributed remote radio heads (RRHs). Here, (N-1) RRHs are simple array extension of 1 array at gNB, i.e., 1 smart TRP and (N-1) dummy TRPs. In such a distributed antenna setup the number of ports per “TRP” tends to be small, for example, to 4 or 8. 
2. Inter-cell mTRP: some of the relevant inter-cell mTRP scenarios include inter-cell coordination (e.g. to improve coverage). The mTRP enhancements in Rel-16/17 focuses mainly on NC-JT transmission. For commercial deployments with high-performance backhaul and synchronization, system performance can be further improved with C-JT. Since such scenario is more relevant to typical PCS bands such as 2-3GHz bands, the number of ports per TRP in this scenario can be larger, e.g. 16.  

Proposal 1: Consider at least the following scenarios for Type II C-JT codebook design 
· Scenario 1: intra-cell, mTRP @ sub-1GHz bands (e.g. 700MHz) with 4 or 8 ports per TRP and {2, 3, 4} TRPs
· Scenario 2: inter-cell, mTRP @ 2GHz with 16 ports per TRP and 3 TRPs

1.2 Potential enhancements
1.2.1 Measurements

There are two alternatives regarding the channel measurement (CMRs) for C-JT CSI.
· Alt1: the CMRs can be similar to CMRs in Rel-17 NCJT CSI. In particular, multiple NZP CSI-RS resources can be configured in a CSI-RS resource set, where a NZP CSI-RS resource corresponds to a TRP. 
· Alt2: the CMRs can be similar to CMRs for CSI reporting based on Rel-15 Type I multi-panel codebook. That is, a NZP CSI-RS resource is configured in a CSI-RS resource set, where the NZP CSI-RS resource comprises multiple antenna port groups, and an antenna port group corresponds to a TRP.

These alternatives are similar to beam-formed (BF) CSI-RS resources with K=1 and K>1 supported in Rel-14 LTE. In particular, Alt1 is similar to BF CSI-RS resource with K>1 and Alt2 is similar to BF CSI-RS resource with K=1. In our view, both alternatives should be supported for C-JT CSI since they can be beneficial for different use cases and scenarios, and can also provide flexibility to the NW. For instance, Alt1 can be more suitable for a decoupled codebook which comprises separate intra-TRP components (per TRP precoder) and inter-TRP co-amplitude/phase, and Alt2 can be more suitable for a joint codebook which comprises at least one joint component (across TRPs).

Proposal 2: Support the following setups for C-JT CMR
· Alt1: >1 NZP CSI-RS resources, 1 NZP CSI-RS resource per TRP
· Alt2: 1 NZP CSI-RS resource comprising >1 antenna port groups, 1 antenna port group per TRP


1.2.2 Type II codebook refinement
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Figure 2 illustrates two examples of Rel-16/17 Type II codebook refinements for Type II C-JT CSI. The first (top part of the figure) is an example of a decoupled codebook (referred to as CB1), where the codebook comprises the following components 
· Intra-TRP components: N “parts” of per-TRP Rel-16/17 Type-II ( and  in the figure), where N is number of TRPs
· Inter-TRP components: co-amplitude/co-phase for each TRP ( and  in the figure)
This codebook structure is analogous that of Rel-15 Type-I multi-panel codebook where Type-II substitutes Type-I.

The second example (bottom part of the figure) is an example of a joint codebook (referred to as CB2), where comprises the following components
· N “parts” of SD basis, one for each TRP 
· One joint Wf (FD basis) performing FD compression based on aggregated/composite channel across TRPs
· One joint W2 for the aggregated/component channel across TRPs
This codebook structures follow those of Rel-16 eType-II and Rel-17 FeType-II.

To ensure continuity with Rel-16/17 Type-II codebooks and manageable scope in Rel-18, maximum reuse of the Rel-16/17 detailed designs (e.g. SD/FD basis designs, UCI parameters) should be the goal. One potential area where some further optimization can be beneficial is the supported parameter combinations to ensure not only competitive UPT-overhead trade-off, but also to prevent excessive increase in PMI payload.

Extending the legacy concept of strongest coefficient to multi-TRP, introducing an indicator for the strongest TRP is also beneficial especially for overhead reduction. Similar to the SCI reporting in Rel-16/17, an indication about the strongest TRP may be needed if a component of the codebook (e.g. co-amplitude/co-phase) is normalized with respect to the strongest TRP.


Proposal 3: Support the following Type II codebook refinement for C-JT 
· CB1 (decoupled): comprising following components 
· Intra-TRP: per TRP Rel-16/17 Type II codebook components (W1, W2, Wf)
· Inter-TRP: newly introduced co-amplitude and co-phase
· CB2 (joint): comprising following components
· Per TRP Rel-16/17 Type II SD basis W1
· Single Rel-16/17 Type II FD basis Wf jointly applied across all TRPs
· Single Rel-16/17 Type II linear combination coefficients (LCCs) W2 jointly applied across all TRPs
· Maximum reuse of the Rel-16/17 detailed designs (e.g. SD/FD basis designs, UCI parameters) 
· Possible optimization in the supported parameter combinations
· Introduce strongest TRP indication for components that are reported relative to a reference (e.g. co-amplitude/co-phase)



1.3 Simulation results
To analyse the user throughput (UPT) vs. the amount of PMI overhead (number of bits), the existing Rel-16 parameter combination (paraComb) table (Table 5.2.2.2.5-1 in TS.38.214) is utilized for CB1, CB2, and Rel-16 eType-II CB in the simulations. The detailed simulation assumptions for the SLS results are described in Table 1 of Appendix A in [2].

Figure 3 shows the average UPT gain vs. the amount of PMI overhead for CB1, CB2, and single-TRP (sTRP) with Rel-16 eType-II CB, with respect to paraComb, for the intra-cell scenario of  and 8 ports per TRP. The avg. UPT gain is shown with respect to Rel-16 eType-II CB with paraComb=1 as reference.

It can be observed from Figure 3 that the proposed CB2 and CB1 yield 45% and 35% higher throughput than that of sTRP with Rel-16 eType-II CB, respectively. Such large gain comes from the joint precoding operation across TRPs which amounts to array, power, and beamforming gain from larger number of antenna ports. Between CB1 and CB2, the throughput of CB2 is higher than that of CB1, since CB2 exploits the composite delay profile across TRPs. Another observation is that the throughputs of CB2 and CB1 remains similar as the PMI overhead increases. As the overhead for both codebooks is high, this suggests that the set of parameter combinations can be refined for CB1/CB2 to further reduce the PMI overhead.  


Observation 1: CB2 and CB1 yield higher throughput than that of Rel-16 Type-II CB, and CB2 yields the highest throughput gain.

Observation 2: The throughputs of CB2 and CB1 remains similar as PMI overhead increases. Since the PMI overhead for both codebooks is high, this suggests that the set of parameter combinations can be refined for CB1/CB2 to further reduce the PMI overhead.



Figure 3: Average UPT gain over sTRP w/ Rel-16 Type-II CB vs overhead for the intra-cell scenario with  TRPs and 8 ports per TRP

Similar trends can be observed in the inter-cell scenario as well. The details simulation results for both intra- and inter-cell scenarios are provided in the companion contribution [2].

1.4 Evaluation methodology
[image: ]
(a) Intra-cell scenario
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(b) Inter-cell scenario
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The evaluation methodology (EVM) can be based on Rel-16 EVM (for regular Type II) and Rel-17 EVM (for port selection Type II), with the following modifications.
· Number of TRPs (N=2,3,4)
· NW scenario: RMa or Dense Urban from 38.901 can be considered. 
· Layout: 
· For the intra-cell CJT, the TRP layout (N=2,3,4 TRPs within a sector/cell) as shown in Figure 4(a) should be considered.  
· For inter-cell CJT, an example is given in Figure 3(b)
· Carrier frequency: 700MHz for intra-cell mTRP, and 2GHz for inter-cell mTRP
· Number of antenna ports per TRP = {4,8} (700MHz); {16} (2GHz)
· Per TRP power = normalized by N, i.e., total power is distributed across TRPs

The baseline should be single TRP using Rel-16/17 Type II codebook where the number of ports is the same as number of ports per TRP.

Proposal 4: For Type II C-JT codebook EVM, support Rel-16 and 17 EVMs as baseline, with the following modifications for mTRP (shown in red in Table 1 and Table 2 in Appendix)
· Number of TRPs (N) = 2,3,4
· NW scenario: RMa or dense urban (38.901)
· Layout: intra-cell CJT as shown in Figure 4(a), inter-cell in Figure 4(b)
· Carrier: 700MHz for intra-cell, 2GHz for inter-cell
· Number of antenna ports per TRP = {4,8} (700MHz); {16} (2GHz)
The baseline is single TRP using Rel-16/17 Type II codebook, where the number of ports is the same as number of ports per TRP.


CSI for high/medium UE velocities
According to the WID, the objective on CSI enhancements for high/medium UE velocities includes two items: augmenting 1) Rel-16/17 Type II with time-/Doppler-domain compression without modification to the spatial and frequency domain basis; 2) Reporting time-domain channel property (TDCP) possibly as a standalone or CSI-adjoint quantity. 


1.5 Doppler-domain compression


[bookmark: _Ref100580910]Figure 5

1.5.1 CSI-RS burst

For Doppler-domain (DD) compression, a UE can measure a burst of NZP CSI-RS resource(s), referred to as CSI-RS burst, in  time slots (where  is configured such that the measurement “window” is well within the channel coherence time). There are two examples of a CSI-RS burst, as shown in Figure 5.  
· Ex1: the  time slots are evenly/uniformly separated with an inter-slot spacing . 
· Ex2: the  time slots can be non-uniformly separated with inter-slot spacing , , ,…, so on, where  for at least one pair  with . 

The CSI-RS burst can be configured based on one SP CSI-RS resource, where the first and last slots of the CSI-RS burst are determined based on the MAC CE based activation and deactivation commands, respectively. This, however, can be too restrictive in some cases, e.g.:
1) It can only be configured for uniformly separated CSI-RS bursts.
2) According to the current specification, the minimum periodicity value of a SP CSI-RS resource is 4 slots, which may not be sufficient for high UE velocities.

The CSI-RS burst can also be configured based on a group of AP CSI-RS resources, which can be activated by a MAC CE based activation command (e.g. sub-selection step for AP CSI-RS resources in Rel-15). The slot offsets of the group of AP CSI-RS resources can determine the spacing ( between AP CSI-RS resources. The AP CSI-RS resource based CSI-RS burst can be more flexible for CSI-RS burst configuration. It can address the two limitations with SP CSI-RS resource mentioned above. It can be used for both uniformly and non-uniformly separated CSI-RS bursts, and it can facilitate measurement in consecutive slots.

Observation 3: Regarding CSI-RS burst configuration
· SP CSI-RS resource can be restrictive due to (1) uniformly separated burst, and (2) the min periodicity = 4 slots.
· A group of AP CSI-RS resources can be used to address these limitations.

Based on this observation, we propose to support both SP CSI-RS resource and a group of AP CSI-RS resources for CSI-RS burst configuration for wider range of medium/high UE velocity.

Proposal 5: Support a CSI-RS burst configuration based on both SP CSI-RS resource and a group of AP CSI-RS resources
           [image: ]
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1.5.2 DD unit and DD basis vectors

The notion of FD unit for FD compression in Rel-16/17 Type II codebook can be extended to DD. In particular, a total of  CSI-RS measurement time instances:  can be partitioned into sub-time (ST) units , each ST unit comprises  measurement time instances. An example is shown in Figure 6 where .

The number of DD units (say , which is also the length of the DD basis vectors) can be determined based on  and . Similar to Rel-16/17, the number of DD basis vectors (say, ) for DD compression is configured.

Proposal 6: Extend the definition of FD unit from Rel-16/17 Type II codebook to DD, 
· Introduce a ST unit comprising  consecutive measurement time instances
·  determines , i.e., the number of DD units or length of DD basis vectors
· Number of DD basis vectors  for DD compression is configured

As the baseline, the DD basis vectors for DD compression can be orthogonal DFT vectors. In this case, for instance, the Rel-16 Type-II codebook structure can be extended as follows: 

·  is a  matrix whose columns are precoders for pairs of (FD,DD) units,
·  is a  SD basis matrix
·  is a  FD basis matrix
· [bookmark: _GoBack] is a  DD basis matrix
· , is 
·  coefficient matrix, and
·  is a normalization factor such that  is normalized to power 1.

Some examples of more advanced basis design (to assess whether they can offer significant benefit over the baseline) are: 
· Rotated or oversampled (non-orthogonal) DFT vectors.
· Non-DFT basis such as Slepian or discrete prolate spheroidal sequence basis [3], polynomial basis, DCT basis

Proposal 7: Regarding DD basis vectors,
· Orthogonal DFT basis vectors is the baseline
· Study whether the following more advanced basis can significantly outperform the baseline: 
· Rotated or oversampled DFT
· Non-DFT basis, e.g. Slepian (DPSS), polynomial, DCT etc.

1.5.3 SD/FD basis and coefficients

According to the WID, the DD compression based on Rel-16/17 Type II codebook refinement can be considered without modifying SD/FD bases. Therefore, the SD/FD bases from Rel-16/17 codebooks are reused. There can be three candidates for SD/FD bases.
· Rel-16 enhanced (regular) Type II
· Rel-16 enhanced port selection Type II
· Rel-17 further enhanced port selection Type II
In our view, at least Rel-16 enhanced (regular) Type II based SD/FD bases should be supported.  

Proposal 8: Regarding SD/FD basis vectors, reuse Rel-16 enhanced Type II SD/FD basis vectors

The coefficient matrix ( ) comprises  coefficients. The Rel-16/17 based  reporting mechanism (i.e., SCI, bitmap to indicate indices of NZ coefficients, and amplitude/phase of the NZ coefficients) should be reused. However, the total number of coefficients increases to  times when compared to Rel-16/17, which can be too large (for reporting via two-part UCI). Thus, mechanisms to limit the increase in  reporting payload may need to be considered, e.g. via parameter combination or bitmap. 

Proposal 9: Regarding  reporting
· Rel-16/17 based  reporting mechanism is reused,
· Study the need for mechanisms to limit the payload increase of  reporting, e.g. via parameter combination or bitmap  




1.6 TDCP reporting based on TRS
The following aspects about the second item under this objective requires further discussion and clarification.
· Target use cases: Doppler reporting was already proposed (yet not supported) in Rel-17 HST for frequency offset pre-compensation. Therefore, to avoid unnecessary and repeated discussion as well as to facilitate evaluation, a more focused use case, e.g. for CSI prediction in a set of scenarios, should be decided. For instance, since TRS is used for measurement, does such TDCP target a single- or dual-port use case at higher speed than that for the Type-II DD compression? 
· Also, whether the TDCP is a standalone report (e.g. a new reportQuantity) not a part of any CSI reporting, or can be multiplexed with other CSI parameters in a CSI report needs to be discussed and clarified. From our perspective, we prefer to study this as a standalone report so that we can focus on its benefits. Otherwise (if multiplexed with CSI), then the potential benefits can be difficult to separate out or/and quantity.
· The content of the TDCP report is open (not specified in WID). We need to list a few candidates for efficient discussion. In our view, the list of candidates can be included Doppler shift/spread, and time-domain correlation.

Proposal 10: For TRS-based TDCP reporting,
· Identify target use cases (e.g. CSI prediction for small number of ports and higher UE speed)
· Study a standalone report (not multiplexed with a CSI report) 
· Study TDCP parameters, e.g. Doppler shift/spread, TD correlation

1.7 Evaluation methodology
The EVM for the study on Doppler compression can be based on Rel-16 EVM (for regular Type II) and Rel-17 EVM (for port selection Type II), with the following modifications.
· Physical UE trajectory/mobility modeling (e.g. from Rel-17 multi-beam) should be considered since a UE moving with 30kmph can move 83.3m in 10sec (typical SLS simulation time), which is large.
· Doppler spectrum model 
· UE speed, e.g. 10, 30 kmph for Type-II Doppler-domain extension; 60, 120 kmph for (stand-alone) TDCP report 
· CSI feedback for Type-II Doppler-domain extension 
· Periodicity = W ms (e.g. W=100) – for simulation purposes
· B measurement instances with separate d slots
· d=5 (SP CSI-RS)
· d=1 (group of AP CSI-RS resources)
· B=W/5
· Measurement window = (B-1)*d+1
· CSI-RS burst overhead should be considered in the throughput calculation
· Assumptions on UE-/NW-side extrapolation should be stated.

The baseline for this study should be based on Rel-16/17 Type II codebook with CSI feedback periodicity = 5ms.

Proposal 11: For the study of Doppler compression, support Rel-16/17 EVMs as baseline, with the following modifications (shown in red in Table 1 and Table 2 in Appendix)
· Physical UE trajectory/mobility modeling (e.g. from Rel-17 multi-beam)
· Doppler spectrum model 
· UE speed, e.g. 10, 30 kmph for Type-II Doppler-domain extension; 60, 120 kmph for (stand-alone) TDCP report 
· CSI feedback for Type-II Doppler-domain extension
· Periodicity = W ms (e.g. W=100) – for simulation purposes
· B measurement instances with separate d slots
· d=5 (SP CSI-RS)
· d=1 (group of AP CSI-RS resources)
· B=W/5
· Measurement window = (B-1)*d+1
· CSI-RS burst overhead 
· Assumptions on UE-/NW-side extrapolation

The EVM for the study on TDCP reporting will depend on the target use cases and scenarios. Also, how (e.g. LLS or SLS) to assess benefits in what scenario(s) and use cases require further discussion.

Proposal 12: For the study of TDCP reporting, the EVM should be discussed based on the target use cases.  

Conclusion
In this contribution, the following observations and proposals are made: 
CSI for C-JT

Proposal 1: Consider at least the following scenarios for Type II C-JT codebook design 
· Scenario 1: intra-cell, mTRP @ sub-1GHz bands (e.g. 700MHz) with 4 or 8 ports per TRP and {2, 3, 4} TRPs
· Scenario 2: inter-cell, mTRP @ 2GHz with 16 ports per TRP and 3 TRPs

Proposal 2: Support the following setups for C-JT CMR
· Alt1: >1 NZP CSI-RS resources, 1 NZP CSI-RS resource per TRP
· Alt2: 1 NZP CSI-RS resource comprising >1 antenna port groups, 1 antenna port group per TRP

Proposal 3: Support the following Type II codebook refinement for C-JT 
· CB1 (decoupled): comprising following components 
· Intra-TRP: per TRP Rel-16/17 Type II codebook components (W1, W2, Wf)
· Inter-TRP: newly introduced co-amplitude and co-phase
· CB2 (joint): comprising following components
· Per TRP Rel-16/17 Type II SD basis W1
· Single Rel-16/17 Type II FD basis Wf jointly applied across all TRPs
· Single Rel-16/17 Type II linear combination coefficients (LCCs) W2 jointly applied across all TRPs
· Maximum reuse of the Rel-16/17 detailed designs (e.g. SD/FD basis designs, UCI parameters) 
· Possible optimization in the supported parameter combinations
· Introduce strongest TRP indication for components that are reported relative to a reference (e.g. co-amplitude/co-phase)

Observation 1: CB2 and CB1 yield higher throughput than that of Rel-16 Type-II CB, and CB2 yields the highest throughput gain.

Observation 2: The throughputs of CB2 and CB1 remains similar as PMI overhead increases. Since the PMI overhead for both codebooks is high, this suggests that the set of parameter combinations can be refined for CB1/CB2 to further reduce the PMI overhead.

Proposal 4: For Type II C-JT codebook EVM, support Rel-16 and 17 EVMs as baseline, with the following modifications for mTRP (shown in red in Table 1 and Table 2 in Appendix)
· Number of TRPs (N) = 2,3,4
· NW scenario: RMa or dense urban (38.901)
· Layout: intra-cell CJT as shown in Figure 4(a), inter-cell in Figure 4(b)
· Carrier: 700MHz for intra-cell, 2GHz for inter-cell
· Number of antenna ports per TRP = {4,8} (700MHz); {16} (2GHz)
The baseline is single TRP using Rel-16/17 Type II codebook, where the number of ports is the same as number of ports per TRP.

CSI for high/medium UR velocities

Observation 3: Regarding CSI-RS burst configuration
· SP CSI-RS resource can be restrictive due to (1) uniformly separated burst, and (2) the min periodicity = 4 slots.
· A group of AP CSI-RS resources can be used to address these limitations.

Proposal 5: Support a CSI-RS burst configuration based on both SP CSI-RS resource and a group of AP CSI-RS resources

Proposal 6: Extend the definition of FD unit from Rel-16/17 Type II codebook to DD, 
· Introduce a ST unit comprising  consecutive measurement time instances
·  determines , i.e., the number of DD units or length of DD basis vectors
· Number of DD basis vectors  for DD compression is configured

Proposal 7: Regarding DD basis vectors,
· Orthogonal DFT basis vectors is the baseline
· Study whether the following more advanced basis can significantly outperform the baseline: 
· Rotated or oversampled DFT
· Non-DFT basis, e.g. Slepian (DPSS), polynomial, DCT etc.

Proposal 8: Regarding SD/FD basis vectors, reuse Rel-16 enhanced Type II SD/FD basis vectors

Proposal 9: Regarding  reporting
· Rel-16/17 based  reporting mechanism is reused,
· Study the need for mechanisms to limit the payload increase of  reporting, e.g. via parameter combination or bitmap

Proposal 10: For TRS-based TDCP reporting,
· Identify target use cases (e.g. CSI prediction for small number of ports and higher UE speed)
· Study a standalone report (not multiplexed with a CSI report) 
· Study TDCP parameters, e.g. Doppler shift/spread, TD correlation

Proposal 11: For the study of Doppler compression, support Rel-16/17 EVMs as baseline, with the following modifications (shown in red in Table 1 and Table 2 in Appendix)
· Physical UE trajectory/mobility modeling (e.g. from Rel-17 multi-beam)
· Doppler spectrum model 
· UE speed, e.g. 10, 30 kmph for Type-II Doppler-domain extension; 60, 120 kmph for (stand-alone) TDCP report 
· CSI feedback for Type-II Doppler-domain extension
· Periodicity = W ms (e.g. W=100) – for simulation purposes
· B measurement instances with separate d slots
· d=5 (SP CSI-RS)
· d=1 (group of AP CSI-RS resources)
· B=W/5
· Measurement window = (B-1)*d+1
· CSI-RS burst overhead 
· Assumptions on UE-/NW-side extrapolation

Proposal 12: For the study of TDCP reporting, the EVM should be discussed based on the target use cases.
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	Parameter
	Value (C-JT)
	Value (Doppler)

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

	Multiple access 
	OFDMA 
	OFDMA 

	Scenario
	RMa or Dense urban
N_TRP (#TRPs): 2, 3, 4 
Layout1: intra-cell (TRPs within each cell)
[image: ]
Layout2: inter-cell (TRPs across cells)
[image: ]
N_TRP (#TRPs): 3
	Dense Urban (Macro only)

UE trajectory modelling (e.g. linear trajectory in Rel-17 multi-beam, RAN1#102-e)

Doppler spectrum model?

UE speed: 
10, 30 kmph for Type-II Doppler-domain extension;
60, 120 kmph for (standalone) TDCP report

	Frequency Range
	FR1, 700Hz, 2GHz
	FR1, 2GHz

	Inter-BS distance
	1.7km (700MHz), 200m (2GHz)
	200m

	Channel model
	According to the TR 38.901 
	According to the TR 38.901

	Antenna setup and port layouts at gNB
	700MHz
- 4 ports per TRP: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.8)λ
- 8 ports per TRP: (2,2,2,1,1,2,2), (dH,dV) = (0.5, 0.8)λ
2GHz:
- 16 ports per TRP: (4,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Total #ports = N_TRP x {4,8,16}
	For Type-II Doppler-domain extension, companies need to report which option(s) are used between
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

For TDCP reporting, 1 or 2 ports 



	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.

	BS Tx power 
	RMa (700 MHz)
- 46 dBm in total, (normalized by N TRP, i.e., distributed across TRPs)

Dense urban (2 GHz)
- 41 dBm per TRP (not normalized)
	41 dBm

	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 for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.
	10 MHz for 15kHz as a baseline, and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered.

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

	MIMO scheme
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.
	SU/MU-MIMO with rank adaptation is a baseline for overhead reduction.
For low RU, SU-MIMO or SU/MU-MIMO with rank adaptation are assumed for higher rank extension.
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed for higher rank extension.

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 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
	CSI feedback periodicity: W ms (e.g. W = 100, note: W = 5 for baseline)

CSI-RS burst: B measurement instances with separation d
- 1 SP CSI-RS resource: d=4 (min possible)
- B AP CSI-RS resources: d=1
- B = W/5 (e.g. 100/5 = 20 measurements)
- measurement window (# slots): W=(B-1)*d+1

Companies should state any UE side extrapolation (future CSI)

	Overhead 
	Companies shall provide the downlink overhead assumption
	CSI-RS burst overhead

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

	Traffic load (Resource utilization)
	50/70 % for CSI overhead reduction
20/50% for high rank extension
Companies are encouraged to report the MU-MIMO utilization.
	50/70 % for CSI overhead reduction
20/50% for high rank extension
Companies are encouraged to report the MU-MIMO utilization.

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/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
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Single-TRP (N=1) with Rel-16 eType-II CB 

	Rel-16 eTypeII with CSI feedback periodicity: 5 ms
W/ extrapolation @gNB

	



[bookmark: _Ref54212124]Table 2: EVM for Rel-17 Type-II
	Parameter
	Value (C-JT)
	Value (Doppler)

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

	Multiple access 
	OFDMA 
	OFDMA 

	Scenario
	RMa or Dense urban
N_TRP (#TRPs): 2, 3, 4 
Layout1: intra-cell (TRPs within each cell)
[image: ]
Layout2: inter-cell/ (TRPs across cells)
[image: ]
N_TRP (#TRPs): 3 
	Dense Urban (Macro only)

UE trajectory modelling (e.g. linear trajectory in Rel-17 multi-beam, RAN1#102-e)

Doppler spectrum model?

UE speed: 10, 30, 60 kmph

	Frequency Range
	FR1, 700Hz, 2GHz
	FR1, 2GHz

	Inter-BS distance
	1.7km (700MHz), 200m (2GHz)
	200m

	Reciprocity model
	For EVM for FDD CSI enhancement in Rel-17, use following Alt 1 as the baseline and Alt 2 as the optional 
· Alt 1: Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels.
· Alt 2: Based on Section 7.6.5 of TR 38.901, to generate FDD DL and UL channels with following modifications:
· Different per-cluster shadowing is generated for DL and UL, and DL (or UL) angles are generated based on DL (or UL) cluster powers. Then UL (or DL) uses the same angles and its own cluster powers to generate the channel matrix.
· XPR is generated independently for DL and UL.
	For EVM for FDD CSI enhancement in Rel-17, use following Alt 1 as the baseline and Alt 2 as the optional 
· Alt 1: Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels.
· Alt 2: Based on Section 7.6.5 of TR 38.901, to generate FDD DL and UL channels with following modifications:
· Different per-cluster shadowing is generated for DL and UL, and DL (or UL) angles are generated based on DL (or UL) cluster powers. Then UL (or DL) uses the same angles and its own cluster powers to generate the channel matrix.
· XPR is generated independently for DL and UL.

	Antenna setup and port layouts at gNB
	700MHz
- 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
2GHz:
- 16 ports: (4,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Total #ports = N_TRP x {4,8,16}
	Companies need to report which option(s) are used between
- 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ
- 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.



	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.

	BS Tx power 
	RMa (700 MHz)
- 46 dBm in total, (normalized by N TRP, i.e., distributed across TRPs)

Dense urban (2 GHz)
- 41 dBm per TRP (not normalized)
	41 dBm

	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

	Simulation bandwidth 
	20 MHz for 15kHz as a baseline (optional for 10 MHz with 15KHz), and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered
	20 MHz for 15kHz as a baseline (optional for 10 MHz with 15KHz), and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered

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

	MIMO scheme
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback): 5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling): 4 ms
	CSI feedback periodicity: W ms (e.g. W = 100, note: W = 5 for baseline)

CSI-RS burst: B measurement instances with separation d
- 1 SP CSI-RS resource: d=4 (min possible)
- B AP CSI-RS resources: d=1
- B = W/5 (e.g. 100/5 = 20 measurements)
- measurement window (# slots): W=(B-1)*d+1

Companies should state any UE side extrapolation (future CSI)

	Overhead 
	Companies shall provide the downlink overhead assumption
	CSI-RS burst overhead

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO with rank adaptation
Companies are encouraged to report the MU-MIMO utilization.
	· 70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO with rank adaptation
· Companies are encouraged to report the MU-MIMO utilization.

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

	UE receiver
	MMSE-IRC as the baseline receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic
	Realistic

	Channel estimation
	Realistic
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Single-TRP (N=1) with Rel-17 PS TypeII 

	Rel-17 PS TypeII with CSI feedback periodicity: 5 ms

Companies should state assumptions about any NW-side extrapolation

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm

	FDD DL/UL calibration error model at gNB
	
According to R1-144943, with amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant per 4 PRB at frequency. Companies shall report the assumption of error modelling at frequency.  
	
According to R1-144943, with amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop at time, and constant per 4 PRB at frequency. Companies shall report the assumption of error modelling at frequency.  



Avg UPT gain vs overhead
8 port per TRP (paraComb 1-6)

4 TRPs, CB1	474	590	642	870	1098	1310	130.98240142570731	132.02049454221432	132.73334818445088	133.57540654934283	133.08531967030518	134.17242147471595	4 TRPs, CB2	215	328	380	605	830	1039	145.71619514368456	145.66273112051681	144.66028068612164	144.13455112497215	144.37068389396305	146.34439741590555	sTRP w/ Rel-16 T2 CB	60	89	102	159	216	269	100	103.80040098017376	101.51926932501671	105.32858097571842	106.67854756070395	104.99443083092001	Overhead (number of bits)


Avg UPT Gain (%)




image3.png
TRP 3

TRP2

N

2

N=3




image4.png
*Each TRP has {16} ports

*Each same color indicates
each cooperating mTRP set.




image5.emf
...

Time (slots)

0     d    2d   3d   ͙���(B-1)d

Uniform CSI-RS burst

Uniformly separated

...

0      d1      d2      d3   ͙���d

B-1

Non-uniform CSI-RS burst

Non-uniformly separated


Microsoft_Visio_Drawing.vsdx
...
Time (slots)
0     d    2d   3d   …   (B-1)d
Uniform CSI-RS burst
Uniformly separated
...
0      d1      d2      d3   …   dB-1
Non-uniform CSI-RS burst
Non-uniformly separated



image6.png
————frequency———>

SB1

»
-]
&

0 T T2

T

ST0 ST1

time———>

CSI-RS burst

TRl

o T vz TS

STO 5T1

—time———>




image7.wmf
10

20log

xa

=


oleObject1.bin

oleObject2.bin

image1.png
..........





image2.png
FDmmmmp P x N matrix

CB1: decoupled (per RRH) FD compression

—) w. wH — w. 2= Wi Wy,

S SD compression 2Lx Nymatiix 1 FD compression 2L x M matrix _
1 > — ! o i Coefficient
l Channel for RRH1 SD coefficients (SD,FD) coefficients compression
Hy m— Waa = Wi H; ! — Wa1 =Wy Wpy
1
1
1
1
D P X Ny matrix !
1
« . X 3 .
SD compression 2Lx Nymatrix | FD compression 2L X M matrix .
c P | P ” Coefficient
Channel for RRH2 Wy,: P X 2L matrix SD coefficients : (SD,FD) coefficients [RSSNNSSINCNN
: —
1
1

Joint FD compression

CB2: joint FD compression

4L X M matrix

(SD,FD) coefficients Coefficient

Select strong coef;

Set weak coef=

Select strong coef;

Set weak coef=0

Pre-coder: P = [qlpl]

9:P>
Inter-RRH: [q; q;]

Intra-RRH: [P, P,]
© Po= W, W W
© Py =W W W,

compression 3 P; Wy 0w
P Select strong coef; Pre-coder: P = [Pl] = [ 6’1 w ]WZWfH
2. 12

W2 w, —) Set weak coef= 0
w. r





