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[bookmark: _Ref165288048]1	Introduction

In the work item description (WID) for NR MIMO Phase 5 we have the following objectives related to CSI enhancement and CJT [1].
1. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design
2. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH

In RAN1#116 and RAN1#116bis, the topics were discussed and some agreements were reached. In this paper, we provide Ericsson’s views on the remaining issues related to the above objectives.
[bookmark: _Ref178064866]

2	CSI Support for up to 128 ports
2.1	Type I CB Enhancement 

2.1.1 Type-I single panel codebook design
In RAN1#116bis, we made the following agreements:
Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· Scheme-B (based on Scheme2 in RAN1#116 agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether to support Mode-C based on Scheme5 in RAN1#116 agreement with L=1 for RI=2-4
FFS (RAN1#116bis): For Rel-19 Type-I SP, whether inter-polarization amplitude for Mode-B can also be supported
FFS: Discuss further if Rel-19 Type-I MP extension based on scheme 4 is needed

Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded

To decide on which schemes to support for RI , we performed system level evaluations comparing the performance of the following schemes:
· Scheme 1 (baseline)
· Scheme 2
· Scheme 3

Similar to our previous contribution it is important to note that Scheme 2 and Scheme 3 consider a different set of orthogonal beams. While our implementation of Scheme 2 considers only beams that share the same selected  pair among different beams, our implementation of Scheme 3 considers not only beams that share the same selected  pair, but also the extended set of orthogonal beams.

Figure 1 shows an example of the beams considered by Schemes 2 and 3 for a  array with oversampling factors . The green beams correspond to the maximal orthogonal beams and are the ones that Scheme 2 can select (plus the reference beam itself), while the orange beams denote the extended set of orthogonal beams available to Scheme 3 (in addition to the green ones).

Another important distinction between the two Schemes is the beam selection procedure. While Scheme 2 can select the best beams jointly, as it can evaluate all possible  pairs and pick the overall best  beams, the beam selection in our implementation of Scheme 3 is hierarchical, in which a first strongest beam () is selected, its extended set is computed and a second beam is picked from the extended set, and so on. As a result, although Scheme 3 in our implementation considers a larger set of beams than Scheme 2, this hierarchical pattern in the proposed Scheme 3 can lead to sub-optimal beam selections, and as such, the expected gains of Scheme 3 when considering a larger beam set are mitigated by this sub-optimal beam selection.


[image: ]
[bookmark: _Ref163824186]Figure 1 - Set of orthogonal beams considered in Schemes 2 and 3


Figure 2 shows system level evaluation results for a dense urban scenario considering a 64 CSI-RS ports case at 3.5GHz, for a port layout , while Figure 3 shows results for a port layout of . Moreover, simulations assume that for Schemes 1 and 3, Scheme A (no array splitting) already agreed is used for ranks 1-4, while for Scheme 2, Scheme B already agreed is used for ranks 1-4. In addition, a 4-PSK co-phasing factor for all schemes and a sub-band size of 4 PRBs were considered. The complete set of simulation parameters can be found in the Appendix.

[image: ]
[bookmark: _Ref163211178][bookmark: _Ref163211173]Figure 2 - Relative throughput gain for (M, N, P) = (8, 8, 2) at 10%, 20% and 30% resource utilization for the different Type-I schemes in dense urban scenario at 3.5GHz

[image: ]
[bookmark: _Ref163211427]Figure 3 - Relative throughput gain for (M, N, P) = (4, 16, 2) at 10%, 20% and 30% resource utilization for the different Type-I schemes in dense urban scenario at 3.5GHz

Figure 4 shows the average overhead vs mean throughput performance at 10% RU for the different simulated Type-I codebook schemes and port layout , while Figure 5 shows results for a port layout of . Both figures correspond to a carrier frequency of 3.5GHz.



[image: ]
[bookmark: _Ref163211922]Figure 4 - Average overhead vs throughput gain for (M, N, P) = (8, 8, 2) at 10% resource utilization for the different Type-I codebook schemes in dense urban scenario at 3.5GHz

[image: ]
[bookmark: _Ref163219674]Figure 5 - Average overhead vs throughput gain for (M, N, P) = (4, 16, 2) at 10% resource utilization for the different Type-I codebook schemes in dense urban scenario at 3.5GHz



Figure 6 shows system level evaluation results for a dense urban scenario considering a 64 CSI-RS ports case at 6.5GHz, for a port layout , while Figure 7 shows results for a port layout of . The same set of simulation parameters as in 3.5GHz were considered.


[image: ]
[bookmark: _Ref163226858]Figure 6 - Relative throughput gain for (M, N, P) = (8, 8, 2) at 10%, 20%, and 30% resource utilization for the different Type-I schemes in dense urban scenario at 6.5GHz
[image: ]
[bookmark: _Ref163227014]Figure 7 - Relative throughput gain for (M, N, P) = (4, 16, 2) at 10%, 20%, and 30% resource utilization for the different Type-I schemes in dense urban scenario at 6.5GHz
Regarding the overhead vs gains, similar results to 3.5GHz are observed also for 6.5GHz, so we omit their plots for convenience.

[bookmark: _Toc166235935][bookmark: _Toc166251385]From the evaluation results above, we observe the following performances when Scheme 1 is used as the baseline in simulations (the observations are valid for both 3.5 and 6.5GHz):
· [bookmark: _Toc166235936][bookmark: _Toc166251386]Scheme 2 has the best overall performance albeit at a slightly larger overhead
· [bookmark: _Toc166235937][bookmark: _Toc166251387]Scheme 3 is able to achieve slight gains when compared to the baseline (Scheme 1), especially at low resource utilization, and at a slightly higher overhead than the baseline

Regarding Schemes 2 and 3, as we previously mentioned in this contribution there are important differences in the implementations of Schemes 2 and 3. While Scheme 2 selects the best N beams jointly, Scheme 3 considers a hierarchical approach where a first strongest beam is selected, then the extended set for that selected beam is computed and the next beam is chosen. This process is repeated up to N beams.
As a result, despite Scheme 3 considering a larger sub-set of beams than Scheme 2, this hierarchical implementation leads to sub-optimal beam selections and similar performance to the baseline.

Based on the simulation results presented above, we propose the following:

[bookmark: _Toc166235950][bookmark: _Toc166251394]Proposal 1:	For Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports for RI=5-8, support the following schemes:
(a) [bookmark: _Toc166235951][bookmark: _Toc166251395]Scheme 2 to be used with Scheme B agreed for ranks 1-4 with 4-PSK co-phasing factor
(b) [bookmark: _Toc166235952][bookmark: _Toc166251396]Scheme 3 to be used with Scheme A agreed for ranks 1-4





Another open issue is whether the Type-I multi-panel codebook should be extended in Rel-19. Currently, the following alternative schemes are being discussed:


Agreement
For the Rel-19 Type-I multi-panel (MP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, decide, by RAN1#117, whether to support Type-I multi-panel (MP) codebook refinement in Rel-19. 
If supported, decide from the following alternatives:
· Scheme1. Based on Rel-15 Type-I MP design directly extended with Ng=K (2, 3, and 4), and new (N1, N2) values
· Scheme2. Based on Scheme4/6 as described in the RAN1#116 agreement
· W1 structure: Reuse legacy Rel-15 Type-I SP SD basis selection with L=1 independently for each of the K NZP CSI-RS resources
· W2 structure:
· Legacy Rel-15 Type-I inter-polarization co-phasing rules independently in each resource,
· Layer-common inter-resource M-PSK co-phasing, where M is further down-selected from {2,4}
· FFS: Whether inter-resource co-phasing is wideband or per subband. 
If so, decide, by RAN1#117, whether port mapping scheme similar to, e.g. Rel-18 Type-II CJT, needs to be specified. 
Note: This topic is lower priority compared to the Rel-19 Type-I SP codebook refinement


Given that Type-I multi-panel codebook is not deployed widely in the field, our first preference is to deprioritize the extension of Type-I multi-panel codebook in Rel-19. However, if extension of Type-I multi-panel codebook in Rel-19 is to be further discussed, the starting point should be resource-common SD basis selection.



2.1.2 Coexistence with other systems
The ‘WRC 23 Resolution COM4/7: Terrestrial component of IMT within the frequency band 6425–7125 MHz’ limits the level of expected EIRP spectral density as a function of the vertical angle above the horizon [3]. For large arrays and large arrays of subarrays, a 2D-DFT vector , with its largest spatial gain in a desired spatial direction, may produce a sidelobe or a grating lobe in an undesired direction with a high spatial gain. Such high gain in undesired directions may create interference to other systems with which the terrestrial network plans to co-exist by sharing the same time and frequency resources. Also, the gain in the desired direction may cause interference to other systems, e.g., to satellite systems if the main beam is pointing above the horizon to serve UEs in tall buildings.
[bookmark: _Hlk163246595][bookmark: _Hlk163246575]Figure 8 shows an example of a vertical beam pattern for an array with (M, N, P) =(16,16, 2) and a 4x1 subarray virtualization where the main beam is steered to a zenith angle of 102° using a subarray tilt of 6°. It can be seen that there is a high sidelobe (a grating lobe that is attenuated by the subarray pattern) at zenith = 85° which is caused by the division of the array into subarrays. Since this sidelobe points above the horizon it could cause interference to coexistent satellite systems. 
[image: ] 
[bookmark: _Ref158906366]Figure 8 - Relative beamforming gain of the vertical cut of a beam steered to a zenith angle of 102°  pattern for an array with (M, N, P) =(16,16, 2) and a (4x1) subarray with an electrical tilt of 6°.
  
Hence, it is critical to consider the problem of co-existence between terrestrial systems and fixed satellite services in the 6425–7125 MHz band. One possible direction is to consider signalling similar to the Type-II soft codebook subset restriction where the indicated soft restriction values for a group of beams are assumed to be scaling factors by the UE. This can particularly alleviate the potential interference caused to satellite systems by the spatial beams pointing skywards or by the grating lobes when pointing beams below the horizon using an array that has been divided into subarrays.


The potential interference caused to satellite systems can be alleviated by applying scaling factors to groups of beams.  This can be achieved by a signalling framework similar (but much simpler compared) to CBSR signalling for Type II CSI.  An example is shown in Figure 9 corresponding to  layout where the oversampling factors .  In the example, 8 beam groups are formed by grouping oversampled beams along one dimension.  Each beam group is signalled with a single scaling factor , and the same scaling factor  is applicable to all the beams in the corresponding beam group.  At the UE side, the UE takes the signalled scaling factor information into account when determining PMI/CQI. 
It should be noted that in general when there are  beam groups and each scaling factor requires  bits to signal, then total  bits are needed to signal the entire scaling factor information to the UE.  In the example of Figure 9, we have  beam groups and  bits are used to signal the scaling factor.  Hence, the number of bits needed to signal the entire scaling factor information is .  This is much less than the overhead needed to signal the legacy CBSR for type I which needs .  

In an example, referring to Figure 9, the beam groups pointing towards the sky (e.g., Beam groups 0 and 1) are signalled with a lower scaling factor (e.g.,  and  respectively), when the UE is making a decision to picks beam(s) from these beam groups during PMI selection, the UE should assume that those beam(s) will be scaled by the respective scaling factors. This will enable proper beam selection and CQI calculation by taking into account the power backoff that would be applied to the beams for PDSCH transmission.

[image: ]
[bookmark: _Ref163217703]Figure 9 - An example signaling of per beam group scaling factors for interference mitigation towards satellite systems


To show the benefit of the proposed scheme, we present system level simulation results for the above scheme for a UMa scenario with 500m ISD operating at 6.5 GHz carrier frequency. The port layout used is  with a subarray. A few different alternatives to achieve EIRP compliance are described in Table 1 and are simulated. The power backoffs used in the schemes to comply with the required mask are listed in the Appendix along with the other evaluation assumptions.
Figure 10(a) shows that the expected EIRP without any power backoff exceeds the required mask when using a transmit power of 44 dBm for a bandwidth of 40 MHz. Figure 10(b) shows that the expected EIRP with beam specific or common power backoff meets the EIRP mask. 

	[image: ]
(a) Without power backoff
	[image: ]
(b) With beam group specific power backoffs



[bookmark: _Ref163234366]Figure 10 - Expected ERP in dBm as a function of the elevation angle above horizon.

[bookmark: _Ref163234703]Table 1: Schemes to ensure coexistence
	Scheme
	Description

	Common backoff at the network – no spec change needed

	Common power backoff is applied such that the expected EIRP mask is within the requirement mask.

	Beam specific power backoff at the network which is transparent to UE – no spec change needed
	Beam specific power backoffs are applied during PDSCH transmission such that the expected EIRP is within the requirement mask. 

	Beam-group specific power backoff aware PMI/CQI selection and feedback by UE according to the power backoff – spec enhancement needed
	Power backoffs that would be applied at the network for each of the beam group are indicated to UEs and UEs use this information to select and report PMI and CQI.




Table 2 shows the relative throughput gain of different schemes at 50% resource utilization. When a UE is provided with the information related to beam specific power backoffs that would be applied at the network, it can select beams by scaling them with the backoff factors such that the beams are still the most suitable after the informed backoffs are applied at the network. As seen in the result, such an approach provides large throughput gains.  When considering CSI feedback for rank , the power scaling factor to be applied for the  beam can be computed as , where  denotes the scaling factor signalled for the  beam and  is the number of layers that are transmitted using the  beam.  Note that this is just an example of how the power scaling factor can be computed in the case when rank .  How exactly the power scaling factor can be computed can be left up to UE implementation.
[bookmark: _Ref163239573]
Table 2: Throughput gain at 50% RU
	Scheme
	Mean user TP gain (%)
	5th percentile TP gain (%)

	Common backoff at the network (via network implementation)
	-25
	-32

	Beam specific backoff at the network (Baseline - via network implementation)
	Baseline
	Baseline

	Beam-group specific scaling factor aware PMI/CQI selection at the UE (spec enhancement needed)
	20
	94



Table 3: Throughput gain at 70% RU
	Scheme
	Mean user TP gain (%)
	5th percentile TP gain (%)

	Common backoff at the network (via network implementation)
	-29
	-41

	Beam specific backoff at the network (Baseline - via network implementation)
	Baseline
	Baseline

	Beam-group specific scaling factor aware PMI/CQI selection at the UE (spec enhancement needed)
	25
	84





Based on the analysis and the evaluation results, we propose the following:


[bookmark: _Toc166235953][bookmark: _Toc166251397]Proposal 2:  	In Rel-19, to address and assist the co-existence between terrestrial systems and fixed satellite services, support the following power scaling signaling scheme for Type I codebook: 
· [bookmark: _Toc166235954][bookmark: _Toc166251398]spatial beams in the codebook are grouped into  beam groups
· [bookmark: _Toc166235955][bookmark: _Toc166251399]one power scaling factor for each beam group is signaled wherein each power scaling factor is represented by  bits and the same scaling factor applies to all the spatial beams in the corresponding beam group 
· [bookmark: _Toc166235956][bookmark: _Toc166251400]the UE takes into account the signaled scaling factor(s) when determining PMI/CQI


2.2	Type II CB Enhancement

Regarding eType-II in RAN1#116bis the following agreement was made:
Agreement
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting
Note: 
· The legacy timeline Z/Z’ for Type-I corresponds to Z1/Z1’ in Table 5.4-2 of TS38.214 for Type-I WB SP-CSI with at most 4 CSI-RS ports in a single resource without CRI, and Z2/Z2’ for other Type-I cases
· The legacy timeline Z/Z’ for Type-II corresponds to Z2/Z2’

To evaluate the performance of different timelines (Z, Z’), SU-MIMO system level evaluations using the eType-II codebook extended to  were performed in a dense urban scenario following the same parameters as for the Type-I codebook simulations. For the eType-II codebook, parameter combination L = 6 was chosen. Additional simulation parameters are described in the Appendix.
Figure 11 shows results for 64 CSI-RS ports at 3.5GHz for a port layout , with UEs moving at 8km/h, while Figure 12 shows results for 128 CSI-RS ports at 3.5GHz for a port layout  with a UE speed of 3km/h.
[image: ]
[bookmark: _Ref166156119]Figure 11 - Average and 5th percentile throughput gain for (M, N, P) = (4, 16, 2) at 20%, 50% and 70% resource utilization for eType-II in dense urban scenario at 3.5GHz with UE speed of 8km/h

[image: ]
[bookmark: _Ref166156125]Figure 12 - Average and 5th percentile throughput gain for (M, N, P) = (8, 16, 2) at 20%, 50% and 70% resource utilization for eType-II in dense urban scenario at 3.5GHz with UE speed of 3km/h

[bookmark: _Toc166235938][bookmark: _Toc166251388]From evaluation results, we observe the following performance losses when considering 4 slots of CSI feedback delay as the baseline in the simulations:
· [bookmark: _Toc166235939][bookmark: _Toc166251389]With an increased feedback delay of 8 slots, up to 25% average throughput loss is observed for 64 CSI-RS ports for UEs at 8km/h.
· [bookmark: _Toc166235940][bookmark: _Toc166251390]With an increased feedback delay of 12 slots, up to 31% average throughput loss is observed for 128 CSI-RS ports for UEs at 3km/h.
[bookmark: _Toc166235941]
[bookmark: _Toc166251391]Simulation results show losses for the case of SU-MIMO, moreover, performance is expected to degrade even further in a MU-MIMO scenario. Hence, performance sensitivity to feedback delay should be taken into account when designing CSI timelines (Z,Z’).

[bookmark: _Toc166221640][bookmark: _Toc166235208][bookmark: _Toc166235973][bookmark: _Toc166236041][bookmark: _Toc166235942][bookmark: _Toc166236088]
2.3	CSI Enhancement for Hybrid beamforming 
In RAN1#116bis meeting, the following agreement was made:
Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· with the Rel-16 eType-II codebook and KS={1,2,3,4}, support M=2 with a maximum of 16 ports per resource, R=1 only, and a maximum UCI payload of 1706 bits.  
· The value of M={1, 2} is NW-configured via higher-layer (RRC) signaling
· The maximum value of M is subject to UE capability
· on the configured KS>1 NZP CSI-RS resources, reuse the legacy IMR rule for the Rel-15 CRI-based reporting for NZP CSI-RS resource for interference measurement, i.e. only 1 NZP CSI-RS resource for interference measurement can be configured

One issue that needs to be resolved is how parameter combinations are configured for the UE when the UE is configured for CRI based CSI reporting for M=2 CSI-RS resources based on Rel-16 eType-II codebook.  One possibility is to configure a single parameter combination that is applicable to the two PMIs corresponding to M=2 CRIs.  Another possibility is to configure two separate parameter combinations to be applied for the two PMIs corresponding to M=2 CRIs.  The later may be useful to control the overall CSI overhead in case the gNB wants to receive the first of the M=2 CSIs with higher resolution (e.g., higher value of L) while the second of the M=2 CSIs can received with a lower resolution (e.g., lower value of L).


[bookmark: _Toc166235957][bookmark: _Toc166251401]Proposal 3:	For CSI reporting of hybrid beamforming with M=2 CSIs based on Rel-16 eType-II codebook, downselect one of the alternatives:
· [bookmark: _Toc166251402]Alt 1: a single parameter combination is configured and is applicable to both of the M=2 CSIs
· [bookmark: _Toc166251403]Alt 2: two different parameter combinations are configured and are respectively applicable to each of the M=2 CSIs.


3	Enhancement for CJT 
[bookmark: _Ref163070006]3.1 Measurement resources
On measurement resources for delay and frequency offsets for CJT calibration report, the following agreement was made in RAN1#116bis [4], where a periodic TRS was agreed to be used for each TRP.

[bookmark: _Hlk163785876]Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-Dd’ (Doffset+d) or ‘cjtc-F’ (frequency offset), periodic TRS (‘CSI-RS for tracking’) resource set is used for each of the NTRP NZP CSI-RS resource sets
· Extend the maximum allowed number of TRS resource sets to 4 (note: legacy supports max. 3 from Rel-18 TDCP)
· FFS: Whether all the resources across the NTRP TRS resource sets are configured with the same bandwidth
· FFS: Whether aperiodic TRS resource set can also be used
· FFS: Whether CSI-RS for CSI can also be used
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional time separation between RSs 
· FFS: The exact number of CSI-RS resource(s) within each TRS resource set
· FFS: applicable type(s) if joint reporting of both Doffset/d and FO is supported

On whether further restrictions are needed on the TRS resources across the  TRPs, since delay and frequency offsets for each TRP are measured and estimated independently based on the corresponding TRS, there is no strong reason to have such restrictions in our view.

On whether aperiodic TRS resource set can also be used for the purpose, we are open to consider.  Using Aperiodic TRS is equivalent to having measurements with measurement restriction. One use case could be that the network may apply frequency corrections to its transmit frequency from time to time and the NW may want to have some control on when the frequency offset is measured or not measured. This could be achieved with aperiodic TRS.

[bookmark: _Toc166235961][bookmark: _Toc166251404]Proposal 4:  Aperiodic TRS is additionally supported for delay and frequency offsets reporting.
On measurement resources for phase offsets reporting, the following agreement was made in the last RAN1 meeting, where single port CSI-RS for CSI was agreed to be used for each TRP.

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the applicable type(s) of the configured NTRP NZP CSI-RS resources/resource sets when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), single-port CSI-RS(s) for CSI is used 
· FFS: Whether multi-port CSI-RS for CSI can also be used 
· FFS: Whether all the ‘CSI-RS for CSI’ resources within each resource set follow the legacy pre-Rel-19 rules of CSI-RS resources associated with a same resource set, and whether only 1 or NTRP >1 resource sets are used
· FFS: The exact number of CSI-RS resource(s) within each resource set
· FFS: Whether different RE locations (FDM) are supported for the RSs
· FFS: additional restrictions e.g. time separation between RSs, bandwidth

A remaining question is whether multi-port CSI-RS for CSI can also be used. In our view, the number of CSI-RS ports in a CSI-RS resource for each TRP can be up to the number of associated SRS ports. Each of the CSI-RS ports can be associated to one of the SRS ports and is measured on the corresponding SRS port by the UE. Note that without noise, the phase offset measured on each of CSI-RS ports should be the same. Hence multiple CSI-RS ports can be used to improve the phase offset estimation accuracy at low SNR. 
[bookmark: _Toc166235962][bookmark: _Toc166251405]Proposal 5:  Support more than one CSI-RS ports at each TRP for phase offset reporting, where each of the CSI-RS ports is associated to one SRS port.
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Figure 13 - Phase offset measurement with more than one CSI-RS port.





3.2 Reporting delay offsets between TRPs
In the RAN1#116bis [4], the following agreements were made on reporting delay offset between TRPs. 
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the UE reports for all the configured NTRP NZP CSI-RS resources/resource sets
· FFS (by RAN1#116bis): Whether an ‘invalid’ or ‘out-of-range’ quantization state/hypothesis is supported for all the types of CJT calibration reporting. Note that ‘out-of-range’ is supported for the (Dn,offset, dn) reporting

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for delay offset reporting Dn,offset, i.e. (AD, MD), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AD ={0.5CP, 0.75CP, CP, 1.5CP, 2CP, , , } where CP and  denote the length of the cyclic prefix according to the current specifications (for normal CP) within a slot and the SCS, respectively
· FFS: Further down-selection of the above candidate values for AD, including the use of a same unit for all supported values
· MD ={32, 64}
· FFS: If TDD TX/RX timing misalignment report is supported, whether different set of candidate MD values is needed
In addition, the inside/outside range for the 1-bit indicator dn is equal to [0, CP].
FFS: Further implicit/explicit restriction(s) on candidate value(s) depending on the CSI-RS configuration

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, an ‘invalid’ quantization state/hypothesis is supported for frequency offset and phase offset CJT calibration reporting
· Note: already supported as ‘out-of-range’ for the (Dn,offset, dn) reporting
· FFS (RAN1#117): The need for a condition/event for ‘invalid’ to be specified as a UE procedure e.g. RSRP-based

Based on the above agreements, there are eight candidates for ,  their values in us are shown in Table 4 for SCS=15kHz and 30kHz. Some of the candidate values are similar and some are greater than 2 CPs. There is no strong reason to support all these values. Supporting a subset of the values should be enough in our view. 
[bookmark: _Toc166251406]Proposal 6:		For delay offset reporting for CJT, support configurable  with: .

[bookmark: _Ref166234297]Table 4: candidates in us for SCS (Δf) =15kHz and 30kHz 
	
	SCS = 15khz
	SCS = 30khz

	0.5CP
	2.34μs
	1.17μs

	0.75CP
	3.52μs
	1.76μs

	1CP
	4.69μs
	2.34μs

	1.5CP
	7.03μs
	3.52μs

	2CP
	9.38μs
	4.69μs

	
	16.67μs
	8.83μs

	
	5.56μs
	2.78μs

	
	2.78μs
	1.39μs




3.3 Reporting Frequency Differences Between TRPs
On frequency offset reporting between TRPs, the following agreements were made in the last RAN1 meeting. 
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {FOn , n=0, 1, …, NTRP – 1, n≠nref}, the value of FOn indicates a uniformly quantized frequency offset between 0 and AFO 


Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state


Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the dynamic range and resolution parameters for frequency offset reporting FOn, i.e. (AFO, MFO), are NW-configured via higher-layer (RRC) signalling from the following candidate values:
· AFO = {0.01ppm, 0.1ppm, 0.2ppm, f, f/2, f/4,f/8, 1/(4t), 1/(8t), 1/(16t), 1/(32t), 1/(512t)} where f and t denote the SCS and duration of one OFDM symbol, respectively
· FFS: Further down-selection of the above candidate values for AFO, including the use of a same unit for all supported values
· MFO = {16,32}
FFS: Whether additional restriction(s) based on CSI-RS configuration is supported, including implicit configuration of quantization range


On the maximum frequency range AFO, two candidate values 0.1ppm and 0.2ppm would cover the maximum frequency errors, +/-0.05ppm and +/-0.1ppm, defined in RAN4 specification.   The corresponding frequency range for different carrier frequencies in FR1 are given in Table 5.  Some gNB may have a design that is better than the minimum RAN4 requirements and hence a tighter range for AFO. In this case, 0.05ppm may be considered.  However, some of the current candidates associated to  and  have a much larger range as shown in Table 6.   

[bookmark: _Ref166250129][bookmark: _Ref166235935]Table 5: Maximum frequency errors for different carrier frequencies
	Carrier frequency
(GHz)
	0.01ppm (Hz)
	0.1ppm (Hz)
	0.2ppm (Hz)

	1
	10
	100
	200

	2
	20
	200
	400

	4
	40
	400
	800

	6
	60
	600
	1200

	7.125
	71.25
	712.5
	1425




[bookmark: _Ref166236423]Table 6: Maximum frequency errors in terms of  and t
	SCS (kHz)
	
(Hz)
	
(Hz)
	
(Hz)
	
(Hz)
	 (Hz)
	 (Hz)
	 (Hz)
	 (Hz)
	 (Hz)

	15
	15000
	7500
	3750
	1875
	3750
	1875
	937.5
	468.8
	29.3

	30
	30000
	15000
	7500
	3750
	7500
	3750
	1875
	937.5
	58.6



[bookmark: _Toc166251392]The AFO candidates  are too large and exceed the maximum frequency errors specified by RAN4.
To facilitate UE baseband processing without knowing the operating carrier frequency, an alternative option is to specify AFO in Hz to cover different carrier frequencies and different ppm values. As shown in Table 5, the possible values can be, for example, (100 200 400 600 800 1000 1200 1400).

[bookmark: _Toc166235964][bookmark: _Toc166236070][bookmark: _Toc166251407]Proposal 7:		For frequency offset reporting for CJT, the maximum reporting range  is configured by the gNB, with the value range {0.05ppm, 0.1ppm, 0.2ppm} or alternatively with a list of frequencies in Hz such as (100 200 400 600 800 1000 1200 1400).

3.4 Reporting Phase Differences for Reciprocity Based CJT 
On phase offset reporting for reciprocity based CJT, the following agreements were made in the last RAN1 meeting:
Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding phase offset reporting, the value n, indicates a uniformly quantized phase between 0 and 2

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .
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[bookmark: _Ref160467739]Figure 14 - Reciprocity based CJT with CSI feedback.

One approach for phase offset feedback is illustrated in Figure 14. When there is no timing error between TRPs, the following steps can be used. In this case, a single wideband phase offset feedback for each TRP is enough. 
· Step 1: UE transmits SRS with P SRS ports in one or more SRS resources.
· Step 2: gNB estimates the UL channel at each TRP for each SRS port:  ,  
· Step 3: gNB sends a precoded CSI-RS with one or more CSI-RS ports, each CSI-RS port is  precoded by a precoder associated to one of the SRS port: e.g., CSI-RS port p is precoded by , i.e., the conjugate of , at the ith TRP.
· Step 4: For each CSI-RS port, UE receives the CSI-RS using the corresponding SRS port.
· Step 5: For each CSI-RS port, UE estimates the DL channel: ,  , where   and  
· Step 6: UE computes and reports a phase difference of the estimated channel for each TRP: , 
· Step 7: gNB applies  to UL channel estimation (based on all SRS ports) at the i-th TRP:  , 
· Step 8: gNB determines CJT precoder based on an aggregated DL channel [.

However, when there are timing errors between TRPs, since the effects of timing error on UL and DL channel estimations are non-reciprocal, the effect of timing error will show up in the DL channel estimation in Step 5 above as a phase rotation across different subcarriers or RBs. For the kth subcarrier, the estimated DL channel based on the pth CSI-RS port from TRP#i is given by

Where  is the subcarrier spacing and  is the timing error at TRP#i. If per TRP calibration is done across frequencies, the UE can report a phase offset, ,  and a timing offset, ,  for TRP#i. With reported , the gNB can derive the phase term  and thus, obtain the correct DL channel estimation from the UL channel estimation. 
An alternative approach is to report the phase offset per subband. For many subbands, this would mean a significant amount of feedback overhead. Reporting phase offset per subband could be useful if per TRP calibration is not performed across frequencies, but this seems to be not the case in general.  
Therefore, reporting a wideband phase plus a timing offset or equivalently a phase slope requires much less feedback overhead and is preferred in our view. 

[bookmark: _Toc166236073][bookmark: _Toc166251408]Proposal 8:	For phase offset reporting, support feedback a wideband ( =1) phase offset together with a phase slope

The phase of a receive DL signal at step 5 above can also be influenced by frequency differences between TRPs. Therefore, the effect of frequency offsets between TRPs need to be considered if the CSI-RS resources from different TRPs are not allocated in the same OFDM symbols. 

[bookmark: _Toc166251393]	For phase offset reporting, if the CSI-RS resources from different TRPs are not allocated in the same OFDM symbols, the effect of frequency offsets between TRPs need to be considered by the UE in computing the phase offsets.
[bookmark: _Toc163236049][bookmark: _Toc163214538][bookmark: _Toc163214780][bookmark: _Toc163214872][bookmark: _Toc163214917][bookmark: _Toc163214975][bookmark: _Toc163215023][bookmark: _Toc163215094][bookmark: _Toc163215132][bookmark: _Toc163215170][bookmark: _Toc163215242][bookmark: _Toc163215280][bookmark: _Toc163236050][bookmark: _Toc163214539][bookmark: _Toc163214781][bookmark: _Toc163214873][bookmark: _Toc163214918][bookmark: _Toc163214976][bookmark: _Toc163215024][bookmark: _Toc163215095][bookmark: _Toc163215133][bookmark: _Toc163215171][bookmark: _Toc163215243][bookmark: _Toc163215281][bookmark: _Toc163236051][bookmark: _Toc163214540][bookmark: _Toc163214782][bookmark: _Toc163214874][bookmark: _Toc163214919][bookmark: _Toc163214977][bookmark: _Toc163215025][bookmark: _Toc163215096][bookmark: _Toc163215134][bookmark: _Toc163215172][bookmark: _Toc163215244][bookmark: _Toc163215282]
There is a remining issue related to whether there is a need to introduce new QCL assumption for CJT phase calibration reporting. As described earlier, for the UE to estimate the phase offset, it is important that UE uses the same antenna port to transmit SRS resource and receive a corresponding CSI-RS. For this purpose, the NW can configure in the phase offset report configuration the associated SRS resources and SRS port(s) for each CSI-RS resource. On the other hand, with phase offset compensation in Rel-19 CJT, we do not see a motivation to introduce new QCL. 

[bookmark: _Toc166236076][bookmark: _Toc166251409]Proposal 9:	With phase offset feedback in Rel-19 CJT, the NW configures the associated SRS resource(s) and SRS port(s) for each CSI-RS port in the CSI report configuration.
[bookmark: _Toc166251410]Proposal 10:	With phase offset compensation in Rel-19 CJT, no new QCL scheme is needed. 

4.  Conclusion
In the previous sections we made the following observations: 

4.1 Observations 

Observation 1	From the evaluation results above, we observe the following performances when Scheme 1 is used as the baseline in simulations (the observations are valid for both 3.5 and 6.5GHz):
	Scheme 2 has the best overall performance albeit at a slightly larger overhead
	Scheme 3 is able to achieve slight gains when compared to the baseline (Scheme 1), especially at low resource utilization, and at a slightly higher overhead than the baseline
Observation 2	From evaluation results, we observe the following performance losses when considering 4 slots of CSI feedback delay as the baseline in the simulations:
	With an increased feedback delay of 8 slots, up to 25% average throughput loss is observed for 64 CSI-RS ports for UEs at 8km/h.
	With an increased feedback delay of 12 slots, up to 31% average throughput loss is observed for 128 CSI-RS ports for UEs at 3km/h.
Observation 3	Simulation results show losses for the case of SU-MIMO, moreover, performance is expected to degrade even further in a MU-MIMO scenario. Hence, performance sensitivity to feedback delay should be taken into account when designing CSI timelines (Z,Z’).
Observation 4	The AFO candidates  are too large and exceed the maximum frequency errors specified by RAN4.
Observation 5	For phase offset reporting, if the CSI-RS resources from different TRPs are not allocated in the same OFDM symbols, the effect of frequency offsets between TRPs need to be considered by the UE in computing the phase offsets.

Based on the discussion in the previous sections we propose the following:

4.2 Proposals 
Proposal 1:	For Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports for RI=5-8, support the following schemes:
(a)	Scheme 2 to be used with Scheme B agreed for ranks 1-4 with 4-PSK co-phasing factor
(b)	Scheme 3 to be used with Scheme A agreed for ranks 1-4
Proposal 2:  	In Rel-19, to address and assist the co-existence between terrestrial systems and fixed satellite services, support the following power scaling signaling scheme for Type I codebook:
●	spatial beams in the codebook are grouped into  beam groups
●	one power scaling factor for each beam group is signaled wherein each power scaling factor is represented by  bits and the same scaling factor applies to all the spatial beams in the corresponding beam group
●	the UE takes into account the signaled scaling factor(s) when determining PMI/CQI
Proposal 3:	For CSI reporting of hybrid beamforming with M=2 CSIs based on Rel-16 eType-II codebook, downselect one of the alternatives:
	Alt 1: a single parameter combination is configured and is applicable to both of the M=2 CSIs
	Alt 2: two different parameter combinations are configured and are respectively applicable to each of the M=2 CSIs.
Proposal 4:  Aperiodic TRS is additionally supported for delay and frequency offsets reporting.
Proposal 5:  Support more than one CSI-RS ports at each TRP for phase offset reporting, where each of the CSI-RS ports is associated to one SRS port.
Proposal 6:	 For delay offset reporting for CJT, support configurable  with: .
Proposal 7:	 For frequency offset reporting for CJT, the maximum reporting range  is configured by the gNB, with the value range {0.05ppm, 0.1ppm, 0.2ppm} or alternatively with a list of frequencies in Hz such as (100 200 400 600 800 1000 1200 1400).
Proposal 8:	For phase offset reporting, support feedback a wideband ( =1) phase offset together with a phase slope
Proposal 9:	With phase offset feedback in Rel-19 CJT, the NW configures the associated SRS resource(s) and SRS port(s) for each CSI-RS port in the CSI report configuration.
Proposal 10:	With phase offset compensation in Rel-19 CJT, no new QCL scheme is needed.

[bookmark: _In-sequence_SDU_delivery]5.  References
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6.  Appendix

Table 7 - EVM assumptions for evaluating extension of number of CSI-RS ports
	Parameter
	Value

	Scenarios
	Dense Urban (UMa 200m ISD)
Mobility model: Random UE direction. UE speed: 3 km/h

	Frequency Range
	FR1 with carrier frequencies 3.5 GHz and 6.5 GHz

	Channel generation model
	TR 38.901. No spatial consistency. No vehicles penetration loss modeled.

	Antenna setup and port layouts at gNB
	· 
Dense urban (3.5GHz and 6.5GHz) for comparing different Type-I schemes:
· 64 ports case a):  (8,8,2,1,1,4,8)
· 64 ports case b):  (4,16,2,1,1,2,16)
For all configurations: (dV,dH) = (0.8,0.5)λ


	Antenna setup and port layouts at UE
	4RX: (1,4,2,1,1,1,2), (dV, dH) = (0.5, 0.5)λ for  1 

	CSI-RS configuration
	64 ports: 2 resources x 32 port CSI-RS

	CSI feedback 
	Periodic CSI feedback: 10 slot, 4 slot delay 

	BS Tx power 
	Umi / Dense urban: 44 dBm for 20MHz

	BS antenna height 
	25m for dense urban

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	7 dB

	Modulation 
	Up to 256QAM 

	SCS 
	30 kHz 

	Number of RBs
	52 for 30 kHz SCS

	Simulation bandwidth 
	20 MHz DL

	Sub-band size
	4 PRBs

	MIMO scheme
	SU-MIMO with rank adaptation

	Overhead 
	CSI-RS, DMRS overhead included in all results

	Traffic model
	FTP model 1, 10 drops, with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	10%, 20%, 30% for SU-MIMO with rank adaptation

	UE distribution
	20% outdoor, 80% indoor

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic



[bookmark: _Ref159230529]Table 8 - EVM assumptions for evaluating coexistence with other systems
	Parameter
	Value

	Scenarios
	Uma with 500m ISD
Mobility model: Random UE direction. UE speed: 3 km/h

	Frequency Range
	6.5 GHz

	Channel generation model
	TR 38.901. No spatial consistency. No vehicles penetration loss modeled.

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


	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,2,2), (dV, dH) = (0.5, 0.5)λ

	CSI-RS configuration
	128 ports: 4 resources x 32 port CSI-RS

	CSI feedback 
	Periodic CSI feedback: 10 slot, 4 slot delay 

	BS Tx power 
	Uma: 41 dBm for 20MHz

	BS antenna height 
	25m

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	7 dB

	Modulation 
	Up to 256QAM 

	SCS 
	30 kHz 

	Number of RBs
	52 for 30 kHz SCS

	Simulation bandwidth 
	20 MHz DL

	Sub-band size
	4 PRBs

	MIMO scheme
	SU-MIMO with Rank = 1

	Overhead 
	CSI-RS, DMRS overhead included in all results

	Traffic model
	FTP model 1, 5 drops, with packet size 0.5 Mbytes

	UE distribution
	20% outdoor, 80% indoor

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Power backoffs
	7.78 dB for “Common backoff at the network”. 
[10.05, 11.48, 11.82, 11.19, 9.62, 7.22, 7.96, 7.36, 5.47, 2.30, 0, 0, 0, 2.77, 5.63, 7.35] dB for =16 oversampled elevation DFT beams groups. The backoff for an elevation beam is repeated for all the azimuth beams in that elevation. These backoff values are used for both “Beam specific backoff at the network” and “Beam-group specific backoff aware PMI selection at the UE” schemes.



Table 9 - EVM assumptions for eType-II evaluations
	Parameter
	Value

	Scenarios
	Dense Urban (UMa 200m ISD)
Mobility model: Random UE direction. UE speed: 3 km/h and 8 km/h

	Antenna setup and port layouts at gNB
	64 ports case a):  (4,16,2,1,1,2,16)
128 ports case b):  (8,16,2,1,1,4,16)
For all configurations: (dV,dH) = (0.8,0.5)λ


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

	CSI-RS configuration
	64 ports: 2 resources x 32 port CSI-RS
128 ports: 4 resources x 32 port CSI-RS

	CSI feedback (Z,Z’)
	Periodic CSI feedback: 10 slot, with 4, 8, 12 slots delay 

	CSI Type-II
	Rel 16 eType-II with L = 6

	MIMO scheme
	SU-MIMO with rank adaptation

	Traffic load (Resource utilization)
	20%, 50%, 70% for SU-MIMO with rank adaptation




Table 10 - EVM assumptions for non-ideal CJT.
	Parameter
	Value

	Scenario
	Dense Urban

	Frequency Range
	3.5GHz, 7GHz 

	Channel model
	CDL-C with delay spread of 300 ns 

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


	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dV, dH) = (0.5, 0.5)λ for  1 

	CSI feedback 
	Periodic CSI feedback: 5, 20 slots with 4 slot feedback delay 

	TRPs/UE number
	2 TRPs with 1 UE

	Modulation 
	Up to 256QAM 

	SCS 
	15kHz, 30 kHz 

	Number of RBs
	52, 160  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic
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