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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Following two objectives related to CSI enhancement are listed in MIMO Evolution for Downlink and Uplink WID [1].
	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
-	SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
-	Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


In this contribution, we discuss CSI enhancement for high-medium UE velocities and coherent JT(CJT) within the above WID scope.
Views on CSI enhancement for high/medium UE velocities
Following agreements on CSI enhancement for high/medium velocities were achieved in RAN1#110.
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, down-select one from the following codebooks structures:
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· Note that  may be the identity as a special case
· Alt2B: Doppler-domain basis independently selected for different SD/FD bases 
· Note that  may be the identity as a special case
· Alt3. Reuse Rel-16/17 (F)eType-II codebook with multiple  and a single  and  report.
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, on the DD/TD basis waveforms:
· Down-select or combine from the following Doppler-/time-domain basis waveforms:
· Alt1. Orthogonal DFT
· TBD (by RAN1#110bis): whether rotation is used or not
· FFS: identical or different rotation factors for different SD components
· Alt2. Identity (i.e. no Doppler-/time-domain compression)
· FFS: Whether Doppler-/time-domain (DD/TD) basis vector length (N4) is RRC-configured or reported by the UE
· FFS: Whether the number of selected DD/TD basis vectors (for Alt1) is RRC-configured or reported by the UE
Agreement
The Rel-18 TRS-based TDCP reporting comprises stand-alone auxiliary feedback information to enable refinement of CSI reporting configuration, and/or codebook configuration parameters, and/or (to be confirmed in RAN1#110) gNB-side CSI prediction
· Not conditioned on other UCI parameters
· Not reported together with CQI/PMI/RI/(CRI) associated with a codebook
· Note: This does not prevent TDCP reporting from being multiplexed with other UCI parameters on PUCCH and/or PUSCH
· Note: Aperiodic reporting is supported (per agreed Alt1 in RAN1#109-e)
Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, support DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) as a codebook parameter.
· FFS: whether this parameter is defined as a function of another parameter
· FFS: whether this is used for PMI only or PMI/CQI
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities assuming the UE-side prediction, on the definition of UE-side prediction, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. UE “predicting” channel/CSI after the slot with a reference resource 
· Alt2. UE “predicting” channel/CSI after slot n (where the CSI is reported) 
· Alt3. UE “predicting” channel/CSI after the slot where CSI-RS resides 

Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, when UE-side prediction is assumed, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1.B:  l ≥ nref
· nref (a CSI reference resource slot) as boundary
· Alt2.B: l ≥ n
· n (report slot) as boundary
Agreement
For the Rel-18 TRS-based TDCP reporting, down select one of the following alternatives by RAN1#110bis-e:
· AltA. Based on Doppler profile
· E.g., Doppler spread derived from the 2nd moment of Doppler power spectrum, average Doppler shifts, Doppler shift per resource, maximum Doppler shift, relative Doppler shift, etc
· AltB. Based on time-domain correlation profile
· E.g. Correlation within one TRS resource, correlation across multiple TRS resources
· Note: The correlation over one or more lags of TRS resource may be considered.  The lags may be within one TRS burst or different TRS bursts
· AltC: CSI-RS resource and/or CSI reporting setting configuration parameter(s) to assist network
· E.g. gNB configures UE with multiple choices on what to assist (e.g. two or more CSI-RS/report periodicities, or precoding schemes depending mainly on UE velocity), then UE report according to configuration; parameters correspond to CSI reporting periodicity, codebook type, etc.
Note: Different alternatives may or may not apply to different use cases






Discussion on issues related to Type-II enhancement
CB structure
As per the discussions of previous meetings, the improvement of performance in terms of CSI enhancement for high/medium velocities mainly relies on the reported PMI(s) related to future channel, e.g. later than CSI report slot, while the performance of baseline is poor for medium or high UE speed, because legacy PMI calculation only represent the channel in the moment of CSI reference slot which has been outdated for later PDSCH scheduling. In last meeting, the discussion focuses on the assumption about UE-side prediction, for instance, UE can predict   channel occasions after CSI report slot based on LMMSE filter or Auto Regressive filter. When >1, Doppler-domain compression may be introduced assuming DFT orthogonal basis are selected in order to reduce the overhead of CSI feedback.
In Rel-16, only single  as one part of eType-II codebook is reported per CSI reporting, similarly, same design in Rel-18 should be considered firstly with little spec impact. As mentioned above, if   can represent the future channel even only one , the potential gain would be achieved. For the sake of proof, we evaluated the performance of SLS and assumed legacy eType-II calculation and CSI reporting configuration is reused except the  is acquired based on the predicted channel after reporting slot which is also seen as =1.
[bookmark: _Ref115428549]Performance comparison on CSI prediction performance for different N4 values based on Alt 3 (No DD compression)
	N4
	SE gain

	
	8 CSI-RS occasions
	16 CSI-RS occasions

	1
	16.11%
	17.74%

	2
	10.82%
	14.84%

	4
	2.46%
	9.29%

	6
	-2.6%
	4.15%

	8
	-8.36%
	-1.17%



System level evaluation is performed as shown in Table 1 for UE based CSI prediction performance with multiple N4 values based on Alt 3 (No DD compression). The CSI reporting window assuming Alt 2B starts from 4 slots after CSI reporting slot and contains continuous slots. The size of TD unit for PMI equals to CSI-RS periodicity, i.e., no interpolation is required for CSI calculation in UE side. It can be observed that
1) UE based prediction assuming Alt 2B and N4=1 achieves significant performance gain.
2) Smaller N4 (N4<=4) brings higher performance gain than larger N4 values due to the loss of prediction accuracy for larger N4 values. The gain vanishes if N4>=6 for 8 CSI-RS occasion measurement, or N4>=8 for 16 CSI-RS occasion measurement.
3) Measurement with 16 CSI-RS occasions has higher performance gain than 8 CSI-RS occasions, especially for medium or large N4 values.
[bookmark: _Ref115426716]For UE based CSI prediction performance 
UE based prediction assuming Alt 2B and N4=1 achieves significant performance gain
Smaller N4 brings higher performance gain than larger N4 values
Measurement with 16 CSI-RS occasions has higher performance gain than 8 CSI-RS occasions, especially for medium or large N4 values

[bookmark: _Ref115426775] Support small N4 values (including at least  with little spec impact, where the predicted slot locates after CSI reporting slot). 
In case of >1, where multiple   are reported together, if doppler domain compression is introduced, it definitely reduces the accuracy of codebook. Considering the value of  can be a smaller number, for example, calculating limited  due to aspects like high UE speed, UE CPU capability or algorithm design, the sparse property in doppler domain is no longer satisfied, or the power of projection of corresponding DFT basis are all worth reserving, etc.., therefore, it is better to report multi-  concurrently, which may not necessarily bring high overhead in these cases.
We evaluate the performance of DD compression ratio 0.2 and 1 (No compression) for N4=6. The results are given in Table 2. It can be observed that clear performance loss exists.  This loss will basically eliminate the gain of CSI prediction for N4=6 as the gain for no compression compared with no prediction is only 4.15% as show in Table 1.
Either identify matrix or DFT matrix without selection can retain the full information of multiple W2, the former is simple which does not require extra DFT calculation, the latter has same spec design with compression which can be seen as all basis are selected.
[bookmark: _Ref115428531]Performance comparison on different Doppler domain compression ratios when N4=6
	DD compression ratio
	16 CSI-RS occasions

	0.2
	-2.51%

	1(baseline)
	0%



[bookmark: _Ref115426788] Support multiple   reporting without doppler domain compression at least for small N4 values.
Reference slot definition
Regarding the reference of CSI reporting window in case UE-side prediction is assumed, it has been agreed in RAN1#109e that it is a length-WCSI window starting from slot l, i.e., it is a window of [l, l+WCSI –1]. Further, on the start slot l, two alternatives illustrated in Figure 1 are suggested down selecting in RAN1#110, i.e.,
· Alt 1B: l ≥ n_ref, where n_ref is a CSI reference resource slot as boundary
· Alt 2B: l ≥ n, where n is the CSI reporting slot as boundary
It is obvious that the accuracy of prediction is gradually lost when the occasion of prediction is far from the CSI-RS resources measured in burst and seems reasonable to take CSI reference slot as boundary. However, these multi- corresponding to the channels between CSI reference slot and CSI reporting slot have little beneficial to gNB since valid PDSCH(s) scheduling only occur after the reporting slot. On the contrary, useless feedback of these  increase the overhead of CSI reporting while we strive to pursue overhead reduction by means of compression. Therefore, Alt 1.B is not preferred. 
With regard to Alt 2.B, at least each  in CSI reporting is valuable for the following PDSCHs scheduling, however, we notice there are two new questions to be resolved. The first one is the original CSI reference slot seems insignificant which has some disconnect with legacy spec, the other one is about how to define the CQI, i.e. assuming PMI(s) related to which occasions/slots. If we introduce new definition about CSI reference slot i.e. later than CSI reporting slot, it seems two questions are eliminated simultaneously, we propose this way can be taken into account and the potential impact on some other parameters including timing or CPU processing (e.g. nCSI_ref, Z/Z’) are further studied. 
In the agreed definition of Alt 2B, the start location slot l is defined as a slot in or after slot n. As discussed above, an important use case of this CSI enhancement for mobility UEs is to support UE predicting future CSI for one slot for gNB’s scheduling. Hence it is necessary to have l > n in this case. Further, for the case where N4>1, it is okay to have l=n since CSI of multiple slots will be reported to gNB. For the case l>n, l = n+2 and l = n+4 can be the candidate values to be configured in RRC.


[bookmark: _Ref115336654]Reference for CSI reporting window
[bookmark: _Ref115426798]Support Alt 2.B and introduce new definition of CSI reference slot later than reporting slot.
· The reference slot in Alt 2B is defined as slot n+ndelta, where  ndelta can be configured from {0, 2, 4}.
TD unit size for PMI
One key component in this CSI enhancement for high/medium velocity UEs is the size of TD unit for PMI, which determines the granularity of N4 precoders to be recovered by gNB in time domain. For UE prediction, two options can be identified.
· Opt 1: TD unit size is same as CSI-RS periodicity 
· Opt 2: TD unit size is 1 slot
Opt 1 is rather simple from UE implementation perspective. For typical prediction algorithms like AR, LMMSE and so on, UE can get CSI-RS samples in the slots where CSI-RS locates and perform prediction based on same granularity, i.e., following CSI-RS periodicity. To achieve Opt 2, UE needs to perform extra interpolation either on CSI-RS samples or predicted precoders in time domain, which will increase complexity. Whether better performance can be achieved for Opt 2 is based on the accuracy of interpolation. More accurate or more complex interpolation algorithm will translate the increase on granularity to the increase of performance. Hence we think further study is needed to determine the TD unit size based on Opt 1 or Opt 2.
[bookmark: _Ref115454364] Support at least one of the two options for TD unit size for PMI considering both performance and UE complexity
· Opt 1: TD unit size = CSI-RS periodicity
· Opt 2: TD unit size = 1 slot
CQI
Regarding discussion on whether multiple CQIs for multiple slots (multi-CQI) are needed, we do not think any enhancement is needed. 
· Firstly, the interferences in different sub-bands and different occasions/slots cannot be predicted since they are caused due to random traffic scheduling.
· Secondly, improvement of the CQI accuracy has little beneficial effect in practical implementation, on the contrary, Outer Loop Link Adaptation (OLLA) is usually introduced to match channel change to ensure initial BLER is converged to the target.
· Thirdly, if gNB wants to identify which future occasion/slot is suitable for scheduling without considering interference, the relative value of reconstruction coefficients of multi-W2 can reflect the channel condition. Hence whether the CSI contains multi-CQI report or not is not critical. 
· At last, if multi-CQI is introduced, it would have great influence on the definition of CQI and CSI reference slot in 38.214
[bookmark: _Ref115426807] Support CQI feedback with one-slot CQI corresponding to the reference slot.

Associated RS
Regarding CSI-RS resource configuration, consecutive CSI-RS occasions with a certain kind of period should be supported since UE will utilize them to predict channel, two potential patterns are listed here to be analyzed.   
· Opt1:  reuse legacy P/SP CSI-RS resource configuration


P/SP CSI-RS pattern in the current specification
· Opt2:  P/SP CSI-RS with period 1 in burst is composed of K>1 P/SP CSI-RS resources with period 2 


 P/SP CSI-RS pattern with multiple resources
For comparing between Opt1 and Opt2, we have the following observations in Table 3.
[bookmark: _Ref115288996]Pros and cons between Opt1 and Opt2
	Comparing
	 Opt1
	Opt2

	Spec impact (RS enhancement)
	 No
	YES. 
New CSI-RS configuration which contains K P/SP CSI-RS resources simultaneously for Type II CBs, which is similar with TRS set configuration 

	Resource overhead
	Higher.  But it can be shared for all of UEs in same cell.
	It seems lower. However, this pro may be lost in practical implementation. For instance, if gNB consider various CSI-RS configurations for respective UEs, the entire overhead in network may not be reduced.

	Prediction flexibility
	UE can realize the prediction performance based on NMSE between H_predict and H_measure.
	Has no any knowledge of prediction performance since there is no CSI-RS in gap to verify.

	Training Filter for prediction
	UE can train filter at any time
	Do not know how to training filter due to lack of CSI-RS resources in gap.



In conclusion, Opt1 possesses many advantages over Opt2 from various aspects except more justification in terms of RS overhead, therefore, Opt2 is not preferred.
[bookmark: _Ref115426816] Reuse legacy P/SP CSI-RS resources configuration without any spec impact.
We also think AP CSI-RS resources burst introduces larger latency for CSI reporting due to preparation for prediction. 
· When gNB plans to schedule a sudden PDSCH traffic in one slot for a UE, it must trigger an AP CSI reporting about Rel-18 eType-II codebook in advance, which is hard for gNB to arrange the timing of DCI triggering since the UE would require a very long AP CSI-RS resources burst. 
· Furthermore, if introducing AP CSI-RS burst, it necessarily extends the duration between DCI and PUSCH carrying CSI reporting, where other PUSCHs cannot be scheduled in this very long duration due to restriction of out of order (OOO) which result in the loss of throughput in uplink. 
· Last but not least, to support AP CSI-RS, RS enhancement is needed as the current specification does not support to use one DCI to trigger AP CSI-RS spanning more than 1 slot. However, RS enhancement is not included in the WID.
Therefore, we do not support to introduce AP CSI-RS resource burst.
[bookmark: _Ref115426825][bookmark: _Ref115454379] Do not support AP CSI-RS for CSI enhancement for medium/high-velocity UEs
Discussion on TDCP
Alt A vs Alt B vs Alt C
The purpose of reporting TDCP is to assist gNB to estimate UE velocity, so that gNB can configure suitable CSI-RS configuration, reporting configuration, and/or parameters configuration related to codebook. Three alternatives were left for down selection in last meeting.
In Alt C, the suggestion of CSI-RS/ CSI reporting configuration is reported by UE, where UE would determine a certain of configuration based on UE’s estimated switching point corresponding to the channel aging feature which can be quantified with doppler spread or correlation in time. However, gNB’s implementation may have a different switch point from UE’s implementation, so the limited report information may not be enough for gNB if which wants more flexibility to retune other configuration to match the channel variation. Therefore, Alt C should be deprioritized. 
[bookmark: OLE_LINK19]Regarding Alt A (reporting Doppler profile) and Alt B (correlation profile in time), the doppler spread and auto-correlation with both phase and amplitude are Fourier transformation of each other based on wiener-khintchine theorem, for example, if U-shaped doppler spread PSD is assumed, the correlation in time satisfies Bessel function of zeros order, hence reporting of doppler spread or cross-correlation with both phase and amplitude are equivalent from mathematically perspective. However, if multiple channel paths cannot be identified accurately, the estimated Doppler profile is calculated from a combination of multiple paths. In addition, in the offline email discussion, it is proposed to formulate Alt B as the auto-correlation with only amplitude information. These would make Doppler profile and correlation profile not equivalent, and thus the performance and overhead will be different. Hence the reported CSI parameter need to be defined for Alt A and Alt B first before performing evaluation. 
Evaluation on required lags to identify different velocities
The Figure 4 shows the relationship between temporal correlation at different lags and maximum doppler shift in term of Bessel function.
[image: ]
1. [bookmark: _Ref115267717]Correlation vs maximum doppler shift
Since maximum lags between four TRS resources in two consecutive slots is 14 symbols (or say 1 slot) and the values of correlation are [1, 0.97, 0.90] respectively corresponding to [3km, 30km, 60km], UE would not identify the minor difference taking noise and interference into account in practical algorithm unless AP TRS is triggered to compensate lacked occasions of P TRS. Hence it means to make the TDCP use case work, gNB has to trigger AP TRS to assist P TRS for this TDCP reporting. How this works for periodic or semi-persistent CSI reporting requires further study as P or SP CSI report cannot be associated with aperiodic RS.  
[bookmark: _Ref115426840] For TDCP, further study is focused on Alt A and Alt B
· Reported CSI parameters need to be defined before performing further evaluation
· Whether the legacy TRS configuration and associated report configuration (esp. periodic and semi-persistent CSI reporting) can satisfy the recognition of various velocities need to be studied.
Views on CSI enhancement for coherent JT
In the previous RAN1 meeting, RAN1 achieved good progress on several topics for CJT CSI enhancement. In the following sub-sections, our further views on these topics are provided.
CSI resource setting
On CSI resource setting, the following agreement was reached in the last meeting.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, the following is supported:
· The CMR comprises K>1 NZP CSI-RS resources, where one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)
· Each of the CSI-RS resources has a same number of CSI-RS ports
· Note: The terms TRP and TRP-group are used for discussion purposes only (no spec impact is implied).


One concern for CSI resource setting is the total number of CSI-RS ports for codebook searching, which is strongly related with the UE complexity for PMI acquisition. We think the total number of CSI-RS ports for codebook search should be no more than 32, as we don’t have a codebook with more than 32 ports in the current specification. Therefore, we support the total number of CSI-RS ports for codebook search should be no more than 32 to avoid increasing the UE complexity for PMI acquisition.
[bookmark: _Ref115336940]Support the total number of CSI-RS ports for codebook search should be no more than 32.
CSI reporting setting
According to the following agreement, channel information exceeding two TRPs may need to be reported for the CJT CSI. Multiple collaborative TRPs may not be co-located, e.g. in Indoor Hotspot or Outdoor1. It looks that the feedback overhead, signaling overhead and UE complexity may increase compared to non-CJT or STRP transmission. Therefore, the design of CJT CSI reporting should consider overhead and complexity reduction.
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, support NTRP={1, 2, 3, 4} with equal priority.



One straightforward way to reduce overhead and complexity is TRP selection. In the last meeting, the following agreement was endorsed for TRP selection.
	Agreement
On the Type-II codebook refinement for CJT mTRP, down-select from the following TRP selection/determination schemes (where N is the number of cooperating TRPs assumed in PMI reporting) by RAN1#110bis-e:
· Alt1. N is gNB-configured via higher-layer (RRC) signalling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signalling
· Note: only one transmission hypothesis is reported
· Alt2. N is UE-selected and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating TRPs, while NTRP is the maximum number of cooperating TRPs configured by gNB 
· In this case, the selection of N out of NTRP TRPs is also reported (FFS: exact reporting scheme)
· FFS: Configuration of NTRP TRPs and the value of NTRP, whether explicit or implicit
· Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.
FFS: Whether S-TRP transmission hypothesis is also reported 



For Alt1, the TRP selection is achieved by gNB. The gNB may use SRS or some history transmission information to configure N for a UE by RRC signaling. Such slow RRC based configuration is not sufficient to track channel changes. Otherwise, gNB needs to configure a larger number of CSI-RS resources, PMI for weak TRPs are reported with higher number of zeros in the bitmap. It would cause higher overhead and higher UE complexity as UE needs to calculate and buffer more temporary CSI values.
For Alt2, due to TRP selection by the UE, the above issues does not exist. UE does not need to calculate and buffer CSI for weak TRPs as the weak ones can be filtered by simple RSRP calculation, thus UE complexity is lower. Further, CSI overhead can also be reduced. As shown by the example in Figure 5, if 4 CMRs corresponding to 4 TRPs are configured in a CJT CSI reporting setting for a UE or a group of UEs, it means UE will measure 4 CMRs and acquire PMI by 4 measured channels, even if some UEs have significantly lower received power for some CMRs than others. If a UE has significantly lower received power for a CMR than others, for R16 eType2 codebook, SD basis, FD basis, coefficients and bitmap associated with this CMR do not need to be reported. Hence, PMI overhead can be expected using TRP recommendation.


[bookmark: _Ref115289719]Diagram of measurement set and collaboration set

[bookmark: _Ref115337212]TRP recommendation by UE can bring flexibility for both gNB and UE, e.g., signaling overhead reduction, CSI overhead reduction, UE computation complexity, and faster tracking of channel changes than TRP selection by the gNB. 
Simulation results in Figure 6, Figure 7, and Figure 8 depict the performance of UE-side TRP recommendation based on CMR reception power. If the CMR reception power of a TRP is less than the reception power corresponding to the strongest TRP minus a power gap, this TRP is not involved in the CJT CSI calculation, i.e., UE reports the CSI for TRP(k) based on a power gap as follows.

where  denotes the largest CMR reception power among TRPs in the measurement set and   denotes the CMR reception power of TRP(k).
We evaluated three threshold values of RSRP gap, including 10 dB, 15 dB, and 20 dB, for Indoor Hotspot with 4 TRPs in the measurement set, for Intra-site CoMP scenario(Outdoor2) with 3 TRPs in the measurement set, and for Intra-site CoMP scenario(Outdoor1) with 4 TRPs in the measurement set. For overhead, the overhead reduction ratio is the total overhead reduction ratio of the whole NW, calculated based on the following.

where  is the ratio of UEs selecting N in the PMI report among all the UEs, and  is the PMI overhead for selecting N from NTRP TRPs.
According to the following simulation results, the TRP recommendation causes marginal performance loss, but it can bring maximum reduction in overhead of about 40% because more than 50% of UEs do not need to measure CSI of all TRPs based on simple TRP selection rules and do not need to report CSI for all TRPs in the measurement set.
  [image: ][image: ]
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[bookmark: _Ref115192542]Performance, overhead and UE percentage statistics for Indoor Hotspot

 [image: ] [image: ]
[image: ]
[bookmark: _Ref115192553] Performance, overhead and UE percentage statistics for Intra-site CoMP(Outdoor2)
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[bookmark: _Ref115258777] Performance, overhead and UE percentage statistics for Intra-site CoMP(Outdoor1)
[bookmark: _Ref115337223]TRP recommendation causes marginal performance loss, but it can bring maximum reduction in overhead of about 40% because more than 50% of UEs do not need to measure CSI of all TRPs based on simple TRP selection rules and do not need to report CSI for all TRPs in the measurement set.
Therefore, we propose to support the UE recommendation of TRPs to reduce the feedback overhead and UE complexity.
[bookmark: _Ref115337047]Support Alt2, i.e., N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP }, to reduce the feedback overhead, signaling overhead, and UE complexity.
Regarding how the UE selects N TRPs, we think that this is an implementation of the UE and does not need to be specified. A simple approach is the recommended method of TRPs based on CMR received power, which is involved in our evaluation. In addition, UEs can also select TRPs based on computational capability, CPU capability, power saving, etc.
PMI
Regarding the CJT PMI acquisition, the following agreements were reached on codebook structure, codebook type, basis design and PMI reporting.
	Agreement
For the Rel-18 Type-II codebook for CJT mTRP, support the following two modes:
· Mode 1: Per-TRP/TRP-group SD/FD basis selection which allows independent FD basis selection across N TRPs / TRP groups. Example formulation (N = number of TRPs or TRP groups): 

· Mode 2: Per-TRP/TRP group (port-group or resource) SD basis selection and joint/common (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):


· Striving for the two modes to share commonality in detailed designs such as parameter combinations, basis selection, TRP (group) selection, reference amplitude, W2 quantization schemes.
· FFS: Depending on the decision on SCI design, whether additional per-TRP/TRP-group amplitude scaling and/or co-phase is needed or not, and whether they are a part of W2s

Agreement
For the Rel-18 Type-II codebook for CJT mTRP based on the Rel-16 Type-II codebook, SD basis and FD basis are separate, each fully reusing the legacy Rel-16 DFT-based design
Agreement
The Rel-18 Type-II codebook for CJT mTRP comprises refinement of the following codebooks:
· Refinement of the Rel-16 eType-II regular codebook
· Refinement of the Rel-17 FeType-II port selection (PS) codebook, based on the same design details as the refinement of the Rel-16 eType-II regular codebook, except for the supported set of parameter combinations
Strive to maintain as much commonality between the Rel-16 and Rel-17 codebook enhancements to minimize workload.
Vivo and Lenovo raised concerns on the workload due to this agreement
Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer, down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2), one (common) SCI across all TRPs/TRP groups
· Alt2. One group comprises one polarization for one TRP/TRP-group (Cgroup,phase=N, Cgroup,amp=2N), per-TRP/TRP-group SCI
· FFS: Quantization of N strongest coefficients  
· Alt3. One group comprises one polarization for one TRP/TRP-group with a common phase reference across TRPs/TRP-groups (Cgroup,phase=1, Cgroup,amp=2N)
· FFS: SCI, per-TRP/TRP-group vs. one (common) SCI across all TRPs/TRP groups  
· FFS: Quantization of N strongest coefficients
· Alt4. For a selected TRP/TRP-group, one group comprises one polarization, and for remaining N-1 TRPs/TRP-groups, one group comprises one polarization across remaining N-1 TRPs/TRP-groups (Cgroup,amp=2+2=4), with a common phase reference across all of N TRPs/TRP-groups (Cgroup,phase=1)
· FFS: The selected TRP/TRP-group
FFS: The need for “strongest” TRP/TRP-group indicator in addition to SCI(s)



W2 quantization group and Strongest Coefficient Indicator (SCI)
Regarding the W2 quantization group and Strongest Coefficient Indicator (SCI) design, we have some observations as follows.
The SCI may help to reduce the PMI overhead because the polarization reference amplitude/phase indicator and the coefficient amplitude/phase indicator corresponding to the SCI are not reported.
If multiple SCI indicators are reported, the strongest TRP indicator may help to reduce the PMI overhead because the TRP reference amplitude/phase indicator that corresponds to the strongest TRP is not reported if the bit length of the TRP reference amplitude/phase indicator is bigger than that of the strongest TRP indicator. 
The legacy SCI indicator is represented in the SD domain instead of the FD domain. Therefore, for per-TRP SCI indicator, if remapping of FD basis is performed across all TRPs (Mode2), each SCI indicator may need to be extended to the FD domain as different TRPs may have different strongest FD basis during the reported common FD basis sets.
The FD basis indicators assume the SCI of each TRP is located in delay 0 and is not reported. Therefore, if remapping of FD basis is performed for each TRP(Mode1), the delay offset between TRPs may need to be reported.
If one SCI indicator is reported, the strongest TRP is associated with the SCI and does not need to be indicated.
According to these observations, the following assumption for PMI overhead is adopted in our simulation. 
PMI overhead assumption
	
	Mode1(Separate SD/FD)
	Mode2(Separate SD, joint FD)

	Alt1
(Cgroup,phase=1, Cgroup,amp=2, 1SCI)
	1) Per TRP delay offset indicator is introduced with a bit length of .
	-

	Alt2
(Cgroup,phase=N, Cgroup,amp=2N, N SCIs)
	1) Per TRP delay offset indicator is introduced with a bit length of  .
2) The Strongest TRP indicator is introduced with a bit length of .
3) The TRP reference amplitude indicator is introduced with a bit length of  .
4) The TRP reference phase indicator is introduced with a bit length of  .
	1) Per SCI delay offset indicator is introduced with a bit length of .
2) The Strongest TRP indicator is introduced with a bit length of .
3) The TRP reference amplitude indicator is introduced with a bit length of  .
4) The TRP reference phase indicator is introduced with a bit length of  .

	Alt3
(Cgroup,phase=1, Cgroup,amp=2N, 1 SCI)
	1) Per TRP delay offset indicator is introduced with a bit length of  
2) The TRP reference amplitude indicator is introduced with a bit length of  .
3) The polarization reference amplitude indicators are introduced with a bit length of 4.
	1) The TRP reference amplitude indicator is introduced with a bit length of  .
2) The polarization reference amplitude indicators are introduced with a bit length of 4.

	Alt3
(Cgroup,phase=1, Cgroup,amp=2N, N SCIs)
	1) Per TRP delay offset indicator is introduced with a bit length of  
2) The TRP reference amplitude indicator is introduced with a bit length of  .
3) The Strongest TRP indicator is introduced with a bit length of .
	1) Per SCI delay offset indicator is introduced with a bit length of .
2) The TRP reference amplitude indicator is introduced with a bit length of  .
3) The Strongest TRP indicator is introduced with a bit length of .

	Alt4
(Cgroup,phase=1, Cgroup,amp=4, 1 SCI)
	1) Per TRP delay offset indicator is introduced with a bit length of .
2) The TRP reference amplitude indicator is introduced with a bit length of  .
3) The 3 polarization reference amplitude indicators are introduced with a bit length of 12.
	1) The TRP reference amplitude indicator is introduced with a bit length of  .
2) The 3 polarization reference amplitude indicators are introduced with a bit length of 12.

	Alt4
(Cgroup,phase=1, Cgroup,amp=4, 2 SCIs)
	1) Per TRP delay offset indicator is introduced with a bit length of .
2) The Strongest TRP indicator is introduced with a bit length of .
3) The TRP reference amplitude indicator is introduced with a bit length of  .
	1) Per SCI delay offset indicator is introduced with a bit length of .
2) The Strongest TRP indicator is introduced with a bit length of .
3) The TRP reference amplitude indicator is introduced with a bit length of  .

	Note: the other PMI parameters reuse the legacy definitions or are extended by introducing the number of TRP.



The other simulation parameters are shown in the Appendix. Besides, common paramCombination-r16 for all N CSI-RS resources is assumed. Evaluation results for overhead and performance are given in the following figures for different scenarios and CJT codebook modes.
[image: ]
Cell mean SE of different combination of codebook modes and W2 design alternatives.
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Cell mean SE of different combination of codebook modes and W2 design alternatives.
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[bookmark: _Ref115267938]Cell mean SE of different combination of codebook modes and W2 design alternatives.
[image: ]
Cell mean SE of different combination of codebook modes and W2 design alternatives.
[bookmark: _Ref115337247]Alt2/Alt3/Alt4 bring negligible performance improvement and Alt1 has minimal payload.
According to the evaluation results, we support Alt1, i.e., Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups, for the W2 quantization group and SCI design.
[bookmark: _Ref115337077]Support the Alt1, i.e., Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups, for the W2 quantization group and SCI design.
For the overhead calculation, special consideration should be given for SCI indicator i1,8,l caught our attention. In the current specification, when rank is equal to 1, the length of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead. Therefore, it’s better to align the payload of SCI for rank=1 and rank>1 by using the number of SD basis for all the ranks.
[bookmark: _Ref115337257]In the current specification, when rank is equal to 1, the length of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead.
PMI parameter configuration
Regarding PMI parameter configuration, the following offline proposals were attached.
	Offline proposal 1.1: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), for a given CSI-RS resource:
· SD basis selection is layer-common and polarization-common, with L, N1, N2, O1, O2 defined per Rel-16 specification
· FD basis selection is 
· For refinement based on Rel-16 regular eType-II: per-layer with Mv, pv, N3, and R defined per Rel-16 specification
· For refinement based on Rel-17 PS FeType-II: layer-common with M, N3, and R defined per Rel-17 specification
Note: The supported value(s) for each of the defined parameters are to be discussed separately.

Offline proposal 1.2: On the SD basis selection for Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), SD basis selection is per CSI-RS-resource. 
· Down select one from the following alternatives (RAN1#110bis-e):
· Alt1. Per-CSI-RS-resource Ln parameter 
· TBD: Whether {Ln, n=1, ..., N} are higher-layer configured by gNB, or the total  is higher-layer configured by gNB while {Ln, n=1, ..., N} are reported by the UE
· Alt2. Common L parameter for all N CSI-RS resources

Offline proposal 1.3: On the Type-II codebook refinement for CJT mTRP, following legacy (Rel-16 regular eType-II and Rel-17 PS FeType-II), regarding the location of non-zero coefficients (NZCs) indicated by bitmap (following legacy mechanism), support separate bitmaps for all N CSI-RS resources 
· Total size =  where is the bitmap size for CSI-RS resource n
· TBD: Whether  ( for mode 2) analogous to legacy, or further reduction of bitmap size is supported.
· FFS: Per-CSI-RS-resource NNZC (number of NZCs) constraint vs. joint NNZC constraint across N CSI-RS-resources



On the Type-II codebook refinement for CJT mTRP, we agree to have layer-common and polarization-common SD basis selection. For FD basis, we are okay to use the legacy design for Rel-16 and Rel-17 based enhancements, i.e., layer-specific for Rel-16 based and layer-common for Rel-17 based.
For the configuration of parameter combination, a per-CSI-RS-resource parameter may provide flexibility and help to further reduce the PMI overhead when the gNB can precisely obtain the channel condition for each UE. Therefore, we are okay with further study per-CSI-RS-resource parameter. However, a per-CSI-RS-resource parameter may cause some extra effort on the specification and the design of the parameter combination table. Besides, on the combination selection, some evaluations may be needed. However, resource-common parameter configuration is a straightforward solution that works fine with smaller effort. 
Further, since FD basis is commonly selected in Mode 2, it does not need to have resource-specific M configuration. In fact, how resource-specific M configuration works in Mode 2 is not clear. Hence at least M should be commonly configured in mode 2. 
Therefore, we propose that the common parameter for all N CSI-RS resources which is a straightforward solution should be supported first at least for mode 2. Per-CSI-RS-resource parameter configuration can be further studied.
[bookmark: _Ref115337111]Support to have common codebook parameter configuration for all N CSI-RS resources at least for mode 2
FFS: whether support per-CSI-RS-resource parameter.
For the number of NZCs, Beta, some evaluation results are shown as follows. The TRP-specific beta may cause unnecessary restriction on NZC selection, e.g., reduce the number of feedback coefficients corresponding to the strongest TRP, or give an unnecessary budget on the number of reported coefficients for weak TRPs since the coefficients are selected per TRP instead of from a joint pool across TRPs. This leads to a decrease in performance.
[image: ]
 Cell mean SE of per-TRP beta for Indoor Hotspot

[image: ]
Cell mean SE of per-TRP beta for Intra-site CoMP(Outdoor2)

[bookmark: _Ref115337270]The TRP-specific beta may reduce the feedback of the coefficients corresponding to the strongest TRP, which leads to a decrease in performance.
[bookmark: _Ref115337121]Support joint NNZC constraint across N CSI-RS resources.

Non-rectangular bitmap design
As shown in the table below, it is critical is to reduce the NZC bitmap overhead due to its high percentage in the overall PMI payload.
The comparison of the length of the bitmap
[image: ]
The legacy bitmap design is shown in Figure 15, which has a rectangle shape. One channel property that we can make use of is that stronger coefficients locates around the FD basis 0 and the SD basis where SCI locates, and coefficients get weaker as the distance between the coefficient and the strongest coefficient increases. Hence the indication of distant coefficients can be omitted to further reduce the overhead of the NZC bitmap, which forms a non-rectangular bitmap as shown in Figure 16. In Figure 16, we assume that the bitmap for coefficients associated with the same FD basis and SD basis as the SCI must be reported.
In Figure 16, a non-rectangular bitmap can effectively reduce the bitmap overhead. Therefore, the non-rectangular bitmap, i.e., the NZC bitmap with different lengths for different bases, should be studied to further reduce the PMI overhead.
[bookmark: _Ref115337142]The non-rectangular bitmap, i.e., the NZC bitmap with different lengths for different bases, should be studied to further reduce the PMI overhead.
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[bookmark: _Ref115189762]The legacy bitmap design
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[bookmark: _Ref115190989][bookmark: _Ref115190753]Non-rectangular bitmap design
Other issues
In addition to the above issues, there are some other issues such as TRP grouping for SD/FD sharing, and codebook parameters.
SD/FD sharing TRP groups
In the RAN1 #109e, SD/FD sharing was proposed to reduce the feedback overhead in the multi-panel (or co-located multi-TRP) CJT scheme. The current multi-panel codebook design is based on the R15 Type-I codebook whose accuracy is lower than the series of Type-II codebooks. Therefore, we are open to the introduction of more accurate codebooks for multi-panel transmission. For a more accurate codebook design for multi-panel transmission, we think there are three schemes. 
Scheme1: Reuse the legacy R16 eType-II codebook.
Scheme2: Reuse the codebook design for CJT.
Scheme3: Introduce SD/FD sharing among panels in the CJT codebook.
The advantage of Scheme1 and Scheme2 is no specification impact. It depends mainly on network configuration. According to the channel modeling in TR 38.901[3], the channel property of co-located TRP/panel is the same, i.e., LSP and SSP are the same. Therefore, it is reasonable that co-located and co-oriented panels may have the same SD basis and FD basis in PMI acquisition. If Scheme3 is supported, the feedback overhead corresponding to the SD/FD indication may be reduced compared with Scheme2, which is the advantage of Scheme3. However, compared to Scheme1, the performance improvement caused by SD selection per panel in Scheme3 needs further study, as whether the performance of PMI compression based on a 2D-DFT matrix is significantly degraded for co-located and co-oriented multi-panel transmission needs further evaluation.
[bookmark: _Ref115454424]The performance improvement caused by panel-specific SD selection needs further study for multi-panel transmission.

Regarding the indication of TRPs/panels that share SD/FD basis, if the SD/FD sharing is supported, a method of grouping CMRs needs to be supported. The CSI-RS resource is still panel or TRP specific, i.e., each CSI-RS resource can have the same number of ports sharing the same codebook configuration like N1, N2, etc. CMRs within the same CMR group have the same SD/FD, which is like the CMR configuration of R17 NC-JT.  However, for the CMR group configuration of R17 NC-JT, only two CMR group is configured. If we reuse the CMR group configuration for the indication of SD/FD sharing, the number of CMR groups may exceed 2, since the configuration of more than 2 TRP groups was supported in the last meeting. In addition, the most important use cases for the CMR group in R17 are the transmission hypothesis selection and the CRI indication when multiple transmission hypotheses exist, rather than PMI sharing. Therefore, we don’t think an explicit configuration of the CMR group is needed to support SD/FD sharing. Since the SD/FD basis sharing can depend on the channel properties, a simple approach is to use the TCI state to implicitly indicate how the CMRs are grouped, e.g., CMRs with the same TCI state have the same SD/FD.

Parameter R
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The codebook parameter improvements proposed in the previous RAN 1 meeting were divided into two main areas. One was about parameter R, and the other was about whether to support TRP-specific codebook parameters. For CJT transmission, the delay spread of transmission may increase due to different propagation delays between TRPs, so it needs to match higher frequency domain sampling rates, otherwise, compression efficiency may be affected. Therefore, a larger R may be needed. However, in some special cases, such as InH and Intra-site CoMP (Outdoor2), the propagation delay between TRPs may be small. A larger R may just achieve a limited performance improvement. Figure 17 and Figure 18 show the performance improvement of 52 PMI subbands corresponding to R=4 compared with 13 PMI subbands, where PMI reporting for 52 PMI subbands and PMI reporting for 13 PMI subbands have the same K0 and L, different pv and Beta. According to the evaluation results, a negligible performance gain is obtained for a larger R. Therefore, we think the candidate values of R may be influenced by the layout of TRP and need further study. 
 
[image: ][image: ]
[bookmark: _Ref111052028]Performance comparison of a different number of PMI subbands for Indoor Hotspot.

[image: ][image: ]
[bookmark: _Ref111052031]	Performance comparison of different number of PMI subbands for Intra-site CoMP(Outdoor2)
[bookmark: _Ref115337301]A limited performance gain is obtained for a larger R for Indoor Hotspot and Intra-site CoMP(Outdoor2).
[bookmark: _Ref115337171]Whether to support larger R values may be impacted by the layout of TRP and needs further study.
[bookmark: OLE_LINK2]Beta value
Another issue is about the supported values of the codebook parameter Beta. According to the following table in TS 38.214 [2] on the values of the codebook parameters, the minimum value of  is , where . However, for CJT PMI, the number of rows in  may be , where T denotes the number of TRPs. Therefore, the value of  is  which has large gap compared to the value of STRP, when . Therefore, we think the value of Beta needs to be further reduced to cover the lower payload range, e.g. 0.125, 0.0625.

[bookmark: _GoBack]
 Codebook parameter configurations
	paramCombination-r16
	
	
	

	
	
	
	
	

	1
	2
	¼ 
	1/8 
	¼ 

	2
	2
	¼ 
	1/8
	½ 

	3
	4
	¼ 
	1/8
	¼ 

	4
	4
	¼ 
	1/8
	½ 

	5
	4
	¼ 
	¼ 
	¾

	6
	4
	½ 
	¼ 
	½ 

	7
	6
	¼ 
	- 
	½ 

	8
	6
	¼ 
	-
	¾ 


[bookmark: _Ref115337314]For up to 4 TRPs, the minimum value of  may have a large increase compared to the value of STRP if following legacy beta values.
[bookmark: _Ref115337181]The value of Beta needs to be further reduced to cover the lower payload range for the codebook parameter of CJT, e.g. 0.125, 0.0625.
Conclusions 
To summarize, we have following observations and proposals.
Observation 1: For UE based CSI prediction performance 
UE based prediction assuming Alt 2B and N4=1 achieves significant performance gain
Smaller N4 brings higher performance gain than larger N4 values
Measurement with 16 CSI-RS occasions has higher performance gain than 8 CSI-RS occasions, especially for medium or large N4 values
Observation 2: TRP recommendation by UE can bring flexibility for both gNB and UE, e.g., signaling overhead reduction, CSI overhead reduction, UE computation complexity, and faster tracking of channel changes than TRP selection by the gNB. 
Observation 3: TRP recommendation causes marginal performance loss, but it can bring maximum reduction in overhead of about 40% because more than 50% of UEs do not need to measure CSI of all TRPs based on simple TRP selection rules and do not need to report CSI for all TRPs in the measurement set.
Observation 4: Alt2/Alt3/Alt4 bring negligible performance improvement and Alt1 has minimal payload.
Observation 5: In the current specification, when rank is equal to 1, the length of i1,8,l  depends on the number of NZC and it may be larger than the number of SD basis, which may cause some additional overhead.
Observation 6: The TRP-specific beta may reduce the feedback of the coefficients corresponding to the strongest TRP, which leads to a decrease in performance.
Observation 7: A limited performance gain is obtained for a larger R for Indoor Hotspot and Intra-site CoMP(Outdoor2).
Observation 8: For up to 4 TRPs, the minimum value of  may have a large increase compared to the value of STRP if following legacy beta values.
Proposal 1: Support small N4 values (including at least  with little spec impact, where the predicted slot locates after CSI reporting slot). 
Proposal 2: Support multiple   reporting without doppler domain compression at least for small N4 values.
Proposal 3: Support Alt 2.B and introduce new definition of CSI reference slot later than reporting slot.
The reference slot in Alt 2B is defined as slot n+ndelta, where  ndelta can be configured from {0, 2, 4}.
Proposal 4: Support at least one of the two options for TD unit size for PMI considering both performance and UE complexity
Opt 1: TD unit size = CSI-RS periodicity
Opt 2: TD unit size = 1 slot
Proposal 5: Support CQI feedback with one-slot CQI corresponding to the reference slot.
Proposal 6: Reuse legacy P/SP CSI-RS resources configuration without any spec impact.
Proposal 7: Do not support AP CSI-RS for CSI enhancement for medium/high-velocity UEs.
Proposal 8: For TDCP, further study is focused on Alt A and Alt B
Reported CSI parameters need to be defined before performing further evaluation
Whether the legacy TRS configuration and associated report configuration (esp. periodic and semi-persistent CSI reporting) can satisfy the recognition of various velocities need to be studied.
Proposal 9: Support the total number of CSI-RS ports for codebook search should be no more than 32.
Proposal 10: Support Alt2, i.e., N is UE-selected and reported as a part of CSI report where N∈{1,..., NTRP }, to reduce the feedback overhead, signaling overhead, and UE complexity.
Proposal 11: Support the Alt1, i.e., Cgroup,phase=1, Cgroup,amp=2, one SCI across all TRPs/TRP groups, for the W2 quantization group and SCI design.
Proposal 12: Support to have common codebook parameter configuration for all N CSI-RS resources at least for mode 2
FFS: whether support per-CSI-RS-resource parameter.
Proposal 13: Support joint NNZC constraint across N CSI-RS resources.
Proposal 14: The non-rectangular bitmap, i.e., the NZC bitmap with different lengths for different bases, should be studied to further reduce the PMI overhead.
Proposal 15: The performance improvement caused by panel-specific SD selection needs further study for multi-panel transmission.
Proposal 16: Whether to support larger R values may be impacted by the layout of TRP and needs further study.
Proposal 17: The value of Beta needs to be further reduced to cover the lower payload range for the codebook parameter of CJT, e.g. 0.125, 0.0625.
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Appendix
Evaluation parameter for High/medium-CSI 
The evaluation parameter configuration for High/medium-CSI
	Parameter
	　

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

	Multiple access 
	OFDMA 

	Scenario
	Outdoor2 (typical 57-sector, SLS): 
- OptionA: 1 TRP per sector, 3 sectors per site. 
- Dense Urban (macro only) 200m ISD

	Frequency Range
	FR1 only, 
2GHz

	Inter-BS (site) distance
	Outdoor2: 200m(2GHz)

	Antenna setup and port layouts at gNB
	Outdoor2：(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	Outdoor1/2:  (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	Outdoor1/2: Per TRP 41 dBm for 10MHz

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): RMa (35m), DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	7dB

	Modulation 
	Up to 256QAM 

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

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz as a baseline 

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

	MIMO scheme
	MU-MIMO with rank 1 is a baseline 

	MIMO layers
	For all evaluation, the maximum MU layers is 8

	Channel prediction 
	Based on AR algorithm and the AR order is {4,8}

	CSI feedback 
	. CSI-RS periodicity:  4 ms, 
. CSI feedback periodicity: 4*N4, and N4={1,2,4,6,8,10}
. Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	Full buffer

	UE distribution
	According to TS 38.802
- DU and UMa: 100% outdoor (30km/h) 

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	Throughput as baseline metrics

	UE number per TRP
	10



Evaluation parameter for CJT CSI
The evaluation parameter configuration for CJT CSI
	Parameter
	　

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

	Multiple access 
	OFDMA 

	Scenario
	1) Outdoor1 (typical 21-sector, SLS): 
- 4 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3,4. The N_TRP TRPs can be selected either only from the same site 
- Dense Urban (macro only) 200m ISD
2) Outdoor2 (typical 57-sector, or 21-sector, SLS): 
- OptionA: 1 TRP per sector, 3 sectors per site. N_TRP (#TRPs): 2, 3. The N_TRP TRPs can be selected either only from the same site (intra-site - limited to 3 TRPs)
- Dense Urban (macro only) 200m ISD
3) Indoor Hotspot: model in TS 38.802
- N_TRP (#TRPs): 2, 3, 4 (N_TRP is semi-statically chosen based on, e.g. RSRP)

	Frequency Range
	FR1 only, 
2GHz

	Inter-BS (site) distance
	Outdoor2: 200m(2GHz)
Indoor Hotspot: per TS 38.802

	Antenna setup and port layouts at gNB
	InH:   (4,4,2,1,1,2,2), (dH,dV) = (0.5, 0.5)λ
Outdoor1：(4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ
Outdoor2：(8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	InH:  (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ
Outdoor1/2:  (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	InH: per TRP 21dBm
Outdoor1/2: Per TRP 41 dBm for 10MHz

	BS antenna height 
	Depending on scenarios (cf. table A.2.1-1 of TS 38.802): RMa (35m), DU (25m), UMa (25m), Indoor Hotspot (3m)

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

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

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	20 MHz (10 MHz DL + 10 MHz UL) for 15kHz as a baseline 

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

	MIMO scheme
	MU-MIMO with rank 1 is a baseline 

	MIMO layers
	For all evaluation, the maximum MU layers is 24

	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

	Traffic model
	Full buffer

	UE distribution
	According to TS 38.802
- DU and UMa: 80% indoor (3km/h), 20% outdoor (30km/h) 
- Indoor Hotspot: 100% indoor (3km/h)

	UE receiver
	MMSE-IRC as the baseline receiver

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics

	UE number per TRP
	10



Modeling of propagation delay
According to TR 38901, the absolute time of arrival is modeled by introducing propagation delay and random offsets. However, the model is only for factory halls. Traditional indoor or outdoor scenario requires minor adjustments. In the modeling we used, we only adjusted the variable L, as shown below. 
The impulse response in NLOS is determined using equation (1) and the impulse response in LOS is determined using equation (2), where c is the speed of light. Δτ is generated from a lognormal distribution with parameters according to the following table. Δτ is generated independently for links between the UE and different BS sites. The excess delay in NLOS, Δτ, should further be upper bounded by 2L/c, where L is the ISD.
		(1)

	.	(2)
Parameters for the absolute time of arrival model
	
	
	-7.5

	
	
	0.4

	Correlation distance in the horizontal plane [m]
	6
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