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[bookmark: _Ref111062800]Introduction
In RAN1#109-e [1], the following agreements were reached on features to specify for Rel-18 CSI: 
	Agreement
For Rel-18 CSI enhancements, proceed to support and specify the following features (the previously agreed work scopes apply):
· Type-II codebook refinement for CJT mTRP 
· Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information
· UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking
· The use case of aiding gNB-side CSI prediction is to be confirmed in RAN1#110




In this contribution, we discuss aspects related to the above three features.

[bookmark: _Ref102086766]Type-II codebook refinement for high/medium UE velocities
[bookmark: _Ref102085465]Usage and issue statement
Prior to Rel-18, no time-domain correlation / Doppler-domain information was introduced into the codebook design. A general assumption is that, channel can be assumed constant within a certain time period after a CSI was measured and reported. While this works well with slow varying channel, it can be more challenging under fast fading environment (e.g. due to high/medium UE velocity). More frequent CSI updates can be needed to assist DL precoding adapted to the varying channel, which also brings larger reporting overhead.
As channel’s time correlation decreases more with higher UE velocity, the bottleneck becomes CSI latency, regardless of how frequently it is reported. For example, consider a CSI-RS-to-report timeline  = 69 symbols = 4.9 slots (30kHz SCS), in addition with a duration of 1 slot PUSCH to convey the CSI report, we can assume a total of 6 slots (3 msec) as CSI report latency. Figure 1 shows how channel’s time correlation degrades with the increase of UE velocity. At the latency of 6 slots, while low velocity (3km/h) UE can still have near-constant channel with time correlation close to 1, the delayed CSI for high/medium UE can already be outdated. (Assumption for Figure 1 is Jakes model: Time correlation ; Doppler spectrum is in U-shape, i.e. larger power around  and )
Observation 1: Two issues exist for CSI reporting under fast fading channel environment: (1) Larger overhead with frequent report; (2) CSI outdating due to report latency.
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[bookmark: _Ref101419837][bookmark: _Ref101419822]Figure 1. Time correlation for {10,100,200,400}Hz Doppler – {3, 30, 60, 120}km/h @3.6GHz carrier. 

To address the above issues, this feature of Type-II-Doppler codebook refinement for high/medium UE velocities exploits time-domain correlation / Doppler-domain information to assist DL precoding. Firstly, write the precoder of eType-II in a time-varying sense over time instances 
· Rel-16/17: 
· Rel-18: , where SD/FD bases selection can be assumed constant within a short time period since UE location is not supposed to change much
Therefore, for the above two issues: (1) Overhead, and (2) CSI outdating, the target becomes: (1) Time-domain compression for overhead reduction, i.e. how to represent a time series of precoders s or coefficient matrices s with less overhead; (2) How to predict channel with the previously observed outdated channel measurements.

Codebook structure
RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes refinement of the following codebooks, based on a common design framework:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two




[bookmark: OLE_LINK4]For Rel-16 eType-II v.s. Rel-17 FeType-II codebook, in our opinion, Rel-16 can decouple the newly introduced TD from existing FD and SD better, due to that it is a more basic version of Rel-17 in the sense of SD and FD optimization. Therefore, for the focus of TD, the more basic Rel-16 eType-II should be prioritized.
Proposal 1: Prioritize Rel-16 eType-II over Rel-17 FeType-II framework for Rel-18 Type-II-Doppler CSI study.

RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following codebook structures (for discussion purposes):
· Alt1. Time-domain basis, 
· Alt1A: Time-domain basis commonly selected for all SD/FD bases, e.g.  
· Alt1B: Time-domain basis independently selected for different SD/FD bases 
· Alt2. Doppler-domain basis 
· Alt2A: Doppler-domain basis commonly selected for all SD/FD bases, e.g. 
· 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.




Then for the precoder equation used for discussion, first of all, regarding the Alt3 CB structure listed in the agreement above, its overhead reduction is small, since the main report overhead is related to coefficients in .
Regarding Alt1A or Alt2A, as we replied in the pre-RAN1#110 offline email discussion [2], our understanding is that they are mathematically equivalent – just arranged differently in column-row-wise.
Alt2 can be more preferred for discussion due to its similarity to conventional discussions in Rel-16 eType-II.
Besides, Alt1A or Alt2A structure does not preclude per-SD/FD-basis selection of TD bases (as proposed in Alt1B or Alt2B). For instance, by assuming a large value of S (number of TD bases selected), and with certain  coefficients being specified as zero, per-beam TD basis selection can be achieved. This is like a 2-stage TD basis selection, where the first stage is TD basis selection with a larger group of bases common for all beams, and the second stage can be per-beam selected as sub-groups within the beam-common group of TD bases.
[bookmark: _Hlk110427264]Observation 2: Alt2A Type-II-Doppler codebook can cover Alt2B (TD basis per-SD/FD-basis).
Proposal 2: Support Alt2A Type-II-Doppler codebook structure used for Rel-18 discussion: .
The next question is, whether per-beam TD basis selection can be beneficial. Figure 2 shows an example of Doppler spectrum of different beams (SD bases), for measured channel and calculated precoder respectively, and it can be observed that the spectrum varies significantly. An intuitive explanation is depicted in Figure 3, where UE moves with a certain velocity towards a certain direction, and the Doppler spectrum is determined by this moving direction of UE, as well as clusters covered under different beams.
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[bookmark: _Ref110457815]Figure 2. Per-beam Doppler spectrum of Channel H and precoder W respectively. Parameter: CDL-C, 100ns delay spread, 30kHz SCS @3.6GHz, UE velocity 30km/h (100Hz max Doppler)
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[bookmark: _Ref110462327]Figure 3. Intuitive explanation of per-beam Doppler spectrum

[bookmark: _Hlk111148489]Evaluations in Figure 4 shows certain gain can be observed for beam-specific TD basis selection over beam-common. Some quick notes for evaluation assumption (more assumptions can be found in Section 2.5):
· Similar CSI overhead (1009 bits v.s. 931 bits, mainly due to per-beam TD basis selection; Assuming same total # NZC);
· Gain is relative to Rel-16 baseline (overall with half CSI overhead of Rel-16);
· Same CSI-RS burst pattern for both cases (pattern 2 as depicted in Section 2.5)
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[bookmark: _Ref111147815]Figure 4. Beam-specific v.s. beam-common TD basis selection

Proposal 3: Study per-beam TD basis selection for Type-II-Doppler CSI.

Time-domain parameters
CSI reporting window
RAN1#109-e agreements [1]:
	Agreement
On the CSI reporting and measurement for the Type-II codebook refinement for high/medium velocities, consider at least the following alternatives for potential down-selection:
· Alt1: nref (CSI reference resource slot) as boundary 
· Alt1.A: l + WCSI –1 ≤ nref
· Alt1.B: l ≥ nref
· Alt1.C: l < nref and l + WCSI –1 > nref 
· Alt2: n (report slot) as boundary
· Alt2.A: l + WCSI –1 ≤ n
· Alt2.B: l ≥ n
· Alt2.C: l < n and l + WCSI –1 > n
· Alt3: End slot of Wmeas (k + Wmeas –1) as boundary 
· Alt3.A: l + WCSI –1 ≤ k + Wmeas –1 with the following as a special case: l=k, WCSI = Wmeas
· Alt3.B: l ≥ k + Wmeas –1
· Alt3.C: l < k + Wmeas –1 and l + WCSI –1 > k + Wmeas –1 with the following as special cases:
· l=k, l + WCSI = n
· l=k, l + WCSI > n
FFS: whether nref represents the slot index of Rel-15 CSI reference resource or a newly defined CSI reference resource.
FFS: whether/how the CSI measurement window and reporting window are configured.




Depending on whether UE-based channel prediction/extrapolation is needed, the sub-alternatives Alt.A(s), Alt.B(s) and Alt.C(s) can be classified as: 
· gNB-based extrapolation: Alt.A(s)
· UE-based extrapolation: Alt.B(s) and Alt.C(s)
Pros. and cons. of gNB-based and UE-based extrapolation has been discussed extensively [2], focusing on UE complexity and extrapolation performance. While it is quite clear that gNB-based extrapolation is beneficial for UE complexity, the key issue becomes whether gNB-based extrapolation can provide a comparable performance with UE-reported precoder s, over UE-based extrapolation with measured channel s directly.

[bookmark: _Ref102136833][bookmark: _Ref101429741][bookmark: _Ref110870251]Table 1. Comparison of gNB-based and UE-based extrapolation
	
	gNB implementation
	UE feedback

	Input for prediction
	[bookmark: OLE_LINK5]Quantized precoder s
	Either measured channel s or precoder s (unquantized)



According to offline discussion [2], the performance of -based extrapolation is controversial (one company claimed minor performance difference between -based extrapolation and -based), which may depend on implementation. At this stage, in our view, more study is needed before shutting down the door for Alt.A. Besides, due to Alt.A’s obvious advantage on UE complexity, it is reasonable to keep it still as one candidate for further study.
As for Alt.B v.s. Alt.C, while it is true that only “future” precoders are “useful” for gNB scheduling, a coupled issue is that TD basis length N4 also depends on whether it is Alt.B or Alt.C. For instance, under a same extrapolation length N4,2=12 (24 slots) as shown in Figure 5, Alt.C(s) can have N4=N4,1+N4,2=16 (32 slots), while Alt1.B or Alt3.B may only have total N4=12 (24 slots), and Alt2.B only has total N4=9 (18 slots). Doppler resolution can be lowered-down with smaller N4. Therefore, at a same report overhead (e.g. same number of TD bases selected), there can possibly be TD compression loss for Alt.B(s) w.r.t. Alt.C(s).
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[bookmark: _Ref110894144]Figure 5. Longer N4 for Alt.C(s) over Alt.B(s), at a same extrapolation length

Evaluations in Figure 6 shows Alt.C(s) outperforms Alt2.B, even with TD basis length  not differentiated very significantly in ratio (=33 for Alt.C(s) and =25 for Alt2.B). Some quick notes for evaluation assumption (more assumptions can be found in Section 2.5):
· Same CSI overhead (Number of selected TD basis S=3);
· Gain is relative to Rel-16 baseline (overall with half CSI overhead of Rel-16);
· Same CSI-RS burst pattern for both cases (pattern 1 in Section 2.5)
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[bookmark: _Ref111149803][bookmark: _Ref111149796]Figure 6. Alt.C(s) v.s. Alt2.B

Observation 3: Alt.B(s) have shorter TD basis length N4 than Alt.C(s), and certain performance loss can be observed at a same extrapolation length.
A possible benefit of Alt.B(s) over Alt.C(s) can be reduced UE complexity with less SVDs, as discussed in the pre-RAN1#110 offline email discussion [2]. Thus this can be a performance-complexity trade-off.
Actually, all the sub-alternatives can be configurable with TD basis length parameter. For instance, if we divide TD basis length  into two segments:  (an example is depicted in Figure 5), all cases of Alt.A(s), Alt.B(s), Alt.C(s), as well as legacy non-TD CSI, can be included by config  and , as illustrated in Table 2. 

[bookmark: _Ref111058138]Table 2. Sub-alternatives configurable by two partial lengths of TD basis length 
	                     
	= 0
	> 0

	= 1
	Legacy non-TD
	Alt.B(s)

	> 1
	Alt.A(s)
	Alt.C(s)



Observation 4: WCSI sub-alternatives Alt.A(s), Alt.B(s) and Alt.C(s) can all be configurable with two segment length parameters  and  of TD basis length , where .
Proposal 4: Define two segment length parameters of  to config WCSI:  and , where  (or define parameters to equivalently infer these two, e.g. )
· , , where 
·  (meanwhile ) depends on UE capability of a basic support of Type-II-Doppler CSI 
·  depends on a further dependent UE capability to support UE-based extrapolation
Then amongst the alternative groups Alt1-to-3, the remaining question becomes how to define the location of the boundary slot (e.g. the last slot of the first segment ) for the two segments  and .
One important aspect to notice is RAN4 validation test, and the innate role of CSI reference resource is for this validation test targeting BLER=10%, based on the reported precoder and CQI. Therefore,  should comprise slot nref – otherwise what precoder to assume for the validation test becomes an evident question. 
Proposal 5: WCSI should comprise slot nref for RAN4 validation test.

[image: ]
Figure 7. Rel-15 definition of slot nref

For alternative group Alt1, Rel-15 slot nref is used as the boundary slot (the last slot of the first segment ), and all Alt1.A, Alt1.B and Alt1.C comprise slot nref – minimum standard efforts. 
· Definition of Rel-15 slot nref: A latest valid DL slot  slots (for AP-report) or 4 or 5 slots (for SP-report) prior to the PUSCH slot
· Definition of valid DL slot from 38.214: Comprises at least one symbol RRC-configured as DL or FL, and does not fall within a measurement gap
For alternative group Alt3, it is actually not very different from Alt1, by use the following defined slot as the boundary slot: A latest slot having a UE-received CSI-RS occasion  slots (for AP-report) or 4 or 5 slots (for SP-report) prior to the PUSCH slot (no need to define ).
· This boundary slot is no later than Rel-15 slot nref, and can just be a same slot
For alternative group Alt2, Alt2.B does not comprise slot nref, 
· Issue 1: New slot nref definition needed for Rel-18 Type-II-Doppler CSI for RAN4 validation test;
· Issue 2: Another role of slot nref is to take into account CSI timeline – if it is changed to be later than Rel-15 definition, there can be a lot of knock-on effects, and considerable standard efforts can be expected. One example is extracted below
	Section 5.2.2.5, TS 38.214
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.




Proposal 6: For the time location definition of , use Rel-15 slot nref (CSI reference resource slot) as the last slot of its first segment , where .
Last but not least, as we replied in the pre-RAN1#110 offline email discussion [2], Wmeas was not meant to be defined for legacy releases, and it is straight-forward to keep on only defining WCSI without introducing Wmeas.
[bookmark: _Hlk111193132]Proposal 7: Not to specify measurement window Wmeas in standard.

TD basis parameter
RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for high/medium velocities includes down selection from the following Doppler-/time-domain basis waveforms for codebook design: 
· Alt1. Orthogonal DFT (with or without rotation factor)
· Alt2. Oversampled DFT
· Alt3. Other waveforms, e.g. DCT, Slepian
· Alt4. Identity (i.e. no Doppler-/time-domain compression) 




In our evaluation in Section 2.5, orthogonal DFT basis is used, and certain performance gain can be observed. For superior resolution basis like rotated (orthogonal) or oversampled (non-orthogonal) DFT, similar purpose can be achieved by “backward” extending  for a larger , as illustrated in Figure 5.
Proposal 8: Support orthogonal DFT basis for Type-II-Doppler CSI.
· Before deciding whether to support rotated orthogonal or oversampled non-orthogonal DFT basis, careful comparison with longer- orthogonal DFT basis is needed 

RAN1#109-e agreements [1]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, further study the following issues:
· The need for basis type indicator, if both a trivial basis (e.g. identity) and a non-trivial (e.g. DFT) basis are supported, and if so, whether implicit or explicit
· The need for DD/TD (compression) unit (analogous to PMI sub-band for Rel-16 codebook) 




For the FFS issue on the definition of TD compression unit, we don’t see a motivation to use it differently than the periodicity of CSI-RS (or time-interval between two consecutive CSI-RS occasions, in another essentially the same terminology, for aperiodic CSI-RS burst, if supported).
Since this is for high mobility UE with fast-varying channel, where channel variance over time should be captured as much as possible, there is no reason to use multiple CSI-RS occasions as a same TD compression unit. 
Proposal 9: TD compression unit for Type-II-Doppler CSI can simply reuse the time interval between two consecutive CSI-RS occasions, no need for an additional parameter config.

Configuration of CSI-RS occasions
RAN1#109-e agreements [1]:
	Agreement
On potential refinement of Resource setting configuration associated with Type-II codebook refinement for high/medium velocities, study the following options to assess whether/how the legacy Resource setting configuration needs to be enhanced for “burst” measurement:
· Periodic (P) CSI-RS: periodicity and offset
· Semi-persistent (SP) CSI-RS: activation/deactivation, periodicity, and offset
· Aperiodic (AP) CSI-RS: triggering, offset of a group of AP CSI-RS resources   
FFS: Support for K>1 NZP CSI-RS resources association with Type-II codebook refinement for high/medium velocities
FFS: Whether specification support for jointly utilizing two types of CSI-RS time-domain behaviors is needed 




[bookmark: OLE_LINK2]We are open to support all the three types of CSI-RS: P/SP/AP, since all the three are supported for aperiodic report, and aperiodic report is the main manner for Rel-16 eType-II. 
Signaling perspective, it is noted that there can be a difference between P/SP and AP CSI-RS. For P/SP CSI-RS, the number of resources does not take into account CSI-RS occasions, and only 1 resource is allowed in an associated CSI-RS resource set; while for AP CSI-RS, possible enhancement for a burst of occasions can be multiple resources. 
For UE complexity, these two cases (P/SP and AP CSI-RS) should have no difference. However, current computational counting (CPU, active resource/port) is mainly based on number of resources in a resource set, which may not be appropriate for P/SP CSI-RS.
Besides, UE complexity also largely depends on extrapolation (if supported). Therefore, we propose:
Proposal 10: Study new CPU (active resource/port) counting for Type-II-Doppler CSI to take into account: (1) Number of CSI-RS occasions, and (2) extrapolation length, or total TD basis length N4.

UE impact on CSI-RS buffering
For an aperiodic Type-II-Doppler CSI report configured with P/SP CSI-RS, UE needs to be prepared for an aperiodic report potentially triggered any time. This may require UE buffer a series of recently received CSI-RS occasions, and can dramatically increase the requirement of UE memory and cause wasted power consumption, especially when operating at a large bandwidth.
To avoid the above issue, P/SP CSI-RS can work in a “causal” way, just like AP CSI-RS (burst), i.e. a large enough number of CSI-RS occasions (burst) occur no earlier than the triggering PDCCH. 
In addition, to satisfy the CSI timeline requirement, these CSI-RS occasions should be no later than slot nref.
Proposal 11: For Type-II-Doppler CSI report with any CSI-RS type: P/SP/AP (if supported), a large enough number of CSI-RS occasions  should be ensured between triggering PDCCH and slot nref
· A lower bound is 

Impact to PUSCH scheduling
To accommodate  CSI-RS occasions, and to accommodate CSI timeline, PDCCH-to-PUSCH distance should be long enough. For instance, 4 CSI-RS occasions and 4-slot periodicity would take at least 13 slots; in plus with CSI timeline 5 slots (take Z2’=69 symbols for 30kHz SCS) – 18 slots in total as shown in Figure 8.

[image: ]
[bookmark: _Ref111068272]Figure 8. Long distance of PDCCH-to-PUSCH

The long PDCCH-to-PUSCH distance can cause two issues:
· Issue 1: Longer latency for UL-SCH conveyed on the report PUSCH;
· Issue 2: Potentially reduced UL throughput due to the in-order HARQ rule: No scheduling is feasible in between.
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Figure 9. In-order HARQ rule

Proposal 12: Study mechanisms to prevent the latency and throughput reduction of UL-SCH on the PUSCH conveying aperiodic Type-II-Doppler CSI.

[bookmark: _Ref110863057]Evaluation
Based on EVM assumptions [3], customized with: 
	Scenario
	· UE speed: {10, 30, 60} kmph
· Mobility model: No spatial consistency assumed

	Carrier frequency
	2GHz

	ISD
	500m

	gNB antenna setup
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna setup
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ



Other assumptions:
· H-based extrapolation (UE extrapolation)
· CQI
· Rel-15 CSI reference resource (latest CSI-RS occasion)
· Between each feedback, outer-loop link adaptation with A/N (both Rel-18 and baseline Rel-16)
· Time parameter
· Baseline: Rel-16 eType-II, report periodicity 5 slots
· Rel-18 eType-II-Doppler, report periodicity 20 slots
· CSI report latency + gNB processing latency: 9 slots
[image: ]
· Overhead (calculated with rank-2)
[image: ]
· Some misc. components are neglected e.g. #NZC, SCI
· Generally, Rel-18 uses nearly doubled overhead per-feedback and 1/4 feedback frequency: Half-overhead
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Figure 10. Rel-18 gain over baseline Rel-16


Type-II codebook refinement for CJT mTRP
[bookmark: _Ref110959694]Scenario
Prior to Rel-18, two most relevant works with CJT mTRP are:
· Rel-15 Type-I multi-panel, under the scenario 1A in Figure 11
· Rel-16/17 NCJT, with either co-located or distributed TRPs, as scenario 1B or 2 respectively in Figure 11

[image: ]
[bookmark: _Ref101460334]Figure 11. Scenarios of CJT mTRP to consider in Rel-18

[bookmark: OLE_LINK1]Out of respective for the objective assumption “ideal synchronization,” phase alignment error is not considered for CJT mTRP study in this contribution. However, synchronization error due to oscillator drift can be a key issue for a practical commercial use of this feature. Therefore, we still want to make the following clarification: 
	For CJT mTRP, co-located scenario 1A/1B is more practical than distributed scenario 2 for an ideal synchronization. For co-located RRUs (TRPs/panels), they can share a same local oscillator (LO) and thus have ideal synchronization. However, for a cost-practical deployment of distributed RRUs, each RRU have its individual LO. According to [4], the oscillator drift can be 0.05ppm or 0.1ppm (Table 6.5.1.2-1 in [4]), which means a maximum phase error of 126° even within a short period of only 10 msec: , where a low-band of only 700MHz carrier is assumed. Besides, phase error increases with a higher carrier frequency. Thus for scenario 2, ideal synchronization is difficult to be satisfied even with ideal backhaul.




Codebook structure
RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes refinement of the following codebooks:
· Rel-16 eType-II regular codebook
· Rel-17 FeType-II port selection (PS) codebook
FFS: Whether to prioritize/down-select from the two




A main difference between mTRP and sTRP is possibly with larger delay spread (distributed TRPs scenario), which naturally has connection with Rel-17 FeType-II with FD-compensated CSI-RS ports. However, based on that detailed PMI report mechanisms have not been specified yet for the more basic Rel-16 regular eType-II, it may cause trouble if both of the two codebooks are studied in parallel. Besides, it may be straight-forward to extend Rel-16-based Type-II-CJT to Rel-17-based, according to the difference for sTRP case in current standard.
Proposal 13: Consider to start the discussion of Rel-17-based Type-II-CJT PS codebook only after stable framework of Rel-16-based PMI report mechanisms established.

RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes down-selecting at least one or merging from the following codebook structures:
· Alt1A. Per-TRP/TRP group (port-group or resource) SD/FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt1B. Per-TRP/TRP group (port-group or resource) joint SD-FD basis selection + relative co-phasing/amplitude (including WB and/or SB). Example formulation (N = number of TRPs or TRP groups): 

·  = co-amplitude and
·  = co-phase
· Including special case of  (no co-scaling) or 
· Alt2. Per-TRP/TRP group (port-group or resource) SD basis selection and joint (across N TRPs) FD basis selection. Example formulation (N = number of TRPs or TRP groups):





As pointed out by E//’s analysis in the pre-RAN1#110 offline email discussion [2], Alt2 joint codebook is naturally with subband co-phase/-amplitude, which is expected to provide a better phase alignment for mTRP scenario possibly with larger delay spread. While for Alt1 separate codebook, CSI overhead can be large for subband co-phase/-amplitude, as pointed out by MTK [2]. 
Implicit co-phase/-amplitude for Alt1 separate codebook by absorbing the  into  (thus no report overhead) is only possible for wideband, due to that there is no “subband” for frequency domain in Rel-16/-17 Type-II codebook, but only the compressed delay domain. Therefore, explicit feedback of co-phase/-amplitude coefficients for all N3 subbands, all  TRPs, and all layers cannot be avoided, which has an overhead of  bits in total. Some exemplary overhead counted for subband co-phase/-amplitude can be found in Table 3.

[bookmark: _Ref110898279]Table 3. Subband co-phase/-amplitude overhead examples for Alt1 separate codebook. Assumption: N3=19, ={2,4}, rank={1,2,4}, quantization with 3-bit amplitude and 4-bit phase
	
	=2
	=4

	
	Co-phase-only
	Co-phase&-amplitude
	Co-phase-only
	Co-phase&-amplitude

	Rank-1
	76
	133
	228
	399

	Rank-2
	152
	266
	456
	798

	Rank-4
	304
	532
	912
	1596



Observation 5: For Type-II-CJT with Alt1 separate codebook, large feedback overhead with subband co-phase/-amplitude cannot be avoided, and it is infeasible to implicit co-phase/-amplitude (absorbed into codebook).

Besides, as we replied in the pre-RAN1#110 offline email discussion [2], Alt2 joint codebook can be expected to leverage existing implementations for Rel-16 sTRP eType-II, since it only has W1 modified. While for Alt1 separate codebook, the extra step of co-phase/-amplitude can be unclear or with high complexity on
· Handling of different ranks across TRPs (Layer-specific TRP selection? Hybrid NCJT-CJT?)
· Layer-pairing for rank>1, e.g. rank-4 and 4-TRP
· Tremendous complexity for an extensive scan of subband co-phase/-amplitude
Proposal 14: Down-select Alt2 joint codebook to be used for Type-II-CJT CSI:


PMI parameters
RAN1#109-e agreements [1]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, the resulting codebook(s) are associated with at least the following parameters:
· Parameters for basis reporting, including 
· The number of basis vectors: gNB-configured via higher-layer signaling  
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Basis selection indicator(s): a part of CSI report 
· FFS: Whether it is layer-common or layer-specific, whether it is per TRP/TRP-group or common for all TRPs
· Quantized combining coefficients (W2): a part of CSI report
· FFS: details of quantization scheme
· Number of non-zero coefficients and bitmap to indicate non-zero coefficients, including whether it is per TRP/TRP-group (separate) or across all TRPs/TRP-groups (joint): a part of CSI report
· Strongest coefficient indicator(s) (SCI(s)): a part of CSI report
· FFS: One per TRP/TRP-group or common for all TRPs
· FFS: Additional need for strongest TRP indicator

Agreement
On the W2 coefficient quantization scheme for the Type-II codebook refinement for CJT mTRP:
· At least for N=2, reuse the following components of the legacy Rel-16/17 per-coefficient quantization scheme: 
· Alphabets for amplitude and phase
· Quantization of phase and quantization of differential amplitude relative to a reference, reference amplitude (with SCI determining the location of one reference amplitude), where the reference is defined for each layer and each “group” of coefficients 
· Further study the following:
· For larger N values, if supported, whether/how to improve throughput-overhead trade-off using, e.g. lower-resolution alphabets for amplitude and/or phase than legacy, or higher/same resolution alphabets but smaller number of coefficients than legacy 
· What constitutes a “group” (e.g. per polarization across TRPs/TRP-groups, per polarization per TRP/TRP-group, per TRP/TRP-group), the number of “groups” per layer for phase and amplitude (1 ≤Cgroup,phase ≤ N, 1 ≤ Cgroup,amp ≤ 2N), and how to indicate/configure “grouping” 




The above agreements mainly cover aspects of (1) SD/FD basis config and selection, (2) NZC selection and quantization, and also (3) raise a concept “TRP-group.”
Before diving into each aspect, a general principle of maximum reusing existing mechanisms in Rel-16 sTRP eType-II would be beneficial for less standard efforts, per WI objective’s saying “refinement”. Less standard modifications can be expected by identifying mTRP-specific issues first, before jumping into enhancement.

[bookmark: _Ref110412157]SD basis selection and TRP selection
RAN1#109-e agreements [1] on TRP selection:
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the support of NTRP={1, 2, 3, 4} cooperating TRPs for CJT CSI report
· FFS: Signaling of NTRP, e.g. higher-layer (RRC) vs. dynamic 
· FFS: Determination of NTRP, e.g. NW-configured vs UE-selected  
· FFS: Whether to prioritize or only support NTRP={1, 2}

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):
· Alt1. N is gNB-configured via higher-layer (RRC) signaling
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· 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
· FFS: In addition to one transmission hypothesis, whether reporting multiple transmission hypotheses (with the same N value or possibly different N values) is supported
· Alt3. The UE reports CSI corresponding to K transmission hypotheses 
· The N configured TRPs are gNB-configured via higher-layer (RRC) signaling
· FFS: supported value(s) of K, and whether the K transmission hypotheses are gNB-configured or UE-reported




TRP selection (if supported) is an mTRP-specific issue over sTRP, which can be naturally coupled with SD basis selection. Despite the no TRP selection Alt1 in the above agreement, we firstly discuss the above Alt2 and Alt3, both of which allow TRP selection by UE.
During last RAN1#109-e meeting, and during the pre-RAN1#110 offline email discussion [2], some companies proposed RSRP-based TRP selection. While this method can work well when the RSRP difference is large e.g. >15dB or 20dB, it can be inaccurate for smaller RSRP gap measured with the full-port CSI-RS(s). Typically for FR1 implementation, full-port CSI-RS is transmitted with a wide antenna emission pattern. Therefore, the measured RSRP does not capture the signal strength characteristic of each beam direction (SD basis) well.
On the other side, with joint codebook, SD basis selection for W1 naturally also realizes TRP selection at a finer spatial granularity: Per-beam (SD basis), and can thus achieve a more accurate TRP selection than RSRP-based. In addition, complexity wise, joint codebook’s complexity does not increase with number of CSI hypotheses configured (may not even need hypothesis config to reduce UE complexity, as in Alt3 in the above agreement)
Observation 6: For Type-II-CJT joint codebook, W1 selection is naturally TRP selection with finer spatial granularity than RSRP-based, and has complexity irrelevant to number of CSI hypotheses.
To enable TRP selection according to UE measurement/report, parameter L (number of selected FD bases) is not appropriate to be configured per-TRP – which does not allow TRP selection. 
Then come back to the case of no TRP selection (Alt1 in the above agreement). For this case, per-TRP configured  for all the TRPs n=1,…, is straight-forward.
Proposal 15: For Type-II-CJT joint codebook (Alt2 CB), on the configuration of number of selected SD bases L, study the following cases:
· Case 1 (no TRP selection by UE): Per-TRP configured number of selected SD bases , n=1,…,
· FFS whether a common value for each  is sufficient, or per-TRP  values needed
· Case 2 (TRP selection by UE): Configure total number of SD basis selected across TRPs: , to enable TRP selection according to UE measurement/report
· FFS the report mechanism of SD basis selection
· FFS whether need to additionally report TRP selection (and how to report, if supported)
· FFS whether need to additionally report each  (and how to report, if supported)

Last proposal is for maximum reusing existing mechanisms in Rel-16 sTRP eType-II:
Proposal 16: No change to legacy principle of layer-common W1 – thus also layer-common L value, and layer-common Ln value(s) for each TRP n=1,…,

FD basis selection and NZC selection
Larger delay spread is an mTRP-specific issue, which would probably require larger overhead for either FD basis selection or NZC bitmap, due to that a larger M can be needed for the wider-spread PDPs. 
Relative delay offset between distributed TRPs can be exploited to reduce the associated report overhead. 
It should be noted that, Alt2 joint codebook does not preclude per-TRP FD basis selection (which is natural for Alt1 separate codebook). For example, for one TRP with PDPs within a certain delay spread, the resulted  can have stronger coefficients for the FD bases associated with the PDPs of this TRP.
Observation 7: Alt2 joint codebook does not preclude per-TRP FD basis selection.
For per-TRP basis selection with Alt2 joint codebook, there is a maybe interesting case to give some additional insights for comparison with Alt1 separate codebook. As depicted in Figure 12, if two TRPs happens to have one or more same FD bases selected, the difference is:
· For Alt2 joint codebook, the same selected FD bases occur only once in ;
· For Alt1 separate codebook, even the same selected FD bases are written separately in 
Then the difference in  between the two codebooks is, whether the block-wise NZC bitmaps associated with each TRP can have column(s) overlap. 
An obvious benefit for per-TRP selected FD basis is smaller overhead with NZC bitmap reporting. For instance, for Alt2 joint codebook with parameter , , where  denotes the number of FD bases selected for each TRP respectively, the NZC bitmap overhead is reduced from  (i.e. entire ) to 2 (e.g. the block-wise NZC bitmaps as depicted in Figure 12).

[image: ]
[bookmark: _Ref110958212]Figure 12. Comparison of joint codebook (Alt2 CB) and separate codebook (Alt1 CB) for per-TRP FD basis selection

Observation 8: NZC bitmap reporting overhead reduction can be achieved with per-TRP selection of FD basis.
Proposal 17: For Type-II-CJT joint codebook (Alt2 CB), study per-TRP FD basis selection.

Last proposal is for maximum reusing existing mechanisms in Rel-16 sTRP eType-II:
Proposal 18: No change to legacy principle of layer-specific Wf, no change to legacy principle of layer-common M value, and no change to legacy principle of rank(pair)-specific M value.

Specification entity corresponding to a TRP-group
It seems straight-forward to map the scenarios in Section 3.1 to possible standard definitions of TRP-group, with the following options for TRPs within a TRP-group having
· Option 1: Shared FD basis selection (e.g. co-located or nearby TRPs)
· Option 2: Shared SD&FD basis selection (e.g. multi-panel)
· Option 3: Shared (local) SCI for NZC quantization (if per-TRP/TRP-group SCI is supported)
It is also possible for one TRP-group to have more than one of the above options configured.

[image: ]
Figure 13. TRP-group example with TRPs {B,C}

Proposal 19: For TRP-group definition, study the following options for TRPs within a same TRP-group: 
· Option 1: Shared FD basis selection
· Option 2: Shared SD&FD basis selection 
· Option 3: Shared SCI (if per-TRP/TRP-group SCI is supported)

Configuration of CSI-RS resource
RAN1#109-e agreements [1]:
	Agreement
The work scope of Type-II codebook refinement for CJT mTRP includes the following NZP CSI-RS (CMR) setups in Resource Setting associated with Rel-18 Type-II codebook for CJT
· [bookmark: _Hlk111213184]Opt1: 1 NZP CSI-RS resource, max # ports = 32
· FFS: whether/how to associate TCI states and CSI-RS ports
· Opt2: K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs)
· FFS: The maximum number of ports per resource, and the total number of ports across all resources 
FFS: Whether to prioritize/down-select from the two options




As we replied in the pre-RAN1#110 offline email discussion [2], our understanding of the additional flexibility of multi-resource over single-resource mainly lies in that TCI is free to be configured same or differently between any two TRPs. 
Firstly, for FR1 targeted by this CJT objective, TCI state is non-relevant to analog beamforming, and the main use case is DMRS channel estimation for CJT-PDSCH. For single-TCI v.s. multi-TCI on DMRS CE, two cases are possible 
Case 1: Use CSI-RS as QCL source for CJT-PDSCH DMRS CE (i.e. the single-resource CMR or multi-resource CMR itself is used as QCL source for DMRS CE). 
· In this case 1, the single-TCI does not prevent UE implementation to utilize the multiple delay-domain properties (PDPs) associated with different TRPs (port groups in the single-resource CMR) to assist DMRS CE, and equivalent performance can be provided as DMRS CE with multi-TCI. 
Case 2: Use TRS as QCL source for CJT-PDSCH DMRS CE. 
· For single-TCI, there can be 2 possible implementations:
· Case 2A QCL source: One TRS by one TRP
· Case 2B QCL source: SFN-TRS by all TRPs
· For either case 2A or 2B compared with multi-TCI, it is not clear how much performance difference can be expected without evaluation.
On the other side, from UE complexity perspective, the cost of multi-TCI is multiple loops to be tracked.
Observation 9: For FR1 CJT, the benefit of multi-TCI over single-TCI needs to be justified.

Given that multi-resource CMR does not always mean multi-TCI (since two CSI-RS resources can also be configured as a same TCI), and given that complexity-sensitive parameters e.g. # TCIs or # ports, can be limited by UE capability, we can also be OK to support multi-resource CMR as optional UE feature.
Proposal 20: For Type-II-CJT CSI, support single CSI-RS resource as a basic UE capability, and multiple CSI-RS resources according to UE capability by restricting
· Maximum number of CSI-RS resources
· Maximum number of ports e.g. 32
· Maximum number of TCI states e.g. 1 or 2

Pre-RAN1#110 offline email discussion FL-proposals [2]: 
	Offline proposal 1.A: 
For the Type-II codebook refinement for CJT mTRP, the NZP CSI-RS resource(s)/port(s) configured as CMR in Resource Setting and the NTRP TRPs/TRP-groups are related as follows:
· When the CMR comprises 1 NZP CSI-RS resource (if supported), the associated CSI-RS ports are equally partitioned into NTRP port-groups
· [bookmark: OLE_LINK6]When the CMR comprises K>1 NZP CSI-RS resources (if supported), one resource corresponds to one TRP/TRP-group (i.e. K=NTRP)

Offline proposal 1.B: 
For the Type-II codebook refinement for CJT mTRP with NTRP>1 TRP/TRP-groups, at least 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)
· FFS: Whether/how to signal the mapping between NZP CSI-RS resource indices and TRP/TRP group indices




One minor thing to clarify associated with offline proposal 1.B or 1.A, regarding TRP-group. It seems for K>1 NZP CSI-RS resources in the CMR set, one CSI-RS resource can correspond to either a TRP or a TRP-group, but the notation “i.e. K=NTRP” seems to say the number of TRPs per TRP-group can only be 1 – then why even need to define TRP-group since it is no different from one single TRP.
for the case of K>1 CSI-RS resources. One TRP-group may not have to correspond to only one CSI-RS resource. For example with =3, two of which are configured as a TRP-group, while the other not. If this TRP-group can only have one CSI-RS resource configured for its two TRPs, this CSI-RS resource would have doubled number of ports than the other CSI-RS resource (the other TRP). Then it would violate the RAN1#109-e agreements listed above regarding “K>1 NZP CSI-RS resources with the same number of ports (representing K TRPs).”
Proposal 21: Decouple TRP-group config and CMR config, e.g. 
· TRPs within a TRP-group can be configured either within a same NZP CSI-RS resource, or, in different NZP CSI-RS resource(s)
· For a same NZP CSI-RS resource having more than 1 TPRs (port groups), these TRPs can belong to either a same TRP-group, or, different TRP-groups

Evaluation
Based on EVM assumptions [3], customized with: 
	Scenario
	Outdoor2 – OptionA
· NTRP=3 intra-site cluster 
· 21-sector

	Carrier frequency
	2GHz

	ISD
	200m

	Channel generation model
	· Per-TRP delay 
· Ideal synchronization

	gNB antenna setup
	8 ports: (4,4,2,1,1,1,4), (dH,dV) = (0.5, 0.8)λ

	UE antenna setup
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ



Basic functionality of codebook for SD/FD compression is evaluated, in comparison with an upper bound: SRS-based CJT with no codebook compression. Codebook mechanisms mainly follow Rel-16 eType-II sTRP.
· Baseline (upper-bound): SRS-based, i.e. full Ln=4 for all 3 TRPs (8-port each)
· SD-only compression: Ln=2 for all 3 TRPs, no FD compression
· FD-only compression: M=ceil(13x0.25)=4, Ln=4
· SD&FD compression: M=4, Ln=2

[image: ]
Figure 14. Compression loss (in UPT loss) of Type-II-CJT codebook over SRS (upper bound)

It can be observed that under this typical config for Rel-16 eType-II sTRP (just with some straight-forward small extension to mTRP), compression loss is not very tolerable, and some mTRP-specific optimization is needed to study.


TDCP reporting measured via TRS
RAN1#109-e agreements [1]:
	Agreement
The work scope of TRS-based TDCP reporting focuses on the following use cases for evaluation purposes:
· Targeting medium and high UE speed, e.g. 10-120km/h as well as HST speed
· Aiding gNB to determine 
· CSI reporting configuration and CSI-RS resource configuration parameters, 
· Precoding scheme, using one of the CSI feedback based precoding schemes or an UL-SRS reciprocity based precoding scheme
· Aiding gNB-side CSI prediction

Agreement
The work scope of TRS-based TDCP reporting includes down selection from the following TDCP parameters:
· Alt1. Doppler shift
· Alt2. Doppler spread
· Alt3. Cross-correlation in time 
· Alt4A. Relative Doppler shift of a number of peaks in CIR 
· Alt4B. Relative Doppler shifts of different TRSs
· Alt5: CSI-RS resource and/or CSI reporting setting configuration assistance




In legacy releases, TRS for loop tracking is UE implementation. Whether receiving a TRS or not is up to UE implementation, for example, 
· For power saving, UE is free to sleep or wake-up to receive TRS as it sees fits;
· UE is free to rely on SSB for DL tracking based on its proprietary algorithm, for example, when TRS’s SNR is poor (e.g. due to collision with neighbor cell), and/or, for power consumption considerations.
Mandating something to be reported specifically via TRS would be somehow intrusive to UE’s loop processing, especially if the report content requires specific and extra measurement processing – very unfriendly to UE implementation. In our view, a clean report with clear purpose is sufficient for the agreed use cases: CSI-related config assistance.
Besides, how to do RAN4 validation test is also another important consideration. For the agreed use cases, if UE reports with an unclear purposed measurement parameter, without any idea on how will gNB interpret it, imagine the following scene: No gain is observed in the test (if happens), nobody knows which side to look for the problem: Fault of UE report accuracy? Fault of gNB interpretation for scheduling strategy? Risk exists for the practical usage of this feature, if there is no aligned ground truth understanding of potential usage of the reported content between gNB and UE.
[bookmark: OLE_LINK3]Proposal 22: For TRS-based TDCP reporting, UE directly reports config assistance information for CSI-RS resource and/or CSI reporting setting (Alt 5)


Conclusion
In this contribution, we discuss issues related to CSI enhancement for three features: Type-II-CJT mTRP, Type-II-Doppler, and TDCP reporting measured via TRS. Based on the observations:
Observation 1: Two issues exist for CSI reporting under fast fading channel environment: (1) Larger overhead with frequent report; (2) CSI outdating due to report latency.
Observation 2: Alt2A Type-II-Doppler codebook can cover Alt2B (TD basis per-SD/FD-basis).
Observation 3: Alt.B(s) have shorter TD basis length N4 than Alt.C(s), and certain performance loss can be observed at a same extrapolation length.
Observation 4: WCSI sub-alternatives Alt.A(s), Alt.B(s) and Alt.C(s) can all be configurable with two segment length parameters  and  of TD basis length , where .
Observation 5: For Type-II-CJT with Alt1 separate codebook, large feedback overhead with subband co-phase/-amplitude cannot be avoided, and it is infeasible to implicit co-phase/-amplitude (absorbed into codebook).
Observation 6: For Type-II-CJT joint codebook, W1 selection is naturally TRP selection with finer spatial granularity than RSRP-based, and has complexity irrelevant to number of CSI hypotheses.
Observation 7: Alt2 joint codebook does not preclude per-TRP FD basis selection.
Observation 8: NZC bitmap reporting overhead reduction can be achieved with per-TRP selection of FD basis.
Observation 9: For FR1 CJT, the benefit of multi-TCI over single-TCI needs to be justified.
We propose:
Proposal 1: Prioritize Rel-16 eType-II over Rel-17 FeType-II framework for Rel-18 Type-II-Doppler CSI study.
Proposal 2: Support Alt2A Type-II-Doppler codebook structure used for Rel-18 discussion: .
Proposal 3: Study per-beam TD basis selection for Type-II-Doppler CSI.
Proposal 4: Define two segment length parameters of  to config WCSI:  and , where  (or define parameters to equivalently infer these two, e.g. )
· , , where 
·  (meanwhile ) depends on UE capability of a basic support of Type-II-Doppler CSI 
·  depends on a further dependent UE capability to support UE-based extrapolation
Proposal 5: WCSI should comprise slot nref for RAN4 validation test.
Proposal 6: For the time location definition of , use Rel-15 slot nref (CSI reference resource slot) as the last slot of its first segment , where .
Proposal 7: Not to specify measurement window Wmeas in standard.
Proposal 8: Support orthogonal DFT basis for Type-II-Doppler CSI.
· Before deciding whether to support rotated orthogonal or oversampled non-orthogonal DFT basis, careful comparison with longer- orthogonal DFT basis is needed 
Proposal 9: TD compression unit for Type-II-Doppler CSI can simply reuse the time interval between two consecutive CSI-RS occasions, no need for an additional parameter config.
Proposal 10: Study new CPU (active resource/port) counting for Type-II-Doppler CSI to take into account: (1) Number of CSI-RS occasions, and (2) extrapolation length, or total TD basis length N4.
Proposal 11: For Type-II-Doppler CSI report with any CSI-RS type: P/SP/AP (if supported), a large enough number of CSI-RS occasions  should be ensured between triggering PDCCH and slot nref
· A lower bound is 
Proposal 12: Study mechanisms to prevent the latency and throughput reduction of UL-SCH on the PUSCH conveying aperiodic Type-II-Doppler CSI.
Proposal 13: Consider to start the discussion of Rel-17-based Type-II-CJT PS codebook only after stable framework of Rel-16-based PMI report mechanisms established.
Proposal 14: Down-select Alt2 joint codebook to be used for Type-II-CJT CSI:


Proposal 15: For Type-II-CJT joint codebook (Alt2 CB), on the configuration of number of selected SD bases L, study the following cases:
· Case 1 (no TRP selection by UE): Per-TRP configured number of selected SD bases , n=1,…,
· FFS whether a common value for each  is sufficient, or per-TRP  values needed
· Case 2 (TRP selection by UE): Configure total number of SD basis selected across TRPs: , to enable TRP selection according to UE measurement/report
· FFS the report mechanism of SD basis selection
· FFS whether need to additionally report TRP selection (and how to report, if supported)
· FFS whether need to additionally report each  (and how to report, if supported)
Proposal 16: No change to legacy principle of layer-common W1 – thus also layer-common L value, and layer-common Ln value(s) for each TRP n=1,…,
Proposal 17: For Type-II-CJT joint codebook (Alt2 CB), study per-TRP FD basis selection.
Proposal 18: No change to legacy principle of layer-specific Wf, no change to legacy principle of layer-common M value, and no change to legacy principle of rank(pair)-specific M value.
Proposal 19: For TRP-group definition, study the following options for TRPs within a same TRP-group: 
· Option 1: Shared FD basis selection
· Option 2: Shared SD&FD basis selection 
· Option 3: Shared SCI (if per-TRP/TRP-group SCI is supported)
Proposal 20: For Type-II-CJT CSI, support single CSI-RS resource as a basic UE capability, and multiple CSI-RS resources according to UE capability by restricting
· Maximum number of CSI-RS resources
· Maximum number of ports e.g. 32
· Maximum number of TCI states e.g. 1 or 2
Proposal 21: Decouple TRP-group config and CMR config, e.g. 
· TRPs within a TRP-group can be configured either within a same NZP CSI-RS resource, or, in different NZP CSI-RS resource(s)
· For a same NZP CSI-RS resource having more than 1 TPRs (port groups), these TRPs can belong to either a same TRP-group, or, different TRP-groups


References
[1] [bookmark: _Ref110840981]Chairman’s Notes RAN1#109-e, May 9th – 20th, 2022
[2] [bookmark: _Ref110460719]Pre-RAN1#110 offline email discussion for Rel-18 CSI, July to August, 2022
[3] [bookmark: _Ref111127480][bookmark: _Ref102053808]R1-2205289, Rel-18 MIMO CSI EVM, May 9th – 20th, 2022
[4] [bookmark: _Ref111066752]TS 38.104, Base Station (BS) radio transmission and reception





6/6
image3.emf
gNB UE

b

1

b

2

gNB UE

b

1

b

2

General case of beam-specific 

Doppler spectrum

Special case of same Doppler 

spectrum for different beams


image4.jpeg
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%
200%
0.00%

Beam-specific vs. beam-common TD basis

Cell edge gain (%)~ Average gain (%) | Cell edge gain (%)  Average gain (%)

Beam-specific

m10km/h m30km/h m60km/h

Beam-common




image5.emf
Alt.C(s)

Scheduled PDSCH with the reported precoder

Report

CSI-RS occassions

N

4,1

/N

4

·W

CSI

N

4,2

/N

4

·W

CSI

W

CSI

 (TD basis length: N

4

)

Alt1.B or 

Alt3.B

Alt2.B

n

ref


image6.png
CSI-RS occasions B
(Pattern 1) Report PDSCH with the reported precoder

WRRLTTTT





image7.jpeg
Alt.C(s) v.s. Alt2.B

2000%
15.00%
1000%
5.00%
000% — . -

-
Cell edge gain (%) Average gain (%) ain (%) AYBMge gain (%)
-5.00%

Alt.C(s): Observation+prediction 2.8: Prediction-only
-10.00%

-15.00%

m10km/h m30km/h m60km/h




image8.jpeg
CSlreference
resource slot n,,; Reportsiotn

>
-

Nesi et = |Z'/14] slots (for AP-report),
r, = 4 or 5 slots (for P-/SP-report)




image9.emf
Ă Ă

CSI-RS occasions

PDCCH

13 slots >=Z' symbols

PUSCH 


image10.png
HARQ process 1

HARQ process 2





image11.png
Other tested CSI-RS occasion
patterns for eType-Il-Doppler

l ¥ pettern 2 lvlvlvlv

Report T Pattern 3

Rel-16

<—periodicity—)
=5slots y

CSI-RS occasions .
(Pattern 1) Report PDSCH with the reported precoder

reras LlbbLLLLL

¢«——  Report periodicity = 20 slots————) i l





image12.png
Rel-16
Rel-18 (beam-commonTD
basis selection)
Rel-18 (per-beam TD basis
selection)

N1N2
16
16

16

0102
16
16

16

FNIFN

N3
13
13

13

p12
05
05

05

p34
0.25
0.25

Parameters
M12
7
7

7

Rank
2
2

2

beta
05
05

05

KO
28
28

28

N4

33

33

Overhead

SD&FD TD NzC NzC

beta_TD SDsel FDsel NZC sel TD sel sel quantize Total
\ 15 22 112 0 0 392 541
05 15 22 112 26 168 588 931
05 15 22 112 104 168 588 1009




image13.jpeg
Rel-18 gain over baseline Rel-16

16.00%
14.00%
12.00%
10.00%

8.00%

6.00%

2o I I I I I
2.00%

000  Mmm [ ] I ] ||

Cell edge gain Average gain Cell edge gain Average gain Cell edge gain Average gain
(%) (%) (%) (%) (%) (%)

Rek18, pattern 1 Rek18, pattern 2 Rek18, pattern 3

m10km/h W30km/h m60km/h




image14.png
Pattern 1

Pattern 2

Pattern 3





image15.emf
1A: Same boresight 

orientation

1B: Different boresight 

orientations (e.g. inter-sector)

Scenario 1: Co-located TRPs/panels

Scenario 2: Distributed TRPs 


image16.emf
X X

FD bases of TRP A

FD bases of TRP B

X X

FD bases of TRP A

FD bases of TRP B

Same FD 

basis

Alt1

Separate CB

Alt2 

Joint CB

TRP A

TRP B

TRP A

TRP B


image17.emf
TRP A

TRP B

X

X

FD bases of TRP A

FD bases of TRP {B,C} TRP C

TRP-group with 

TRPs {B,C}


image18.jpeg
0.00%

5.00%

-10.00%

-15.00%

-20.00%

-25.00%

-30.00%

0.00%

Average UPT loss

Upper bound: Ln=4

ly)

&)

12.35%

23.93%





image1.png
Temporal correlation

08

05

04

02

Slot duration: 500us

o914

Latency [slot]





image2.png
105 Channel Doppler Spectrum

Precoder Doppler Spectrum

oo 4000 o

2 :mx ————beam2

ear
. Peama , Jo00 —gx
3 3 « >
= = 2000 .
5 fDmm fDmax £ fDmm fDmax
1000
150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
Doppler(Hz)

Doppler(Hz)




