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[bookmark: _Ref111062800]Introduction
In the Rel-18 MIMO WID [1], the following objectives were scoped for CSI: 
	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
· …
· Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32




In this contribution, we continue to discuss aspects related to the above three features: Type-II-Doppler, Type-II-CJT, and TRS-based TDCP reporting.

[bookmark: _Ref127483641][bookmark: _Ref102086766]Type-II-Doppler codebook refinement 
Remaining issues for Type-II-Doppler include: Time-domain CQI, NZC bitmap, UCI omission etc. Besides, the requirement of CMR (CSI-RS burst) in time-domain has not been fully discussed – which is an essential to make this Type-II-Doppler practical from UE pespective – it will also be discussed in this section.
[bookmark: _Ref127485508]CQI and reference resource
RAN1#112 agreements [2]:
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding the time instance and/or PMI(s) in which a CQI is associated with, given the CSI reporting window WCSI (in slots), as well as the number of CQIs (=X) in one sub-band and one CSI reporting instance, support only the following:
· Basic feature: X=1 and the CQI is associated with the first/earliest slot of the CSI reporting window and the first/earliest of the N4 W2 matrices
· Optional features:
· X=1 and the CQI is associated with:
· the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· the last slot of the CSI reporting window (slot l+WCSI–1) and the N4-thW2 matrix
· X=2 and
· The 1st CQI is associated with the first/earliest slot of the CSI reporting window (slot l) and the first/earliest of the N4 W2 matrices, and 
· The 2nd CQI is associated with the middle slot of the CSI reporting window (slot l+WCSI/2) and the (N4 /2)-thW2 matrix
· FFS: Whether/how to include CQI overhead reduction for X=2
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Figure 1. Agreed time-domain CQI

Proposal 1: For Type-II-Doppler, for X=1 CQI in time-domain, reuse legacy CQI reported in CSI part 1.
· This includes both the case of first-slot CQI (basic feature), or the case of average CQI of first and end slot of WCSI (optional feature)
For more future CQI prediction, we don’t think it beneficial, as shown in our evaluations of last RAN1#112 meeting [3]. But given that this is anyway agreed as an optional UE feature and need to be specified, we think a relatively lower UCI priority in CSI part 2 can be more appropriate.
Even with the 2nd CQI omitted, link adaptation is anyway a legacy solution to track the MCS/CQI over time.
Proposal 2: For Type-II-Doppler, for X=2 CQIs in time-domain, report all contents of the 2nd TD CQI in group 2 of CSI part 2.
Besides, since it already has both PMI and CQI defined in a new time location than legacy, it is natural to define new reference resource for Rel-18 Type-II-Doppler CSI.
Proposal 3: For Type-II-Doppler, define the first slot of WCSI as CSI reference resource.
· For a special configuration of WCSI starting with Rel-15 legacy reference resource, Rel-18 would have a same reference resource as Rel-15
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Figure 2. Rel-18 Type-II-Doppler CSI reference resource

Timeline anchor
Legacy CSI reference resource actually has two roles: (1) For RAN4 validation test for PMI/CQI report; (2) To take into account CSI timeline – as a “timeline anchor,” e.g. 
	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.




For Rel-18 TD CSI, it is straight-forward to decouple timeline anchor and reference resource.
Proposal 4: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” where the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
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Figure 3. Rel-15 CSI reference resource slot can be used as timeline anchor for Rel-18 Type-II-Doppler CSI

NZC selection bitmap
RAN1#112 agreements [2]:
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the bitmap(s) for indicating the locations of the NZCs, down-select one from the following alternatives (no later than RAN1#112bis-e): 
· Alt1. Q different 2-dimensional bitmaps where each bitmap reuses the legacy design i.e. the size of the bitmap for each selected DD basis vector is 2LMv 
· Alt3A: A single 2-dimensional bitmap of size  to report the selected  pairs of FD basis vector and DD basis vector and a single 2-dimensional bitmap of size  for indicating the location of the NZCs, where each row corresponds to a selected SD basis vector and each column corresponds to one of the selected  pairs of FD basis vector and DD basis vector.
· Alt4. A bitmap that includes bits associated with the set of {(, ,)} with , where  is the threshold that can be configured by gNB,  ,  and  denotes a reference SD basis index and a reference FD basis index and a reference DD basis index associated with SCI, respectively.

Agreement
For the Type-II codebook refinement for high/medium velocities, for N4>2 and Q=2, the selection of Q out of N4 DD basis vectors is indicated by a -bit indicator in CSI part 2
· Analogous to FD basis selection, DD basis index 0 (representing DC) is always selected.  




According to the above agreement, Alt 1 is a fully-free 3-dimensional {beam, delay, Doppler} bitmap with 2LMQ-bit size, while Alt3A can be expected to save bitmap overhead with 2-stage bitmaps, by exploiting channel sparsity in {beam, delay, Doppler} space. 
For Alt3A, the 2-stage bitmap is with MQ+2LS bits. For bitmap size reduction: MQ+2LS < 2LMQ  based on Q=2. With new parameters agreed (Q=2 etc.), we updated our evaluation results, as shown in Figure 4. Similar as our previous results [3], the performance of 3D (Alt1) and 2-stage (Alt3A) are mostly close – although with 1.7% loss at 10km/h. The corresponding overhead calculation can be found in Table 1.
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[bookmark: _Ref127533638]Figure 4. Type-II-Doppler NZC bitmap: 3D (Alt1) v.s. 2-stage (Alt3C and Alt3A)
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 [bookmark: _Ref118532071]Table 1. Type-II-Doppler CSI overhead calculation

Observation 1: For Type-II-Doppler, Alt1 2-stage (MQ+2LS)-bit bitmap (Alt3A) achieves similar average throughput as 2LMQ-bit 3D bitmap, while overall feedback overhead can be reduced by more than 10% (659 to 575 bits).
Based on that Q=2 is relatively small, 3D bitmap is still acceptable.
Proposal 5: For Type-II-Doppler, for NZC selection bitmap, support 
· 1st preference: 2-stage bitmap (Alt3A)
· 2nd preference: Simply 3D bitmap (Alt1)

UCI packing/omission
RAN1#112 agreements [2]:
	Agreement
On the Type-II codebook refinement for high/medium velocities, regarding UCI omission, down-select between the following three alternatives (by RAN1#112bis-e where q denotes the q-th DD basis vector):
· Alt1. Prio(,l,m,q)=2L. Q.RI.P(m)+Q.RI.l+Q.q 
· Note: This implies that DD basis is designated the highest priority
· Alt2. Prio(,l,m,q)=2L.S(q).RI.N3+2L.RI. P(m)+RI.l+
· Note: This implies that DD basis is designated the lower priority (after FD basis)
· FFS: S(q) maps the index q according to a rule
· Alt3. Prio(,l,m,q)=2L.RI.Mv.q + 2L.RI.P(m)+ RI.l +  
· Note: This implies that DD basis is designated the least priority
· Alt4. Prio(,l,m,q)=2L.P(m).RI.Q+2L.RI.S(q)+RI.l+
· Note: This implies that DD basis is designated with lower priority (after SD basis) and higher priority (before FD basis)
· FFS: S(q) maps the index q according to a rule
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m
q=0,…,Q-1




Comparing FD and DD (Doppler-domain), SCI is located at basis#0 for both domains;
Compared with FD, DD has smaller number of selected bases: Q=2 is generally no larger than M according to N3 and pv config (otherwise it results in wideband precoder – not reasonable config).
It would be easier for DD to order from index 0 (where SCI located) to weaker indices, than legacy.
Proposal 6: For Type-II-Doppler, UCI packing order of coefficients uses Doppler-domain as the least-priority dimension (outermost indexing) i.e. Alt3.
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Figure 5. Alt3 coefficient packing order of Type-II-Doppler

Since Doppler-domain is the outermost indexing, FD permutation is insignificant, since coefficients are only partitioned into two groups (group 1 and group 2), which are mainly associated with Doppler basis#0 (q=0) and one selected Doppler basis with q=1. The coefficient packing order within each group has no UCI omission impact.
Proposal 7: For Type-II-Doppler, no FD index permutation for UCI packing.

[bookmark: _Ref131773201]CBSR
In Rel-16, soft CBSR is defined as “clipping” the average power of NZCs over FD. 
In our view, clipping at UE side introduces larger difference over non-restricted PMI, than clipping at network side, because UE has to quantize again after clipping the coefficients’ amplitudes. Instead, if it is network to clip, the clipping loss is not limited by PMI’s quantization. – Network clipping does not need spec impact like soft CBSR.
Worse than Rel-16, Type-II-Doppler additionally has time-domain, which can introduce more uncertainties to soft CBSR.
[bookmark: OLE_LINK1]Proposal 8: For Type-II-Doppler, support only hard CBSR, no soft CBSR.

CMR requirement
RAN1#110bis-e agreements [4]:
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR:
· Time-domain behaviour for NZP CSI-RS resource: periodic (P), semi-persistent (SP), aperiodic (AP)
· FFS: Whether to introduce constraints on allowed configuration
· Down select from the following: 
· Alt1. Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) -CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s):
· Alt2. Support one NZP CSI-RS resource in a CSI-RS resource set, where K>1 occasions are received via a single triggering instance, for aperiodic (AP)-CSI-RS-based channel measurement where the separation between 2 consecutive AP-CSI-RS resources is m slot(s).
· For any of the alternatives:
· No CRI is reported
· FFS: Details, e.g., supported value(s) of K, m, other use cases for the AP-CSI-RS resources (e.g., for training filter coefficients, prediction or performance monitoring)
· Support only one NZP CSI-RS resource for P or SP-CSI-RS-based channel measurement
[bookmark: OLE_LINK2]
Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR, support the following: 
· (Alt1) Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s)




[bookmark: OLE_LINK7]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.
Therefore, a sufficient number of CSI-RS occasions after PDCCH triggering should be satisfied for the report.
Proposal 9: For Type-II-Doppler, specify restriction on P/SP CSI-RS: A threshold/minimum number of CSI-RS occasions should be satisfied between the end of the triggering PDCCH and Z’ symbols prior to the report PUSCH.

Long latency issue with PUSCH scheduling
To accommodate a burst 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 6.
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[bookmark: _Ref111068272]Figure 6. 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.

[image: ]
Figure 7. In-order HARQ rule

One possible solution can be, split the CSI measurement and reporting triggering by 2-stage PDCCH:
· PDCCH1: Triggers CSI measurement/computation, or additionally with AP CSI-RS burst (if applicable, i.e. if the triggered AP CSI state is associated with AP CSI-RS burst);
· PDCCH2: Schedules the report PUSCH (e.g. PUSCH2 in Figure 8);
· The linkage to associate PDCCH1 and PDCCH2 can be, a same AP CSI state codepoint is indicated.
For PDCCH1, it does not necessarily need to be a UL grant. But given that UL grant DCI format 0_1 o 0_2 already has such triggering field, reusing UL grant DCI for PDCCH1 may need less standard efforts. 
An example illustrated in Figure 8 has some timeline from legacy definition (Z, Z’, and N2) simply extended to this case.
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[bookmark: _Ref118536021]Figure 8. 2-stage PDCCH triggered TD CSI

Proposal 10: For Type-II-Doppler, study 2-stage PDCCH triggering mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI: A 1st PDCCH to trigger CSI measurement/computation (and AP CSI-RS, if applicable), and, a 2nd PDCCH to trigger report.

[bookmark: _Ref110863057][bookmark: _Ref115369306]Evaluation assumption
Based on EVM assumptions [6], 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, or 
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ






Type-II-CJT codebook refinement 
Besides some extensively discussed issues e.g. ParamCombo, FD selection etc., we identify that an essential issue on TRP-power and PDSCH-to-CSIRS EPRE has not been discussed, which will be analysed in Section 3.5.
ParamCombo 
Pre-RAN1#112bis-e proposal [5]:
	Proposal 1.C.1: On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’)
· For NTRP =1, 
· For Rel-16 eType-II based: fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For Rel-17 FeType-II based, fully reuse the eight Parameter Combinations from Rel-16 eType-II
· For NTRP >1, only the following linkages are supported (marked ‘x’)

	NTRP
	SD combo
	FD combo {pv},

	
	
	{1/8, 1/8, 1/16, 1/16}, ¼
	{1/8, 1/8, 1/16, 1/16}, ½ 
	{1/4, 1/4, 1/8, 1/8}, ¼ 
	{1/4, 1/4, 1/8, 1/8}, ½ 
	{1/4, 1/4, 1/4, 1/4}, ¾ 
	{1/2, 1/2, 1/2, 1/2}, ½ 

	1
	2
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	x

	3
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	x
	x
	
	
	
	 

	
	{2,2,4} 
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{4,2,2}
	x
	x
	 
 
 
	x
	
	 
 
 

	
	{4,4,4}
	x
	x
	 x
	x
	x
	x

	4
	{2,2,2,2}
	x
	
	
	
	
	N/A

	
	{2,2,2,4} 
	x
	
	
	
	
	N/A

	
	{2,2,4,4} 
	 
	
	 
	x
	x
	N/A

	
	{4,4,4,4}
	 
	x
	 
	 x
	x
	N/A






With the Proposal 1.C.1, Rel-16 ParamCombo is reused with no new one for NTRP=1;
For NTRP>1, the ParamaCombo is de facto {NTRP, Ltot, pv, }. A same Ltot with different {Ln}-combination are linked to same {pv, }, thus UE does not need to switch b/w different PCs by choosing different {Ln}-combinations.
Therefore, we support Proposal 1.C.1 in general.
However, too many PCs would make UE test case more difficult. To make CJT implementation more realistic, we suggest to further reduce number of PCs.
One lesson learned from Rel-16 is, UE implementation efforts for even 8 ParamCombos are wasteful – we observe many PCs are never configured by network, except for one or two typical cases e.g. PC6. Network side has the freedom of configuration, however, UE has to implement and test every case, even if never configured by any infra.
Therefore, support of PC can be according to UE capability. 
UE capability based on NTRP (number of CSI-RS resources) or Ltot (analogous to Rel-16 L) can be naturally. Besides, we observe from Rel-16 that low overhead regions with smaller {pv, } are rarely configured, and basic UE feature can be supporting medium or high {pv, }. For example, pv=1/16 can be just wideband PMI with single FD basis#0 for every layer, based on EVM [6] where N3=13 subbands. Therefore, we propose
Proposal 11: For Type-II-CJT, for NTRP>1 ParamCombo, basic/optional UE feature depends on NTRP, Ltot, and {pv, }

[bookmark: _Ref127554088]FD basis selection 
RAN1#112 agreements [2]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, down select (in RAN1#112) only one from the following schemes
· Alt1. The use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources. 
· Example formulation:  where  is the FD basis selection offset for CSI-RS resource n relative to a reference CSI-RS resource  with , and  is commonly selected across N CSI-RS resources 
· Alt2.  independently selected across N CSI-RS resources (without any per-CSI-RS-resource FD basis selection offset)
For all the above alternatives, the legacy FD basis selection indication scheme is applied on each selected FD basis.
Note: Per previous agreements, the number of selected FD basis vectors (Mv/pv or M) is gNB-configured via higher-layer signaling and common across the N CSI-RS resources




In our evaluation of last RAN1#112 meeting [3], we have shown mode-1 (FD-separate) Alt2 achieves similar performance as mode-2 (FD-joint), where the algorithm of Alt2 FD selection is based on FD power after SVD. Therefore, we are still OK with Alt2.
In our previous evaluation [3], Alt1 is observed with loss over both Alt2 and mode-2, based on restricted FD selection after SVD. However, we also observed that there can be other algorithm to implement . For example, for TRP#n, determine  before SVD such that , where  is the measured channel for TRP#n without delay-compensation, then compute PMI based on , with mode-2 (FD-joint) CB: , thus it results in Alt1 for precoder of : 
, where

Therefore, we can be open to Alt2 with layer-common  (which is obtained before SVD).
Lastly, we don’t support fractional  since this is “refinement” according to WID [1], and Rel-16 has no FD oversampling. Theoretically, FD oversampling is not a CJT/mTRP-specific issue, and is analogous to beam-specific FD oversampling discussed in Rel-16. Based on that Rel-16 has no spec impact of FD oversampling, neither should CJT “refinement” do.
Proposal 12: For Type-II-CJT, for FD basis selection of mode-1 FD-separate CB,
· 1st preference: TRP-independent FD selection (Alt2);
· 2nd preference: Layer-common TRP-specific offset , in integer (Alt1 with no fractional )

[bookmark: _Ref127536094]UCI packing/omission
RAN1#112 agreements [2]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding UCI omission, down-select between the following three alternatives (by RAN1#112-bis where n denotes the n-th CSI-RS resource):
· Alt1. Prio(,l,m,n)=() .N.RI.P(m)+N.RI.l(n)+N.n 
· Note: This implies that CSI-RS resource is designated the highest priority
· Alt2. Prio(,l,m,n)=2L’.Qn).RI.N3+2L’.RI. P(m)+RI.l(n)+
· Note: This implies that CSI-RS resource is designated the lowest priority (after FD basis)
· Note: L’ denotes the max value of Ln from all selected N CSI-RS resources
· FFS: Q(n) maps the index n according to a rule, e.g., Q(n)=n, or Q(n)=0 if n corresponds to strongest TRP/SCI.
· Alt3. Replace SD basis index l in legacy Prio calculation with , i.e., SD basis index over all resources: Prio(,l,m,n) = 2Ltot.RI.P(m)+ RI.+RI.l(n)+
FFS: FD permutation P(.) as Rel-16-analogous, or no permutation i.e. P(m)=m




UCI packing is related to UCI omission. In Rel-16 mechanism, the quantized  coefficients reported in CSI part 2 are near-equally divided into two groups: Group 1 and 2, where group 2 has lower priority regarding UCI omission. In Rel-16, (permuted) FD is the least-priority dimension (outermost indexing) for UCI packing, and therefore, FD is the most significant dimension regarding coefficient grouping.
For CJT mTRP, we additional has TRP-dimension. There can be at least the following two benefits for TRP-dimension as the outermost indexing:
· No need to consider the potentially complicated FD permutation (since it is insignificant for splitting coefficients);
· Do we need to report (local) strongest FD index for N-1 TRPs other than SCI-TRP, per layer?
· Note that different layers have different SCI-TRPs. 
· Mode-1 CB (either Alt1 or Alt2) further complicates FD permutation.
· According to product info, no infra really use partial Type-II CSI – it was simply discarded. But product people (both infra and modem) spent months to get FD permutation aligned and workable. 
· Do we really want to spend so much efforts on a feature that can have no practical benefit?
· Beneficial for network energy saving, e.g. save the energy of omitted TRP(s).

[image: ]
Figure 9. Type-II-CJT coefficient packing order: TRP-dimension as the outermost indexing

Proposal 13: For Type-II-CJT, UCI packing of quantized coefficient use TRP-dimension as the least-prioriy dimension (outermost indexing) i.e. Alt2.

CBSR
Similar view as in Section 2.5, soft CBSR defined at UE side introduces more clipping loss than network implementation. Therefore, similar view on not supporting soft CBSR.
Proposal 14: For Type-II-CJT, support only hard CBSR, no soft CBSR.

[bookmark: _Ref131789738]TRP power and PDSCH-to-CSIRS EPRE ratio
RAN1#110bis-e agreements [4]:
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, for each layer: 
· One (common) SCI applies across all N CSI-RS resources
· Further down-select one from the following alternatives by RAN1#110bis-e:
· Alt1. One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table considering transmission power difference between multiple TRPs
· For each of the amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· Alt3. One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
FFS: The need for “strongest” TRP/TRP-group indicator in addition to the SCI




It has been agreed  normalization is joint across all TRPs, i.e. one single SCI for all the TRPs. Given that the associated  coefficients of each TRP are independently reported, the transmission power of different TRPs are not necessarily the same, and naturally has a requirement for network to allocate relative DL power amongst TRPs.
Power allocation amongst TRPs may be against the typical implementation of existing networks, where the DL may generally have a fixed transmission power. However, to enable CJT, variable DL power has to be assumed, based on the till-now agreements of codebook structure (either mode-1 or mode-2 CB) with single-SCI-.
Proposal 15: For Type-II-CJT, it should be a natural assumption for network implementation to allow variable transmission power for a CJT-PDSCH transmitted from each certain TRP.
One issue exists for PDSCH-to-CSIRS power offset definition (Pc ratio, or EPRE retio), due to
· It has been agreed one TRP corresponds to one CSI-RS resource since some early meeting of Rel-18;
· In existing standard, Pc ratio is per-resource configured
Note that here the assumed PDSCH power offset for CQI calculation is the precoded PDSCH (by the highlighted precoder “W(i)”), as defined in Section 5.2.2.5 of 38.214, as extracted below:
[image: ]
Therefore, if we follow current standard, it means the relative power of PMI (precoder) from any 2 TRPs are pre-determined by RRC config.
[bookmark: OLE_LINK4]However, TRP-relative power of CJT-PDSCH is determined by the calculated precoder: , where  is defined as squared summation of coefficients’ amplitude. The value of  should be determined by measurement, which is not necessarily same as config.
Observation 2: Per-TRP Pc ratio definition means scaling the calculated PMI according to config.
Proposal 16: For Type-II-CJT, PDSCH-to-CSIRS Pc ratio is defined as the ratio between
· TRP-summation/-average of PDSCH EPRE across all TRPs, and 
· TRP-summation/-average of CSI-RS EPRE across all TRPs

Therefore, for CJT, Pc ratio is per CSI-RS resource set configured.

CMR requirement
QCL
RAN1#110bis-e agreements [4] (under 9.1.1.1 agenda):
	Agreement
On unified TCI framework extension, up to 2 joint TCI states can be indicated by MAC-CE/DCI and applied to CJT-based PDSCH reception (PDSCH-CJT) in a BWP/CC configured with joint DL/UL TCI mode
· Support of 1 or 2 indicated joint TCI states for PDSCH-CJT is up to UE capability
· FFS: QCL type(s)/assumption(s) of the indicated joint TCI state(s) applied to PDSCH-CJT
· Note: On how to inform UE to apply which indicated joint TCI state(s) to target channel(s)/signal(s) in the BWP/CC, it is discussed individually in AI 9.1.1.1




For transmission assumption of CJT-PDSCH, 1 or 2 TCI states are supported (and is according to UE capability). Since CSI report are purposed for PDSCH, it is natural to also require the CSI-RS resources having 1 or 2 TCI states. Otherwise UE is reporting CSI no beneficial to PDSCH – which is exactly what CSI is for.
Proposal 17: For Type-II-CJT, total TCI states of CMRs (CSI-RS resources) is 1 or 2, and up to UE capability.

Receiving phase continuity 
For Rel-17 NCJT with 2 TRPs, a pair of NZP CSI-RSs is required to be within at most 2 consecutive slots, without DL/UL switching in between.
For CJT, shorter timing restriction for CMR should be ensured, since phase coherence naturally is more sensitive than NCJT regarding timing. Besides, Rx phase coherence is generally only required within one slot.
Proposal 18: For Type-II-CJT, support CMR timing restriction stricter than NCJT: All NZP CSI-RS resources in the resource set are received within one same slot, and no DL/UL switch in between.



TDCP reporting measured via TRS
RAN1#112 agreements [2]:
	Agreement
For aiding gNB determination of codebook switching and SRS periodicity with the Rel-18 TRS -based TDCP reporting, support reporting quantized wideband normalized amplitude/phase of the time-domain correlation profile with Y≥1 delay(s) as follows:
· Basic feature: Y=1 with delay≤ Dbasic symbols, only wideband quantized normalized amplitude is reported
· FFS: Candidate values for delay
· Optional feature: Y=1 with delay>Dbasic symbols and Y≥1, wideband quantized normalized amplitude and phase for each delay are reported 
· For Y>1, the phase can be configured to be absent for all the Y delays
· TBD: Whether the value of Y is configurable or following the delays from the configured TRS resource
· TBD: Candidate value(s) for Y>1
· FFS: Value of Dbasic




Measurement resource config and report config
Pre-RAN1#112bis-e offline proposal [5]:
	Proposal 3.A: 
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, 
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, RE location, relation with resource set used for legacy usage  




The motivation of config more than 1 resource set is, to support TDCP report of autocorrelation with slot-level delay (lag) of interest, e.g. 5 or 10 slots (according to offline discussion [5]) – which is not supported by existing TRS. 
Since TRS is a too basic feature dated back long ago, it is preferrable for this new TDCP to be isolated as much as possible from legacy loop tracking usage. For this purpose, if K>1 resource sets are configured for TDCP report, at most one of them should have legacy TRS usage – analysed as following:
· For TDCP, all resources from K>1 resource sets should de facto be a same QCL-TypeA, in order to be workable with autocorrelation calculation;
· For legacy TRS, typically, periodic TRS is the QCL-TypeA root source – if more than 1 periodic TRS are configured, they are different QCL-TypeA root sources
Therefore, amongst the K>1 resource sets for TDCP report, K-1 of them (with same QCL-TypeA) are “redundant” from legacy loop tracking perspective.
Observation 3: For TDCP report configured with K>1 resource sets, following typical legacy, only one of them needs to be TRS for legacy loop tracking.
Besides, since autocorrelation is assumed as one-shoot calculation between two RS resources with a certain delay (lag), it would be wasteful for the other resource sets to have more than 1 resources.
Proposal 19: For TDCP report configured with K>1 resource sets, only one is configured as TRS (to leverage existing RS resource consumption), while each other K-1 resource sets contain only 1 RS resource.

[image: ]
Figure 10. K>1 resource sets, of which one is TRS, while others are with single resource.

The next question is periodic v.s. aperiodic resources (or resource sets). To support a certain delay (lag), it is natural to use parameter periodicityAndOffset of two P-resources, or to use parameter aperiodicTriggeringOffset of two AP-resourceSets, as illustrated in Figure 11.
In existing CSI or BM report framework, there is no mechanism with a mix of P and AP measurement resources. Therefore, we don’t think it necessary to invent such a new RRC structure/mechanism just for TDCP (a relatively smaller feature we tend to introduce in Rel-18 CSI).
Proposal 20: For TDCP report, no support P+AP RS resources.
Proposal 21: For TDCP report, support P+P RS resources.
To further reduce the RS overhead, TDCP-specific K-1 other resource set(s) can have longer periodicity than TRS, since TDCP may not need to be frequently updated. For example, the first set (TRS) can have a periodicity of 20msec, while others’ being 80msec.
Proposal 22: For TDCP report with periodic RS resources, periodicity is per-resourceSet configured.
Besides, since aperiodic TRS is anyway optional UE feature, we propose:
Proposal 23: For TDCP report, support AP+AP RS resources as optional UE feature.

[image: ]
[bookmark: _Ref131706162]Figure 11. RRC structure and key parameters associated with P/AP resource (set)

Besides, explicit delay (lag) value config is more preferrable, rather than to implicitly infer from parameters of periodicityAndOffset or aperiodicTriggeringOffset. For example, for a pair of P-resources, implicit derivation may have some unnecessary ambiguity regarding whether it is offset1-offset2, or periodicity-(offset1-offset2). Explicit config would be much more straight-forward and cleaner.
Proposal 24: For TDCP report, support explicit config of delay (lag) value(s) e.g. 5msec or 5 slots.

Quantization of autocorrelation
Pre-RAN1#111 offline proposal [5]:
	Proposal 3.B:
For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, 
· At least the following size-Q quantization alphabet is supported:  
· TBD: supported value(s) of N (e.g. ), Q, s (e.g. ½, ¼, 1/8, …), whether a center threshold is also supported (and if so, higher-layer configured)
· FFS: Whether different schemes can be supported for different use cases




We note that the above FL proposal is based on amplitude quantization of Rel-16 eType-II, where Q is the number of quantization bits, s is the quantization step and q is quantization index . 
There are two amplitude quantization tables in 38.214 (Table 5.2.2.2.5-2 and 5.2.2.2.5-3), for p(1) (polAmp) and p(2) (ampDiff) respectively. Their quantization is based on , and mostly near 0.
	
	Q
	s

	Rel-16 p(1)
	4
	21/4 (0.75dB)

	Rel-16 p(2)
	3
	21/2 (1.5dB)



Since for autocorrelation, more interested value can be near 1,  can be a starting point.
Proposal 25: For TDCP report, support  as a starting point for quantization of autocorrelation (agree with Proposal 3.B)

UCI multiplexing
RAN1#112 agreements [2]:
	Agreement
For the Rel-18 TRS-based TDCP reporting, the priority of the CSI report(s) associated with TDCP reporting is down-selected from the following alternatives:
· Alt1. Lower than other CSI reports 
· Alt2. Same as CSI report(s) not carrying L1-RSRP or L1-SINR
· Alt3. Higher than other CSI reports
· Other alternatives are not precluded 

Agreement
For the Rel-18 TRS-based TDCP reporting, support multiplexing TDCP reporting with other UCI parameters on PUSCH following the legacy UCI multiplexing rule for AP-CSI




For UCI priority, since one main use case of TDCP report is codebook switch – an additional optimization layer on top of regular CSI report e.g. Type-I or Type-II – it is reasonable to let TDCP have lower priority than legacy CSI/BM report.
Proposal 26: For TDCP report, k=2 for UCI priority determination based on legacy Pri( ) function: , wherein by following legacy, k=0 for L1-RSRP/SINR, and k=1 for other legacy CSI.

Invalid report with unavailable measurement
In Section 5.2.2.5 of 38.214, there is a timeline-based CSI report drop rule, if no measurement can be taken:
[image: Text

Description automatically generated]
where the “CSI reference resource” may not be relevant to TDCP (like RSRP report), but takes into account timeline (as a timeline “anchor”) e.g. Z’ symbols for aperiodic report.
Different than legacy, each delay (lag) of TDCP is associated with a pair of resources, therefore, we propose the above two CSI drop rules to be modified as 
Proposal 27: For TDCP report, after report (re)configuration, serving cell activation, or BWP change, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value (e.g. zero-autocorrelation) otherwise.
Proposal 28: For TDCP report, when DRX is configured, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) in DRX active time no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value (e.g. zero-autocorrelation) otherwise.
It can be noted in the above proposal 27 and 28, we also want to modify report “drop” as invalid report – this is to prevent error propagation in UCI packing, in case of DCI mis-detection, since TDCP is triggered by DCI.
Proposal 29: For TDCP report, support a “invalid” or zero-autocorrelation entry for its quantization value.


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: For Type-II-Doppler, Alt1 2-stage (MQ+2LS)-bit bitmap (Alt3A) achieves similar average throughput as 2LMQ-bit 3D bitmap, while overall feedback overhead can be reduced by more than 10% (659 to 575 bits).
Observation 2: Per-TRP Pc ratio definition means scaling the calculated PMI according to config.
Observation 3: For TDCP report configured with K>1 resource sets, following typical legacy, only one of them needs to be TRS for legacy loop tracking.
We propose:
Proposal 1: For Type-II-Doppler, for X=1 CQI in time-domain, reuse legacy CQI reported in CSI part 1.
· This includes both the case of first-slot CQI (basic feature), or the case of average CQI of first and end slot of WCSI (optional feature)
Proposal 2: For Type-II-Doppler, for X=2 CQIs in time-domain, report all contents of the 2nd TD CQI in group 2 of CSI part 2.
Proposal 3: For Type-II-Doppler, define the first slot of WCSI as CSI reference resource.
· For a special configuration of WCSI starting with Rel-15 legacy reference resource, Rel-18 would have a same reference resource as Rel-15
Proposal 4: For Type-II-Doppler, decouple the definition of Rel-18 CSI reference resource and “timeline anchor,” where the “timeline anchor” can reuse Rel-15 CSI reference resource definition.
Proposal 5: For Type-II-Doppler, for NZC selection bitmap, support 
· 1st preference: 2-stage bitmap (Alt3A)
· 2nd preference: Simply 3D bitmap (Alt1)
Proposal 6: For Type-II-Doppler, UCI packing order of coefficients uses Doppler-domain as the least-priority dimension (outermost indexing) i.e. Alt3.
Proposal 7: For Type-II-Doppler, no FD index permutation for UCI packing.
Proposal 8: For Type-II-Doppler, support only hard CBSR, no soft CBSR.
Proposal 9: For Type-II-Doppler, specify restriction on P/SP CSI-RS: A threshold/minimum number of CSI-RS occasions should be satisfied between the end of the triggering PDCCH and Z’ symbols prior to the report PUSCH.
Proposal 10: For Type-II-Doppler, study 2-stage PDCCH triggering mechanisms to prevent the latency and throughput reduction of UL-SCH due to the PUSCH conveying aperiodic Type-II-Doppler CSI: A 1st PDCCH to trigger CSI measurement/computation (and AP CSI-RS, if applicable), and, a 2nd PDCCH to trigger report.
Proposal 11: For Type-II-CJT, for NTRP>1 ParamCombo, basic/optional UE feature depends on NTRP, Ltot, and {pv, }
Proposal 12: For Type-II-CJT, for FD basis selection of mode-1 FD-separate CB,
· 1st preference: TRP-independent FD selection (Alt2);
· 2nd preference: Layer-common TRP-specific offset , in integer (Alt1 with no fractional )
Proposal 13: For Type-II-CJT, UCI packing of quantized coefficient use TRP-dimension as the least-prioriy dimension (outermost indexing) i.e. Alt2.
Proposal 14: For Type-II-CJT, support only hard CBSR, no soft CBSR.
Proposal 15: For Type-II-CJT, it should be a natural assumption for network implementation to allow variable transmission power for a CJT-PDSCH transmitted from each certain TRP.
Proposal 16: For Type-II-CJT, PDSCH-to-CSIRS Pc ratio is defined as the ratio between
· TRP-summation/-average of PDSCH EPRE across all TRPs, and 
· TRP-summation/-average of CSI-RS EPRE across all TRPs

Therefore, for CJT, Pc ratio is per CSI-RS resource set configured.
Proposal 17: For Type-II-CJT, total TCI states of CMRs (CSI-RS resources) is 1 or 2, and up to UE capability.
Proposal 18: For Type-II-CJT, support CMR timing restriction stricter than NCJT: All NZP CSI-RS resources in the resource set are received within one same slot, and no DL/UL switch in between.
Proposal 19: For TDCP report configured with K>1 resource sets, only one is configured as TRS (to leverage existing RS resource consumption), while each other K-1 resource sets contain only 1 RS resource.
Proposal 20: For TDCP report, no support P+AP RS resources.
Proposal 21: For TDCP report, support P+P RS resources.
Proposal 22: For TDCP report with periodic RS resources, periodicity is per-resourceSet configured.
Proposal 23: For TDCP report, support AP+AP RS resources as optional UE feature.
Proposal 24: For TDCP report, support explicit config of delay (lag) value(s) e.g. 5msec or 5 slots.
Proposal 25: For TDCP report, support  as a starting point for quantization of autocorrelation (agree with Proposal 3.B)
Proposal 26: For TDCP report, k=2 for UCI priority determination based on legacy Pri( ) function: , wherein by following legacy, k=0 for L1-RSRP/SINR, and k=1 for other legacy CSI.
Proposal 27: For TDCP report, after report (re)configuration, serving cell activation, or BWP change, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value (e.g. zero-autocorrelation) otherwise.
Proposal 28: For TDCP report, when DRX is configured, the UE reports a TDCP report associated with a delay (lag) only after receiving at least one pair of CSI-RS resources associated with the delay (lag) in DRX active time no later than Z’ symbols prior to PUSCH, and reports invalid TDCP value (e.g. zero-autocorrelation) otherwise.
Proposal 29: For TDCP report, support a “invalid” or zero-autocorrelation entry for its quantization value.
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The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be pelfolmed
with up to 8 transmission layers as defined in Clause 7.3.1.4 of [4. TS 38.211]. For CQI B
should a hat PDSCH signals on antenna ports in the set [1000..... 1000+v- ] for v layers would result in
signals equivalent to corresponding symbols transmitted on antenna ports [3000..... 3000+P-1]. as given by

(3000) () x© (i)

y(3000+P-1) ;) xD (1)

where x(7) = @ (i)...x("’n (i)]r is a vector of PDSCH symbols from the layer mapping defined in Clause
7.3.140f [4, TS38211]. Pe [1 2.4,812,16,24, 32] is the number of CSI-RS ports. If only one CSI-RS port is
configured. 777i) is 1. If the higher layer parameter reportQuantity in CSI-ReportC anf‘ g for which the CQI is
reported is set to either 'cri-RI-PMI-CQI' or 'cri-RI-LI-PMI-CQI'. 777i) is the p: 1 co nding t
the reported PMI| applicable to x(7). If the higher layer parameter reportQuantity in C SI-Re por 1C onfig f01 v»].uch
the CQI is reported is set to 'cri-RI-CQI'. 777i) is the precoding matrix corresponding to the procedure described
in Clause 5.2.1.4.2. If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is
1ep011ed is set to ‘cri- RI il -CQI. W/i) is the plecoding manix conespond'mg to the 1eponed il according to the

[3000.....3000 + P - 1] would have a ratio of EPRE to CSI RS EPRE equal to the ratio given in Clause 5.2.2.3.1.
If the higher layer parameter reportQuantity in CSI-ReportConfig for which the CQI is reported is set to either
'c1i-RI-PMI-CQI' or 'cri-RI-LI-PMI-CQI'. the corresponding CSI-RS Resource Set for channel measurement is
configured with two Resource Groups and N Resource Pairs. as described in clause 5.2.1.4.1. the reported CRI
corresponds to an entry of the N Resource Pairs. and the reported rank combination is {v;,v,}. as described in
clause 5.2.1.4.2, for CQI calculation. the UE should assume that
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After the CSI report (re)configuration. serving cell activation. BWP change. or activation of SP-CSL. 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.

When DRX is configured, the UE reports a CSI report only if receiving at least one CSI-RS transmission occasion for
channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement in DRX Active Time no later
than CST reference resource and drops the report otherwise.
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