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In this contribution, we continue to discuss the following two objectives of Rel-19 MIMO [1]:
	[bookmark: _Hlk145555364][bookmark: _Hlk146642115]… 
2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
… 




Type-I/II enhancements for up to 128 ports
Type-I codebook enhancement
Codebook for rank5-8
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, decide, by RAN1#117, from the following schemes:
· Scheme1: adding new (N1, N2) values for the Rel-15 Type-I RI=5-8
· Scheme2: 
· W1 structure: Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers except that, if v is odd, the last SD basis vector is applied to the orphan layer. Each of the SD basis vectors is freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· FFS: mapping between v layers and ceil(v/2) SD basis vectors
· FFS: support of 4 selected SD basis vectors for RI=5-6
· W2 structure:
· For inter-polarization co-phasing, M (e.g., M = 4) codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve layer orthogonality.
· Scheme3: the 1st beam is freely selected and subsequent 2 beams (RI=5-6) or 3 beams (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical). Layers are mapped to the selected SD basis vectors following legacy Rel-15 for RI=5-8. One co-phasing across all layers ∈{1,j} following legacy Rel-15 Type-I RI=5-8
· Scheme4: concatenate two independently calculated RI=1-4 PMIs for RI=5-8 to reduce UE complexity where each PMI is calculated from the agreed RI=1-4 codebook (Scheme-A or Scheme-B) and the CQI for each of the two CWs is derived assuming it is received by one antenna group of 4 antenna ports (FFS: Whether additional mapping between the two PMIs and the two UE antenna groups is needed)
· Other schemes are not precluded




During pre-RAN1#117 offline discussion, the following proposal is widely supported [4]:
	Proposal 1.A.1: For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports with RI=5-8, support the following schemes:
· Scheme-A (based on Scheme3 described in RAN1#116bis):
· W1 structure:
· The 1st SD basis vector is freely selected and subsequent 2 (RI=5-6) or 3 SD basis vectors (RI=7-8) are freely selected such that they are orthogonal in at least one dimension (horizontal or vertical).
· The v layers are mapped to the selected SD basis vectors following legacy Rel-15 Type-I for RI=5-8.
· W2 structure:
· Following legacy Rel-15 Type-I RI=5-8
· Scheme-B (based on Scheme2 described in RAN1#116bis):
· W1 structure: 
· Independent selection of different ceil(v/2) SD basis vectors for RI = v, where each SD basis vector is applied to two respective layers following legacy Rel-15 Type-I for RI=5-8, except that, if v is odd, the last SD basis vector is applied to the orphan layer. 
· FFS: mapping between the orphan layer and its selected SD basis vector and, if needed, UE reporting of the selection 
· FFS: support of 4 selected SD basis vectors for RI=5-6
· The SD basis vectors are freely selected from a group of N1N2 orthogonal SD DFT basis vectors via combinatorial indication 
· W2 structure:
· For inter-polarization co-phasing, M = 4 codepoints for the orphan layer and M/2 codepoints for two layers sharing a same SD basis vector;
· A fixed  rotation of inter-polarization co-phasing between two layers sharing a same SD basis vector to achieve inter-layer orthogonality.
· A UE can be configured by the NW via higher-layer (RRC) signalling with either Scheme-A (RI=1-4+RI=5-8) or Scheme-B (RI=1-4+RI=5-8)




With the agreement of above schemes, we studied the performance of Scheme1, Scheme2 and Scheme3 with link-level simulations. The key simulation assumptions are listed as below.
	Table: LLS Simulation Assumptions for Different Schemes Comparison

	Parameters
	Values

	Simulation BW
	64 RBs

	Channel
	CDL-C

	Desired RMS Delay Spread
	300 ns

	Doppler Shift
	110 Hz

	gNB antenna array
	16x16x2 Antenna Elements

	TxRUs/CSI-RS Ports
	64

	Number of UEs
	Single UE 8Rx

	Layers
	6

	CSI-RS periodicity
	20 ms

	Slot Structure
	PDCCH (1-2), DMRS (3), PDSCH (3-12), Guard (13), SRS (14)

	CSI-RS Channel Estimation
	Practical

	Modulation
	MCS 9 (16 QAM)

	Link and Rank Adaptation
	Disabled

	DL Digital Precoder
	Type I Codebook

	N1, N2, O1, O2
	(16, 2, 4, 4) for 64 ports

	NumRbsWithSamePrecoding
	4 RB

	Number of Subbands
	16

	Analog Precoder
	Fixed Precoder (Downtilt )



Based on the performance study, Scheme2 and Scheme3 demonstrate significant enhancements in throughput when compared to Scheme1. Additionally, the performance of Scheme2 has a non-significant improvement over Scheme3. In terms of reporting overhead, Scheme2 increases the overhead significantly whereas Scheme3 can achieve similar performance at low reporting overhead. Based on the LLS evaluation, it is recommended to adopt Scheme3 for the Type-I codebook design for RI 5-8 as it can provide significant performance improvement over legacy (Scheme1) Type-I codebook design for RI 5-8 without excessive increase in reporting overhead.
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Figure 1. Evaluation of schemes in terms of throughput and reporting bits.
Proposal 1: For Rel-19 Type-I codebook with >32 ports, adopt Scheme3 for the Type-I rank5-to-8. 
Further we compare another issue: Comparison of inter-polarization co-phasing  across all layers, v.s. legacy Rel-15 Type-I RI=5-8 design where fixed phase is chosen for few higher-index layer in Scheme3, e.g. for rank6 no co-phase parameter  for the last two layers: 
 (legacy) 
v.s. 
Based on the LLS evaluation, we observe an improvement of less than 1 dB at lower SNR region in the performance with the inclusion of one inter-polarization co-phasing across all layers . Since using one inter-polarization co-phasing across all layers  does not increase the reporting overhead, we recommend using the one inter-polarization co-phasing across all layers  for Type I codebook design for Scheme3 for RI 5-8 contrary to using the legacy Rel-15 Type-I RI=5-8 co-phasing design.
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Figure 2. Evaluation of fixed co-phase for higher index layer and one inter-polarization co-phasing across all layers in terms of throughput.
Proposal 2: For Rel-19 Type-I codebook with >32 ports, for rank5-to-8, support one inter-polarization co-phasing∈{1,j} across all layers for Scheme3.
[bookmark: OLE_LINK1]Regarding SD selection indication of Scheme3, firstly, the 1st beam can follow legacy, i.e.  bits for  and  bits for , respectively.
For the remaining  beams (here  denotes total beams) other than the 1st one, report indication can be divided into two levels: (1)  bits for each beam’s oversample cluster index, and (2) each bream’s oversampling group index.
· For (2) oversampling group index, it is noted that all the remaining  beams should satisfy a same dimension (either N1 or N2) orthogonal to the 1st beam (except if one or more of them belong to the N1N2 beams in the legacy orthogonal oversampling group),– therefore, this can be indicated with a common 1 bit for all the  beams, as shown in Figure 3.
· If orthogonal in N1-dimension (except for the N1N2 beams), the remaining  beams are selected from  beams;
· If orthogonal in N2-dimension (except for the N1N2 beams), the remaining  beams are selected from  beams.
· Then for each of the respective  beams, for the other dimension than the above 1-bit-indicated dimension, 2 bits () can indicate the oversampling group index.
· Although, among the  beams themselves, orthogonality may not necessarily be this 1-bit-indicated dimension, and an example is shown in Figure 3 (b).
The total number of beams at least 1D orthogonal to the 1st beam is  (union of Figure 3 (a) and Figure 3 (b)), smaller than Figure 3 (a) “plus” Figure 3 (b). Therefore, the above method keeps the full selection freedom of “at least 1D orthogonal.”
[image: ]
[bookmark: _Ref166091337]Figure 3. Illustration of at least one-dimensional orthogonal to the 1st beam: (a) At least orthogonal to the 1st beam in N1-dimension; (b) At least orthogonal to the 1st beam in N2-dimension.
Proposal 3: For Rel-19 Type-I codebook with >32 ports, for Scheme-A rank5-to-8, for SD selection of the  remaining beams other than the first selected beam,
·  bits to indicate the respective  oversampled cluster indices, and
· For oversampling group indices indication, 
· 1 common bit to indicate in which of the two dimensions (N1 or N2), that all these  beams are orthogonal to the 1st beam, i.e. selected from  beams, or, from  beams;
·  bits to indicate the respective  oversampling group indices at the other dimension different than the above 1-bit-indicated dimension.
Besides, a question regarding whether “nested” structure should be designed for rank5-to-8 over rank1-to-4 was discussed during the last RAN1#116bis meeting. For example, whether rank5 should have its first four layers with a same design as rank4? We have the following analyses:
· “Nested” structure helps with selecting out several strongest beams, e.g. stronger to weaker, for calculation hypothesis of lower to higher rank.
· However, beam strength calculation requires relatively minor efforts.
· “Nested” structure does not help with the later-on steps for SE (spectral efficiency) calculation – which is the main efforts of UE.
Observation 1: For Rel-19 Type-I codebook with >32 ports, for rank5-to-8, “nested” structure over rank1-to-4 is not necessary.

Remaining issue for rank1-4 Scheme-A
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· Scheme-A (based on Scheme1 in RAN1#116 agreement): Adding new (N1, N2) values for the Rel-15 Type-I single-panel codebook mode-1 (L=1) where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and for rank-3/4, follow legacy mechanisms for <16 ports
· …
…




RAN1#116 agreement [3]:
	Agreement
For the Rel-19 Type-II codebook refinement based on Rel-16 eType-II and Rel-18 Type-II Doppler for up to 128 CSI-RS ports, as well as Rel-19 Type-I codebook refinement for up to 128 CSI-RS ports, support the following (N1, N2) values:
	Total # CSI-RS ports across aggregated resources (=P)
	(N1, N2)

	48
	(8,3)

	
	(6,4)

	64
	(16,2)

	
	(8,4)

	128
	(16,4)

	
	(8,8)


The support of total # CSI-RS ports across aggregated resources (=P) and (N1, N2) are subject to UE capability.
…




One missed point for Scheme-A with Rel-19 new larger (N1, N2) is, for rank-3/4, the selection of the 2nd SD basis ( indication) is not defined, literally: In Table 5.2.2.2.1-4 of 38.214 below, it only defines each specific (N1, N2) case of <16 ports, but no definition in the RAN1#116bis agreement about Rel-19 larger (N1, N2) case, as in the above agreement from the first Rel-19 meeting (RAN1#116).
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Proposal 4: For Rel-19 Type-I codebook with >32 ports, for Scheme-A rank3/4, specify the selection range of the 2nd SD basis, relative to the 1st one.
Remaining issues for rank1-4 Scheme-B
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 Type-I single-panel (SP) codebook refinement for 48, 64, and 128 CSI-RS ports, for RI=1-4, support the following:
· …
· Scheme-B (based on Scheme2 in RAN1#116 agreement): Adding new (N1, N2) values where 2N1N2 (>32) is the total number of CSI-RS ports across aggregated NZP CSI-RS resources, and
· W1 structure: 
· For each layer, reuse legacy Rel-16 eType-II SD basis with L=1 to determine the DFT-based SD basis candidates
· For 1<RI≤4, L=1 SD basis vector is independently selected for different layers
· The SD basis selection indication includes layer-common (q1,q2) and  bits for each layer
· Note: This implies that each of the SD basis vectors is selected from a group of N1N2 orthogonal basis vectors
· W2 structure: Layer-specific inter-polarization co-phasing with the alphabet {+1, +j, -1, -j}
…




According to agreement, since SD basis is freely selected for each layer ( bits), the order of layer is also freely decided by UE report.
Therefore, UE has a freedom to report layer from stronger to weaker, and LI (layer indicator) is not needed – This is analogous to Type-II, whose coefficients for each layer are freely reported (thus UE can report stronger-to-weaker layers).
Proposal 5: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, LI is not reported.
Proposal 6: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, the first layer is the strongest layer.
Another potential issue for Scheme-B is, the report overhead differs much between different ranks. Take 128-port for example, =6 bits, and rank4 can have 18 more bits than rank1.
However, according to Rel-15, wideband Type-I CSI on PUCCH is reported as one-part – with zero-padding to align the total bit size with different ranks. 
For legacy Rel-15 Type-I, this is acceptable, since different ranks do not differ much on UCI payload size (typically 1 or 2 bits due to  indication, according to Table 6.3.1.1.2-1 of 38.212). However, for Rel-19 Scheme-B, different ranks differ more significantly on UCI payload size.
Proposal 7: For Rel-19 Type-I codebook with >32 ports, for Scheme-B, wideband CSI on PUCCH can also be reported as two-part (like subband case).
Given that PUCCH format 2 never supports two-part CSI, it is preferable only to have PUCCH format 3 and 4 support wideband two-part CSI for Rel-19 Type-I Scheme-B (since they already support two-part subband CSI for Rel-15 Type-I), while PUCCH format 2 keeps legacy.
Proposal 8: For Rel-19 Type-I codebook with >32 ports, for Scheme-B, wideband CSI on PUCCH format 3 and 4 is reported as two-part, while wideband CSI on PUCCH format 2 is reported as one-part (no change to legacy).
Besides, it is not clarified whether orthogonality should be guaranteed between layers. 
· For two layers with different SD bases, it is orthogonal, since the two SD bases are selected from an orthogonal oversampling group (layer-common (q1,q2));
· However, for two layers happening to be a same SD basis, co-phasing would determine orthogonality.
In our view, orthogonality between layers should be guaranteed, and clarified in standard.
Proposal 9: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, if two layers are associated with a same SD basis, co-phasing should have a fixed rotation of , to guarantee orthogonality between the two layers.

CSI-RS port indexing
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, support NW to configure UE with one of the following mapping methods via higher-layer (RRC) signaling, 
· Mapping method 1: Sequential ordering/indexing within (1st resource, 1st polarization), then (2nd resource, 1st polarization), …, then (Kth resource, 1st polarization), then (1st resource, 2nd polarization), then (2nd resource, 2nd polarization), …, then (Kth resource, 2nd polarization)  
· Mapping method 2: Sequential ordering/indexing within (where K*n2 = N2):
· for the 1st polarization, (1st n2 ports in 1st resource, 1st polarization), (1st n2 ports in 2nd resource, 1st polarization), …, (1st n2 ports in Kth resource, 1st polarization), then (2nd n2 ports in 1st resource, 1st polarization), (2nd n2 ports in 2nd resource, 1st polarization), …, (2nd n2 ports in Kth resource, 1st polarization), … then (N1th n2 ports in 1st resource, 1st polarization), (N1th n2 ports in 2nd resource, 1st polarization), …, (N1th n2 ports in Kth resource, 1st polarization) , 
· and then for the 2nd polarization, (1st n2 ports in 1st resource, 2nd polarization), (1st n2 ports in 2nd resource, 2nd polarization), …, (1st n2 ports in Kth resource, 2nd polarization), then (2nd n2 ports in 1st resource, 2nd polarization), (2nd n2 ports in 2nd resource, 2nd polarization), …, (2nd n2 ports in Kth resource, 2nd polarization), … then (N1th n2 ports in 1st resource, 2nd polarization), (N1th n2 ports in 2nd resource, 2nd polarization), …, (N1th n2 ports in Kth resource, 2nd polarization)
FFS: Exact port indexing within each CSI-RS resource or across K CSI-RS resources
FFS: Whether the following is also supported: 
· …

Conclusion
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding the mapping from CSI-RS resource index/port index per resource and port index to CSI/PMI calculation, there is no consensus on supporting mapping method#3 (for K=4, 2x2 aggregation). 




For the agreed mapping method 1 or 2, spec still needs further to implement it in a “more precise” way.
Before possibly defining a formula in spec, one thing should be settled first: Whether the CSI-RS port indices of the K resources (each Q ports) should be defined as if a “virtual resource” across K, i.e. p=0, 1, …, KQ-1, or, defined as a combination of resource index k=0, 1, …, K-1 and port index within each resource q=0, 1, …, Q-1: (k, q).
In our view, either of the above two ways can work (we have a confidence that our dear 214 editor is clever enough to implement both). But anyway, one-value index (p) should be simpler and more concise than two-value index (k, q).
Besides, one-value index (p) is more aligned with the more general precoding equation in Clause 5.2.2.5.1 of 214, while two-value index (k, q) is more like CJT mTRP precoding equation in Clause 5.2.2.5.1b of 214 – it is more natural to use general sTRP equation for Rel-19 sTRP Type-I/-II, rather than CJT mTRP equation.
Proposal 10: For Rel-19 Type-I codebook with >32 ports aggregated by K>1 CSI-RS resources (each P ports), support CSI-RS port index defined as 0, 1, …, KP-1.
For CSI-RS port indices mapped to “physical” position (n1, n2) on an antenna array, there are two aspects described in 211 and 214 respectively. (Here we denote antenna ports’ “physical” position  and .)
· 211 aspect (Clause 7.4.1.5.3): Time-frequency-code resource of CSI-RS  Port index p

where port index p=0,1,…,P-1; Denote CDM group size as L, and CDM group index 𝑗=0,1,…,𝑃/𝐿−1; Denote index within a CDM group 𝑠=0,1,…,𝐿−1
· 214 aspect (PMI clauses 5.2.2.2.x): Port index p  antenna ports’ “physical” position (pol, n1, n2)
 (not directly in spec as this explicit formula, although)
Note that all existing sTRP Type-I/II PMI equations (in Clauses 5.2.2.2.x) implicitly hint the above formula, e.g. for Type-I (rank1 for simplicity)

In addition, according to ’s definition at the very beginning of Clause 5.2.2.2.1, the indexing from “innermost” to “outmost” has an order: Firstly , then , and lastly pol.
· The 214 aspect is “connected” to 211 aspect via descriptions in Clause 5.2.2.5.1 of 214:
, where  is PMI
Saying back to Rel-19, for codebook with total ports P=2N1N2 supported via K>1 CSI-RS resources, let’s denote P=KQ, where Q is the number of ports per resource (thus port index p=3000, 3001, …, 3000+KQ-1).
For the agreed two mapping methods:
· Mapping method 1 (N1-dimension split/aggregation)

where k=0, 1, …, K-1 is the CSI-RS resource index, with  denoting CDM group index within CSI-RS#k, and  denoting index within a CDM group.
· Mapping method 2 (N2-dimension split/aggregation)

Some examples are given for the above two options:
· Mapping method 1 example with K=2, Q=32 (P=KQ=64), and (N1, N2)=(8,4)

[image: ]
Figure 4. One example of option 1 with K=2, Q=32 (P=KQ=64), and (N1, N2)=(8,4).
· Mapping method 2 example with K=2, Q=32 (P=KQ=64), and (N1, N2)=(8,4) 

[image: ]
Figure 5. One example of option 2 with K=2, Q=32 (P=KQ=64), and (N1, N2)=(8,4).
[bookmark: _Hlk163248440][bookmark: _Hlk166019052]Proposal 11: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support the following two methods for CSI-RS port indexing,
· Mapping method 1 (N1-dimension split/aggregation)

where k=0, 1, …, K-1 is the CSI-RS resource index, with  denoting CDM group index within CSI-RS#k, and  denoting index within a CDM group.
· Mapping method 2 (N2-dimension split/aggregation)

Last but not the least, two mapping methods can cause trouble to IODT test for UE vendors. To commercializing a feature, on UE side, a UE vendor has to do IODT test for this feature with two gNB vendors, which is the requirement to pass IODT test. For this feature of more than 32 ports, given two mapping methods are supported in spec, a UE will have to find two gNB vendors to do IODT test of both mapping methods. However, gNB may only choose to implement and commercializing only one mapping method. To make it worse, different gNB vendors might choose to implement different mapping method. For example, if all gNB vendor happen to choose implementing mapping method 1. Then, a UE vendor cannot do IODT test for method 2. Without passing IODT for both methods, a UE cannot claim supporting this more than 32 ports feature and turn it on in capability report, which cause under-reporting issue. 
The way to solve this IODT test issue is very simple. A capability should be introduced to allow UE reporting supporting only one of the two mapping method. Thus a UE only need to do IODT for that mapping method and turn it on in capability report.
Furthermore, consider that mapping method 2 supports all (N1, N2) cases of Rel-19 as “backward-compatible” – while for mapping method 1, it does not hold for two cases: (8,8) and (6,4) – it would be safer to define mapping method 2 as basic UE feature, and mapping method 1 as UE optional.
Proposal 12: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support the two mapping methods for CSI-RS port indexing subject to two separate UE capabilities, where mapping method 2 (N2-dimension split/aggregation) as basic UE feature, and mapping method 1 (N1-dimension split/aggregation) as optional UE feature.

CMR/IMR config and restriction
[bookmark: _Ref166146780]Number of CSI-RS resources and per-resource number of ports: {K,Q}
In our view, less is better. As long as every case of total ports P can be supported, it is preferrable to have a minimum number of value combinations of {K,Q} satisfying KQ=P.
Besides, due to the possible FDM/TDM restriction that may need to define, as will be discussed in the next Section 2.3.2, it is also preferred not to have K=3.
Proposal 13: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support CMR configured as a set of K=2 or 4 CSI-RS resources:
· K=2 for P=48, each 24 ports
· K=2 for P=64, each 32 ports
· K=4 for P=128, each 32 ports
· No more other cases should be sufficient, e.g. no need K=3, or other value of Q (number of ports per resource).
[bookmark: _Ref166156076]FDM/TDM restriction 
RAN1#116bis agreements [2]:
	Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all K NZP CSI-RS resources shall be located within 1 slot or 2 consecutive slots (following legacy principle from Rel-18 Type-II CJT), and are associated with a same CSI-RS resource set:
· … 

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, support the following refinement on the K>1 CSI-RS resources associated with a same CSI-RS resource set:
· Allow per-resource configuration of evenPRBs or oddPRBs for 0.5 RE/RB/port density 
· …

Agreement
For the Rel-19 Type-I and Type-II codebook refinement for 48, 64, and 128 CSI-RS ports, regarding NZP CSI-RS resource aggregation to attain 32 < P (or PCSI-RS) ≤ 128, all the K>1 NZP CSI-RS resources also share the same QCL, PCoffset, and PCoffsetSS. In addition: 
· ‘within 1 slot’ should be basic feature and ‘within 2 consecutive slots’ should be UE capability




According to the above agreements, both FDM (density 0.5) and TDM (within 1 or 2 slots) are possible for K>1 CSI-RS resources. However, some trivial FDM+TDM “flexibility” should not be needed, for example, for K=2, it may be OK either TDMed on the same RBs, or FDMed on the same symbols, but no need both (different RBs and different symbols), as illustrated in Figure 6. Anyway, different RBs plus different symbols would degrade performance, compared with TDM-only or FDM-only case.
However, according to the above agreement, the case of “different RBs and different symbols” is not precluded.
[image: ]
[bookmark: _Ref166155507]Figure 6. Allowable FDMed or TDMed K=2 CSI-RS resources, but non-allowable for both.
Proposal 14: For Rel-19 codebook with >32 ports aggregated by K=2 CSI-RS resources, it is restricted to be one of: Same RBs (TDM), or, same symbols (FDM).
For K=4 CSI-RSs, to support 128-port codebook with K=4 of 32-port CSI-RS resources confined within a same slot (basic UE feature), it is only possible to have the K=4 CSI-RS resources TDMed in different symbols, and FDMed on even/odd RBs, with FD density 0.5. 
Some examples are provided in Figure 7 for illustration, where the K=4 CSI-RS resources are FDMed + TDMed in a 2-by-2 manner. It is noted that all the three existing 32-port CSI-RS patterns (row 16, 17 and 18 from Table 7.4.1.5.3-1 in 38.211) occupy 8 subcarriers (CDM-FD2 x 4) in frequency-domain – thus one single RB can only accommodate no more than one CSI-RS resource.
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[bookmark: _Ref163154602]Figure 7. FDM+TDM to support 128-port codebook with K=4 of 32-port CSI-RS resources in a same slot.
Similarly, some trivial flexibility for K=4 should not be needed either. An example is shown in Figure 8.
[image: ]
[bookmark: _Ref166166458]Figure 8. Allowable FDMed + TDMed K=4 CSI-RS resources, and a non-allowable example.
Therefore, to support K=4 of 32-port CSI-RS resources within a same slot, we propose
Proposal 15: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support 128-port codebook by K=4 of 32-port CSI-RS resources FDMed and TDMed in a same slot, wherein
· CSI-RS resource {1,3} and {2,4} are restricted with same RBs (TDM) respectively, and
· CSI-RS resource {1,2} and {3,4} are restricted with same symbols (FDM) respectively.

CPU / active resource counting
According to RAN1#116bis agreement, timeline is agreed, while CPU and active resource counting is still FFS [2]:
	Agreement
For the Rel-19 Type-I SP and Type-II codebook refinements for 48, 64, and 128 CSI-RS ports via aggregating K>1 CSI-RS resources, regarding timeline, introduce two UE capabilities:
· Capability 1: Reuse legacy Z/Z’ values
· Capability 2: Scale the legacy timeline Z/Z’ by ceil(P/32) where P is the total number of ports across all the K aggregated CSI-RS resources
FFS: CPU occupation and active resource counting




For CPU counting, a general concept from Rel-15 is, with tighter timeline, CPU is counted more (since more computational resources should be allocated to enable faster calculation); While for longer timeline, CPU is counted less.
In our view, when timeline is extended (e.g. linearly increased with P/32 as Capability 2), it is OK to still count CPU as “1” (K>1 CSI-RS resources basically take the same role as legacy single CSI-RS resource – like a “virtual CSI-RS resource”).
Proposal 16: For Rel-19 Type-I/-II codebook enhancement, K>1 CSI-RS resources can be counted as “1” CPU, for timeline Capability 2 (linearly increased with P/32).
For active CSI-RS resource/port counting, we think it should be carefully treated to make sure UE can clearly indicate what it signs up to do. 
For example, a UE may support both Rel-19 Type-I codebook >32port and Rel-15 Type-I codebook <=32port. Then it comes an issue that, UE capability indication mechanism for active CSI-RS resource/port: FG 2-33 (e.g. if Rel-19 has a new version of FG 2-33) – it can’t differentiate b/w the following two cases:
· Case A: 1 non-CRI report with 128-port codebook, being configured with K=4 resources each 32 ports; 
· Case B: 4 reports each with 1 CSI-RS resource of 32 ports. 
In our understanding, UE measuring efforts is: Case A << Case B – a UE signing up to do Case A on a certain CC, does not guarantee to do Case B.
To avoid doing Case B, UE may conservatively report a small number of maximum supported active CSI-RS resources/ports, which basically makes 128-port difficult to support.
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Table 1. For FG 2-33 easy reading
	
	Per-CC simultaneous
	Across-all-CC simultaneous
	Per-CC configured

	Max # CSI-RS resources
	Component 5)
	Component 4)
	Component 1)

	Max # total ports
	Component 7)
	Component 6)
	Component 2)



To avoid such tragedy, we propose to indicate UE capability more precisely. We think the following two approaches can be considered:
· Alt1: Count K>1 CSI-RS resources for a single codebook with total ports P=KQ={48,64,128} as “1” (virtual) CSI-RS resource with P ports
· With Alt1, UE signing up to do e.g. 128-port Type-I only need to indicate # resource as “1” (e.g. reported as (1,128) for Component (5,7)) of FG 2-33), on a certain CC.- while for 4 reports x 32 ports are reported as (4,128) for the Component (5,7), thus differentiable.
· Alt2: The per-codebook FG triplet: {max # CSI-RS resources, max # ports per CSI-RS resource, max # total ports}, is also per-CC defined/reported, just like FG 2-33.
· E.g. the triplet as in 2-36 (Rel-15 Type-I Single Panel), or 16-3a (Rel-16 eType-II Regular) is reported per-CC in the associated FGs of Rel-19.
Proposal 17: For Rel-19 Type-I/-II codebook enhancement, consider one of the following alternatives for UE capability indicated for max number of supported active resource/port:
· Alt1: Count K>1 CSI-RS resources for a single codebook with total ports P=KQ={48,64,128} as “1” (virtual) CSI-RS resource with P ports.
· Alt2: The per-codebook FG triplet: {max # CSI-RS resources, max # ports per CSI-RS resource, max # total ports}, is also per-CC defined/reported, just like FG 2-33.

CBSR
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 Type-I SP codebook refinement for 48, 64, and 128 CSI-RS ports, regarding CBSR design:
· 1-bit hard restriction is supported (analogous to Rel-15 Type-I)
· FFS: 3-bit scaling factor for soft restriction with the scaling factor taken into account in CQI/PMI calculation
· Moving (N1, N2) configuration out from CBSR IE and the CBSR can be optional configured
· Send LS to RAN2, and subject to RAN2 consent
· -bit CBSR where each bit in the CBSR is associated with a set of X1X2 SD basis vectors, where the set includes X1 adjacent SD basis vectors along the N1 direction and/or X2 adjacent SD bases along the N2 direction
· FFS: Value(s) of X1 and X2 and detailed design/spec impact 
FFS: Whether/how to enable shared CBSR in RRC configuration for Type-I/II codebooks with a same (N1,N2).




The motivation of CBSR is RRC overhead reduction.
While a concept of “beam grid” (X1X2 adjacent beams) can save overhead, we think a parallel (and simpler) mechanism is to share CBSR config between Type-I and Type-II codebooks, since for hard CBSR, it does not differ whether for Type-I or Type-II, as long as with a same antenna array layout (N1,N2).
Proposal 18: For Rel-19 Type-I/-II codebook enhancement, support a shared hard CBSR configuration applying to both Type-I and Type-II codebook configs with a same (N1, N2).
· FFS RRC signaling structure.
For another issue: Soft CBSR, this is tricky for Type-I, due to that for any rank>1, one beam naturally already has its power scaled down as 1/rank or 2/rank (assuming still equal power between layers), depending on whether this beam is associated with one or two layers.
For a certain rank/hypothesis, UE may sort out a few strongest beams, then at least the following issues would cause difficulties for rank>1:
· How much power should one certain beam be seen as scaled-down is not clear (1/rank or 2/rank? – To be compared with the configured soft CBSR power limit), given that it has not been determined as one single layer or two layers, before PMI calculated out.
· If one certain beam is configured with a soft power restriction smaller than 1/rank or 2/rank, would it be calculated as layer-specific power? (Which is very different than legacy – big enhancement.)
· Or, every selected beam is scaled-down same as this certain beam? (Which creates many more hypotheses.)
The only exceptional case without the above issues/difficulties is rank1, therefore we propose:
Proposal 19: For Rel-19 Type-I codebook enhancement, if soft CBSR only applies to rank1, it can be supported as an optional UE feature.
· No support of soft CBSR to rank>1.

CRI enhancements
[bookmark: _Hlk166162886]UCI priority/omission
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1, the M CRIs (each with  bits) are separated indicated 
· FFS: whether to support NW configuring/requesting the UE to report CRI/RI/PMI/CQI associated with MR (<M) of KS CSI-RS resources, including whether further reduction in the number of hypotheses is supported, i.e. reporting (M – MR) CRIs (each with  bits)

Agreement
For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, 
· When M>1, the M PMIs are independently calculated and indicated
· … 




During pre-RAN1#117 offline discussion, the following proposal is widely supported [4]:
	Proposal 2.A.1: For the Rel-19 CRI-based CSI refinement for up to 128 CSI-RS ports, for M>1,
· Resource-specific RI, i.e. RI is independently calculated and indicated for each of the selected M NZP CSI-RS resources
· 4-bit wideband CQIs are independently calculated and reported across the M selected NZP CSI-RS resources
· 2-bit differential SB CQIs are independently calculated across the M selected NZP CSI-RS resource




During the discussion of UCI priority/omission in this section, the offline proposal assumption is assumed: Resource-specific RI and resource-independent CQI (no differential). Together with the agreed resource-specific CRI and resource-independent PMI, basically the M “bundles” of {CRI, RI, CQI, PMI etc.} is like M separate reports.
There can be two options for UCI omission:
· Option 1 (like subConfig of NES): Define priorities of M bundles on top of a same report priority level.
· For option 1, the consecutive priority levels are: {even subbands of bundle 1, …, M} {odd subbands of bundle 1, …, M}.
· Option 2 (like M reports): Each of the M bundles are assigned with a different report priority level.
· For option 2, the consecutive priority levels are: {even, odd} subbands of bundle 1, …, {even, odd} subbands of bundle M.
In our view, Option 2 is more reasonable due to bundle-by-bundle omission, while Option 1 may result in that all odd subbands info of the M bundles are omitted, leaving only even subbands info.
Besides, Option 2 requires less implementation efforts, due to less modification to legacy (before Rel-18 NES).
[image: ]
Figure 9. UCI part2 priority (omission order) for M reported bundles of { CRI, RI, CQI, PMI etc.}
Proposal 20: For multi-CRI report, UCI priorities of M report-bundles are defined with different priority levels.
The remaining issue is about priority among the M report bundles, and we propose:
Proposal 21: For multi-CRI report, UCI priorities amongst the M report-bundles are determined based on the order of the M CRIs reported in wideband/group0 info of CSI part2.
Timeline, CPU / active resource counting
For multi-CRI CSI report, the increment in a CSI report is on two dimensions, i.e., the number of CRIs in a report is increased from one to more than one, and the number of CSI-RS ports per CSI-RS resource is increased from 16 or 8 to up to 32. One should notice that, according to 38.214 “If 𝐾𝑠 = 2 CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If 2 < 𝐾𝑠 ≤ 8 CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports”. While in Rel-19, up to 32 CSI-RS ports per resource is allowed. 
The extension of process time for multi-CRI report should take the two-dimensional increment of complexity into account. Therefore, we envision the processing time need to increase in two dimensions as well. Firstly, Z and Z’ should be linearly scaled with a factor based on the ratio of number of ports increment per resource, which is similar to previous proposal. Secondly, an additional processing time should be given to UE to handle the multiple CRIs in the report, which is unique for the new multi-CRI report. The additional time extension should be linearly scaled with M-1, where M is the number of CRIs that NW requesting in the report. “M-1” is due to the legacy CSI processing timeline already support a single CRI report. 
With the above analysis, the following is proposed for processing timeline extension for a multi-CRI report. 
[bookmark: OLE_LINK6]Proposal 22: For multi-CRI report, extend CSI process time Z and Z’ as the following
· If Ks = 2:
· Z= Q/16 * Z + (M-1) * Y, Z’= Q/16 * Z’ + (M-1) * Y,
· Else if 2 < Ks <= 8:
· Z = Q/8 * Z + (M-1) * Y, Z’ = Q/8 * Z’ + (M-1) * Y
where Q is the max number of CSI-RS ports allowed in a CSI-RS resource associated with the multi-CRI report, Ks is the number of CSI-RS resources configured for the report, M is the number of CRIs configured to be included in the report, Y=2 symbols. 
As for CPU / active CSI-RS resource, to align with legacy single-CRI report, we propose
Proposal 23: For multi-CRI report configured with KS CSI-RS resources, CPU is counted as KS.
Proposal 24: For multi-CRI report configured with KS CSI-RS resources, active resource is counted as KS.

UE-assisted CJT with non-ideal TRP synchronization
Inter-TRP Rx-Tx phase/TAE synchronization for TDD reciprocity
[bookmark: _Ref163233725][bookmark: _Ref163233708]Inter-TRP Rx-Tx phase/TAE report
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, given the NTRP configured NZP CSI-RS resources/resource sets and the selected N resources/resource sets, support reporting, in one CSI reporting instance, {n, , n=0, 1, …, N – 1, n≠nref, =0,1,…,-1}, where n, denotes the measured phase offset between the n-th CSI-RS resource/resource set and the reference CSI-RS resource/resource set nref for the -th frequency unit 
·  =1 is supported
· FFS: whether >1 (sub-band reporting) is also supported. For this decision, companies are encouraged to evaluate performance loss without the support of >1 due to phase offset induced by TX-RX timing misalignment. 
· The value n, indicates a uniformly quantized phase between –A and A, or 0 and A
· FFS: supported quantization alphabet(s) (including A and resolution) for n, 
· FFS: Detailed UCI design

Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, the resolution parameters for n, i.e. M, are NW-configured via higher-layer (RRC) signalling from the candidate values {16, 32}, where .




Pre-RAN1#117 offline proposal [4]: 
	Proposal 3.B.2: For the Rel-19 aperiodic standalone CJT calibration reporting, when ReportQuantity is ‘cjtc-P’ (DL/UL phase offset), decide, by RAN1#117, whether to also support >1 (sub-band reporting) as follows:
· A sub-band size is selected from {8,16} PRBs 
· FFS: Whether the sub-band size is NW-configured via higher-layer (RRC) signalling or selected (hence reported) by the UE
· Denoting the number of sub-bands within the configured CSI reporting band as NSB-P, and the sub-bands are indexed as {0, 1, …, NSB-P –1}, decide, by RAN1#117, from the following reporting options:
· Opt1: {(n,, n), n=0, 1, …, NTRP – 1, n≠nref}, where n,is the phase offset corresponding to sub-band 0 and the phase offset for sub-band  can be calculated as n, + n
· , where  {[32], [64], [128], [256]}
· Opt2: = NSB-P, i.e. {(n,, n,, NSB-P), n=0, 1, …, NTRP – 1, n≠nref}
· FFS: Whether restriction on the maximum payload size is needed 
· Note: For all the above reporting options, the UE performs measurement over the entire configured CSI reporting band




According to the offline proposal, the two options, in our view, are related to two different usages:
· For Opt1 (one initial phase + phase slope), where  is defined as a phase “slope” in frequency-domain, it assumes one single delay component (thus linear phase in frequency domain).
· Opt1 can be used for the approach provided in Appendix 1: CSI-RS is precoded based on the receiving of SRS: , thus channel phase is canceled out for UE-received CSI-RSs, thus only single delay component due to inter-TRP Rx-Tx TAE.
· For Opt2 (subband phases over the full bandwidth), it assumes non-linear phase in frequency domain.
· Opt2 can be used for the another approach with normal non-precoded CSI-RS (as provided by some companies), and the non-linear phase in FD is due to multi-path channel propagation delays.
· Besides, Opt2 can also be used for hardware/RF calibration, where frequency-selective phases may exist due to hardware impairments.
Since these two options are for different usages, we propose
Proposal 25: For Rel-19 UE-assisted CJT mTRP synchronization, support both initial phase + phase slope in FD (Opt1) and subband phases over the full bandwidth (Opt2), to be configurable by network.
Besides, for Opt1, it should be clarified about “phase offset for sub-band  can be calculated as n, + n,” where in our understanding,  should be a frequency unit (e.g. several subbands, in Hz), but not subband index.
Then the next question is about what granularity should the TAE be corrected. This is regarding “how bad” TAE may harm channel UPT via SRS-based DL chanEst, some evaluation results are provided below in Figure 10. 
[image: A couple of graphs with lines and numbers

Description automatically generated with medium confidence]
[bookmark: _Ref163241312]Figure 10. Inter-TRP Rx-Tx timing misalignment impact to UPT.
It can be observed that even tens of nano seconds can cause nearly 10% UPT loss, for the case with phase-only synchronization, compared with the case with both timing and phase.
Besides, for some coarse TAE quantization e.g. 3to5-bit (8 to 32 quantization levels), it can be observed that the UPT loss is still significant (2% to 10%, depends on the exact TAE value – since some TAE values may be lucky to just near a certain quantization point).
Some key parameters for this evaluation:
· 30kHz SCS @3.5GHz, with parameters setup according to agreed link EVM (as in Appendix 2);
· Some parameter tailoring:
· 24 RBs (i.e. 10MHz BW);
· PRG size =2 or 4 RBs;
· FO is assumed fixed as 10ppb;
· Timing misalignment values evaluated: {0, 5, 10, 15, 20, 30, 40, 50, 65, 200, 500, 1000} nsec, as shown in Figure 10.
· DL SNR: 25dB (for both CSI-RS measurement and PDSCH); UL SNR: 20dB (for SRS measurement).
· CSI-RS frequency density is 1 per RB.
· {3, 4, 5, 6, 9} bits are used for the timing misalignment quantization (since 29=512-FFT is associated with 24 RBs – 10MHz BW with 30KHz SCS).
· Therefore, a quantization step for 512-level is =5.43nsec.
· Besides, 4 bits (16PSK) are assumed for phase quantization along with this simulation.
Observation 2: Inter-TRP timing misalignment of only tens of nano seconds can cause more than 10% UPT loss.
[bookmark: _Ref163233935]Linkage between CSI-RS and SRS
To make sure that the uplink channel’s conjugate and downlink channel can cancel out the channel phase, as in step2 of Appendix 1, the UE antenna who receives the CSI-RS (for inter-TRP timing/phase report), should be the antenna who transmits the SRS.
Take an example in Figure 11, and let’s look at the link between UE and TRP1. DL and UL channel phase can cancel out each other based on a same antenna of UE e.g. antenna [1]: , but not with different UE antennas: . 
[image: ]
[bookmark: _Ref166196245]Figure 11. Two-antenna UE (denoted as antenna [1][2]) with two TRPs
Therefore, UE needs to know that a certain SRS port is configured for this purpose of inter-TRP Rx-Tx phase/timing measurement – otherwise UE does not know which antenna it should use to receive the CSI-RSs for this inter-TRP Rx-Tx phase/timing report.
Proposal 26: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, support a linkage configuration between SRS port and CSI-RSs, to indicate a same UE antenna port for transmitting the SRS port and receiving the CSI-RSs.
[bookmark: _Ref163233823]Utilization of >1 antennas on UE
For UE with more than one antennas, it is generally known that the antennas can’t guarantee Rx-Tx phase coherence b/w each other (not like basestation).
However, it is a common sense that more antennas can provide SNR gain. 
We can consider a following method:
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[bookmark: _Ref166198407]Figure 12. UE-assisted inter-TRP phase/TAE via >1 non-coherent antennas
· Step1: UE transmits A>1 SRS ports to all TRPs (two TRPs in this example for simplicity).
· Denote the received raw data as  at TRP1;  at TRP2
· It is noted that SRS sequence details are ignored here (e.g. treat it as all “1” sequence for simplicity).
· Step2: Each TRP transmits A>1 corresponding single-port CSI-RS to the UE, where each CSI-RS is precoded based on the corresponding received SRS ( and )
· TRP1-transmitted CSI-RSs are precoded by , and TRP1-transmitted CSI-RSs are precoded by 
· Denote the corresponding UE-receiving from TRP1 as
· ;
(Similarly,  for receiving CSI-RSs from TRP2.)
· It is noted that CSI-RS sequence details are ignored here (e.g. treat it as all “1” sequence for simplicity).
· Step3: UE calculates based on the in-total  received signal terms from each TRP, and derive the inter-TRP TAE () and phase offset ()
· (Algorithm details later)
· Step4: The UE-estimated  are reported to one of the TRPs to synchronize to the other TRP.
For algorithm illustration in Step3, equations are given from the beginning (Step1) of this procedure, where for simplicity, using two-antenna UE (A=2) for concept illustration (can refer to  Figure 11).
“TRP1 – UE” link
· Step1: ; 
· Step2: “Diagonal”-terms from TRP1 (each term cancels out channel phase):
 ------ (1) 
 ------ (2) 
“Off-diagonal”-terms from TRP1: 
 ------ (3a)
 ------ (3b)
(3a)x(3b) cancels out channel phase: 
 
------ (3)
“TRP2 – UE” link would produce similar terms (“diagonal”-terms (1’), (2’), and “off-diagonal”-terms (3a’)x(3b’)⟹(3’)) with TRP2.
· Step3: Rx-Tx phase uncertainty of UE antenna/transceiver [1] and [2] would be canceled out separately with Equation (1)*x(1’) or (2)*x(2’) or (3)*x(3’), or, 
Joint use of these equations, e.g. by averaging across all UE antennas, SNR can be improved:



Proposal 27: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, study the utilization of more than one UE antennas non-coherent with each other, i.e. no common Rx-Tx phase c between the UE antennas.
TRP beamforming
Up until now in this section, TRPs are treated as single-port for simplicity (e.g. Figure 11, Figure 12 or Appendix 1).
This is due to that, for TRP (not like UE), we can assume Rx-Tx phase coherence between antennas/TXRUs for basestation.
Therefore, each TRP can be seen as a “virtual port” realized by digital beamforming.
Terminology-wise, the “precoding” of digital beamforming may be confusing and mixed with “ precoding” as in previous sections – but these two are different concepts, and thus digital beamforming is not referred as “precoding” in this section.
Digital beamforming is another way to increase SNR (in addition to multiple UE antennas as in Section 4.1.3) – thus also motivated to have.
To enable “ precoding” on top of TRP’s digital beamforming, while making sure the algorithms in Appendix 1 and Section 4.1.3 are still usable, both Rx beamforming and Tx beamforming need to be considered.
Proposal 28: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, study mechanism of “ precoding” on top of TRP beamforming.
· FFS standard impact.

Inter-TRP delay offset report
Quantization analysis
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting of {(Dn,offset, dn), n=0, 1, …, NTRP – 1, n≠nref}, regarding the interval  which Dn,offset falls into,  is uniformly spaced between 0 and AD, i.e. , with  and  represent ‘out-of-range’

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




Pre-RAN1#117 offline proposal [4]: 
	Proposal 3.A.1: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for delay offset reporting Dn,offset, i.e. AD, at least support the following values: {0.5CP, CP}
Decide, by RAN1#117, whether any of the following candidate values are supported: {0.75CP, 1.5CP, }




For the candidate value of quantization range 0.5CP or CP, for 15kHz or 30kHz SCS, it corresponds to absolute quantization range values:
	
	CP
	0.5CP

	15kHz SCS
	4.69usec
	2.34usec

	30kHz SCS
	2.34usec
	1.17usec



With 63 quantization levels, the absolute quantization precision is:
	
	CP
	0.5CP

	15kHz SCS
	74nsec
	37nsec

	30kHz SCS
	37nsec
	19nsec



Observation 3: Currently proposed delay offset quantization error is not precise enough for TAE report for TDD reciprocity use case.

Network-assistance info for out-of-CP identification
Another issue, for out-of-CP TRP identification may be, before measurement, UE does not know which is out of CP, and what UE can do is probably buffer the more than one CSI-RSs (TRPs) in a longer “window” – if UE only use a single FFT window to measure the delay, an out-of-CP TRP may just be identified as a weak TRP, since not all its transmitted signal are received (some are out of the FFT window).
An example is shown in Figure 13, where TRP3 is out of CP and may be identified as a weak TRP, based on the FFT window shown in the figure.
[image: ]
[bookmark: _Ref163245297]Figure 13. An example of TRP3 out-of-CP, which may be identified as a weak TRP, based on a single same FFT window as other TRPs
Observation 4: Multiple FFT windows are needed to identify out-of-CP TRP.
Multiple FFT windows would increase UE complexity on buffering CSI-RSs from different TRPs.
One approach to lower-down UE buffer complexity can be, network assist some possible delay information according to network deployment/topology information. For example in Figure 14, network can assist UE with an expected inter-TRP delay “” and delay uncertainty “r”, based on which UE can assume earliest arrival of a certain TRP as -r, and lasted arrival as +r, for CSI-RS buffering.
This mechanism actually is borrowed from positioning study.
[image: ]
[bookmark: _Ref163245410]Figure 14. Network assistance info of “expected delay offset”  and “delay offset uncertainty” r.
Proposal 29: For Rel-19 UE-assisted CJT, for out-of-CP identification, network configs "expected delay offset" and "delay offset uncertainty" info to assist UE buffer different TRPs' CSI-RSs with different FFT windows.

Inter-TRP frequency offset (FO) report 
RAN1#116bis agreement [2]:
	Agreement
For the Rel-19 aperiodic standalone CJT calibration reporting, regarding frequency offset reporting,  and  represents an ‘invalid’ state

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




Pre-RAN1#117 offline proposal [4]: 
	Proposal 3.A.2: For the Rel-19 aperiodic standalone CJT calibration reporting, regarding the dynamic range for frequency offset reporting FOn, i.e. AFO, at least support the following values: {0.1ppm, 0.2ppm}
Decide, by RAN1#117, whether any of the following candidate values are supported: {0.01ppm, 1/(16t), 1/(32t)}




For FO compensation, its precision would determine how long it can “predict” the precoder compensation over time. 
For the candidate value of quantization range 0.1ppm, it corresponds to 350Hz for fc=3.5GHz (as for link EVM).
Thus for MFO=32, each quantization level is about 350/31=11.3Hz.
For some typical CSI feedback periodicity e.g. 20msec, this is 11.3x20x10-3=81.4.
In our view, this value would be too large to work: Even consider its quantization error as half, and, consider in-average transmission happens at half of the assumed periodicity (20/2=10msec), the phase error due to quantization precision is still 20.3. Or, it may only be usable within a very short “prediction” duration e.g. less than 5msec.
Observation 5: FO quantization with a range of 0.1ppm and 31 quantization levels can only be usable for phase “prediction” within 5msec.
Proposal 30: For Rel-19 UE-assisted CJT, at least consider a smaller quantization range 0.05ppm or 0.025ppm, for a more precise quantization error for phase prediction over a longer time duration e.g. 10msec or 20msec.

Conclusion
In this contribution, we discuss CSI enhancements for up to 128 ports, and UE-assisted CJT with non-ideal synchronization. Based on the observation:
Observation 1: For Rel-19 Type-I codebook with >32 ports, for rank5-to-8, “nested” structure over rank1-to-4 is not necessary.
Observation 2: Inter-TRP timing misalignment of only tens of nano seconds can cause more than 10% UPT loss.
Observation 3: Currently proposed delay offset quantization error is not precise enough for TAE report for TDD reciprocity use case.
Observation 4: Multiple FFT windows are needed to identify out-of-CP TRP.
Observation 5: FO quantization with a range of 0.1ppm and 31 quantization levels can only be usable for phase “prediction” within 5msec.
We propose:
Proposal 1: For Rel-19 Type-I codebook with >32 ports, adopt Scheme3 for the Type-I rank5-to-8. 
Proposal 2: For Rel-19 Type-I codebook with >32 ports, for rank5-to-8, support one inter-polarization co-phasing∈{1,j} across all layers for Scheme3.
Proposal 3: For Rel-19 Type-I codebook with >32 ports, for Scheme-A rank5-to-8, for SD selection of the  remaining beams other than the first selected beam,
·  bits to indicate the respective  oversampled cluster indices, and
· For oversampling group indices indication, 
· 1 common bit to indicate in which of the two dimensions (N1 or N2), that all these  beams are orthogonal to the 1st beam, i.e. selected from  beams, or, from  beams;
·  bits to indicate the respective  oversampling group indices at the other dimension different than the above 1-bit-indicated dimension.
Proposal 4: For Rel-19 Type-I codebook with >32 ports, for Scheme-A rank3/4, specify the selection range of the 2nd SD basis, relative to the 1st one.
Proposal 5: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, LI is not reported.
Proposal 6: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, the first layer is the strongest layer.
Proposal 7: For Rel-19 Type-I codebook with >32 ports, for Scheme-B, wideband CSI on PUCCH can also be reported as two-part (like subband case).
Proposal 8: For Rel-19 Type-I codebook with >32 ports, for Scheme-B, wideband CSI on PUCCH format 3 and 4 is reported as two-part, while wideband CSI on PUCCH format 2 is reported as one-part (no change to legacy).
Proposal 9: For Rel-19 Type-I codebook with >32 ports, for Scheme-B rank1-to-4, if two layers are associated with a same SD basis, co-phasing should have a fixed rotation of , to guarantee orthogonality between the two layers.
Proposal 10: For Rel-19 Type-I codebook with >32 ports aggregated by K>1 CSI-RS resources (each P ports), support CSI-RS port index defined as 0, 1, …, KP-1.
Proposal 11: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support the following two methods for CSI-RS port indexing,
· Mapping method 1 (N1-dimension split/aggregation)

where k=0, 1, …, K-1 is the CSI-RS resource index, with  denoting CDM group index within CSI-RS#k, and  denoting index within a CDM group.
· Mapping method 2 (N2-dimension split/aggregation)

Proposal 12: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support the two mapping methods for CSI-RS port indexing subject to two separate UE capabilities, where mapping method 2 (N2-dimension split/aggregation) as basic UE feature, and mapping method 1 (N1-dimension split/aggregation) as optional UE feature.
Proposal 13: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support CMR configured as a set of K=2 or 4 CSI-RS resources:
· K=2 for P=48, each 24 ports
· K=2 for P=64, each 32 ports
· K=4 for P=128, each 32 ports
· No more other cases should be sufficient, e.g. no need K=3, or other value of Q (number of ports per resource).
Proposal 14: For Rel-19 codebook with >32 ports aggregated by K=2 CSI-RS resources, it is restricted to be one of: Same RBs (TDM), or, same symbols (FDM).
Proposal 15: For Rel-19 codebook with >32 ports aggregated by K>1 CSI-RS resources, support 128-port codebook by K=4 of 32-port CSI-RS resources FDMed and TDMed in a same slot, wherein
· CSI-RS resource {1,3} and {2,4} are restricted with same RBs (TDM) respectively, and
· CSI-RS resource {1,2} and {3,4} are restricted with same symbols (FDM) respectively.
Proposal 16: For Rel-19 Type-I/-II codebook enhancement, K>1 CSI-RS resources can be counted as “1” CPU, for timeline Capability 2 (linearly increased with P/32).
Proposal 17: For Rel-19 Type-I/-II codebook enhancement, consider one of the following alternatives for UE capability indicated for max number of supported active resource/port:
· Alt1: Count K>1 CSI-RS resources for a single codebook with total ports P=KQ={48,64,128} as “1” (virtual) CSI-RS resource with P ports.
· Alt2: The per-codebook FG triplet: {max # CSI-RS resources, max # ports per CSI-RS resource, max # total ports}, is also per-CC defined/reported, just like FG 2-33.
Proposal 18: For Rel-19 Type-I/-II codebook enhancement, support a shared hard CBSR configuration applying to both Type-I and Type-II codebook configs with a same (N1, N2).
· FFS RRC signaling structure.
Proposal 19: For Rel-19 Type-I codebook enhancement, if soft CBSR only applies to rank1, it can be supported as an optional UE feature.
· No support of soft CBSR to rank>1.
Proposal 20: For multi-CRI report, UCI priorities of M report-bundles are defined with different priority levels.
Proposal 21: For multi-CRI report, UCI priorities amongst the M report-bundles are determined based on the order of the M CRIs reported in wideband/group0 info of CSI part2.
Proposal 22: For multi-CRI report, extend CSI process time Z and Z’ as the following
· If Ks = 2:
· Z= Q/16 * Z + (M-1) * Y, Z’= Q/16 * Z’ + (M-1) * Y,
· Else if 2 < Ks <= 8:
· Z = Q/8 * Z + (M-1) * Y, Z’ = Q/8 * Z’ + (M-1) * Y
where Q is the max number of CSI-RS ports allowed in a CSI-RS resource associated with the multi-CRI report, Ks is the number of CSI-RS resources configured for the report, M is the number of CRIs configured to be included in the report, Y=2 symbols. 
Proposal 23: For multi-CRI report configured with KS CSI-RS resources, CPU is counted as KS.
Proposal 24: For multi-CRI report configured with KS CSI-RS resources, active resource is counted as KS.
Proposal 25: For Rel-19 UE-assisted CJT mTRP synchronization, support both initial phase + phase slope in FD (Opt1) and subband phases over the full bandwidth (Opt2), to be configurable by network.
Proposal 26: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, support a linkage configuration between SRS port and CSI-RSs, to indicate a same UE antenna port for transmitting the SRS port and receiving the CSI-RSs.
Proposal 27: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, study the utilization of more than one UE antennas non-coherent with each other, i.e. no common Rx-Tx phase c between the UE antennas.
Proposal 28: For Rel-19 UE-assisted CJT mTRP synchronization, for TDD system, study mechanism of “ precoding” on top of TRP beamforming.
· FFS standard impact.
Proposal 29: For Rel-19 UE-assisted CJT, for out-of-CP identification, network configs "expected delay offset" and "delay offset uncertainty" info to assist UE buffer different TRPs' CSI-RSs with different FFT windows.
Proposal 30: For Rel-19 UE-assisted CJT, at least consider a smaller quantization range 0.05ppm or 0.025ppm, for a more precise quantization error for phase prediction over a longer time duration e.g. 10msec or 20msec.

[bookmark: _Ref163240007]Appendix 1: UE-assisted TRP synchronization
Short summary of the procedures (detailed below):
· Step1:  for TRP1;  for TRP2;
· Step2:  for TRP1;  for TRP2;
· Step3: Ideally,  across subcarriers k=1,…,K has only a single timing/delay component associated with the inter-TRP Rx-Tx timing misalignment.
[image: ]
Detailed procedure:
· Step1: UE transmits one SRS to all TRPs (two TRPs in this example for simplicity).
· Received raw data  for TRP1;  for TRP2, where
· For Rx-side (either TRP or UE),  at subcarrier k
· For Tx-side (either TRP or UE),  at subcarrier k
· It is noted that SRS sequence details are ignored here (e.g. treat it as all “1” sequence for simplicity).
· Step2: Each TRP transmits a corresponding single-port CSI-RS to the UE, where each CSI-RS is precoded based on the corresponding received SRS ( and )
· The precoding of CSI-RS ensures that the propagation delay and phase of the channel is canceled out, and doesn’t impact ,  as received by UE:
· ;
· .
· It is noted that CSI-RS sequence details are ignored here (e.g. treat it as all “1” sequence for simplicity).
· Step3: UE calculates 
· This ensures that the phase of UE’s Rx-Tx uncertainty is cancelled out, and the only remaining phase is the inter-TRP timing offset and phase offset:
· ;
· .
· The inter-TRP timing offset and phase offset (between the two TRPs: TRP1 and TRP2) are estimated by observations  across multiple subcarriers k=0,1,… over the entire bandwidth.
· Step4: The UE-estimated  are reported to one of the TRPs to synchronize to the other TRP.

Appendix 2: Link simulation setup for CJT mTRP with multi-UE based on CDL-C
Generation of multiple UEs each served by multiple TRPs:
· For multiple UEs in relation to a same TRP, UE-specific random AoD/ZoD offsets added to all {TRP antenna, UE antenna} pairs associated with each UE;
· For multiple TRPs (2 TRPs) in relation to a same UE, TRP-specific random AoA/ZoA offsets added to all {TRP antenna, UE antenna} pairs associated with each TRP.
Other main parameters can be found from RAN1#116 agreement [2]:
	Agreement
For the Rel-19 NR CJT calibration reporting, use the following EVM for LLS with the following refinement:
· Purpose: alternative to SLS to observe the impact of misalignment and gain by proposed solutions, as the frequency offset/time misalignment have impacts in granularities of subcarrier/symbol levels

	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5 GHz

	Channel Model
	CDL-C channel model in TR 38.901

	Delay Spread
	300ns

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (2, 8, 2, 1, 1; 2, 8), (dH, dV) = (0.5, 0.8) 

	TRP number
	2

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1, 2, 2, 1, 1; 1, 2), (dH, dV) = (0.5, 0.5) 

	UE number
	1, 4

	MCS
	Link Adaption

	Bandwidth
	20RB, 145RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 per UE

	UE speed
	3km/h 

	Precoding granularity
	2RB, 4RB, 8RB, 16RB, 32RB

	SRS periodicity
	10ms

	DMRS
	Type 2 DMRS, double-symbol, or Type 1 DMRS

	DL DMRS channel estimation
	LMMSE channel estimation

	Frequency offset
	Uniformly distributed delay difference between [0, x], companies should state the assumed value of x, e.g., 0.05ppm, 0.1ppm.

	Delay difference
	a uniformly distributed delay difference between [0, y], companies should state the assumed value of y, e.g., CP length, 1.67us, 65ns.
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