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Introduction
For Rel-19 WI NR MIMO evolution [1], there are following objectives on enhancements of CSI acquisition and reporting: 
	2. 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


In this contribution, we provide our views on CSI enhancement for up to 128 CSI-RS ports and UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul.
CSI enhancement for up to 128 CSI-RS ports
The objective is to support up to 128 CSI-RS ports for larger antenna arrays. The current specifications only support up to 32 CSI-RS ports. Therefore, to support massive MIMO system with more than 32 ports, the design of the CSI measurement and reporting needs to be enhanced.
Configuration of CSI-RS resource
Based on the WID, multiple CSI-RS resources (e.g., ) are combined to support CSI measurement for  CSI-RS ports and hybrid beamforming with multiple beams. The CSI measurement and reporting for up to 128 CSI-RS ports is illustrated in Figure 1, where four groups of 32 CSI-RS ports are used for measurement and UE reports CSI of all 128 ports. 
[image: ]
Figure 1 Measurement and reporting for 128-port CSI-RS.
This first issue is on the mapping of CSI-RS ports to CSI-RS resources. To support P (up to 128) CSI-RS ports, it is straightforward to distribute the ports equally into K CSI-RS resources, each with P/K ports. One example is given in Figure 2, where  ports is supported by  CSI-RS resources with .
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[bookmark: _Ref114151198]Figure 2 multiple CSI-RS resources for supporting 128 CSI-RS ports
Therefore, we have the following proposal. 
[bookmark: _Ref157197484][bookmark: _Ref126268707]Proposal 1: Support  CSI-RS ports with  CSI-RS resources, with P/K ports in each resource.
However, simply splitting P antenna ports into K CSI-RS resources results in several issues when legacy UEs and new UEs co-exists in network. To reduce the CSI-RS overhead, it is preferable to configure one of the new CSI-RS resources to legacy UEs. However, only a subset of all antenna ports can be used for a legacy UE, and thus only a part of power can be used for legacy UEs. This is illustrated in Figure 3 (a), where one CSI-RS resource is configured to legacy UE1/UE2/UE3/UE4. To resolve this problem, it’s preferable the CSI-RS resources are beamformed so that all antennas and power can also be used for legacy UEs. 
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(a) CSI-RSs for new UEs
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(b) CSI-RSs for legacy UEs


[bookmark: _Ref159141227]Figure 3 CSI-RSs for coexistence between legacy UEs and new UEs
The second issue is the supported number of CSI-RS ports. The number of CSI-RS ports needs to be expanded to support up to 128 ports. Considering the layout of antenna arrangement, 64 and 128 CSI-RS ports should be supported. In addition, 48 and 96 CSI-RS ports can also be supported in consideration of potential deployment.
According to the WID, legacy CSI-RS resource is reused with up to 32 CSI-RS ports. Hence port assignment is required for CSI-RS resources in one resource set to support up to 128 ports. The proposed combinations of CSI-RS ports in each resource and number of resources in one resource set are summarized in Table 1 for 48/64/96/128-port CSI measurement.
Table 1. Supported configurations of CSI-RS ports in each resource and number of resources
	
Number of 
CSI-RS antenna ports, 
	Number of CSI-RS ports in each resource
	Number of resources in one resource set

	
	
	

	48
	24
	2

	64
	32
	2

	96
	32
	3

	128
	32
	4



[bookmark: _Hlk158317052]Proposal 2: Support Type-I/Type-II codebook refinement with 48/64/96/128 CSI-RS ports, and 
· For 64 CSI-RS ports, 2 32-port CSI-RS resources are configured;
· For 128 CSI-RS ports, 4 32-port CSI-RS resources are configured;
· For 48 CSI-RS ports, 2 24-port CSI-RS resources are configured;
· For 96 CSI-RS ports, 3 32-port CSI-RS resources are configured.
The third issue is the port indexing of CSI-RS ports. As discussed above, all CSI-RS resources are configured with the same number of antenna ports as shown in Figure 4. UE shall assume the port indexes of multiple CSI-RS resources in one resource set are jointly mapped from 3000 to 3000+X-1, where X equals to total ports across all the resources.
[image: ] 
Figure 4 Port index mapping of CSI-RS ports
[bookmark: _Hlk158317070]Proposal 3: For Type-I/Type-II codebook refinement, CSI-RS ports from 3000 to 3000+X-1 are mapped to multiple CSI-RS resources, where X is the supported number of CSI-RS ports larger than 32.

Enhancements for Type-I codebook
Extension of legacy Type-I codebook
The values of N1 and N2 need to be expanded to support larger than 32 CSI-RS ports. Considering the potential layout of antenna array, the parameter N1, i.e., the number of columns of antenna array, should support four values: 6,8,12 and 16. Correspondingly, the supported combination of N1 and N2 are listed in Table 2 for 48/64/96/128 CSI-RS ports. Considering the layout of antenna array, there is no necessity to support other combinations. The oversampling parameters (O1, O2) can reuse legacy value of 4.


Table 2. Supported combinations of and and  
	
Number of 
CSI-RS antenna ports, 
	

	


	
	
	

	48
	(6,4)
	(4,4)

	
	(8,3)
	(4,4)

	
	(12,2)
	(4,4)

	64
	(8,4)
	(4,4)

	
	(16,2)
	(4,4)

	96
	(8,6)
	(4,4)

	
	(12,4)
	(4,4)

	
	(16,3)
	(4,4)

	128
	(8,8)
	(4,4)

	
	(16,4)
	(4,4)



Proposal 4: Support the combinations of and  in Table 2 for larger than 32 ports.

Enhancements for Type-II codebook
Extension of Type-II codebook
In the existing codebook types, Type-II codebooks are classified into two types: regular and port-selection codebooks.
In regular codebooks, the CSI enhancement of Rel-16 eType-II codebook is preferred to support up to 128 CSI-RS ports. Rel-15 Type-II codebook uses a linear combination of spatial-domain vectors to represent a channel, which greatly improves channel quantization accuracy, but subband-level CSI feedback leads to significantly higher overheads, and thus only up to rank 2 is supported. On the contrary, Rel-16 eType-II codebook compresses the CSI in frequency domain, which enables higher rank with better performance. Therefore, it’s preferred to enhanced Rel-16 eType-II codebook to support larger than 32 CSI-RS ports.
Figure 5 shows the performance gain for port extension of Rel-16 eType-II compared with 32-port CSI measurement. The evaluation assumptions are listed in Appendix A.
Observation 1: The performance can be improved by 23% with 64-port, 46% with 128-port CSI-RS respectively, for Rel-16 eType-II codebook. 
[image: ]
Figure 5 Performance gain of enhanced Rel-16 eType-II
In port-selection codebooks, UEs can greatly reduce complexity since spatial domain processing is not needed. In Rel-17, the performance is further enhanced through partial reciprocity of uplink and downlink. A good performance gain is observed compared with Rel-16 eType-II codebook. 
Figure 6 shows the performance comparison of enhanced Rel-16 eType-II and Rel-17 FeType-II codebooks with 64 CSI-RS ports. It can be observed that enhanced port selection codebook can provide 14% gain compared with regular codebook. The simulation is based on the evaluation assumptions listed in Appendix A and the pilot overhead is counted in evaluation.
In addition, Rel-17 FeType-II with larger than 32 CSI-RS ports is also beneficial for gNBs with 32 antenna ports. Since there can be a large number of angle-delay pairs observed at gNB side, and the received power of angle-delay pairs in uplink and downlink channels may be different, performance can be improved by selecting more pairs. For example, if there is a strong angle-delay pair in downlink, but may not be used by BS because of relatively weak energy in uplink, increased number of CSI-RS ports can include such pairs and improve downlink performance. Therefore, enhancement of Rel-17 FeType-II codebook for larger than 32 ports is preferred. 
Figure 7 shows the performance vs. feedback overheads of Rel-17 FeType-II codebook with 32/64 CSI-RS ports for 32 antenna ports. It can be observed that about 8~15% performance gain can be achieved by 64 CSI-RS ports. The simulation is based on the evaluation assumptions listed in Appendix A and the pilot overhead is counted in evaluation. 
[bookmark: _Hlk158316719]Observation 2: Compare with enhanced Rel-16 eType-II, the performance is improved by 14% with enhanced Rel-17 FeType-II in the case of 128Tx with 64-port measurement. 
Observation 3: For gNB with 32 antenna ports, enhanced Rel-17 FeType-II with 64 CSI-RS ports can provide performance gain of about 8-15% compared with 32 CSI-RS ports.
[image: ]
Figure 6 Performance comparison of enhanced Rel-17 FeType-II and Rel-16 eType-II
[image: ]
Figure 7 Performance gain of enhanced Rel-17 FeType-II for gNB with 32T
Proposal 5: Enhance both Rel-16 eType-II and Rel-17 FeType-II codebooks to support up to 128 CSI-RS ports for CSI enhancement. 
As for Rel-16 eType-II codebook, the values of N1 and N2 need to be extended according to the Table 2 which is described in 2.2.1. Moreover, additional value  for rank3 and rank4 may be further considered for the better CSI performance. 
Proposal 6: Support combinations of and  in Table 2 for Rel-16 eType-II codebook. 
Complexity reduction for higher rank 
The terminal device equipped with more transmit layers can significantly improve spectral efficiency or transmission quality. Motivated by the attractive benefit of UPT and coverage, further promoting the maturity and popularization of terminal devices with higher rank transmission ability is a very promising direction for massive MIMO evolution. 
As the number of CSI-RS ports has been increased from 32 to 128 in Rel-19, the increasing number of CSI-RS ports will lead to larger distribution of high ranks. As shown in Figure 8, the distribution of ranks larger than 4 significantly increases when the number of CSI-RS ports increases from 32 to 128. The probability of rank>4 increases from 33.2% to 72.2%, which plays a dominate role in the whole rank distribution. It should also be noticed that, the complexity of the receiver will increase exponentially as rank increases, as shown in Figure 9. This will lead to higher complexity of the receiver, when gNB is equipped with more antenna ports. Especially for rank 8, the complexity of the receiver will increase more than 4.3 times compared to rank=4, which may not be acceptable for UE implementation. 
 [image: ]
Figure 8. Rank>4 distribution with increasing number of CSI-RS ports
 [image: ]
Figure 9. Complexity for 8Rx UEs with rank 4~8
Observation 4: Larger number of antenna ports will increase the percentage of high ranks, which will lead to higher complexity for the UE receiver.
To reduce the complexity of high rank, one solution is to enable multiple low dimension CSI calculation and reporting instead of high dimension calculation and reporting for high ranks, where each low dimension CSI calculation and reporting is associated with a part of receive antennas. As an example, Rank-8 CSI calculation and reporting could be comprised of two Rank-4 CSI calculations and reporting, where each Rank-4 CSI is corresponding to a CW.
For TDD bands, switching between SRS measurement and CSI reporting is used for CSI acquisition in general cases. The complexity for high rank in TDD system is also need to be reduced. Similar as low complexity CSI calculation for FDD, using multiple SRS resource groups where each SRS group corresponds to a low rank CSI and a CW, to reduce the complexity of high rank transmission for TDD.
Proposal 7: Complexity reduction for high rank should be supported, especially for 64/128 antenna ports.
Multi-beam reporting for hybrid beamforming
As is known to all, larger antenna arrays with hybrid beamforming (HBF) can achieve reasonable tradeoff between cost-effectiveness and performance in FR1. The typical HBF subarray architectures are exemplified in Figure 10. With the increase of subarray size, the analog beam becomes narrower, which means more analog beams are needed to guarantee the coverage performance. Specifically, the number of required analog beams for the typical subarray architecture in Figure 10 is 2/4 (corresponding to the number of phase shifters) without oversampling and can reach 8 under double oversampling. To accommodate the multi-beam based HBF transmission, the corresponding CSI measurement and reporting are discussed in the following sections.
[bookmark: _Ref157197462]Observation 5: For typical HBF subarray architecture, the number of analog beams can be up to 8.
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(a) HBF subarray size 6
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(b) HBF subarray size 8
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(c) HBF subarray size 12


[bookmark: _Ref157070322][bookmark: _Ref157194409]Figure 10 Typical HBF subarray architectures (under double oversampling)
Multi-beam CSI measurement 
Intuitively, each analog beam can be associated with a CSI-RS resource during multi-beam CSI measurement. Although the current spec. already allows configuring  CSI-RS resources in a resource set for CSI measurement, there exists certain limitation on the number of CSI-RS ports per resource, i.e., the number of ports is 8 if  CSI-RS resources are configured. To realize the stated objective, aforementioned limitation should be relaxed, e.g., the following configurations should be supported:
· For  CSI-RS resources, up to 32 CSI-RS ports per resource,
· For  CSI-RS resources, up to 16 CSI-RS ports per resource,
· For  CSI-RS resources, up to 8 CSI-RS ports per resource.
Proposal 8: The limitation on the number of CSI-RS ports per resource in current spec. should be relaxed to support following configurations:
· For  CSI-RS resources, up to 32 CSI-RS ports per resource;
· For  CSI-RS resources, up to 16 CSI-RS ports per resource;
· For  CSI-RS resources, up to 8 CSI-RS ports per resource. 
As mentioned in section 2.5, oversampling is a conventional method to improve the coverage performance. However, the CSI-RS overhead will increase significantly if each analog beam, including that generated by oversampling, is forced to be associated with a separate CSI-RS resource, as shown in Table 3.  
Table 3 CSI-RS overhead for multi-beam CSI measurement (CSI-RS periodicity 10ms, 16 ports)
	Total number of measured beams
	CSI-RS overhead based on all beams (including oversampled ones)
	CSI-RS overhead based on orthogonal beams only

	8
	7.7%
	3.8%


Observation 6: For multi-beam CSI measurement, the CSI-RS overhead is pretty high if each analog beam is associated with a separate CSI-RS resource. 
Given that the wireless channel between gNB and UE are shared among all analog beams, it’s feasible to represent the oversampled beams by orthogonal beams, which means the channel of oversampled beams can be reconstructed at the UE side. Accordingly, transmitting less CSI-RS resources than the total number of analog beams can be considered to reduce the CSI-RS overhead.
Proposal 9: For multi-beam CSI measurement, transmitting less CSI-RS resources than the total number of analog beams can be considered to reduce the CSI-RS overhead. 
Multi-beam CSI reporting
Regarding multi-beam CSI reporting, the number of reported beams (i.e., CRIs and associated RIs/PMIs/CQIs) should be firstly discussed. Since the analog beam in FR1 is relatively wider than that in FR2, the UE is expected to be able to receive signal from multiple analog beams. Considering the gNB can only transmit different analog beams in TDM manner, in order to acquire higher MU-scheduling opportunities, UE should be capable of being served by multiple analog beams, the pre-requisite of which is the corresponding CSIs is available to the gNB. As a consequence, larger number of reported beams should be supported. 
Figure 11 shows the system performance with different number of reported beams, and the simulation assumptions can be found in Appendix B. It can be clearly observed that the system performance rises prominently with the increase of the number of reported beams. Specifically, compared with reporting the best beam only, the performance gain of reporting best 6 beams can approach 50%. 
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[bookmark: _Ref158036369]Figure 11 Relative throughput with different number of reported beams 
Observation 7: The system performance rises prominently with the increase of the number of reported beams. Compared with reporting the best beam only, the performance gain of reporting best 6 beams can approach 50%.
Proposal 10: For multi-beam CSI reporting, support to report the CRIs and associated RIs/PMIs/CQIs for up to 6 beams. 
In order to report aforementioned multi-beam CSI, the UCI design should be discussed. A straightforward way is to carry the reported CRIs and associated RIs/PMIs/CQIs for multiple beams in a single two-part report, and further discuss the detailed CSI partition and priority.
Another important issue for multi-beam CSI reporting is the supported codebook types. It is well known that type II codebook achieves much higher spectrum efficiency than type I codebook, which also holds under HBF, as shown in Figure 12. Considering spectrum efficiency, reporting overhead as well as implementation complexity comprehensively, both type I and type II codebook should be supported. Type I single-panel codebook and enhanced type II codebook can be treated as start point.
[image: ]
[bookmark: _Ref158046674]Figure 12 Relative throughput with different codebook types 
Observation 8: Type II codebook provides significant performance gain over type I codebook under HBF.
Proposal 11: For multi-beam CSI reporting, support both Type I and Type II codebook.
The overhead of multi-beam CSI reporting should also be carefully considered. As shown in Table 4, adopting per-beam independent CSI reporting, a natural way facilitating multi-beam CSI reporting, may bring overlarge overhead, especially when the number of reported beams is large enough.
[bookmark: _Ref126250221]Table 4 Overhead of per-beam independent CSI reporting ()
	Number of reported beams
	
	6

	CRI
	
	18

	RI
	 (Type I PMI) or  (Type II PMI)
	18 or 12

	CQI (subband)
	
	240

	PMI (Type I subband)
	
	150

	PMI (Enhanced Type II, paramCombination-r16=6)
	
	4122


[bookmark: _Ref157092323]Observation 9: Adopting per-beam independent CSI reporting may bring overlarge overhead.
Fortunately, owing to the wireless channel sharing, the correlations among analog beams are relatively high, which provides some opportunity to lessen the redundancy during multi-beam CSI reporting. As shown in Figure 13, the channel power distributions of multiple beams are highly correlated in spatial and delay domain. Based on this phenomenon, multi-beam joint CSI reporting should be supported to reduce the reporting overhead.
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(a) Normalized power in spatial domain
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(b) Normalized power in delay domain


[bookmark: _Ref157163688]Figure 13 HBF multi-beam channel correlation
Observation 10: The channels of multiple beams are highly correlated, which provides opportunity for multi-beam joint CSI reporting.
Proposal 12: Multi-beam joint CSI reporting should be supported to reduce the reporting overhead. 
UE reporting enhancement for CJT
UE assisted calibration for CJT
Inter-TRP time misalignment and frequency offset calibration
In Rel-18, ideal synchronization and calibration are assumed for the coherent joint transmission. However, in some cases, it may be difficult for network to achieve ideal synchronization and calibration between TRPs. It is beneficial to introduce UE reporting enhancement to expand the deployment scenario of CJT. This is especially critical for deployment of CJT in networks with non-ideal backhaul, such as IPRAN network. 
The problem of multi-TRP synchronization is that the clock is not shared among different TRPs. Different clocks have different time and frequency offset. Besides, due to the non-reciprocity of TX/RX channels, coherent signal combination and interference cancelation cannot be guaranteed, which degrades the CJT performance.
The ratio of signals between two TRPs on subcarrier k can be represented as follows: 

where  is the initial amplitude offset and the initial phase offset between signals of the TRP1/TRP2,  f  is subcarrier spacing,  is the frequency offset and  is the time misalignment between TRP2 and TRP1. The initial phase offsets are constant and there is no need to be reported. Specifically, frequency offset among TRPs results in time-varying phase difference among TRPs. Therefore, frequency reporting is needed. On the other hand, timing offset among TRPs results in phase difference among TRPs on different subcarrier. 
The initial amplitude and phase offset  are constant during continuous transmission from TRPs, so no need to be calibrated so no UE reporting is needed. They can be covered in the coefficients feedback in codebooks.
For delay offset, FD offset in Rel-18 can handle part of it. The delay offset reported in the R18 CJT codebook is bound to the codebook. However, it cannot resolve the frequency selectivity within reporting granularity (subband size or half subband size depending on configuration) due to delay offset between TRPs. Effectively, resolution of the delay offset in the R18 CJT codebook is not enough for compensation of the delay offset introduced by clock bias. In 3GPP RAN4, the time alignment error can be up to 3 µs for CA which is specified in TS38.104. For non-collocated TRPs, the time alignment error cannot be better than this. For phase change due to delay offset, supposing subcarrier spacing f is 30kHz,  is 3 µs according to requirement in TS 38.104, the phase change caused by delay offsets is  as summarized in Table 5.
Table 5: Max phase change at different subcarriers
	Subcarrier index in subband
	
	 (degree)

	0
	0
	0°

	6
	1.08
	194.4°

	12
	2.16
	388.8°

	18
	
	583.2°

	23
	4.14
	745.2°



In TS 38.104, the requirement of maximum transmit frequency error for a base station is specified and the most stringent requirement is +/-0.05ppm (e.g. 0.05ppm=). Worst case of frequency
drift difference b/w two TRPs can be 1ppm (e.g. 0.1ppm=). Table 6 shows phase variations over 5ms time period with +/-0.05ppm at different nominal carrier frequencies without delay offset.
[bookmark: _Ref136303906]Table 6: Max phase change at different carrier frequencies phase change due to frequency errors(+/-0.05ppm)
	Carrier frequency (GHz)
	Max frequency difference (Hz)
	Max phase change(deg) after 5ms

	1
	100
	180°

	2
	200
	360°

	3.5
	350
	630°



From the above analysis, there can be large phase change in frequency domain and time domain due to frequency offset and delay offset. Therefore, UE should report ,  between TRPs to enhance CJT performance.
Proposal 13: Support the reporting of frequency /delay offset between TRPs. 
DL/UL reciprocity calibration for TDD
For TDD system, which relies on SRS to acquire downlink channel information, inconsistency of DL/UL reciprocity brings in phase offsets among TRPs. As shown in Figure 14, where , stands for the DL channel and UL channel between TRP i and UE, different TRPs may bear different DL/UL reciprocity calibration factors due to RF issue, i.e. , and . Without joint reciprocity calibration, coordinated TRPs may further suffer from an additional phase offset . Thus, we need to bring in UE for assistance, by which multiple TRPs could be easily synchronized with the proper reciprocity compensation thanks to the knowledge of UE’s information obtained by downlink reference signals and the transmission of uplink reference signals.
[image: ]
Figure 14 DL/UL reciprocity offsets between TRPs in CJT
Concerning the phase offset caused by DL/UL reciprocity among TRPs, following steps can be taken to address the issue with the assistance of UE:
Step1: By receiving downlink reference signals from multiple TRPs, UE could firstly acquire the phase offset and amplitude difference of the DL measured channels among the TRPs.
Step2: UE report such info to all TRPs, i.e. , where  and  are the measured DL channel information on the same receiving ports for TRP1 and TRP2 respectively. 
Step3: UE sends uplink reference signals with the very same ports as the ones receiving DL reference signals to multiple TRPs respectively.
Step4: TRPs exchange information of the measured UL channel information to acquire the  phase offset and amplitude difference of the UL measured channels, i.e., where  and  are the measured UL channel information by TRP1 and TRP2 respectively. 
Step5: The reciprocity calibration factor could be calculated as 
[image: ]
Figure 15 UE reporting for joint DL/UL reciprocity calibration  

Proposal 14: Support reporting of the phase offsets of the DL measured channels between TRPs for joint DL/UL reciprocity calibration.

Measurement and reporting
Reuse TRS for frequency and delay offset measurement
To measure the frequency and time offset more accurately, a burst of reference signals in the time domain and in a large-bandwidth with multi-sampling-point in the frequency domain is required. The legacy TRS can be configured frequency domain density and be sent multiple times in the time domain, which can already support frequency and delay offset measurement. Therefore, there is no need to introduce the new reference signal for measurement. 
Proposal 15: Support to reuse TRS for frequency and delay offset measurement.
Measurement configuration
The burst of TRS with multiple resource sets should be configured for measurement for frequency/delay offset. As shown in Figure 16, multiple resource sets are configured. Each resource set corresponds to one TRP. Multiple resources in a set correspond to one burst, and the ports with the same port index in multiple resources in the same resource set are the same.
[image: ]
Figure 16 Configuration for frequency/delay offset measurement
Proposal 16: Support to configure multiple resource sets where each set corresponds to one TRP.
Reference resource/time for reporting
As the phase between signals of TRPs  changes with time, there should be a reference resource or reference time for frequency and delay offsets reporting. For example, as shown in Figure 17, the TRP1 measures   at t2, and the TRP2 measures   at t1, frequency offsets accumulate over time t2-t1. The UE need to configured a unified time reference resource (t3) and report the initial phase at a unified time reference resource (t3). In addition, TRPs may compensate the frequency and delay offsets at any time, gNB needs to know which reference resources or reference time the UE reporting is based on.
[image: ]
Figure 17 Unified time reference point
Proposal 17: Support a reference resource/time for reporting of frequency/time offsets. 
Evaluation Results
Since the frequency/delay offsets and DL/UL reciprocity offsets between TRPs applies differently to subcarriers and symbols, LLS is preferred for evaluation.
The performance of three cases are evaluated: ideal case, frequency/delay error but not compensated, and frequency/delay error compensated based on UE reporting. For ideal case, the TRPs are ideally synchronized without any frequency offset or time mis-alignment. The detailed simulation assumptions are list in Appendix C.
As shown in Figure 18, the performance loss caused by the frequency offset is nearly 10.5%, and the compensation based on UE reporting can achieve a performance gain of nearly 8%. 

[image: ]
Figure 18 Performance gain of compensation of frequency offset
Observation 11: The performance can be improved by 8% with frequency offset compensation.
Proposal 18: Adopt Table 9 in Appendix C as working assumption for LLS evaluation.
Conclusions
The contribution provides our considerations on 128 CSI-RS ports and UE reporting enhancements for CJT, and the observations are listed as following:
Observation 1: The performance can be improved by 23% with 64-port, 46% with 128-port CSI-RS respectively, for Rel-16 eType-II codebook. 
Observation 2: Compare with enhanced Rel-16 eType-II, the performance is improved by 14% with enhanced Rel-17 FeType-II in the case of 128Tx with 64-port measurement. 
Observation 3: For gNB with 32 antenna ports, enhanced Rel-17 FeType-II with 64 CSI-RS ports can provide performance gain of about 8-15% compared with 32 CSI-RS ports.
Observation 4: Larger number of antenna ports will increase the percentage of high ranks, which will lead to higher complexity for the UE receiver.
Observation 5: For typical HBF subarray architecture, the number of analog beams can be up to 8.
Observation 6: For multi-beam CSI measurement, the CSI-RS overhead is pretty high if each analog beam is associated with a separate CSI-RS resource. 
Observation 7: The system performance rises prominently with the increase of the number of reported beams. Compared with reporting the best beam only, the performance gain of reporting best 6 beams can approach 50%.
Observation 8: Type II codebook provides significant performance gain over type I codebook under HBF.
Observation 9: Adopting per-beam independent CSI reporting may bring overlarge overhead.
Observation 10: The channels of multiple beams are highly correlated, which provides opportunity for multi-beam joint CSI reporting.
Observation 11: The performance can be improved by 8% with frequency offset compensation.
The proposals are listed as below:
Proposal 1: Support  CSI-RS ports with  CSI-RS resources, with P/K ports in each resource.
Proposal 2: Support Type-I/Type-II codebook refinement with 48/64/96/128 CSI-RS ports, and 
· For 64 CSI-RS ports, 2 32-port CSI-RS resources are configured;
· For 128 CSI-RS ports, 4 32-port CSI-RS resources are configured;
· For 48 CSI-RS ports, 2 24-port CSI-RS resources are configured;
· For 96 CSI-RS ports, 3 32-port CSI-RS resources are configured.
Proposal 3: For Type-I/Type-II codebook refinement, CSI-RS ports from 3000 to 3000+X-1 are mapped to multiple CSI-RS resources, where X is the supported number of CSI-RS ports larger than 32.
Proposal 4: Support the combinations of and  in Table 2 for larger than 32 ports.
Proposal 5: Enhance both Rel-16 eType-II and Rel-17 FeType-II codebooks to support up to 128 CSI-RS ports for CSI enhancement. 
Proposal 6: Support combinations of and  in Table 2 for Rel-16 eType-II codebook. 
Proposal 7: Complexity reduction for high rank should be supported, especially for 64/128 antenna ports.
Proposal 8: The limitation on the number of CSI-RS ports per resource in current spec. should be relaxed to support following configurations:
· For  CSI-RS resources, up to 32 CSI-RS ports per resource;
· For  CSI-RS resources, up to 16 CSI-RS ports per resource;
· For  CSI-RS resources, up to 8 CSI-RS ports per resource. 
Proposal 9: For multi-beam CSI measurement, transmitting less CSI-RS resources than the total number of analog beams can be considered to reduce the CSI-RS overhead. 
Proposal 10: For multi-beam CSI reporting, support to report the CRIs and associated RIs/PMIs/CQIs for up to 6 beams. 
Proposal 11: For multi-beam CSI reporting, support both Type I and Type II codebook.
Proposal 12: Multi-beam joint CSI reporting should be supported to reduce the reporting overhead. 
Proposal 13: Support the reporting of frequency /delay offset between TRPs. 
Proposal 14: Support reporting of the phase offsets of the DL measured channels between TRPs for joint DL/UL reciprocity calibration.
Proposal 15: Support to reuse TRS for frequency and delay offset measurement.
Proposal 16: Support to configure multiple resource sets where each set corresponds to one TRP.
Proposal 17: Support a reference resource/time for reporting of frequency/time offsets.
Proposal 18: Adopt Table 9 in Appendix C as working assumption for LLS evaluation. 
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Appendix A: System simulation assumptions for CSI enhancement for up to 128 CSI-RS ports
Table 7. Evaluation assumptions for CSI enhancement for up to 128 CSI-RS ports
	Parameters
	Evaluation assumptions

	Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Scenario
	Dense Urban (Macro only)

	Carrier frequency
	FR1 only, 2.1GHz, with duplexing gap of 200MHz

	Subcarrier spacing
	15kHz

	Simulation Bandwidth
	10MHz

	BS Tx Power
	41 dBm

	BS antenna configuration
	128 ports: (M, N, P, Mg, Ng; Mp, Np) = (12,16,2,1,1,4,16), (dH,dV) = (0.5, 0.8)λ
64 ports: (M, N, P, Mg, Ng; Mp, Np) = (12,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ
32 ports: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	UE antenna configuration
	 (M, N, P, Mg, Ng) = (1,2,2,1,1);

	UE distribution
	80% indoor, 3km/h; 20% outdoor, 30km/h; 

	UE receiver
	MMSE-IRC

	MIMO mode
	MU-MIMO, rank adaptation

	CSI feedback 
	Feedback assumption: 
· CSI feedback periodicity:  5ms 
· Scheduling delay:  4 ms

	SRS Configuration
	· SRS periodicity with 10ms
· Comb: 2
· Number of OFDM symbols: 2

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load
	70% RU



Appendix B: System simulation assumptions for Hybrid Beamforming
Table 8 System simulation parameters for massive MIMO with hybrid beamforming
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	7 GHz

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 300 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (32, 16, 2, 1, 1, 4, 16). (dH, dV) = (0.5, 0.8) 
4 analog beams 

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	UE receiver noise figure
	9 dB

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 2 per UE 

	Traffic model
	Full buffer

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 30 UEs pre cell

	Precoding granularity
	4RB

	Precoding method
	EZF




Appendix C: Link level simulation parameters for UE reporting enhancement for CJT
Table 9 Simulation assumptions of LLS for UE reporting enhancement for CJT

	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
	4

	MCS
	Link Adaption

	Bandwidth
	20RB

	Numerology
	14 OFDM symbol per slot, 30kHz SCS

	MIMO Rank
	rank = 2 per UE

	UE speed
	3km/h 

	Precoding granularity
	2RB

	SRS periodicity
	10ms

	DMRS
	Type 2 DMRS, double-symbol

	DL DMRS channel estimation
	LMMSE channel estimation

	Frequency offset
	0.1ppm
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