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Introduction
Massive MIMO is one of the key technologies to provide high spectrum efficiency in 5G systems. In Rel-18, the requirement on higher data rate and multi-user simultaneous transmission for eMBB scenarios is increasing, such as HD video streams, XR applications, high data rate UL transmissions and robust transmission in industry scenarios. To satisfy the high data rate requirement, massive MIMO for both FDD and TDD should be further enhanced in Rel-18, where Multi-TRP transmission is included.
In RAN release 18 workshop, [1] identified DL MIMO Enhancements as an important topic for release 18, with the following example areas:
· Further enhancements for CSI (e.g., mobility, overhead, etc.)
· Evolved handling of multi-TRP and multi-beam
· CPE specific considerations
Based on the email discussion, there are following draft conclusions (not approved) for DL MIMO parts [2]. 
	For Example Area 1 - Further enhancements for CSI (e.g., mobility, overhead, etc.), further discussion could focus on following items:
· Enhancement for high/medium mobility, (Not controversial in framework), including, e.g.,
· Time-domain correlation/doppler-domain based CSI feedback or overhead reduction (Controversial)
· Enhancement of CSI acquisition for TDD via SRS enhancement (Controversial)
· Enhancement for M-TRP URLLC (Controversial)
For Example Area 2 - Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam, further discussion could focus on following items:
Example Area 2: Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
· Extend Rel-17 Unified TCI framework, e.g.,
· for indication of multiple DL and UL TCI states (e.g., M>1 and/or N>1, and [inter-band]) (Not controversial in framework)
· Combined MTRP schemes, more generic (Controversial)
· Increasing the number of orthogonal DL [and UL] DMRS ports both for S-TRP and M-TRP (Not controversial in framework)
· Enhancement for Coherent-JT/D-MIMO, including e.g., codebook, CSI reporting, spatial domain interference avoidance (Controversial)
· Overhead and/or Latency reduction for beam management procedure/beam acquisition procedures, more generic (Controversial)
· Asynchronous M-TRP/Multiple TA for M-TRP (Controversial)
For Example Area 3 - CPE (customer premises equipment)-specific considerations, further discussion could focus on:
Priority of CPE 
· Lower Priority (Controversial)
For "UL Related" area, which is raised in this week, Moderator lists all related schemes below for reference, and would like to propose to suspend the discussion at this moment, waiting for the decision on the umbrella for UL part.
UL Related
· Supportive of 4096QAM (Controversial)
· 4 UL Tx antenna
· UL TPMI


In this contribution, we will provide our views on the potential technical directions for DL MIMO enhancement based on the email discussion.
Area 1-Further enhancements for CSI (e.g., mobility, overhead, etc.)
In the mobility cases, the channels exhibits fast variation in time domain, which requires frequent RS measurement and CSI reporting. Current CSI acquisition mechanism for FDD and TDD is not optimized for mobility cases, where the aged CSI will reduce the system performance.
The CSI aging and overhead issue in the mobility case is the same for TDD and FDD. As shown in the following figure, in different velocity (30km/h and 60km/h), the system performance will degrade obviously with increasing periodicity. The detailed evaluation assumptions are listed in Appendix-2 (Table 9-1). For 30km/h~120km/h, more than 50%~60% performance loss can be observed for SRS with 20ms periodicity. Even for SRS periodicity with 2.5ms, it result to more than 20% ~40% performance loss which implies that SRS need to be enhancement for high mobility case.
             
Figure 1. Performance loss for different SRS periodicity
So, the issues in both FDD and TDD systems need to be addressed. It is worth noting that the TDD deployment is major in the real network for NR currently, so we disagree to only focus on FDD CSI feedback enhancement. 
Proposal 2-1: CSI enhancement for both TDD and FDD should be included for mobility cases. 
CSI enhancements for FDD
CSI acquisition is based on CSI measurement and reporting for FDD systems. With considering the Doppler information or time domain correlation, the CSI can be predicted in time domain to guarantee the system performance. We provided the detailed discussion for CSI measurement and reporting mechanism in the following Section 8.1.1 in Appendix-1. In addition, CSI-RS overhead also need to be reduced due to the frequent CSI measurement.
CSI enhancements for TDD with SRS
In TDD systems, CSI is obtained from SRS measurement, i.e., TDD CSI rely on the SRS design. In the mobility cases, shorter periodicity for SRS transmission may be way, but the problem is short periodicity means much more UL resources should be used for SRS transmission. It is known that there are hundreds RRC connected UEs in a cell waiting for SRS transmission. In a normal TDD frame configuration (DSUDD), with short periodicity such as 5ms or 10ms, it will occupy much of PUSCH resources for SRS transmission. The possible solutions to address the CSI aging issue in mobility cases for TDD, including enhance SRS capacity without increasing SRS resource overhead, and new SRS pattern to enable time domain interpolation. The detailed analysis can be found in Section 8.1.2 in Appendix-1.
Discussion on MTRP URLLC 
For the bullet of Enhancement for M-TRP URLLC, till now it is too generic to understand what the exact enhancements are. In Rel-16 and Rel-17, we have already specified enhancements for PDSCH, PDCCH, PUCCH and PUSCH for MTRP URLLC. We also discussed the CSI enhancement for MTRP. We do not see the necessity on further enhancements for URLLC. 
Thus, we propose the following description on this topic.
Proposal 2-2: update the Area-1 as following:
	Area 1-Further enhancements for CSI (e.g., mobility, overhead, etc.)
· Enhancement for high/medium mobility for both TDD and FDD, including, e.g.,
· Time-domain correlation/doppler-domain based CSI feedback or overhead reduction for CSI-RS and CSI 
· Enhancement of CSI acquisition for TDD via SRS enhancement
· Enhancement for M-TRP URLLC 



Area 2-Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
In this area, Multi-TRP and Multi-beam are mixed together, which is difficult to be discussed. So, we prefer to separate two agendas for this area, where one is for Multi-TRP enhancements, the other is Multi-beam enhancements.  
3.1 For Multi-TRP enhancements:
In Rel-16 and Rel-17, there are many features introduced for Multi-TRP operation, but mainly for Non-coherent joint transmission (NCJT), not for coherent joint transmission (CJT) cases. Actually, in the real network, there are a lot of networks are already feasible for coherent joint transmission with Centralized radio access network (C-RAN) architecture (for outdoor Macro cells and indoor cells) and intra-site cooperation, shown as follows:
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Figure 2. Typical scenarios to consider for CJT
In coherent joint transmission, more UEs in the cooperated areas can be scheduled in centralized manner, and there are more antennas for joint transmission with much higher antenna gain. Compared to NCJT, the benefits of CJT is obvious, which include much more antennas can be jointly scheduled for data transmission to increase the cell-average and cell-edge performance, much more flexibility for interference handling, and more possibility for high order MU-pairing. In the preliminary evaluation, we can see there are more than 40% performance gain from CJT (inter-site cases) with joint channels over NCJT (detailed simulation assumption can be found in Table 9-2 in Appendix-2). Please note that with precoding enhancements and DMRS enhancement, much more gain can be expected for CJT, where the detailed performance evaluation results can be found in Section 8.1.4 in Appendix-1.
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Figure 3. Performance gain of CJT compared to NCJT in Rel-17
During the email discussion, there is a question on whether TRPs in the cooperation can be synchronized, and how to handle the phase shifting between antennas in different TRPs. The synchronization for the cooperated TRPs are for sure, since the TRPs will be in the same base band unit (BBU), the same oscillator is shared. Then, for phase shifting, it is also easy to be handled by calibration between TRPs with implementation. Another question is that why CJT is not successfully deployed in network. One reason is the network structure restriction, in NR, there are more networks are feasible for coherent joint transmission, such as C-RAN structure. And another important factor is that LTE is based on CRS, the always-on signals are also the always-on interference in the cooperative networks, which will limit the use for coherent joint transmission. 
So, for the real deployment, coherent joint transmission is necessary to be specified in Rel-18.
Proposal 3-1: Enhancements on coherent joint transmission is necessary to be included in Rel-18. 
More than 12 DMRS ports
In the CJT, as mentioned, there are more UEs in the cooperated areas for Multi-TRP can be jointly scheduled. So, there is high probability on high order MU-MIMO transmission in CJT. In the following, we show the probability of MU pairing more than 12 orthogonal layers, which is more than 50% in high load case (70% RU).
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Figure 4. Distribution of transmission layers for MU-MIMO for coherent joint transmission
In the evaluation, 64Tx is assumed in gNB side and the RU is assumed, and other detailed simulation assumptions can be found in Table 9-3 in Appendix-2. So, DMRS enhancement should include supporting more than 12 orthogonal DMRS ports or low correlation DMRS ports.
CSI enhancement for CJT in FDD
For FDD scenario, the CSI for CJT is required to be enhanced, since the channels from different TRPs are need to be jointly considered in CJT scenarios, such as the correlations between antenna groups from different TRPs. We know that CSI design is for single TRP or NCJT in previous releases. As shown in Section 8.1.4 in Appendix-1, there are more than 40% average gain observed in inter-site case, about 17%~25% average gain can be observed in intra-site case, and 30%~46% average gain can be observed in indoor inter-site case. It is also observed more gain can be obtained in cell edge for CJT. So, CSI enhancement for CJT should be included in Rel-18, including codebook design, CSI-RS ports, and CSI feedback design.
SRS enhancement for CSI acquisition in CJT
For TDD scenario, in CJT case, there are two main challenges. One is capacity for SRS resources due to so many RRC-connected UEs in the cooperative area for SRS transmission. Another one is the interference for SRS, as shown in following Fig.5, remote UE1’s SRS will be interfered by nearby UE2 in the cooperation area. So, SRS for CSI acquisition in CJT need to be enhanced in Rel-18. Some more details and evaluation results can be found in Section 8.1.5 in Appendix-1.
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 Figure 5. Strong inter-cell interference in multi-TRP scenarios for SRS
Finer granularity of precoding in CJT
PRG size is introduced in R15 but the values are only studied for single TRP case at that moment. In CJT scenarios, the frequency selective fading is more severe for multi-TPR scenario than single TRP scenario because the effective joint channel matrix is constructed by channels of multiple TRPs. In addition, the propagation delay difference of the multiple TRPs will further enlarge the delay spread. So, finer precoding granularity should be carefully studied in CJT case. i.e., PRG=1RB or less. With finer PRG size, it can overcome the severe frequency selective fading and brings much more flexibility in the scheduling and possibility for interference avoidance. Some more details can be found in Section 8.1.3 in Appendix-1.
Discussion on MTRP with multi-TAs
Then, for asynchronous M-TRP with multiple TAs, we are not clear for the typical use cases and benefits. Normally, as mentioned before, the cooperated TRPs are well synchronized between each other. For some companies proposed TA is more than CP case, it is possible for large scale multi-TRP in cooperation, but it happens with less probability. So, there are two issues need to be clarified: one is the use case, asynchronous M-TRP is from UE side or gNB side? Which is the typical use case for asynchronous cases? Another one is what’s the benefits on handling multi-TAs? 
 Proposal 3-2: For Multi-TRP enhancement, update as following
	Area 2: Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
For enhancements on MTRP：
· Increasing the number of orthogonal DL [and UL] DMRS ports both for S-TRP and M-TRP
· Enhancement for Coherent-JT/D-MIMO, including e.g., codebook, CSI reporting, spatial domain interference avoidance mitigation (including SRS enhancement), small PRG size
· Asynchronous M-TRP/Multiple TA for M-TRP



3.2 For Multi-beam enhancements:
Due to high pathloss, currently FR2 is typically deployed in hot-spot areas, and cannot provide continuous coverage in urban macro scenario. For a consistent experience, it is critical to improve the coverage of FR2. Acquiring additional site locations for deploying extra nodes may not be feasible in certain regions, and it would incur higher cost of deployment and higher network management complexity. In terms of cost of deployment, it is more efficient to deploy FR2 reusing existing site locations obtained for FR1, in other words, to support macro FR2 gNB that is capable of providing continuous coverage for a typical ISD from 300 to 400 m. To this end, using larger array with narrower analog beamforming at FR2 gNB appears to be a promising solution (see figure below). 
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Figure 6. Illustration of large-array FR2 gNB
In the figure below, we provided O2O DL coverage ratio, with 256~4096 antenna elements at FR2 gNB(s), in an urban macro trial field (ISD ranged from 300 to 400 m). As can be seen, using up to 4096 antenna elements can provide 1Gbps DL data rate at more than 90% of the locations. Please note that the size of an antenna array with 4096 elements in FR2 @ 30GHz is still smaller than the typical antenna size in FR1. While this result is obtained from trial field, it would be necessary to revisit evaluation assumptions in 3GPP, such as assuming larger ISD and higher targeted data rate, as well as penetration loss from flourishing trees (quite common in cities in Asia).

Figure 7. Coverage ratio with different array size at gNB from urban macro trial field
So, in our view, the targeted scenarios for multi-beam enhancements in R18 should include large antenna array (up to 4096 antenna elements) or alternatively narrower beams in FR2.
Proposal 3-3: To support urban macro deployment of FR2, the targeted scenario for beam management enhancements in R18 should include large antenna array, such as 4096 antenna elements, or alternatively narrow beams.
To support urban macro deployment of FR2, the beam management enhancement should include solutions to reduce overhead and latency for narrow beam acquisition and mobility, and provide high capacity for the covered areas. 
Overhead/latency reduction for narrow beams
For the item on overhead and latency reduction for beam management in moderator’s summary, the targeted scenario is unclear. Latency/overhead reduction have been studied and specified in Rel-17, where the targeted scenarios are clearly described (e.g., common beam, intra-band CA). When formulating an objective for R18, the targeted scenario should be made clear, and we propose to capture the target of “for narrower beams” in the item.
In addition, UE-initiated beam management proposed by many companies in email discussion can be a good example to be included.
For unified TCI states
The motivation for extending Rel-17 unified TCI framework for indication of multiple DL and UL TCI states is also for overhead/latency reduction. So, similar as in Rel-17, the objective on extending Rel-17 unified TCI framework should be put under the bullet of overhead/latency reduction for beam management procedure. 
In addition, the benefits for extending unified TCI to combined mTRP schemes is not clear, so we propose to handle it at low priority.
Capacity enhancement with large array antennas
In addition to overhead and latency reduction, capacity improvement is another important aspect for beam management. As discussed in Section 8.3 in Appendix, dynamic gNB panel allocation for FDM and SDMed MU transmission has potential in capacity improvements, and we propose to capture it as one bullet under multi-beam enhancements as an example. 
Proposal 3-4: For Multi-beam enhancement, update as following
	Example Area 2: Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
For enhancements on Multi-beams:
· Overhead and/or Latency reduction for beam management procedure/beam acquisition procedures for narrower beams, more generic
· UE-initiated beam management
· Extend Rel-17 Unified TCI framework, e.g.,
· for indication of multiple DL and UL TCI states (e.g., M>1 and/or N>1, and [inter-band]) 
· Combined MTRP schemes, more generic (Controversial)
· Capacity improvements with large-array antennas, e.g., dynamic gNB panel allocation for FDM/SDM MU transmission



Area 3-CPE - specific consideration
There are a lot of use for CPE (customer premises equipment) in real network due to the advantages on the high capacity and robust connection, such as factories service, broadband home internet access service. Moreover, it is also suitable to connect offices and work spaces for small and micro enterprises. So, we believe that the case of CPE is very important, and it should not be deprioritized.
DMRS overhead reduction
In CPE case, it is clear that the channel is invariant in time domain in a long time. The reference signals overhead can be reduced due to less requirement for frequent measurement. Most reference signals can be overhead reduced by adjust configuration with a long periodicity. However, DMRS transmission is requirement per slot per schedule band. With the invariant channels, the channel estimation in the first slot can be shared to bundled slots. So, actually the DMRS overhead can be significantly reduced by no transmission in the bundled slots. As shown in Section 8.4 in Appendix-1, with 4 slots bundling, 15% performance gain can be observed through DMRS overhead reduction. 
Introducing 4096QAM
Some companies proposed 4096QAM, we still have concerns on the use cases and benefits. It seems only used for very high channel quality cases, such as near the gNB. So, the performance gain is very limited. In addition, 4096QAM requires high complexity in both gNB and UE side, not sure how tight EVM need to be defined in RAN4. 
Proposal 4-1: For CPE-specific enhancement, update as following
	For Example Area 3 - CPE (customer premises equipment)-specific considerations, further discussion could focus on:
Priority of CPE 
· Lower Pority (Controversial)
· DMRS overhead reduction



Discussion on UL
Uplink should not be discussed in DL MIMO, with the exception of DMRS since DMRS design should be kept symmetric/same between DL and UL as the principle since Rel-15.
Other UL related items are discussed under the topic of UL enhancements.
Proposal 5-1: Consider UL DMRS enhancements in conjunction with DL DMRS enhancements. Other uplink enhancements should be discussed under the topic of UL enhancements.

Conclusions
In this contribution, we discuss the enhancements of DL MIMO in Rel-18. The main proposals are include as follows:
Proposal 2-1: CSI enhancement for both TDD and FDD should be included for mobility cases. 
Proposal 2-2: update the area-1 as following:
	Area 1-Further enhancements for CSI (e.g., mobility, overhead, etc.)
· Enhancement for high/medium mobility for both TDD and FDD, including, e.g.,
· Time-domain correlation/doppler-domain based CSI feedback or overhead reduction for CSI-RS and CSI 
· Enhancement of CSI acquisition for TDD via SRS enhancement
· Enhancement for M-TRP URLLC 


Proposal 3-1: Enhancements on coherent joint transmission is necessary to be included in Rel-18. 
Proposal 3-2: For Multi-TRP enhancement, update as following
	Area 2: Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
For enhancements on MTRP：
· Increasing the number of orthogonal DL [and UL] DMRS ports both for S-TRP and M-TRP
· Enhancement for Coherent-JT/D-MIMO, including e.g., codebook, CSI reporting, spatial domain interference avoidance mitigation (including SRS enhancement), small PRG size
· Asynchronous M-TRP/Multiple TA for M-TRP


Proposal 3-3: To support urban macro deployment of FR2, the targeted scenario for beam management enhancements in R18 should include large antenna array, such as 4096 antenna elements, or alternatively narrow beams.
Proposal 3-4: For Multi-beam enhancement, update as following
	Example Area 2: Evolved handling of multi-TRP (Transmission Reception Points) and multi-beam
For enhancements on Multi-beams:
· Overhead and/or Latency reduction for beam management procedure/beam acquisition procedures for narrower beams, more generic
· UE-initiated beam management
· Extend Rel-17 Unified TCI framework, e.g.,
· for indication of multiple DL and UL TCI states (e.g., M>1 and/or N>1, and [inter-band]) 
· Combined MTRP schemes, more generic (Controversial)
· Capacity improvements with large-array antennas, e.g., dynamic gNB panel allocation for FDM/SDM MU transmission



Proposal 4-1: For CPE-specific enhancement, update as following
	For Example Area 3 - CPE (customer premises equipment)-specific considerations, further discussion could focus on:
Priority of CPE 
· Lower Pority (Controversial)
· DMRS overhead reduction



Proposal 5-1: Consider UL DMRS enhancements in conjunction with DL DMRS enhancements. Other uplink enhancements should be discussed under the topic of UL enhancements
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Appendix-1: Detailed discussion
8.1 Enhancements for CSI
1. 
2. 
2.1. 
1.1.1. [bookmark: _Ref81588708]Detailed CSI enhancements for high mobility in FDD scenarios
During the conventional procedure of CSI acquisition, gNB use the latest CSI reported by UEs for DL precoder until next precoder is enabled i.e., precoding is constant during  with a delay of .
· t1: delay of CSI acquisition (including scheduling delay potentially)
· t2: time period of CSI update
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Figure 8. CSI delay during CSI acquisition procedure
It is well known that CSI ageing would introduce performance loss, especially in the case of mobility due to high Doppler. To guarantee the performance in the mobility case, one potential solution is CSI prediction. Therefore, time domain correlation information should be extracted and acquired at gNB side or UE side for CSI prediction.
Conventionally, legacy PMI feedback targets for approaching ideal eigenvector(s) for each subband at a reporting instant. The time domain correlation information between different instants is difficult for gNB to obtain with legacy PMI feedback, because different channel realizations of H at different time instants () would lead to different left eigenvector U (). Then the time domain correlation information between  may not be kept in , i.e., the Doppler shift and spread of real channel would be disrupted by unitary matrix U for each time instants.




To obtain accurate time-domain channel correlation information at gNB side while considering CSI feedback overhead, joint CSI feedback for multi-instant could be considered. 
In Rel-17, FDD channel reciprocity is well investigated in the CSI feedback, which provided obvious performance gain compared to conventional CSI design. There is some discussion on CSI-RS overhead reduction in Rel-17. In Rel-17 FDD CSI use, aperiodic CSI-RS is a good tradeoff between CSI-RS overhead and performance in the low load case. However, in the mobility cases, to deal with high data rate requirement in future and support the case of massive active UEs for CSI measurement simultaneously, the overhead reduction could be further studied.
1.1.2. [bookmark: _Ref81588754]Detailed CSI enhancements for high mobility in TDD scenarios
One straightforward to reduce SRS periodicity is to increase UL resources for SRS. For example SRS resources is increased from 2OS to maximum 14 OS. But this method will inevitably degrades PUSCH performance as the limited precious UL resources has to be spared to SRS. From figure below, it can be seen that it results in 60% performance loss is if SRS resource increases from 2OS to 10 OS. The detailed simulation assumptions can be found in Table 9-4 in Appendix-2.
 
Figure 9. Impact on PUSCH performance for different SRS resource
To avoid the impact on PUSCH but enable reducing SRS periodicity, New SRS design to reduce SRS periodicity without increasing SRS overhead should be considered for high mobility. 
To achieve the above goal, new SRS design should be considered with optimized resource allocation in the time/frequency/code/spatial/domain. When the velocity increases, denser SRS resource in time domain is required to better track the channel variation in time domain. Consequently, to maintain nearly the same overall SRS resource while guarantee the channel estimation accuracy, one can either make each SRS sparser in the frequency domain based on the sparse characteristic of multi-path channel, or producing additional orthogonal SRSs with zero auto/cross correlation properties over the same frequency resources in the code domain, or adopt beam-formed SRS transmission to accommodate more SRS in the spatial domain. For example, as shown in figure below, the density of SRS in time domain is required to increase by 4 times as the velocity increases, then the density of SRS in frequency domain can be reduced to 1/4 of original density to keep the overall overhead not to increase.    
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Figure 10. SRS design principle for high mobility
Furthermore, as shown in the above figure, SRS periodicity should be reduced to below 2.5ms for velocity larger than 60km/h to guarantee channel variation tracking in time domain. However, current TDD frame structure only support minimum SRS periodicity with 5 slots which is 2.5ms (30KHz subcarrier spacing). The reason is that there is no UL slot in the middle of two SRS slots with 2.5ms periodicity. Therefore, new SRS pattern design should be considered to support denser SRS transmission in time domain for velocity larger than 60km/h.
8.2 Enhancements for multi-TRP
8.2.1 CSI enhancement for multi-TRP
In CJT scenarios, the information of correlation between different channels from different TRPs (H1, H2, H3 in Figure 2 as an example) need to be included in CSI measurement/reporting design, where both large scale and small scale channel properties should be considered. Large scale channel property should be considered due to joint precoding at gNB size. For the small channel property, simple single phase is not enough to represent the channel correlations between transmit antennas of two TRPs. In practical scenarios with multiple transmission rays, high resolution codebook for multi-TRP/panel is required, e.g., assuming N transmit antennas for each TRP, then N^2 phase are needed. 
To enable gNB acquire high resolution channel correlations between transmit antennas of multiple TRPs, CSI feedback based on the joint channel of multi-TRP ( for the case of 3 TRPs) can be considered. The channels of the UE to different TRPs may be unrelated due to non-overlapping transmission rays, and separate CSI compression for each TRP while joint coefficient reporting can be considered, which can also support flexible multi-TRP CSI feedback with different number of TRPs for CJT. 
Furthermore, the interference hypotheses are also different in CJT cases compared to single TRP and NCJT transmission. The interference from UEs within cooperated TRPs can be suppressed by precoding, while only the interference from the TRPs out of cooperation requires specific interference measurement. In the preliminary evaluation, as shown in figure below, coherent joint transmission with joint channel information (i.e.,  for the case of 3 TRPs) obtain more than 40%~50% gain compared to Rel-17 single TRP. The main simulation setting is listed in Table 9-2 in Appendix-2. 
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Figure 12. Performance gain of coherent joint transmission with high resolution multi-TRP codebook 
Generally, the number of TRPs UE linked is decided by the RSRP gap between multiple TRPs and only one TRP could be linked by UE in certain case. Therefore, the codebook enhancement for CJT should consider the compatibility with single-TRP. 
8.2.2 DMRS enhancement for multi-TRP
As discussed in Section 3.1, more UEs are in the cooperative area for MU pairing. So, the number of orthogonal DMRS ports should be enhanced. One possible way to expand the number of orthogonal DMRS ports is to use scrambling IDs to generate non-orthogonal DMRS ports, such as up to 24 non-orthogonal DMRS ports can be used with modifying the quantity  in the sequence generation. Although the spatial domain isolation between non-orthogonal ports can be improved by precoding methods such as zero forcing, the residual interference may still be strong due to non-ideal channel measurement or high user correlation. 
Considering the SRS period and channel estimation error, the performance loss caused by non-orthogonal ports is significant even for TDD systems. Figure 13(a) shows the BLER performance of ideal channel estimation and real channel estimation based on non-orthogonal DMRS ports for 16 layers and MCS 15. The simulation parameters can be found in Table 9-9 in Appendix-2. The non-orthogonal DMRS ports (12 ports correspond to , the other 4 ports correspond to ) will lead to an obvious performance loss (about 1.5dB) compared to ideal channel estimation. For real UL SRS channel estimation with 20ms SRS period, the performance loss is more obvious and the gap between real channel estimation based on non-orthogonal DMRS ports and ideal channel estimation is more than 2dB. 
A similar phenomenon is presented in Figure 13(b) for 24 layers and MCS 12, the performance loss of non-orthogonal DMRS ports compared to ideal channel estimation is 1.8dB and 4.5dB with ideal SRS channel estimation and real channel estimation, respectively.
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(a) BLER performance of 16 layers, MCS 15
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 (b) BLER performance of 24 layers, MCS 12
Figure 13. The performance of non-orthogonal DMRS ports generated by different values of  
8.2.3 SRS enhancement for CSI acquisition with interference mitigation
In this section, we discuss the impact of SRS enhancement for interference mitigation. The current interference suppression method is to whiten the coloured interference by low correlation sequences. Considering more UEs with more antennas served in NR, interference on SRS increases as their collision probability increases. The sequence correlation is limited by sequence length and this is hard to further improve, so interference has become an issue limiting SRS performance. The impact of interference in single TRP scenario is shown in figure below, and it can be seen there is 37% performance gap between SRS with inter-cell interference and SRS with ideal inter-cell interference mitigation, where the evaluation assumptions are provided in Table 9-8 in Appendix-2. 
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        Figure 14. Throughput evaluations for SRS interference
The interference problem is even worse in multi-TRP scenario, since SRS signals should be received and estimated by multiple TRPs to enable downlink Coherent Joint Transmission (CJT) transmission. The distributed TRPs will cause uneven RSRP of received SRS signals. In figure above, there is 64% performance gap from current SRS with inter-cell interference and the ideal case with mitigated all inter-cell interference for SRS. The performance decrease is mainly caused by poor estimation of SRS signal in multi-TRP case. 
One simple method to reduce the inter-cell interference is assigning orthogonal SRS resources among neighbouring cells, but this method will reduce the available SRS resources per cell and increases SRS periodicity which leads to channel aging problem. For certain SRS periodicity, if the channel aging problem is dominant, using this method cannot improve the performance at all.
Two aspects can be considered to mitigate the inter-cell interference for SRS. One aspect is to weaken the SRS interference strength, the other aspect is to decrease the correlation between interfering SRS and desired SRS. For the first aspect, SRS can be scheduled with directional transmission, i.e., beamformed SRS. For the second aspect, more SRS interference whitening method should be consider, such as SRS sequences with lower correlation. The third aspect is to introduce SRS interference randomization. In Figure 14, R18 SRS enhancement is based on interference whitening with lower sequence correlation and randomization, which shows 10%~25% gain for single TRP and multi-TRP, respectively.
8.2.4 Precoding enhancement for multi-TRP 
Precoding can effectively overcome channel fading and improve MIMO performance. Accurate precoder should be designed to fit into the channel characteristic. For the MIMO-OFDM system, frequency selective fading is an important factor restricting the performance. As the delay spread (DS) of the channel increases, the frequency selective fading becomes more severe, especially in multi-TRP cases. In particular, the joint channel corresponding to multiple TRPs varies more drastically in the frequency domain, taking into account the delay deviation between radio interfaces as shown in Fig.15. Take M-TRP based on CJT as an example, it can be observed that the strongest beam varies more significantly with the constructed channel although the delay spread is small with 100ns per TRP. As shown in Figure 16(b), when the propagation delay difference 300ns, the frequency selective fading becomes more severe.
[image: ]
Figure 15. Illustration of large delay spread for CJT
[image: C:\Users\g00435124\AppData\Roaming\eSpace_Desktop\UserData\g00435124\imagefiles\BB5A3C2A-75AD-477B-939D-B35AF18170CD.png]    [image: C:\Users\g00435124\AppData\Roaming\eSpace_Desktop\UserData\g00435124\imagefiles\ADBF01EB-54D4-4457-A7CD-BF1C95C40D66.png]
(a) CJT with DS=100ns per TRP and propagation delay difference =0     (b) CJT with DS=100ns per TRP and propagation delay difference =300ns
Figure 16. The distribution of the strongest beam in different frequency-domain subbands (CDL-B channel)
In current NR system, the precoding granularity (PRG size) is wideband, or 4 PRBs or 2 PRBs. This precoding granularity is too course to adapt to the high frequency selective channel. Especially for MU-MIMO with higher layers, performance is more sensitive to accurate precoding. In order to better adapt to frequency-selective fading channels, the most effective means is to improve the precoding resolution, e.g. reducing the granularity of precoding in frequency domain. However, the reduction of precoding granularity leads to a performance loss in channel estimation at the receiver. As a result, for high frequency selective fading channels, the most important thing is to obtain the best tradeoff between precoding granularity and channel estimation loss.
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Figure 17. SLS evaluation for different precoding granularity
The performance results of PRG size=1RB with practical SRS and DMRS channel estimation are shown in Fig.17. The simulation parameters are list in Table 9-5 and Table 9-6 in Appendix-2 for single TRP and multi-TRP, respectively. It can be observed that finer granularity precoding (PRG size=1RB) provides obvious performance gain both for S-TRP and M-TRP scenarios. For M-TRP with CJT, the performance gain is more obvious which is up to 19%. Please not that, the real channel estimation is considered in the evaluations.
To verify the benefit of high resolution precoding in practical deployment, we developed the prototype to achieve 1RB precoding for the gNB and real channel estimation at the terminal. The preliminary field trial for S-TRP scenario is firstly conducted in an outdoor test field as shown  in Fig.18. The UEs are deployed at ground level in the front of the building as shown in figure below. The detailed test parameters are shown in Table 9-7 in Appendix-2. The cell throughput of different PRG size for 4 UE scenario is list in Table 1. About 35% and 13% performance gain can be obtained for PRG size=1RB compared to that of PRG size=4RB and PRG size=2RB, respectively. 

[image: ]
Figure 18. Overview of outdoor test field
Table 1. Cell throughput comparison for different precoding granularity in outdoor test field
	PRG size
	Gain

	4 RB
	100 %

	2 RB
	119 %

	1 RB
	135 %



8.3 [bookmark: _Ref81593034]Enhancement for multi-beam
8.3.1 Enhancements on narrow-beam mobility with large array
With large array at gNB, it would be more challenging to acquire narrow beam for data transmission with reasonably low latency/overhead, which is required for smooth mobility support in FR2. While the gNB may form a narrower beam to transmit toward UE, it does not necessarily mean that the candidate beams used for beam measurement would also be narrower. As depicted in figure below, one possibility is to introduce additional reporting to enable gNB to form narrower beam without actual sweeping of narrow beams, utilizing multiple panels at gNB. The additional reporting could be phase difference among multiple reported gNB Tx beams. A similar methodology has been exploited in beam combining in Type II CSI, and it would be necessary to adapt such mechanism to analog/hybrid beamforming architecture in FR2, e.g., to report phase differences between multiple TDMed CSI-RS resources (each representing one gNB analog beam). This would in turn facilitate low-latency/overhead beam tracking thus enabling narrow-narrow mobility. 
[image: ]
[bookmark: _Ref73542430]Figure 19. Illustration of advanced beam report to facilitate gNB narrow beamforming
In preliminary evaluations, as depicted in figure below, about 15% throughput gain has been observed via such low-latency/overhead DL beam tracking mechanism enabled by advanced beam reporting mentioned above. The simulation parameters can be found in Table 9-10 in Appendix-2.

[bookmark: _Ref73565964]Figure 20. Throughput gain of advanced beam reporting for narrow gNB beamforming
With narrower beams from using large array at gNB and analog beamforming at UE, some UE initiative would be helpful for reducing latency/overhead for finding and maintaining narrow beam pair (compared with blindly reducing the beam reporting periodicity). The beam failure recovery mechanism specified in R15~17 can be considered as one form of UE-initiated beam switching. Still, to further reduce latency/overhead, it is quite appealing to extend UE-initiated beam tracking beyond the case that applies only after beam failure. In RAN1#106-e, it was agreed to study UE-initiated beam switching/activation, but it is apparent that this effort started too late and will not be able to go far in R17. 
In particular, likely the remaining time in R17 would not allow for studying and specifying extra gNB assistance that facilitate UE-initiated beam switching/activation. For example, if the gNB can notify the spatial relation among gNB Tx beams by certain means, the UE would be able to measure candidate gNB Tx beams in more purposeful way and initiate beam switching/activation in a faster and accurate manner. 
8.3.2 Enhancements on cell capacity with large array
Given the large bandwidth at FR2, other than speed test, up to now not many applications require gNB to transmit towards one UE with all bandwidth available (e.g., 800 MHz). With typical traffic, we observed that frequency resource in FR2 is under-utilized. As one augmented gNB panel is able to provide sufficient coverage distance for UEs at cell center, it is natural to perform FDMed transmission towards multiple UEs exploiting multiple panels at FR2 gNB, see figure below. 
To this end, it is necessary to have CSI corresponding to various panel allocation schemes available at gNB. In mobility scenarios, gNB decision on how many and which panels should be used to serve one UE is dynamic - It depends on instantaneous CSI, UE priority, and changes from slot to slot. As depicted in figure below, for a gNB that is equipped with 4 panels, there are 15 possible ways to allocate gNB panels to a UE, assuming gNB panels are not inter-exchangeable (e.g., due to differences in small-scale fading), and 4 possible ways assuming gNB panels are inter-exchangeable. To collect the required CSI, 15 or 4 CSI reports are needed and will incur higher overhead from CSI-RS transmission and CSI reporting (e.g., 4 2-port CSI-RS resources, 2 4-port CSI-RS resources, and one 8-port CSI-RS resource, and corresponding reports). Higher layer reconfigurations may also be involved as these numbers exceed maximum UE capability. 
In R18, it would be beneficial to study enhanced CSI reporting mechanism to facilitate dynamic gNB panel allocation and FDMed transmission with multiple panels at FR2 gNB. In particular, one direction to investigate is how to acquire CSI for different panel allocation schemes balancing between CSI-RS overhead and UE complexity, e.g., to share one 8-port CSI-RS resource and dynamically indicate panel/port combinations to be reported (for low-end UEs), to report CSI for different panel allocation schemes in one reporting instance (for high-end UEs). This would in turn improve the frequency resource utilization in FR2 and provide an improved cell capacity. 
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[bookmark: _Ref73542411]Figure 21. Illustration of dynamic gNB panel allocation and FDMed transmission
As discussed above, with multiple panels at gNB, multiple users can be served by different gNB panels simultaneously. Going beyond FDMed transmission (from gNB perspective), a natural next step is SDMed transmission. In particular, as the gNB panels are now larger and can provide more spatial separation, the chance of multiplexing >2 UEs in spatial domain, as illustrated in figure below, would become higher. 
8.4 [bookmark: _Ref81594466]CPE specific considerations
8.4.1 DMRS overhead reduction
In current 5G NR, the DMRS of PDSCH is configurable for efficient channel estimation for eMBB UEs in different levels of mobility. For UEs of high mobility, both front-loaded and additional DMRS can be used within a single slot for PDSCH transmission. And for UEs with low mobility, e.g., in the speed of 3 km/h, the network can configure only front-loaded DMRS to avoid excessive DMRS overhead. 
However, the scenario of CPE has not been considered, where the channel is stationary without Doppler shift for fixed location terminals. Therefore, the channel coefficients across multiple slots for a single UE are almost constant with very little variation. But current specification requires that each slot-based PDSCH should be associated with at least one or two front-loaded DMRS within every slot. The DMRS placed in each slot is redundant in the case of scheduling multiple PDSCH transmissions in consecutive slots for fixed wireless access. 
[image: ]
Figure 22. Illustration of DMRS overhead reduction
As an example shown in Figure 22, when a UE is scheduled to receive PDSCHs in 4 consecutive slots, there will be eight DMRS symbols in total in case a front-loaded DMRS of two symbols for each slot is configured following current specification. For fixed wireless access scenario, where there’s no Doppler shift, it is actually sufficient to only retain the DMRS in the first slot for channel estimation and the DMRS of the following three slots are removed. Then up to 6 symbols of resources can be saved for PDSCH transmission. With the real channel estimation, it shows there is more than 14% performance gain can be observed.
[image: ]
Figure 23. Performance gain with DMRS reduction considering real channel estimation
9 Appendix-2: Simulation assumptions
3. 
4. 
4.1. 
Simulation assumptions for discussion on Area 1
Table 9-1 Simulation assumptions for Figure 1
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	BS anatenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	100 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

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

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 30 UEs per cell

	Precoding granularity
	4RB

	Precoding method
	EZF

	SRS period
	2.5ms / 5ms / 10ms / 20ms

	SRS antenna switching
	2T4R


Simulation assumptions for discussion on area 2
Table 9-2 Simulation assumptions for Figure 3 and Figure 12
	Parameter
	Value

	Duplex, Waveform
	FDD, OFDM

	Carrier Frequency
	2.1G

	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) =
 (8,8,2,1,1,2,8). (dH, dV) = (0.5, 0.8) 

	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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	10 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE 

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes. 

	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
	2RB 


Table 9-3 Simulation assumptions of Figure 4
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 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, 10 UE per cell

	Precoding granularity
	4RB / 1RB / 0.5RB

	Precoding method
	EZF

	SRS channel estimation
	Ideal channel estimation

	DL DMRS channel estimation 
	Ideal channel estimation


Simulation assumptions for CSI in 8.1
Table 9-4 Simulation assumptions for Figure 9
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	100 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 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, 10 UE per cell

	Precoding granularity
	4RB 

	Precoding method
	EZF

	SRS channel estimation
	Ideal channel estimation

	UL DMRS channel estimation 
	Ideal channel estimation



Simulation assumptions for multi-TRP
Table 9-5 Simulation assumptions of SLS for single-TRP (Figure 17)
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

	RU
	70%

	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 / 1RB

	Precoding method
	EZF

	Error modeling for SRS channel estimation
	Table A.1-2 of TR 36.897
Δ=9 dB is assumed

	Error modeling for DL DMRS channel estimation 
	Based on SINR loss evaluated from LLS



Table 9-6 Simulation assumptions of SLS for multi-TRP (Figure 17)
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	UMa with 200 m ISD

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	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
	9dB

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	5 MHz

	MIMO scheme
	SU/MU-MIMO with rank adaptation
Maximum rank = 4 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

	RU
	70%

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

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 10 UE pre cell

	Precoding granularity
	4RB / 1RB

	Precoding method
	CJT based on WMMSE

	Error modeling for SRS channel estimation
	Table A.1-2 of TR 36.897
Δ=9 dB is assumed

	Error modeling for DL DMRS channel estimation 
	Based on SINR loss evaluated from LLS



Table 9-7 Simulation assumptions for Figure 18
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.75G

	Antenna number at gNB
	64T 

	Antenna setup at UE
	2T4R

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	Modulation 
	up to 256QAM

	Bandwidth
	20 MHz

	MIMO scheme
	MU-MIMO
Maximum rank = 3 per UE 

	UE receiver
	MMSE-IRC

	Precoding granularity
	4RB / 2RB / 1RB

	Precoding method
	EZF

	SRS periodicity
	20 ms

	DL DMRS
	Type 1 DMRS



Table 9-8 Simulation assumptions for Figure 14
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5G

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 300 m ISD

	BS anatenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1,4,8). (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(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

	BS receiver noise figure
	5 dB

	Numerology
	30kHz SCS

	Bandwidth
	25M for SRS transmission and 5M for PDSCH

	MIMO scheme
	MU-MIMO with Rank-2 adaptation per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

	RU
	70%

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

	UE receiver
	MMSE-IRC

	Network Layout
	7*3 cell, 4 UE per cell

	Precoding granularity
	2RB

	Precoding method
	WMMSE

	SRS period
	5ms

	SRS configuration
	2 Combs, 4 CS



Table 9-9 Simulation assumptions for Figure 23
	Parameter
	Value

	Carrier Frequency
	3.5G

	Channel Model
	CDL-B in TR 38.901

	Delay Spread
	129ns / 363ns

	BS anatenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,8,2,1,1;4,8). (dH, dV) = (0.5, 0.8) 

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

	MIMO scheme
	MU-MIMO

	MCS
	MCS 12 / 15

	Bandwidth
	20 MHz

	Numerology
	14 OFDM symbol slot, 30kHz SCS

	MIMO Rank
	Maximum rank = 1 (Rank fixed) / UE

	UE number
	8UE for 16 layers, 24UE for 24 layers

	UE speed
	3km/h 

	Precoding granularity
	4RB

	Precoding method
	EZF

	DMRS
	Type 2 DMRS, two-symbols

	DL DMRS channel estimation
	MMSE channel estimation


Simulation assumptions for multi-beam
Table 9-10 Simulation assumptions for Figure 20
	Parameter
	Value

	Scenario
	UMa

	Frequency Range
	FR2 @ 30 GHz
· SCS: 120 kHz
· BW: 800 MHz

	Transmission power
	43 dBm

	UE speed
	3 km/h

	Rotation
	20 RPM

	BM periodicity
	20 ms

	Trajectory
(for mobility evaluation)
	Move on a line 100m from the gNB as below
[image: ]

	gNB Antenna Configuration
	4096 array: (M, N, P, Mg, Ng) = (16, 32, 2, 2, 2)
(dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

	UE Antenna Configuration
	Panel structure: (M, N, P, Mg, Ng) = (1, 4, 2, 1, 2), dH = 0.5 λ 

	Traffic Model
	Full buffer

	BF scheme
	DFT



UPT loss for different SRS periodicity (velocity=30/60/120km/h)

30km/h	
2.5ms	5ms	10ms	20ms	0.77175026255049761	0.61800985263265673	0.56260018965161451	0.42645049466377483	60km/h	
2.5ms	5ms	10ms	20ms	0.61216716377425129	0.52758941480822985	0.44739255975563996	0.38087752156821186	120km/h	
2.5ms	5ms	10ms	20ms	0.51346434399201157	0.39869862077064666	0.37772669105087336	0.36060550196264496	



Column1	
256	512	1024	2048	4096	0.34	0.56000000000000005	0.73	0.88	0.95	Array size at gNB


DL coverage ratio @ 1 Gbps




2 symbols	4 symbols	6 symbols	10 symbols	1	0.86817374138043912	0.71513452556398871	0.4311817570753862	
ULCellAveTput(Mbps)



Column2	
R17 baseline	R18 enhancement	1	1.1499999999999999	
Throughput comparison
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