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1	Introduction
A new work item on MIMO for NR was approved in [1]. In this contribution, we present our views on the various parts of the work item.
[bookmark: _Ref178064866]2	Discussion
2.1	Enhancement on multi-beam operation
The beam management procedures specified in NR Rel-15 were designed to facilitate reception and transmission for UEs and gNBs equipped with analog beamformers. QCL Type-D was introduced to aid the UE reception of all DL signals, and spatial relations were introduced to control how the UE transmits UL signals. Both QCL Type-D and spatial relations are signaled to the UE prior to the actual reception or transmission of the corresponding signal.
The objectives related to multi-beam enhancements in the feMIMO WID are the following:
Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

In the following sub sections, we highlight key points of the multi-beam objectives, and show what changes are needed to alleviate some of the drawbacks of the Rel-15 beam management framework.
2.1.1	More efficient: lower latency and overhead
The beam management procedures will need to cope with higher UE speeds, e.g., for high speed trains. Also, when the gNB antennas are equipped with more antenna elements, the beam will become narrower. These two factors will lead to the procedures to update the gNB and UE beams will have to execute faster, as the beams need to be updated faster.
As beam correspondence is a mandatory capability, improvements on efficiency should target beam management based on DL RSs. UL beam management is a performance optimization, which makes it possible for the UE to fine tune its Tx beam.
Updating the Tx beam on the gNB has two parts: collecting measurements and signaling updated QCL assumptions to the UE. 
To select the Tx beam, the gNB collects measurements from periodic or aperiodic reference signals. Note that if periodic reference signals are transmitted in all beams, the associated overhead will be large. Since we are targeting a case with many beams, the work should be focused on Tx beam selection based on aperiodic reference signals:
[bookmark: _Toc40478795]The improvements to beam management should target gNB Tx beam selection based on aperiodic DL reference signals.
Once the gNB has selected a new Tx beam, it may also need to update the TCI state for the PDCCH and PDSCH reception. The main signaling mechanism for this is MAC CE. The new TCI state is applied after a certain delay. This delay is described differently in RAN1 and RAN4 specifications. In the RAN1 specifications, the new TCI state is applied 3ms after the PDSCH that contains the MAC CE is acknowledged, but in the RAN4 specifications, there is an additional delay which depends on the period of the reference signal in the new TCI state. 
[bookmark: _Toc40478786]The description of the activation delay for a new TCI state is different in RAN1 and RAN4 specifications.
Taking the RAN4 description as an example and using realistic assumptions for the delays of the various processes, we end up with a total delay of some 14ms to change the gNB Tx beam. The time distribution among the components are illustrated in Figure 1.
[image: ]
[bookmark: _Ref40345383]Figure 1: Time distribution among the components of beam switch.
Based on the estimates shown in Figure 1, we conclude that to speed up the Tx beam switch, the focus should be on reducing the activation time, and speeding up the signaling:
[bookmark: _Toc40478796]Focus on reducing the activation delay and speeding up the signaling. 
2.1.2	L1/L2-centric inter-cell mobility
The timeline for the beam management procedures were described above: switching gNB Tx beams takes around 14 ms. The same delays apply when beam management is applied across TRPs as long as the TRPs belong to the same cell, i.e., that they broadcast the same PCI. However, if the TRPs belong to different cells, the beam management procedures cannot be used – in this case, an RRC reconfiguration must be used. Such handover solutions tend to be slower and difficult to tune. They also involve a PRACH transmission in the target, something that is not necessary for the beam management procedures, since the UE adjusts its TA autonomously.
The intra-cell limitation of the beam management procedures is somewhat artificial: from a RAN1 point of view, the UE performs measurements on reference signals (SSBs), and changes QCL sources (SSBs). Note that the UE already today performs measurements on SSBs from other cells (for L3 mobility purposes), and that a handover involves changing the QCL source to the SSB of the target cell. So the fundamental underlying procedures for beam management and handover are the same: the detailed reporting and signaling procedures are different. The UE complexity is mainly related to on how SSBs the measurements are performed, and the number of potential SSBs that UE could be asked to use as a QCL source. 
To enable the use of beam management across cells, we propose to extend the beam management to inter-cell operation. In a multi-TRP scenario, the different TRPs may then broadcast different PCIs – the beam management solutions would still work:
[bookmark: _Toc40478797]Extend the beam management to the multi-TRP scenario where different TRPs belong to different cell, i.e., when they broadcast different PCIs.
It is our understanding that we would reuse much of the functionality already implemented in the UE, in particular regarding measurements. Thus, the extension should not imply any significant increase in the UE complexity:
[bookmark: _Toc40478787]The inter-cell measurements would reuse the measurements the UE is already performing – only the reporting would change.
The details for the solution need to be worked out. Our current understanding is that it should be sufficient to include a PCI in the TCI state configuration, and in the CSI-ResourceConfig, and potentially also in a power control configuration.
The beam management solutions were specified for application in FR2. However, the multi-TRP scenario is as applicable, or perhaps more applicable to FR1. The inter-cell beam management solutions must thus be equally applicable to FR1:
[bookmark: _Toc40478788]The inter-cell beam management procedures are equally, or more, applicable to FR1, and it is important to consider the UE capabilities related to TCI states and L1-RSRP measurements also for FR1. 
This also means that the UE capabilities must allow that the solutions can be applied in practice also for FR1. For instance, the value of the solutions would be reduced if a UE supports a small number of TCI states.
2.1.3	A unified TCI framework and optimized common beam
DL beam management builds on the concept of TCI states, as the single tool to convey the QCL Type D information used by the UE to adjust its Rx beam. All DL reference signals (CSI-RS, PDCCH/PDSCH DMRS) make direct use of the same set of TCI states.
The DL TCI framework is quite flexible: it is possible to operate the DL using different TCI states for PDCCH, PDSCH and the different types of CSI-RS. In the most common case however, the same TCI state is used for PDCCH and PDSCH, and also for CSI-RS for CSI acquisition. The specification defines several defaults regarding QCL Type D assumptions, but the defaults are not fully aligned, and not implemented for all cases. For instance, there is no default beam for aperiodic CSI-RS in general. The rules for the default beam are also unnecessarily complicated:
[bookmark: _Toc40478789]The rules for the default beam are not fully aligned, and not implemented for all cases.
As common beam operation is the by far most common deployment, one of the focus points for the Rel-17 should be to implement a complete common beam solution, with aligned and simple rules:
[bookmark: _Toc40478798]Implement complete support for common beam operation. 
Such a common beam operation should also take into account restrictions in the UE that occurs due to the use of common hardware for intra-band and in some cases inter-band carrier aggregation.
UL beam management builds on the concept of spatial relations, but its usage varies for different UL signals: SRS and PUCCH uses different types of spatial relations, configured in different RRC IEs, and signaled in different ways. Having different RRC IEs is particularly strange, since the content is essentially the same: it is a reference signal. PUSCH does not use spatial relations explicitly at all – the PUSCH transmissions are handled using an associated SRS. 
One of the targets of the Rel-17 multi-beam enhancements is to streamline the control of the spatial properties of the UL transmissions. This would mean that we introduce an UL TCI, which is a direct counterpart to the DL TCI. Such an UL TCI would be used as the direct source for the spatial properties of all transmitted UL signals: SRS, PUCCH and PUSCH:
[bookmark: _Toc40478799]Introduce an UL TCI which could serve as a direct source for the spatial properties of all UL signals: SRS, PUCCH and PUSCH.
It is important that common beam operation is efficiently supported also across UL and DL. The configuration and application of the UL TCI is thus an add-on that can be configured if needed.
The prime use case for UL TCI is to alleviate the issues related to maximum permissible emission (MPE). In some cases, the UE may be required to reduce its transmit power on some of its antennas. If the gNB is aware of this reduction, it may choose to schedule an UL transmission on another antenna, where the full transmit power can be used.
2.1.4	Considerations on evaluations for multi-beam
Specification of MIMO functionality in RAN1 usually involves simulations, where the system capacity and/or user throughput for a reference scenario. Different options, e.g., different codebooks, can then be compared. 
What makes these types of evaluations possible is that most parameters can be fixed, and that there is little algorithm tuning involved. There is little dynamics involved, since there is no transient phase during the simulation. Furthermore, the served traffic is the same as the offered traffic: there is no blocking or dropping, and there are no coverage issues. The chosen KPI is then reasonable.
However, for multi-beam functionality, the situation is somewhat more complicated:
· There are many variants of algorithms to determine a suitable beam, both on the gNB and the UE. There are many schemes to sweep beam on both nodes. The naïve algorithms, which sweeps the all beams, would have too high overhead to be realistic.
· There is a transient phase involved, where both nodes adjust their beams. Performance during the transient phase is different from the performance after the transient phase.
· The main KPI for solutions that involve mobility is to avoid dropped sessions. Looking at the system capacity or user throughput may then not be relevant.
Still, some simulations may be relevant also for multi-beam enhancements. However, it is important that the high-level issues are settled first, before the detailed simulation scenario is discussed:
[bookmark: _Toc40478790]Traditional SLS may not be relevant to evaluate the performance of multi-beam solutions.  
2.2	Enhancement on the support for multi-TRP deployment
In Rel-16, both single-DCI and multi-DCI based NC-JT PDSCH transmission over multiple TRPs were specified. In addition, a number of multi-TRP based PDSCH schemes were specified for enhanced URLLC traffic delivery.  Due to time limitation, multi-TRP based enhancements for other channels for URLLC and a few items were left for Rel-17.  
The objectives of multi-TRP related enhancements in Rel-17 are stated in the WID and copied below:
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

2.2.1 Enhancements for PDCCH, PUSCH, and PUCCH
The main motivation of using multiple TRPs is to achieve diversity.  In FR2, the main goal of introducing the diversity is to accomplish more robust data transmission in the presence of channel blocking between a TRP and UE, in order to maintain a continuous link. This is highly important for high reliability services such as controlling a manufacturing robot in a factory.   In our view, enhancements introduced in Rel-17 should be compatible with the Multi-TRP PDSCH schemes and PUSCH repetition schemes specified in Rel-16.
For PDCCH, DCI repetition over different TRPs is desired at least in FR2, in which a given DCI is repeated from different TRPs. This multi-PDCCH transmission (with repeated DCI) provides resilience against channel blocking as the probability that at least one PDCCH succeeds to be decoded increases.   
Another option is to divide the transmission of a single PDCCH across different resources, where resources are transmitted from different TRPs. The benefit is simplicity, however, due to the structure of the Polar code design, PDCCH decoding performance can in this case degrade quickly if half of the PDCCH resources are affected by channel blocking. An example is shown in Figure 2, showing the case when half of a PDCCH with aggregation level 2L are punctured, the performance is worse than a PDCCH with AL=L.
In addition, the path losses between the TRPs and the UE is seldom equal, and this should be considered in the analysis of proposals as well to ensure the solution can handle such path loss differences.
(a)
(b)

[bookmark: _Ref40361287]Figure 2: An example of  using AL=L vs. AL=2L but half punctured: (a) AL=1 vs. AL=2; (b) AL=2 vs. AL=4.
For PUSCH, enhancements for the single DCI based Rel-16 PUSCH repetition schemes for URLLC can be considered first in our view, either based on SRI or unified TCI to be introduced in Rel-17 for multi-TRP indication.  Multi-DCI based enhancements with back to back retransmissions can also be considered.
For PUCCH enhancements, Rel-15 PUCCH repetitions can be considered as the starting point by applying different spatial relations to different repetition instances, either intra-slot or inter-slot.  A single PUCCH resource with multiple spatial relations may be considered.
[bookmark: _Toc40478800]Consider PDCCH enhancement with DCI repetition (multi-PDCCH) from different TRPs at least for FR2.
[bookmark: _Toc40478801]Consider PUSCH enhancements using Rel-16 PUSCH repetitions as the starting point
[bookmark: _Toc40478802]Consider PUCCH enhancements using Rel-15 PUCCH repetitions as the starting point by considering multiple spatial relations per PUCCH resource
2.2.2 Inter-cell multi-TRP 
Inter-cell multi-TRP transmission was discussed in Rel-16 but due to time limitation, agreement could not be reached.  In our view, inter-cell multi-TRP should be considered together with L1/L2 mobility in beam management.  Our current view is that  including a PCI in QCL  and in the CSI-ResourceConfig, and potentially also in a power control configuration are first hand candidates for the enhancements 
[bookmark: _Toc40478791]Consider having the inter-cell multi-TRP discussions jointly with the related L1/L2 beam management enhancement discussions

2.2.3 Simultaneous multi-TRP transmission with multi-panel reception
In our understanding, the issue was related to current group-based CSI reporting in which a UE reports CSIs associated with two CSI-RS resources. The two CSI-RS resources, however, could be from a same TRP and/or the UE may receive them with a same panel (e.g. rank 1 per PDSCH).  Note that a common assumption is that a panel is restricted to at most rank 2 reception.  
Therefore, enhancements are needed for the group-based reporting such that rank 3 and 4 reception is ensured also in FR2 for a UE with multiple panels.  For example, mechanisms should be considered so that the two CSI-RS resources that are associated with different TRPs can be received by different UE panels. This would enable higher rank (i.e., more than rank 2) reception in FR2.
[bookmark: _Toc40478803]Consider CSI group based reporting enhancement to ensure higher rank (i.e., ranks 3 and 4) reception in FR2. For example, the two CSI-RS resources selected by a UE are from different TRPs and UE ensures that these are received by different UE panels where each panel is rank restricted to 2 layers.
2.2.4 Support HST-SFN deployment scenario
In our understanding,  the main issue in the HST-SFN scenario is that a UE on a high speed train receives a signal transmitted from two TRPs and the signals received from the two TRPs could have large opposite Doppler frequencies (bi-directional deployment), resulting in a large Doppler spread in the composite signal.  The topic was discussed in RAN4 in Rel-16 in parallel with multi-TRP discussion in RAN1 and various approaches were considered in RAN4. 
With multi-TRP schemes introduced in Rel-16 in RAN1, it makes sense to first investigate if the issue could be solved by some Rel-16 multi-TRP schemes before considering any new enhancements.   Also, uni-directional deployments should be considered in the study (where Doppler offsets always have same sign).  
[bookmark: _Toc40478804]For HST-SFN, Rel-16 multi-TRP schemes should be evaluated as the baseline for evaluations and before considering new enhancements. During the evaluation phase, both bi-directional and uni-directional deployment scenarios should be considered.


2.3	Enhancement on SRS
Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency

2.3.1 Aperiodic SRS offset for increased flexibility in triggering
The time between the trigger of an aperiodic SRS and the SRS transmission is an RRC configured value k, i.e. the slotoffset parameter, for each SRS resource set. The number of SRS sets that can be configured for DL CSI acquisition is very limited (maximum two). 
This means that the SRS must be triggered in specific slots since the distance to an UL slot is fixed in a semi-static TDD configuration. In contrast, we don’t have such rigid timing restrictions in LTE. 
The consequence is that aperiodic SRS may not be able to be triggered when needed, e.g., due to PDCCH congestion, lack of an UL or DL grant, etc. This becomes a PDCCH capacity bottleneck for reciprocity-based MU-MIMO operation where it is beneficial to trigger SRS for multiple candidate co-scheduled users to transmit SRS at the same time. 
[image: ]
Figure 3 The static slot offset for aperiodic SRS leads to PDCCH congestion (upper), while if LTE approach is applied, the PDCCH load can be distributed (lower).

Hence, we propose
[bookmark: _Toc24114567][bookmark: _Toc28870565][bookmark: _Toc40478805]Improve the flexibility for triggering aperiodic SRS so that many UEs can transmit SRS in the same uplink slot, although the triggering grants (PDCCH) to these UEs can be transmitted in multiple downlink slots in order to distribute the PDCCH load.

[bookmark: _GoBack]2.3.2 Duplicate SRS configurations and SRS antenna switching enhancement 
Currently, NR restricts an SRS resource set to be configured as either “codebook” or “antennaSwitching”, i.e. for UL MIMO and DL MIMO (reciprocity) respectively. 
For reciprocity-based operation, and for UEs that support full reciprocity, e.g. “2T=2R” then the gNB must configure two SRS resource sets for this UE, one to support UL MIMO and one to support DL MIMO, i.e. sets configured as for “codebook” and for “antennaSwitching” respectively. 
The reason is that the specification allows the UE to perform different antenna virtualization for these two SRS resource sets. Hence, the SRS measurements performed on the SRS resource set configured for “codebook” cannot be used to obtain channel estimations for reciprocity. 
Now, one may argue that there is no clear reason for a UE manufacturer to use a different virtualization for the SRS transmitted for “codebook” and for “antennaSwitching” respectively. However, the specification does not prevent that the UE uses different virtualization for these two cases.  For example, the UE may choose to autonomously precode the SRS for ‘codebook’ based operation to achieve some beamforming gain and better coverage (part of the implementation), while it does not do this for ‘antennaSwitching’ case. Hence, the SRS used for ‘codebook’ cannot be guaranteed to be possible to use for proper DL CSI acquisition.
This implies that a gNB always configure two SRS resource sets in this very typical mode of operation when nT=nR applies and UL MIMO is used, which is unnecessary in terms of overhead and UE power consumption. We thus propose:
[bookmark: _Toc24114568][bookmark: _Toc28870566][bookmark: _Toc40478806]When nT=nR, n=1,2,4 is supported by the UE, allow the SRS resource set configured for ‘codebook’ to be used for both UL MIMO and for DL CSI acquisition.
SRS switching for 6 & 8 Rx antennas naturally allows complex switching configurations since there are many more potential combinations of transmit and receive pairs, and will also consume more SRS resource to sound the increased number of antenna ports.  There could be many UE implementations with 6 & 8 Rx, and so one key aspect to understand is what practical UE implementations are envisaged.  For example, given the complexity from such a large number of receive antennas, is it expected that these high end UEs will generally have at least two Tx antennas?
[bookmark: _Toc40478807]Strive for mechanisms and/or UE capabilities to simplify switching for 6 & 8 Rx antennas, and assess performance vs. complexity tradeoffs.
[bookmark: _Toc40478808]Identify realistic UE capabilities for enhanced SRS switching, e.g. a minimalistic set of nTmR configurations to support in Rel-17, in particular addressing a minimum number for ‘n’
2.3.2 SRS capacity and/or coverage
Rel-15 SRS configuration is relatively restricted, since SRS can only occupy the last 4 symbols of a slot.  This limits the raw capacity of SRS for a given amount of time, since a relatively small fraction of the time resource can be used.  This further limits the number of antennas that may be switched over in a slot and the amount of SRS energy that can be transmitted in the slot.
Both LTE and NR-U allow SRS transmission in any symbol, and so a key first step to enhancing SRS capacity is to make SRS transmission in any OFDM symbol in a slot a general feature for NR.  This would be highly beneficial in Rel-16, but if for some reason it is restricted, it should be supported as a Rel-17 UE capability for UEs not supporting shared spectrum channel access.
[bookmark: _Toc40478809]Support transmission of SRS in any symbol of a slot using what is specified for NR-U, if this capability is restricted to shared spectrum channel access in Rel-16.
An increased number of symbols can also be used to improve SRS coverage.  If a full slot is used, then about 5 dB more energy can be delivered for SRS as compared to Rel-15, while transmitting over additional slots can naturally transmit even more energy.  The UE can also transmit SRS in a narrow band, e.g. through frequency hopping, so this can be a complementary or alternative way to obtain high SNR per SRS RE.  There are significant differences in UE and network implementation according to when SRS symbols are combined within a slot vs. across slots, and whether frequency hopping vs. wideband transmission is used.  The practical gains of these alternatives can be different, especially when impairments such as coherence between transmissions and the impact of channel conditions are taken into account. Moreover, it is desirable to have simple, robust enhancements that can be supported by most or all UEs and operate over a wide range of Doppler shifts and delay spreads.
[bookmark: _Toc40478792]The whole ‘toolbox’ of techniques (including repetition within and across slots, and frequency selective transmission / hopping) should be considered when evaluating SRS coverage enhancements
[bookmark: _Toc40478793]SRS enhancements should not be limited to ‘corner cases’, and should assume realistic UE implementation, mobility, channel conditions, and scenarios
Since there is such a variety of potential solutions to Rel-17 SRS enhancement, and since there is no obvious limit on the duration of the enhanced SRS, the use case of the SRSs should be understood should be known in order to specify SRS enhancements that will actually be used in the market.  Two primary use cases come to mind for SRS in the context of study for use within feMIMO: CSI measurement for uplink and for downlink reciprocity-based operation.  Uplink CSI may be used for frequency selective scheduling of different UEs, for UL MU-MIMO scheduling, etc.  Uplink CSI use cases are not so demanding, since uplink MIMO precoding is not frequency selective, typically uses relatively simple precoders, and UL MIMO techniques will generally avoid increasing PAPR.  On the other hand, downlink precoding is often frequency selective, and may have quite high PAPR, and use null forming to enhance capacity.  This more advanced use of antenna systems in the gNB and reduced sensitivity to PAPR (at least in ‘capacity’ cells) implies that enhanced SRS SINR is likely to be more needed for downlink CSI for reciprocity based MIMO than for uplink link adaptation.  Therefore, a first step in the study of Rel-17 SRS enhancement for coverage and/or capacity should be to determine how much downlink throughput there is from the improved CSI as a function of the number of extra symbols in the SRS.
[bookmark: _Toc40478794]Reciprocity based downlink MIMO transmission is generally more sensitive to SRS SINR than UL transmission
[bookmark: _Toc40478810]Quantify the downlink performance gain of enhanced SRS SINR to determine the need for SRS SINR enhancing mechanisms and how much SINR enhancement they should provide
2.4	Enhancement on CSI measurement and reporting
Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead

2.4.1  NC-JT  CSI
The motivation for NC-JT CSI feedback is that inter-TRP interference is generally not considered in single TRP based CSI feedback and thus, a new CSI feedback is needed to take inter-TRP interference into account. However, some level of inter-TRP interference can still be measured with existing CSI reporting framework, for example, by configuring NZP CSI-RS from other TRPs as interference.  Therefore, it is important to first evaluate based on the existing CSI framework as the baseline and NC-JT CSI is only introduced when large performance gap is observed.  The details of the baseline may be further discussed.  
To support dynamic switching between NC-JT and single TRP transmission, both single TRP based CSI feedback and NC-JT CSI feedback would be required.  In dense deployments, there may be many TRPs observable by the UE, hence the coordination cluster can be large.
When an increased number of TRPs are considered in a coordination cluster, the possible TRP combinations (i.e. transmission hypotheses) can be large.  For example, when 3 TRPs are considered for a UE in a cluster, there are 6 combinations of single TRP and NC-JT transmission hypotheses. If a CSI is reported for each hypothesis, there would be 6 times increase of CSI reporting comparing to a single TRP. Currently, Rel.16 support up to 8 transmission hypotheses (TCI states) with dynamic selection (i.e. without MAC CE involvement). Therefore, how to reduce the amount of CSI-RS overhead and CSI reporting overhead should be investigated.
 
[bookmark: _Toc40478811]CSI feedback complexity and overhead with 3 or more TRPs in a coordination cluster should be considered for NC-JT CSI feedback
2.4.2  Type II port selection
As Type II port selection exists in Rel.15 and enhancement in Rel.16, proper evaluations are needed to justify even further enhancements in Rel.17. As there seem to be no use of this feature in the field, we don’t have any real-world observation of its usefulness. Hence, it is important that we include impairment modelling in the evaluations. We make the following notes:
· Rel.16 performance should be the baseline
· MU-MIMO operation is targeted
· Ideal assumptions can be used as a reference and to calibrate companies’ results
· Conclusions can only be drawn from realistic assumptions and using non-full buffer evaluations
· The channel model needs to be properly modeled for FDD reciprocity. We propose using TR 38.901 with reciprocity model of Section 5.3, in TR 36.897 
· Enough channel bandwidth is needed to resolve delay taps
· The overhead from PDCCH, CSI-RS and SRS needs to be taken into account in results
· An SRS impairment model is needed for non-ideal angle and delay estimation at gNB
· When using a large number of beamformed CSI-RS ports in a CSI-RS resource (e.g. >8), the impact of PAPR needs to be modeled properly, e.g. as a power backoff (see R1-1811894). 
· Whether the beamformed CSI-RS resource is shared by multiple UEs or is always assumed to be UE specific needs to be evaluated and compared as it has rather large impact on the assumed design
· PDSCH user throughput vs DL overhead and vs UL overhead can be used as the metric for evaluation of enhancements with respect to baseline
 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The description of the activation delay for a new TCI state is different in RAN1 and RAN4 specifications.
Observation 2	The inter-cell measurements would reuse the measurements the UE is already performing – only the reporting would change.
Observation 3	The inter-cell beam management procedures are equally, or more, applicable to FR1, and it is important to consider the UE capabilities related to TCI states and L1-RSRP measurements also for FR1.
Observation 4	The rules for the default beam are not fully aligned, and not implemented for all cases.
Observation 5	Traditional SLS may not be relevant to evaluate the performance of multi-beam solutions.
Observation 6	Consider having the inter-cell multi-TRP discussions jointly with the related L1/L2 beam management enhancement discussions
Observation 7	The whole ‘toolbox’ of techniques (including repetition within and across slots, and frequency selective transmission / hopping) should be considered when evaluating SRS coverage enhancements
Observation 8	SRS enhancements should not be limited to ‘corner cases’, and should assume realistic UE implementation, mobility, channel conditions, and scenarios
Observation 9	Reciprocity based downlink MIMO transmission is generally more sensitive to SRS SINR than UL transmission


Based on the discussion in the previous sections we propose the following:
Proposal 1	The improvements to beam management should target gNB Tx beam selection based on aperiodic DL reference signals.
Proposal 2	Focus on reducing the activation delay and speeding up the signaling.
Proposal 3	Extend the beam management to the multi-TRP scenario where different TRPs belong to different cell, i.e., when they broadcast different PCIs.
Proposal 4	Implement complete support for common beam operation.
Proposal 5	Introduce an UL TCI which could serve as a direct source for the spatial properties of all UL signals: SRS, PUCCH and PUSCH.
Proposal 6	Consider PDCCH enhancement with DCI repetition (multi-PDCCH) from different TRPs at least for FR2.
Proposal 7	Consider PUSCH enhancements using Rel-16 PUSCH repetitions as the starting point
Proposal 8	Consider PUCCH enhancements using Rel-15 PUCCH repetitions as the starting point by considering multiple spatial relations per PUCCH resource
Proposal 9	Consider CSI group based reporting enhancement to ensure higher rank (i.e., ranks 3 and 4) reception in FR2. For example, the two CSI-RS resources selected by a UE are from different TRPs and UE ensures that these are received by different UE panels where each panel is rank restricted to 2 layers.
Proposal 10	For HST-SFN, Rel-16 multi-TRP schemes should be evaluated as the baseline for evaluations and before considering new enhancements. During the evaluation phase, both bi-directional and uni-directional deployment scenarios should be considered.
Proposal 11	Improve the flexibility for triggering aperiodic SRS so that many UEs can transmit SRS in the same uplink slot, although the triggering grants (PDCCH) to these UEs can be transmitted in multiple downlink slots in order to distribute the PDCCH load.
Proposal 12	When nT=nR, n=1,2,4 is supported by the UE, allow the SRS resource set configured for ‘codebook’ to be used for both UL MIMO and for DL CSI acquisition.
Proposal 13	Strive for mechanisms and/or UE capabilities to simplify switching for 6 & 8 Rx antennas, and assess performance vs. complexity tradeoffs.
Proposal 14	Identify realistic UE capabilities for enhanced SRS switching, e.g. a minimalistic set of nTmR configurations to support in Rel-17, in particular addressing a minimum number for ‘n’
Proposal 15	Support transmission of SRS in any symbol of a slot using what is specified for NR-U, if this capability is restricted to shared spectrum channel access in Rel-16.
Proposal 16	Quantify the downlink performance gain of enhanced SRS SINR to determine the need for SRS SINR enhancing mechanisms and how much SINR enhancement they should provide
Proposal 17	CSI feedback complexity and overhead with 3 or more TRPs in a coordination cluster should be considered for NC-JT CSI feedback
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