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1	Introduction
In this document, we discuss our views on topics for a Rel.18 work item on uplink and downlink enhancements. We consider some selected topics of interest, as well as provide some further comments on the potential work identified in the outcome of the [RAN93e-R18Prep-02] UL enhancements email discussion [1] and [RAN93e-R18Prep-01] DL MIMO enhancements email discussion. Following these RAN#93 discussions, it was decided to merge UL MIMO aspects from the UL enhancements item with the DL MIMO enhancements, with the titles of the work for MIMO and UL enhancement given in the RAN Chair’s Rel-18 summary [7] as:

	Title

	MIMO Evolution for Downlink and Uplink

	UL Enhancements (e.g. coverage enhancements; excluding MIMO)



However, there has been no further technical discussion, and so we continue that here.  Furthermore, whether UL enhancements such as multi-layer DFT-S-OFDM remain the UL enhancements work or are moved to the MIMO work is unclear.  Therefore, we address all topics under MIMO and UL enhancement in this contribution for completeness.
[bookmark: _Ref178064866]2	Prioritized Release 18 UL MIMO topics
In this section, we consider enhancements for DFT-S-OFDM, frequency selective precoding, non-coherent (‘DMRS-less’ PUCCH), mTRP, and inter-cell beam management providing our views on the potential of each. 
2.1 UL MIMO and DFT-S-OFDM Enhancements
The NR uplink has two waveforms that are semi-statically configured: precoded (DFT-S-) and non-precoded (CP-) OFDM. DFT-S-OFDM has a relatively low peak to average power probability, which allows the UE to operate its power amplifier closer to its maximum output power (theoretically ~3 dB closer for QPSK as measured by the cubic metric) than CP-OFDM.  This higher output power can be used to improve coverage, especially for higher modulation orders. It also enables more efficient PA operation, and consequently reduced current drain in the UE.
While DFT-S-OFDM has benefits, it also has drawbacks.  DFT-S-OFDM scheduling is restricted to contiguous PRBs in the frequency domain, and the number of PRBs must be a multiple of 2, 3, and 5 (i.e. , with , , and  non-negative integers).  Furthermore, DFT-S-OFDM produces inter-subcarrier interference in the presence of delay spread which can require equalization and/or degrade performance.  CP-OFDM on the other hand allows non-contiguous resource allocation, any integer number of PRBs in the frequency domain, and generally does not require equalization.
Comparing DFT-S-OFDM and CP-OFDM, we observe that their tradeoffs are a function of dynamic parameters.  The benefit of non-contiguous frequency domain resource allocation or unrestricted numbers of PRBs may be more desirable to efficiently pack UEs in the frequency domain while reaping the benefits of frequency selective scheduling.  Such benefits accrue faster at higher cell loads.  If the UE is in a relatively flat channel and where frequency domain scheduling constraints are not a concern, using DFT-S-OFDM rather than CP-OFDM could allow the UE to operate at a higher MCS state because it will be able to transmit closer to its maximum rated power.  Similarly, if the UE experiences a deep fade or sudden blockage of a UE antenna, being able to transmit at the highest power level can be beneficial and switching to DFT-S-OFDM could improve performance.
Tradeoffs between DFT-S-OFDM and CP-OFDM operation are often a function of dynamic parameters, such as cell load, scheduling / link adaptation, fading, and/or antenna blockage. 
[bookmark: _Toc83903013]Specify faster than RRC switching between DFT-S-OFDM and CP-OFDM.
The constraints of using the DFT-S-OFDM waveform for UL-MIMO in NR are even more restrictive than for non-MIMO, since NR supports only a single layer for DFT-S-OFDM. In LTE, DFT-SOFDM is specified with up to four-layer transmission and it is straightforward to enhance NR to be on par with LTE uplink spectral efficiency for this single carrier waveform case.  
Currently, DFT-S-OFDM is not used in the upper QPSK MCS range due to lack of 2-layer transmission.  In general, the benefit for cell edge / coverage scenarios may not be obvious.  In practice it turns out that rank 2 or higher transmission can be quite common in a cell, and that multilayer transmission can be a mechanism to deliver higher power especially for non-coherent UL MIMO UEs. 
Figure 1 below shows a histogram of the UL MIMO rank in a cell when the gNB has 4 or 32 Rx antennas.  Rel-15 non-coherent UL MIMO transmission is used, and FTP model 1 traffic is used. Resource utilization is roughly 40%. The details of the simulation setup and further discussion can be found in R1-2008419. It can be seen that very few UEs transmit only rank 1. In the 4 Rx case, less than 1% of the UEs transmit rank 1, while for 32 gNB Rx antennas, rank 2 is always used. One major reason for the use of high rank is that non-coherent UEs gain 3 dB more power by transmitting two layers.
Therefore, the cubic metric gain of ~ 3dB from DFT-S-OFDM can be reaped over the vast majority of the cell, instead of being constrained toward the center of the cell.
[image: ]
[bookmark: _Ref47688724][bookmark: _Ref47609359]Figure 1. UL MIMO rank histograms for 4 and 32 Rx gNB

[bookmark: _Toc83903014]Specify multi-layer PUSCH for DFT-S-OFDM.
Another UL MIMO enhancement is targeting UL MU-MIMO. It is observed in our preliminary analysis that configuring double-symbol DMRS creates too large DMRS overhead (4 out of 14 symbols in the slot is DMRS) and actually reduces the throughput compared to a single DMRS symbol. 
This is the case even though non-orthogonal DMRS is used (a single symbol Type 1 DMRS has only four orthogonal DMRS ports) to maintain the same number of received MU-MIMO layers in gNB, i.e. to maintain the large number of DMRS ports needed for UL MU-MIMO. It will thus benefit UL performance in the MU-MIMO case to specify an increase the number of orthogonal DMRS ports in a single DMRS symbol. 
It is also noted that MU-MIMO with a large number of co-scheduled users is mainly considered in deployments with low delay spread, hence, to increase the number of orthogonal ports using cyclic shifts or sparser comb seems to be possible. Aspects of non-backward compatibility needs to be considered in the work. 
[bookmark: _Toc83903015]Specify DMRS capacity enhancements for Type 1 DMRS to at least double the number of orthogonal DMRS ports in one OFDM symbol.
2.2 Frequency selective precoding and control channel overhead
Frequency selective precoding was discussed in Rel-15 in an initial way but was not sufficiently mature to include in the first release of NR.  One of the primary issues that quickly arose was that the overhead for frequency selective precoding can be quite large.  Another issue is that frequency selective precoding by its nature can degrade the PUSCH PAPR, which means that other techniques that may have been precluded in LTE due to degraded PAPR, such as non-constant modulus precoding, can be considered as alternatives to frequency selective precoding.  Such techniques can be wideband, potentially using less TPMI overhead than frequency selective precoding.  Therefore, in the following, we discuss some example designs to address the overhead vs. gain tradeoffs of these different types of codebook designs.  These example designs are certainly not the only possible ones, and newer approaches with setups more relevant to commercial NR operation can be considered.  However, some important trends can be observed, and conclusions drawn that are still relevant.
The number of bits needed for frequency selective TPMI tends to be proportionate to the number of subbands.  In the following, we present link level simulation results comparing the gains of subband TPMI-based transmission to that using wideband transmission. The performance of the Rel-8 two port codebook and an example codebook with non-constant modulus elements are shown.  Rank 1 precoding is used, since this is where the greatest precoding gains tend to be, and so can evaluate the maximum merit of subband TPMI.  A CDL-A channel with 300ns delay spread was used, with a 20 MHz carrier at 3.5 GHz.  We use MCS 1 from the CQI table (rate 0.074 QPSK) as an example. Additional simulation details are in [2].  As link level simulations are used, system level considerations such as inter-UE interference are not captured in our performance comparison. Ideal channel estimation is used.  Consequently, the results can be considered as upper bounds on the gains of frequency selective precoding when used with realistic codebook structures. 
The results are shown in Figure 2 below.  We observe about 1.9 and 2.3 dB gain at 10% BLER for the Rel-8 and non-constant modulation codebooks respectively, when a single wideband precoder is used.  When subband precoding is used, the gains rise to 2.4 and 2.9 dB, respectively, for the Rel-8 and non-constant modulus codebooks.  Therefore, the gain from non-constant modulation is relatively constant at 0.5-0.6 dB regardless of whether wideband or subband precoding is used.  Furthermore, even with extremely heavy subband precoding using 13 subbands in 20 MHz and 26 bits TPMI, we find that subband precoding with constant modulus precoding performs within 0.1 dB of wideband constant modulus precoding requiring 4 bits.  We also note that this is consistent with prior results using idealized SNR comparisons in system level models of both a single panel array at 2 GHz [3] and a multi-panel array at 28 GHz [4], where the gains from frequency selective constant modulus precoding were essentially the same as those from wideband non-constant modulus precoding.
[image: ]
[bookmark: _Ref490074457]Figure 2: Subband vs. Wideband Precoding for Rel-8 and Non-Constant Modulus Codebooks
Additional results for 4 port operation and with 8 PRBs per subband are shown in Figure 3 below.  The remaining simulation conditions are the same as for Figure 2.  We observe more than 4 dB gain for both the Rel-8 and non-constant modulus codebooks, and about 0.4 dB gain from non-constant operation.  Therefore, the use of non-constant modulus operation is helpful when 4 ports are used, as well as for 2 port.
[image: ]
[bookmark: _Ref490076308]Figure 3: Rel-8 vs. Non-Constant Modulus Codebook with 4 Ports
[bookmark: _Toc490080433][bookmark: _Toc490081559][bookmark: _Toc490080434][bookmark: _Toc490081560][bookmark: _Toc490080435][bookmark: _Toc490081561][bookmark: _Toc490080436][bookmark: _Toc490081562][bookmark: _Toc490080437][bookmark: _Toc490081563][bookmark: _Toc490080438][bookmark: _Toc490081564][bookmark: _Toc490080439][bookmark: _Toc490081565][bookmark: _Toc490080440][bookmark: _Toc490081566][bookmark: _Toc490080441][bookmark: _Toc490081567][bookmark: _Toc485287595][bookmark: _Toc485287747][bookmark: _Toc485288046][bookmark: _Toc485290989][bookmark: _Toc485291224][bookmark: _Toc485291253][bookmark: _Toc485287596][bookmark: _Toc485287748][bookmark: _Toc485288047][bookmark: _Toc485290990][bookmark: _Toc485291225][bookmark: _Toc485291254][bookmark: _Toc485287597][bookmark: _Toc485287749][bookmark: _Toc485288048][bookmark: _Toc485290991][bookmark: _Toc485291226][bookmark: _Toc485291255][bookmark: _Toc485287598][bookmark: _Toc485287750][bookmark: _Toc485288049][bookmark: _Toc485290992][bookmark: _Toc485291227][bookmark: _Toc485291256][bookmark: _Toc490252213]
· Gains from subband TPMI with practical numbers of bits in realistic channels may be modest.   Link level simulations in 20 MHz at 3.5 GHz show that a wideband 4 bit codebook can provide nearly identical performance to subband reporting with 26 bits.  The same observations have been made for ideal codebooks at 2 GHz [3] as well as multi-panel operation at 28 GHz [4].
Given the modest gains expected from frequency selective precoding and its potentially high overhead, we propose the following
[bookmark: _Toc83903016]Frequency selective precoding is studied assuming precoding overhead can be carried within Rel-15 PDCCH
[bookmark: _Toc490080453][bookmark: _Toc490081578]2.3 UL enhancements for mTRP and inter-cell beam management
In NR Rel-17, mTRP enhancements for PUCCH and PUSCH were specified. Also, inter-cell mTRP was specified, as was inter-cell beam management. Both for inter-cell mTRP and inter-cell beam management, it becomes likely that the distance between the TRPs become larger: the assumption that all signals are received within the cyclic prefix becomes invalid, resulting in a performance loss. Improving the capability to receive signals that are received outside the CP would improve performance and can be considered when defining RAN4 requirements for these more general scenarios. 
The same is true for the UL transmissions: it becomes less likely that the same TA can be used for transmission to all TRPs without performance degradation. In current specifications, one TA is used for one serving cell, and all the mTRP configurations are handled inside one serving cell configuration.
To improve UL performance in mTRP deployments in general, and in inter-cell mTRP deployments in particular, the handling of TA should be improved so that different TAs can be used for the UL transmissions towards different TRPs. Also, beam management operation may benefit from improved handling of TA, if the switching of beams leads to a change in propagation delay. Hence, we propose:
[bookmark: _Toc83903017]Improve the handling of TA mTRP operation and inter-cell beam management. 
[bookmark: _Toc47621446][bookmark: _Toc47621523][bookmark: _Toc47621562]3 Comments on [RAN93e-R18Prep-02] UL enhancements email discussion outcome
The preparatory email discussion for RAN#93 on UL enhancements [1] made substantial high level progress on what could be in a work item.  It is therefore a good starting point for further discussion.  However, given the short time we had for discussion and the rapid back-and-forth, not all high level details converged.  We quickly address a couple of these open high level issues in the following, as well as some initial comments at a more detailed level.
Prior to discussing the objectives themselves, we would like to comment on the possibility of merging the >4 Tx and frequency selective precoding work areas.  Merging >4 Tx UL operation with UL frequency selective precoding would result in quite a large study.  4 Tx operation will require new codebook designs, one for each of the new ranks supported, which should take into account UE PAPR, and different UE antenna configurations. Enhancements to non-codebook based operation are also possible.   DMRS and SRS will require new designs for the >4 TX case.  The frequency selective precoding investigation is also a non-trivial exercise, since (as we have seen in Rel-15) the amount of overhead tends to be quite large, which (unless it is precluded in the study) could result in the need for new control channel designs.  Codebooks may also need customization for the frequency selective precoding work to control overhead.  Non-codebook based operation may also need to be considered for FS precoding.  Therefore, we do not think the bullets for >4 Tx and frequency selective precoding should be merged.
Both the >4 Tx and frequency selective precoding studies will take substantial effort.
[bookmark: _Toc83903018]Do not merge the >4 Tx and frequency selective precoding studies, i.e. Alt. 1 from the [RAN93e-R18Prep-02] discussion summary should be selected

We then have the following comments on the proposed items from Alt 1 of the [RAN93e-R18Prep-02] summary:
· Study and if necessary, specify >4 Tx UL operation, e.g., for CPE/FWA/vehicle/Industrial devices [leading WG: RAN1]
· Need to clearly identify and select a small number of use case / scenarios
· Model antennas in a reasonable way & use channel models reflective of scenario
· Suggest for now to square bracket the example devices and narrow down later, i.e. “[CPE/FWA/vehicle/Industrial]”
· Specify enhanced multi-panel uplink operation and/or enhanced multi-TRP uplink operation, potentially including fast UL panel selection, separate UL timings/power controls for different panel/TRP and/or simultaneous multi-panel UL transmission [leading WG: RAN1]
· ‘Fast UL panel selection’ is unclear – Rel-17 already provides fast panel selection
· Multiple TAs is highly relevant for mTRP operation – and also potentially for multi-beam
· Simultaneous UL multi-panel transmission and mTRP are connected – the gains seen for simultaneous UL multi-panel transmission in sTRP scenarios are very limited
· Both reliability and throughput enhancement can be considered for simultaneous multi-panel UL transmission to multiple TRPs 
· Simultaneous multi-panel UL transmission to multiple TRPs with separate timing advance should focus first on multi-DCI based multiple TRP operation 
· Clarify type(s) of devices and frequency range(s)
· Study and if necessary, specify frequency-selective precoding, mainly targeting devices with >=4 Tx [leading WG: RAN1]
· Model antennas in a reasonable way, including directional antennas at FR1 (at least midband)
· Antenna correlation affects performance of FS precoding
· Redesign of control channels to accommodate large FS precoding payloads not likely to be justified by FS precoding gains
· WID should say that Frequency selective precoding is studied assuming precoding overhead can be carried within Rel-15 PDCCH
· Specify further coverage enhancements including PRACH enhancement for FR2 e.g., PRACH repetition with same or different beams [leading WG: RAN1]
· OK to specify PRACH repetition using same beam for short PRACH formats at FR2
· Need for beam sweeping is unclear
· Study and if necessary, specify power domain enhancements e.g., dynamic power aggregation [leading WG: RAN4 or RAN1]
· OK with MPR reduction, however techniques should be studied in RAN4
· Do not want to imply limitations now; prefer to remove ‘dynamic power aggregation’ at this stage
· Potentially specify other UL enhancements e.g., enhancement for multi-carrier UL operation, enhancements for DFTS-OFDM, enhancement for UL CW mapping [leading WG: RAN1]
· We prefer Fast DFT-S-OFDM CP-OFDM switching and rank 2+ DFT-S-OFDM for this objective
· These are low hanging fruit, providing better PA efficiency and/or greater coverage with low spec impact and modest complexity.
· The definition of ‘Multi-carrier operation’ is not clear, and we are not convinced of its gain
· If it is UL Tx switching of 2 Tx to more than 2 carriers, that should be spelled out. 
· Given DL interruption and switching gaps, we are not yet convinced of the gain
· Multi-carrier operation does not seem to fit well with the other candidate work in UL enhancements.  
· Multi-carrier work is focused on control signaling and can have tight relation to RAN2, while MIMO and most of the coverage enhancement techniques are focused on operation within one carrier.
4	Prioritized Release 18 DL MIMO topics
We have identified a set of DL MIMO enhancements indicated by the subsections below. Here we give the motivation and justification for these. 
4.1 Enhancements related to CSI reporting
4.1.1 Post-decoding CSI
Link adaptation in NR and LTE is rather slow and inaccurate. Often an open loop link adaptation (OLLA) algorithm is needed in the gNB to adjust the CSI reported from the UE to make a better MCS selection for PDSCH.  This is due to bursty interference, coarse CQI tables, and when short infrequent bursts of packets are used, which doesn’t give a chance for OLLA to converge. 
In addition, current CSI feedback does not consider all benefits of the advanced receiver, which also increase the need for OLLA. Likewise, current CSI doesn’t consider receiver impairments, DMRS channel estimation and interference estimation errors, frequency offsets and also phase noise impairments. 
Also, current CSI may be simplified, and codebook based.The true PDSCH transmission may use another precoder, have different inter-MIMO-layer interference characteristics, and the UE may use different methods to compute SINR for CQI and SINR for PDSCH demodulation. 
A feature that has been discussed recently would help this situation: CSI feedback determined from the actual received PDSCH quality of a previous scheduling. Such feedback can be tagged on along with the HARQ-ACK. When a gNB receives this new information, it can directly adjust the MCS for the next, similar, transmission, without the need for OLLA adjustments. Hence, the UE informs the gNB of a CQI computed post-decoding of PDSCH. 
The figure below shows the potential of such enhancements. Here the performance of SU-MIMO with a 32 port CSI-RS gNB and a 2 RX UE has been evaluated in dense urban scenario. MIMO codebook Type I was used with rank adaptation (rank 1 and 2). 
The interference in such deployment is fluctuating rapidly and this has been considered in the modeling by using a 4 slot CSI delay. Hence, even in the “ideal” curves below, the CSI is not ideal since interference level may have changed between the CSI report and the actual slot for PDSCH transmission. 
Still there is a lot to gain from post-PDSCH decoding CSI reporting. 
Post-PDSCH decoding has the potential to significantly improve link adaptation and system performance. 

[image: ]
[image: ]
Figure 4 Evaluations showing the potential of post-decoding CSI, where the performance of current CSI reporting (red) is compared to ideal link adaptation (although 4 slots CSI delay). As can be seen, there is a huge performance enhancement potential if CSI accuracy can be enhanced. 

Similar ideas have been floated, for example DMRS based CQI and soft-HARQ-ACK. The DMRS based CQI is yet another approximation for the “true” CQI for the received PDSCH. The soft-HARQ-ACK is on the other hand a better representation of such. 
However, it should be noted that “DMRS based CSI” does not get as close to a “true CSI” as the post-decoding CSI. Our intention is that this CSI should include the effects of receiver impairments or advanced receivers, channel estimation error, phase noise tracking errors, MIMO interference suppression performance, etc etc. 
The “true post decoding CSI” has a greater potential to be the most accurate scheduling based CSI and take into account all receiver factors, and it is more precise compared to “DMRS based CSI” discussed earlier, so our proposal here is extending beyond the simple DMRS based CSI 
Note that in the Rel-17 IIoT/URLLC work item, there was a closely related proposal for ‘delta-CQI/MCS’.  However, the ‘delta-CQI/MCS’ scheme was not agreed to be specified in Rel-17.  Hence, we suggest that Rel-18 MIMO work item contains a study of different techniques and their benefits of post-decoding CQI. 
The delta-CQI/MCS proposal is excluded from Rel.17. Note that our proposal here is general and benefits are not exclusive for URLLC schemes.
[bookmark: _Toc81814354][bookmark: _Toc83903019]Study, and if beneficial, specify post-decoding CSI feedback for PDSCH. 
4.1.2 Faster CSI acquisition after handover and initial access
Another enhancement related to CSI feedback is to acquire a fast CSI feedback during handover and initial access so that the UE can be scheduled with a better MCS directly.  With link adaptation, the network (NW) adjusts the modulation and coding schemes to match the instantaneous channel conditions. In DL, the adaptation is based on CSI reports from the UE. The UE performs measurements on CSI-RS and send the measurement to the NW. The UE cannot perform any measurements or send any CSI report to the network until the RRC configuration has been completed. Before that, the network would have to assume that the UE is at the cell border and is forced to use quite robust modulation and coding scheme.
The four-step random access procedure is depicted in Figure 5.
[image: ] 
[bookmark: _Ref4748451]Figure 5: Four step random access.
In RAR, the NW may include a CSI request: in current specifications, there is 1 bit reserved for that purpose, as described in Table 8.2-1 in TS 38.213. However, there is no description of what that bit would be used for. The CSI request field was introduced in NB-IoT, with the purpose to aid the PDCCH link adaptation: the UE would provide the NW with a CSI report already in Msg3. This is described in TS 36.133 and TS 36.331.
We propose to introduce such CSI reporting also for NR: 
[bookmark: _Toc4766658][bookmark: _Toc24131345][bookmark: _Toc81814355][bookmark: _Toc83903020]Specify early CSI reporting in Msg3 triggered by the already existing CSI request bit in the RAR grant, both for contention-based and non-contention-based random access. 

4.1.3 Support for prioritized URLLC CSI for mixed services (URLLC and eMBB)
The ultra-low latency CSI timing specified in NR is useful when the gNB needs to rapidly schedule URLLC data and thus acquire CSI quickly to use a correct link adaptation for the URLLC transmission.  It is restrictive that ultra-low latency timing can only be applied when the UE is not already calculating any other CSI report.  Since the ‘High Latency’ CSI reports require comparably long CSI processing times, when a ‘High Latency’ CSI is being processed, ultra-low latency CSI cannot be triggered.  
Hence, we propose flexible URLLC CSI triggering even when a ‘High Latency’ CSI is being processed.  One possibility is to allow URLLC CSI reports to “override” previous CSI calculations and thus allocate all CSI computation resources for the URLLC CSI report.  The key benefit of flexible triggering of URLLC CSI report, is that it allows the ultra-low latency CSI timeline to be applied for more cases, which reduces the CSI latency and in turn results in more reliable URLLC scheduling.

[bookmark: _Toc81814356][bookmark: _Toc83903021]Specify flexible URLLC CSI triggering even when a ‘High Latency’ CSI is being processed.

4.2 Multi-TRP Enhancements for URLLC
Multi-TRP for URLLC still has limitations on spectral efficiency while providing high reliability and CSI feedback considering Multi-TRP URLLC schemes.
In NR Rel-16 specifications, when multi-DCI multi-TRP is configured in a CC, single-DCI based multi-TRP reliability schemes for URLLC cannot be used.  As a result, diversity transmission over multi-TRP cannot be achieved.  For intra-UE multiplexing use cases in FR2, the whole bandwidth would be used for either eMBB or URLLC data.  
4.2.1 Introducing support for mixed services in Multi-TRP (URLLC and eMBB)
When multi-DCI is configured, eMBB and URLLC packets would have to be scheduled in TDM fashion which results in very low spectrum efficiency when scheduling small URLLC packets.  To support high reliability with improved spectral efficiency for intra-UE multiplexing (with eMBB and URLLC traffics), introducing mixed mode single-DCI and multi-DCI multi-TRP is beneficial.  Enabling mixed mode single-DCI and multi-DCI multi-TRP would allow eMBB data to be scheduled at the same time with URLLC data with multi-TRP repetition (i.e., eMBB scheduled in one CORESET Pool and URLLC scheduled in the other) as shown in Figure 6.  Hence, we make the following proposal for NR Rel-18:
[bookmark: _Toc81814357][bookmark: _Toc83903022]Specify mixed mode single-DCI and multi-DCI multi-TRP to support high reliability with improved spectral efficiency for intra-UE multiplexing. 

[image: ]
[bookmark: _Ref68568196]Figure 6.  An example of mixed mode single-DCI and multi-DCI multi-TRP

4.2.2 Support for URLLC specific Multi-TRP CSI
In NR Rel-16, there is no CSI reporting scheme optimized for the multi-TRP URLLC transmission schemes. For example, a single PDCCH can schedule PDSCH(s) from two TRPs using same or different redundancy version. However, there is no CSI reporting scheme where the CSI reflects this fact. The best gNB can do is to configure UE with two CSI report configurations with different TCI states associated with the two TRPs.  The gNB will then receive two CSIs each indicating a three-tuple (RI, PMI, CQI) and from those CSIs deduce a single rank, two pre-coders and a single MCS to be used for scheduling one of the multi-TRP URLLC schemes. This is cumbersome and the deduced CSI can be inaccurate.  Thus, it is desirable to let the UE to report a CSI by taking the multi-TRP URLLC schemes (e.g., FDMSchemeA, FDMSchemeB, TDMSchemeA) being used for transmission into account.  Hence, we propose the following:

[bookmark: _Toc54394002][bookmark: _Toc81814358][bookmark: _Toc83903023]Specify Multi-TRP CSI enhancements for multi-TRP URLLC schemes.

4.3 Multi-TRP enhancement for eMBB
When performing the TRS design in Rel.15, many evaluations in RAN1yield that TRS is only useful for SNR<3 dB and 6 RB scheduling BW and for QPSK modulation. Also, our results showed that for wideband scheduling (50 RB PDSCH), when performing synchronization only on PDSCH DMRS, there is no degradation in performance. 
[image: ]
Figure 7 Performance of DMRS only synchronization 
Also, the 2-DMRS per slot PDSCH with 24 RBs allocation of PDSCH performs very similar as TRS based synchronization. One reason why it is so good is that the DMRS density is twice the TRS density.  
For wide scheduling PDSCH bandwidths, evaluations shows that there is no benefit for UE to be QCL with a TRS, since it can perform fine synchronization using PDSCH DMRS only
This fact indicates a significant simplification of multi-TRP deployment and operation, especially in FR1. It means that true self-contained PDSCH reception can be used, where the UE performs fine sync and demodulation using the DMRS only. From the network side, the TRP to be used for PDSCH transmission is transparent to the UE and there is no need to indicate the associated TRS that is transmitted from that TRP. This means TRP switching and thus load balancing, interference management can be used, without invoking the QCL framework. We make the following notes:
· We still believe TRS and TCI states is needed for smaller bandwidths, very low SNR reception, so this “TRS-less” reception is for the data offloading using wide PDSCH bandwidths. It is for the large packet delivery this load balancing and interference management by fast TRP switching is most useful anyway.
· Likewise, CORESETs will still have TCI state configured, with a TRS. So at least for those common search space PDCCH where TCI state is configured , this fast and transparent TRP switching is not used.
· Since UE needs to perform fine sync on DMRS, there may be a need to revise processing timeline if the UE has not been scheduled for a while and thus need to buffer and adjust the CFO before demodulating the slot. 
[bookmark: _Toc81814359][bookmark: _Toc83903024]Specify support for a wide bandwidth scheduled PDSCH without a QCL to TRS to significantly simplify multi-TRP operation with fast (slot based) TRP switching.. 

5	Comments on [RAN93e-R18Prep-01] DL MIMO enhancements email discussion outcome

	Example area
	Ericsson comments

	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)
	Regarding “Time-domain correlation/doppler-domain based CSI feedback or overhead reduction”, it is ok for us to include although the formulation is a bit too solution specific. The problem to solve is CSI reporting for higher UE speeds, for both SU and MU MIMO scheduling. It is better to describe this with the problem area than a solution.  
Regarding “Enhancement of CSI acquisition for TDD via SRS enhancement”, The “TDD” should be removed. It is not only for TDD, the SRS can be used for this purpose. 
Regarding “Enhancement for M-TRP URLLC”:  In our view, the scope of this bullet is not only Multi-TRP. It should also include ‘enhanced URLLC CSI triggering flexibility considering CPU occupation restriction (for sTRP and mTRP)’ as this applies to the more general case of sTRP and mTRP.
The “Enhancement for M-TRP URLLC”  is listed as “Controversial”. We give our motivation here why this enhancement is needed: First of all, M-TRP is important for the robustness and there is commercial interest of URLLC applications. The M-TRP URLLC schemes (FDMSchemeA, FDMSchemeB, TDMSchemeA, slot based repetition) have been specified since NR Rel-16.  However, there is no corresponding CSI reporting defined for these schemes as the NC-JT CSI enhancement specified in Rel-17 is not suitable for these M-TRP URLLC schemes since NC-JT involves inter-layer interference while the multi-TRP URLLC schemes may involve repetitions.  Hence, this enhancement is a missing piece in the spec which is well justified. And note again, that this is not only for mTRP, it is a general enhancement for CSI. 


	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)
	We are supportive of the bullet ‘combined MTRP schemes”.   Ericsson proposed ‘Mixed mode of single-DCI and multi-DCI based M-TRP’ in order to served mixed eMBB/URLLC traffic, which has commercial  value . This is one example of a combined MTRP scheme with a well justified use case.  We are also open to consider other combined MTRP schemes.  So, we suggest to keep the ‘combined MTRP schemes’ bullet. 
On the DMRS port enhancement, we note that this is not only for mTRP, but for general MIMO so the formulation is good and this is for both DL and UL since MU-MIMO port numbers has same limitations for both DL and UL. Hence, the brackets needs to be removed around (and UL).
On C-JT/D-MIMO, we share the view with several other companies that this has low priority 
On overhead and latency reduction for beam management, we agree that we need to converge on the usefulness of this. We don’t see a clear use case and need to understand better the benefits
On  “Asynchronous M-TRP/Multiple TA for M-TRP”, this is an UL enhancement and is out of scope of DL MIMO. So, it should be removed.  This can be discussed as part of UL enhancements.
. 


	For Example Area 3 - CPE (customer premises equipment)-specific considerations, further discussion could focus on:
Priority of CPE
· Lower Priority (Controversial)

	We support to classify this as low priority. We support the use case of CPE and FWA, although we don’t see need for enhancements. 


	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
	We are fine to suspend the discussion, as these are out of scope for DL MIMO. 
In addition, the multiple TA from Example Area 2 should be moved to this list as it is UL related. 




6	Conclusion
In this document, we gave our views on topics for a Rel.18 work item on uplink enhancements, including MIMO and coverage aspects.  We considered some selected topics of interest, as well as provided some further comments on the potential work identified in the outcome of the [RAN93e-R18Prep-02] UL enhancements email discussion [1].  Based on the observations made, we propose the following for the Rel-18 uplink enhancement related work:
Proposal 1	Specify faster than RRC switching between DFT-S-OFDM and CP-OFDM.
Proposal 2	Specify multi-layer PUSCH for DFT-S-OFDM.
Proposal 3	Specify DMRS capacity enhancements for Type 1 DMRS to at least double the number of orthogonal DMRS ports in one OFDM symbol.
Proposal 4	Frequency selective precoding is studied assuming precoding overhead can be carried within Rel-15 PDCCH
Proposal 5	Improve the handling of TA mTRP operation and inter-cell beam management.
Proposal 6	Do not merge the >4 Tx and frequency selective precoding studies, i.e. Alt. 1 from the [RAN93e-R18Prep-02] discussion summary should be selected
Proposal 7	Study, and if beneficial, specify post-decoding CSI feedback for PDSCH.
Proposal 8	Specify early CSI reporting in Msg3 triggered by the already existing CSI request bit in the RAR grant, both for contention-based and non-contention-based random access.
Proposal 9	Specify flexible URLLC CSI triggering even when a ‘High Latency’ CSI is being processed.
Proposal 10	Specify mixed mode single-DCI and multi-DCI multi-TRP to support high reliability with improved spectral efficiency for intra-UE multiplexing.
Proposal 11	Specify Multi-TRP CSI enhancements for multi-TRP URLLC schemes.
Proposal 12	Specify support for a wide bandwidth scheduled PDSCH without a QCL to TRS to significantly simplify multi-TRP operation with fast (slot based) TRP switching..
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