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Introduction
In RAN#86, the Rel-17 WID of further enhancements on MIMO (FeMIMO) for NR is approved [1]. In the approved WID, a number of enhancement aspects are given, including multi-beam operation, multi-TRP/panel transmission, SRS and CSI. In this contribution, we discuss our preliminary views on FeMIMO given in the WID scope.
Enhancements on multi-beam operation
Unified TCI framework for both DL and UL (1a)
The objective of unified TCI framework is to achieve a flexible beam updating scheme for DL/UL data and control transmission/reception with low signalling overhead and latency. In order to extend the functionality of Rel-15/16 DL TCI framework to further include UL transmission, the following necessary parameters for DL and UL transmissions should be determined according to the TCI state applied to the DL and UL channel(s) or signal(s). 
· QCL assumption for DL channel(s) or RS resource(s).
· Spatial relation and power control parameters (e.g., P0, PL-RS, alpha, closed loop process) for UL channel or signal.
· Port parameter for PUSCH transmission (e.g., similar as SRI indication in Rel-15/16).
In order to achieve this goal, the general framework for unified TCI framework for both DL and UL transmission are recommended as shown in Fig. 2-1. 
· For a DL transmission, e.g., PDCCH/PDSCH/CSI-RS, the applied TCI state can provide the corresponding QCL assumption as in Rel-15/16. 
· For a UL transmission, e.g., PUCCH/PUSCH/SRS, 
· The applied TCI state can also provide spatial relation through using the QCL-TypeD RS in the TCI state. 
· Also, the applied TCI state can further provide power control parameters that may be deduced via the association between TCI state and power control parameters.
· For PUSCH transmission, it is hard to obtain port indication for PUSCH transmission directly from DL RS in TCI state. The considerable solution is to associate SRS resource or port parameters with TCI state and then deliver port indication via the TCI state applied to the PUSCH transmission.


Fig. 2-1 Unified TCI framework for DL and UL transmissions
Proposal 1: To achieve unified TCI state framework, at least the following issues need to be studied:
· How to indicate spatial relation and power control parameters via TCI state for UL transmission, e.g., PUCCH/PUSCH/SRS.
· How to indicate additional port information (e.g., associated SRS resource or PUSCH port parameter) via TCI state for PUSCH transmission.
· How to configure a common TCI state pool for both DL and UL transmission.
Besides, in this item, there should have a common pool for unified TCI state(s) for both DL and UL, but, for how to indicate the unified TCI state, there are the following two candidate functionalities should be both considered.
· Option-1: As in Rel-15/16, the UE can be separately indicated with an independent TCI state from the common TCI state pool for each of data and control transmission/reception for DL and UL by several independent commands. In such case, the gNB can have high flexibility of providing different TCI states for DL and UL channel/RSs.
· Option-2: The UE can be indicated an active common TCI state directly for both data and control transmission/ reception for DL and UL by a single command. Herein, the signalling and latency overhead can be further reduced especially for high-mobility scenario.
For sake of presentation, one example for above two candidate functionalities is shown in Fig. 2-2.


Fig. 2-2 Framework for single-command based beam indication for DL and UL
In our views, both of two functionalities are within the WID and should be enhanced accordingly. 
Proposal 2: For unified TCI framework for both DL and UL (1a), the both of following functionalities should be considered for unified TCI enhancement.
· (a) There is a common TCI state pool for both DL and UL, but data and control transmission/reception for DL and UL can be separately indicated with an independent TCI state from the pool by channel/RS-dedicated command(s).
· (b) There is a common TCI state pool for both DL and UL, and both data and control transmission/reception for DL and UL can be indicated with one common TCI state from the pool by a single command. 
UL beam selection with UE multi-panel (1b)
In Rel-17, it should be enhanced 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.
Fast panel selection for UL transmission 
Beam correspondence by downlink-uplink association is useful to reduce the effort on UL beam management. In our view, beam correspondence is also the major motivation of introducing a new ID representing a panel for supporting fast panel selection for UL transmission. Consequently this “UE antenna group ID” should have association with DL RS to support beam correspondence. The “UE antenna group ID” can be selected and configured by gNB, according to UE capability signaling together with panel-specific beam reporting. Note that the maximum number of antenna groups and activated antenna groups are based on UE capability signaling, and the global ID is used for reporting and indication.
· Besides, UE can also control the panel activation and deactivation as a UE driven event, and, in order to guarantee panel indication for UL transmission, the state of panel, e.g., active or inactive, to be used for DL/UL transmission should be reported through panel-specific reporting to gNB side.
Also, we need to consider the AP-SRS triggering with a large triggering offset for panel activation, which is the similar with AP-CSI-RS beam switching in Rel-15, e.g., 224 or 336 OFDM symbols. In such case, the sounding procedure of antenna switching may be equivalent to that of fast panel switching. For instance, one example for inter-panel antenna switching is described in Fig. 2-3. In such case, there may be different spatial relations applied to the respective UE panels, and the restriction about “same spatial relation for AP-SRS resources in a set for antenna switching” in the current spec may become invalid herein.


Fig. 2-3 Diagram for inter-panel antenna switching
Proposal 3:  For fast panel selection, the following aspects should be considered.
· Spatial relation/TCI state including DL RS can be associated with activated panel IDs in the case of beam correspondence, with the assist of UE panel-specific reporting, e.g., group based reporting.
· Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
FR2 MPE mitigation
In NR Rel-15, RAN4 introduced P-MPRf,c for reducing the maximum transmission power, i.e., Pcmax, with MPE impacts. In Rel-16, an event-driven P-MPR reporting through MAC-CE was introduced for informing the real-time MPE impact, and the detailed MAC-CE design, e.g., reusing PHR related MAC-CE format for carrying the P-MPR value, is still on-going discussed in RAN2 and RAN4. 
· There is no doubt that the MPE impact for respective UL beams may be different, but, unfortunately, there is no beam/panel-specific P-MPR definition in either Rel-15 or Rel-16. Consequently, beam-specific P-MPR should be introduced firstly in this WID item. 
· For instance, “P-MPRf,c” is replaced by “P-MPRs,f,c” where s denotes the UL beam index, e.g., RS resource/spatial relation/panel index.
· Once the beam/panel-specific P-MPR is beyond the threshold, the UE shall report the PHR with the objective of maximizing PHR value, i.e., minimizing the value of P-MPRs,f,c and PL, and also report its associated CRI/SSBRI or UL power control parameter set, which is beneficial for identifying an appropriate UL beam(s) for subsequent UL transmission.
Proposal 4: Beam/panel-specific P-MPR is introduced in UL power control framework
· Study the additional parameter, e.g., CRI/SSBRI or UL power control parameter set, to be reported along with PHR/P-MPR MAC-CE reporting.
Evaluation
In Rel-16, LLS and SLS evaluation assumption for multi-beam operation (involving multi-beam and multi-panel for both TRP and UE sides) was well discussed. Consequently, the evaluation assumption should be seen as a starting point for the multi-beam evaluation (also related to 2b and 2c in the mTRP item, maybe). Meanwhile, the following aspects should be further considered, considering that the L1-mobility is evaluated and there are still some open issues for Rel-16 evaluation assumption for multi-beam operation.
a) UE speed in the SLS outdoor scenario
· Additionally high UE speed, e.g., 60km/h or 120km/h, can be considered for evaluating the high-speed scenarios of high-speed vehicle or high-speed train.
b) UE mobility feature
· UE mobility (physical trajectory with spatial consistency) and blockage models should be considered for LLS and SLS evaluation.
c) TXRU mapping to antenna elements & antenna configurations in BS
· In Rel-16 MIMO-BM evaluation assumption, the TXRU mapping to antenna elements was still unclear, and there are the following two candidates in our views.
· Option 1: a single TXRU is mapped per panel per polarization.
· Option 2: a single TXRU is mapped per panel per subarray per polarization, where a subarray consists of consecutive M/2 vertical antennas and N/2 horizontal antennas with the same polarization.
·  In order to align with evaluation assumption for FeMIMO, it is recommended that 
· For Indoor hotspot, the option 2 can be considered (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1; 2,2)); 
· For Dense Urban, the option 1 is more reasonable for balancing the throughput and implementation overhead (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2; 1,1))
d) Traffic Model
· Full buffer should be considered, but the other model, i.e., FTP model 3, is not precluded.
Proposal 5:  For the evaluation of multi-beam operation, the LLS and SLS simulation methodology as agreed for Rel-16 beam management can be considered as a starting point.
· Additionally high UE speed, e.g., 60km/h or 120km/h, can be considered for high-speed scenario in outdoor SLS.
· UE mobility (physical trajectory with spatial consistency) and blockage models can be considered as add-on features for LLS and SLS evaluation.
· For TXRU mapping to antenna elements & antenna configurations in BS
· For Indoor hotspot, the option 2 (per panel per subarray per polarization) is considered (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1; 2,2)).
· For Dense Urban, the option 1 (per panel per polarization) is considered (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2; 1,1)).
· Full buffer is considered as traffic model in SLS, but the other model, i.e., FTP model 3, is not precluded.
Enhancements on multi-TRP/panel transmission
 Improve reliability and robustness for PDCCH, PUSCH, and PUCCH (2a)
As Rel-17 WID indicates, in multi-TRP deployment, an important left-over issue is multi-TRP/panel transmission for URLLC. The main target for these enhancements in Rel-17 is to improve reliability of channels other than PDSCH, e.g., PDCCH, PUSCH, PUCCH and so on. In this section, we provide our views on PDCCH, PUCCH and PUSCH enhancements for multi-TRP/panel.
PDCCH enhancements
In order to enhance the reliability of receiving control information from the gNB, PDCCH repetition with different beams can be supported. Every PDCCH repetition carries the same scheduling information. To be specific, each repetition can be transmitted by one TRP with different transmission beams per TRP as shown in Fig. 3-1.
[image: ]
Fig. 3-1 PDCCH repetitions
Proposal 6: Support PDCCH repetitions with different beams.
PUCCH enhancements
In Rel-15, PUCCH repetition has been supported for enhancing reliability of transmission. However, all repetitions are associated with the same beam. In blockage scenarios, once one beam is blocked, the UE may also fail to deliver essential UCI messages even with PUCCH repetition. Thus, the support of PUCCH repetition with beam diversity can be considered at least for TDM based approach. To achieve better flexibility and better trade-off between overhead and reliability, the number of repetitions can be dynamically indicated to match with fast channel fluctuations. 
Proposal 7: Support TDM based PUCCH repetitions with beam diversity. The number of repetitions can be dynamically indicated.
PUSCH enhancements
In Rel-16 URLLC agenda, the TDM based PUSCH repetition type A and B are supported to ensure UL transmission reliability. However, only single beam is used for all PUSCH repetitions. In blockage scenarios, if this beam is blocked, the system may experience the outage of UL data transmission with high probability. So multiple beams can be indicated for PUSCH repetitions. The advantages include, on the one hand, if one beam is blocked, the duplicate data still can be well transmitted through using the other beam as a back-up link; on the other hand, even if no blockage occurs, spatial diversity and soft combining gain can also be obtained accordingly. Considering TDMed multi-beam transmission has low requirement for UE implementation (single UL panel is sufficient in FR2), the TDMed based PUSCH repetition should be prioritized for both FR1 and FR2. In addition, enhancements of using FDM based approach in FR1 can be further considered. 
Proposal 8: Multiple beams can be indicated for TDM based PUSCH repetitions.
 Inter-cell multi-TRP operations (2b)
For inter-cell multi-TRP operation, SSB (or CSI-RS for RRM) from a neighbor cell can be supported as a QCL source. Considering only two TRPs are supported where each one corresponds to a CORESET pool index in M-DCI based multi-TRP, it is enough to support two different SSBs that are from the serving cell and the neighbor cell, respectively. 
From spec perspective, a QCL source from either serving cell or neighbor cell can be indicated to UE. In our view, only PCI to identify SSB/CSI-RS of the neighbor cell may not be enough since one PCI may correspond to two frequency bands as shown in Fig. 3-2. Perhaps, more information from RRM configuration can be considered to identify the location of SSB/CSI-RS of the neighbor cell.
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Fig. 3-2 Two CCs in a neighbor cell have the same PCI
Proposal 9: For inter-cell multi-TRP operation, a QCL source from either the serving cell or a neighbor cell should be indicated to UE.
Beam-management-related enhancements (2c)
In this subsection, some potential enhancements including multi-panel/TRP based beam measurement, group based beam reporting, and simultaneous transmission of different DL channel(s) and RS(s) are discussed for NR Rel-17.
Multi-panel/TRP based beam measurement
Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel in a TRP cannot be transmitted simultaneously. Therefore, enhanced signalling or configuration would allow gNB to inform this kind of information to UE for beam reporting. 
· One example for multi-beam measurement in multi-panel/TRP case can be found in Fig. 3-3, where there are two TRPs that are deployed with 4 panels and 1 panel, respectively. For TRP-1, only one panel is used for generating candidate Tx beam(s) for sweeping, rather than the whole 4 panels.
Consequently, when a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous receiving) from one same TRP should satisfy its capability of simultaneous transmission, e.g., no more than N. 


Fig. 3-3 DL multi-beam measurement scenario for multi-TRP transmission with multi-panel reception
Proposal 10: Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting.
· Study the configuration of beam measurement and reporting to achieve the indication of TRP related simultaneous transmission capability.
Group based beam reporting
Group-based reporting that informs gNB which pairs of multiple beams can be received simultaneously should be regarded as an essential solution for supporting the multi-panel operation of both DL and UL transmission (including DL multi-panel reception and UL fast panel selection). In Rel-15, the following two alternative criteria for group based beam reporting were discussed and agreed for down-selection or merging.
· In our views, the antenna group based reporting (Alt-2) is beneficial for DL and UL panel-specific beam management. For instance, for mDCI case, the different groups can be associated with two different TPRs, and consequently the subsequent beam refinement and CSI measurement for two TRPs can be performed independently. 
· But, in a specific case, e.g., L1-SINR reporting and sDCI-mTRP, the UE can well consider the inter-beam/panel interference through using beam group based reporting (Alt-1) and can provide a better spatial multiplexing (high-RANK DL transmission).
	Alt 1 (beam group based reporting): UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal. 
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
 Alt 2 (antenna group based reporting): UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray. 
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE


The Rel-15/16 group based reporting with only N=2 Tx beams to be reported significantly restricts system flexibility and weakens diversity gain through dynamically indicating one of multiple candidate beams in multi-panel/TRP cases. According to Alt 2 (antenna group based reporting), we evaluate SLS performance in indoor hotspot as a function of number of beam groups and number of beams per group in a report instance. The simulation results can be found Table 3-1. From the evaluation results, it can be observed that increase number of beams per group can bring performance benefit.
Table 3-1	SLS results under group based reporting with M beams per group to be reported and N groups
	UPT (Mbps)
	 mean
	5%-ile
	95%-ile

	(N = 2 group, M = 1 beam)
i.e., Rel-15 group reporting
	115.46
(100%)
	50.41
(100%)
	231.84
(100%)

	(N = 2 group, M = 2 beams)
	119.46
(+3.5%↑)
	51.75
(+2.7%↑)
	235.46
(+1.6%↑)

	(N = 2 group, M = 4 beams)
	120.53
(+4.4%↑)
	52.39
(+3.9%↑)
	242.67
(+4.7%↑)


Proposal 11:  Extension of Rel-15/16 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Identify candidate usages of Alt1 and Alt2 in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting.
Simultaneous transmission of different DL channel(s) and RS(s)
In NR Rel-16, 2-Tx-beam transmission is supported, but the collision rules for different DL Tx beam(s) at a given time instant are still based on the single DL Tx beam transmission, i.e., according to Rel-15. With support of multi-panel operation for DL transmission, DL channels or RSs from same or different CCs can be considered to be simultaneously received with different spatial QCL parameters, according to UE capability. Furthermore, considering constraints of antenna group(s), different spatial QCL parameters should be associated with respective antenna groups of UE side as one condition.
· For instance, for a multi-panel UE, there is only one spatial QCL parameter applied for the same antenna group; but, the different spatial QCL parameter can be applied to different antenna groups. If the different spatial QCL parameters of different DL channel(s) and RS(s) are associated with the same UE panel at a given time instant, the UE shall prioritize the reception of a DL channel or RS with higher priority.
· The following cases for simultaneous transmission of different DL channel(s) and RS(s) can be studied: PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS, etc.
Proposal 12:   Study mechanism or collision rules of simultaneous transmission of different DL channel(s) and RS(s) (e.g., PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS) for the case of multi-TRP transmission with UE multi-panel reception.
HST-SFN deployment scenario (2d)
Simulation methodology
Considering the HST-SFN deployment will be discussed in the context of multi-TRP, the simulation assumption of Rel-16 multi-TRP deployment seems more suitable as the baseline of HST-SFN evaluation and two TRPs are enough in this evaluation. As shown in Fig. 3-4, a typical set-up is that the distance between the two TRPs marked as Ds is 720 meters, and the minimum distance between the TRP and the train marked as Dmin is 120 meters. The UE moves along the yellow line from TRP1 to TRP2.
[image: ]
Fig. 3-4. Locations of TRPs and UE in HST-SFN deployment scenario
Similar to Rel-16 multi-TRP simulation assumption, CDL model D or E can be used for HST-SFN evaluation. Considering the simulation is mainly for FR1, the antenna configuration of UE and TRP can be set as omnidirectional antennas and directional antennas respectively. Also, because of the high speed of the UE, the direction of the TRP antenna can be pointed to the middle of the yellow line in Fig. 3.4. These parameters can be calculates as follows.
Azimuth angle:
· 
TRP1:
· TRP2:[image: ]= (-180+18)°
	Horizontal cut of the radiation power pattern (dB)
	




The CDL model parameters can be found from TR 38.901, but when UE moves along the yellow line, the distance is different from UE to different TRPs, so the delay, the power and the angles from different TRPs are different and they are related to the UE location dynamically.


The delay from different TRPs can be calculate as , where is the delay of kth TRP, which can be derived as

       				                (1)



[bookmark: OLE_LINK5]and  is the delay of the nth channel cluster, see in Table 7.7.1-1~7.7.1-5 in 38.901.  is UE location, is the location of kth TRP.
The power is also influenced by the UE location. And the power (or SNR) ratio between TRP1 and TRP2 can be calculated as

                                                (2)


Where  is UE location,  is the location of kth TRP. 
When UE moves to any position on the yellow line, the LOS angle of the channel from different TRPs are different and should be modified based on the relative position of the UE and the TRP.
To generate the modified angle parameters, we use the method described in subclause 7.7.5.1 in TR 38.901: 

                                       (3)
in which，

[image: ] 	is the tabulated CDL ray angle

[image: ] 	is the rms angular spread of the tabulated CDL including the offset ray angles, calculated using the 		angular spread definition in Annex A in TS 38.901

[image: ] 	is the mean angle of the tabulated CDL, calculated using the definition in Annex A in TS 38.901

[image: ] 	is the desired mean angle

[image: ] 	is the desired rms angular spread

[image: ] 	is the resulting scaled ray angle.
Apply



of the kth RRH is the AOD, AOA, (ZOD and ZOA) of LOS cluster derived by the locations and antenna heights of UE and TRPs. 
Example for a UE in the middle position between two TRPs: 

For AOD of TRP1,   

[bookmark: OLE_LINK6]For AOA of TRP1, 

For AOD of TRP2, 

For AOA of TRP2,


Where, is the distance between UE and TRP1 on the yellow line, for example, if UE is in the middle of the yellow line, should be 360 meters.
Proposal 13:  For the evaluation of HST-SFN deployment, the simulation methodology in 3.4.1 can be considered.
Other simulation assumptions can be found in Table 8-1 of Appendix.
Potential enhancement
Regarding the first bullet of WID item 2d, the enhancement is to support multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission. From our view, two TCI states can be indicated to the same DMRS CDM group. Then, UE can estimate the proper Doppler shift based on the two TCI states. 
Regarding the second bullet of WID item 2d, the motivation is to do pre-compensation of the frequency offset at gNB side. In this case, two TRPs have to know the modulation frequency of UL transmission. In Rel-15, the modulation frequency of UL transmission is based on DL TRS. However, UE may get different modulation frequencies of UL transmission based on TRSs from different TRPs. It is unclear which one is used at UE side. So the potential enhancement is to inform UE the TRS for UL transmission, e.g. TRS resource ID for UL transmission. This will be easy to be solved by unified TCI framework as described in section 2.1.
Enhancements on SRS
After deployment of Rel-15, some issues regarding SRS have been identified in real network. Hence Rel-17 FeMIMO includes the scope of enhancing SRS in terms of aperiodic SRS triggering, antenna switching, coverage and capacity. 
Aperiodic SRS triggering (3a)
A number of issues are identified on aperiodic SRS triggering in terms of triggering flexibility and usage reduction.
More flexible determination of SRS triggering offset considering flexible duplexing
SRS triggering offset is defined as the slot offset between the slot with the triggering DCI and the slot with SRS transmission. In NR Rel-15, triggering offset of SRS can only be configured per resource set in RRC. For each usage among ‘codebook’, ‘non-codebook’ and ‘antennaSwitching’, only one SRS resource set can be supported. Hence only one triggering offset is allowed for each usage. 
Considering typical slot format “DDDSU”, triggering offsets 0 to 4 are possible and there are 8 cases for A-SRS trigger if we consider only 5 slots. For example, if we configure slot offset = 2, we only can support 2 cases as shown in Fig. 4-1.  If we consider a lot of UEs in a cell, there would be high chance of having PDCCH congestion. Large latency will happen. In addition, if dynamic SFI is used, the RRC configured slot offset may not be suitable anymore. This would further restrict SRS triggering or SFI indication.
[image: ]
Fig. 4-1 Triggering opportunities for aperiodic SRS considering slot format DDDSU
Observation 1: The current triggering offset definition for aperiodic SRS will cause PDCCH congestion or large latency for SRS triggering.
One solution is to re-interpret the configured slot offset of SRS. For an aperiodic SRS resource set triggering by DCI in slot n, the aperiodic SRS resource set is transmitted on the (k+1)-th valid slot counting from slot n, where k is the configured SRS triggering offset. Further, the slot is considered as valid if there are available UL symbol(s) for the configured time-domain location(s) in a slot for all the SRS resources in the resource set and if it satisfies the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set. Following this approach, we can have much more triggering opportunities for SRS in a slot format periodicity. In the example in Fig. 4-1, we can have at least 5 triggering opportunities for Slot offset = 0. For the case of a lot of UEs in a cell, this would solve the issue of PDCCH congestion and reduce the latency of SRS triggering.
More flexible DCI format
In current specification, A-SRS can be either triggered with DCI format 1_1 or DCI format 0_1 with UL-SCH=1 or with UL-SCH=0 and with non-zero CSI request. In TDD scenarios, gNB has the demand of triggering SRS for DL DCI acquisition before scheduling UL or DL data. In this case, the current specification will cause DL or UL resource wasted, since gNB has to allocate PDSCH or PUSCH resources. Hence it is needed to enhance the current specification by allowing SRS being triggered by DCI format 0_1 with UL-SCH=0 and without CSI request.
Observation 2: Current specification cannot allow using DCI format 0_1 to triggering SRS without data and without CSI, which restricts gNB’s use cases to acquire DL CSI.
More flexible triggering for antenna switching
In NR Rel-16 TEI, it is agreed to support more flexible UE capability reporting for SRS antenna switching, in order to achieve better UE power saving and NW configuration flexibility. Specifically, for a UE can support both 2T4R and a downgrading to 1T2R, UE can report a combined capability “t1r1-t1r2-t2r2-t2r4”. gNB can configure either 1T2R or 2T4R. 2T4R can let gNB to get the CSI for the full channel, whereas 1T2R consumes less resource overhead and less UE power. 
· However, as the channel variation can be quite dynamic, and the mapping from the SRS resources in the 1T2R resource set is up to UE implementation. The downgrading from 2T4R to 1T2R can lead to serious performance loss although it reduces RS overhead and UE power consumption. For example, as shown in Fig. 4-2, the UE is capable of both 1T2R and 2T4R. Assume gNB configures 1T2R, and UE maps the SRS resources to antennas in PA1. If gNB identifies that H1 leads to large performance loss, it can only reconfigure 2T4R by RRC.
· On the other hand, the current configuration for the antenna switching SRS resources is very restrictive. Only one set of periodic resources and one set of aperiodic resource can be supported. Further, the two sets always correspond to same numbers of Tx/Rx antennas in SRS antenna switching. That is, gNB can only enable one type of Tx/Rx antenna switching at one time, i.e., either 1T2R or 2T4R, through RRC configuration. If gNB finds out 1T2R suffers large performance loss, gNB has to do RRC reconfiguration to enable 2T4R.
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Fig. 4-2 Downgrading 2T4R to 1T2R
The above issues make the support of the combined UE capability difficult to be used by gNB. To avoid potential performance loss caused by channel variation and the cost of having RRC reconfiguration, gNB would barely choose to configure 1T2R. Then the whole intention of introducing combined capability is defeated. 
Observation 3: For UEs supporting combined capability of SRS antenna switching, if the downgrading leads to performance loss, the only thing gNB can do is to reconfigure the SRS resource set for antenna switching.
Usage reduction for SRS
In NR Rel-15, a typical implementation is to reuse the same resource for antenna switching SRS and codebook SRS. One typical example is shown in Fig. 4-3. This simple resource reuse can be done by implementation in Rel-15 by configuring a same resource for codebook and antenna switching, and it is beneficial for saving SRS overhead. However, there are some cases that a good resource reuse cannot be achieved. For example, there are UEs with a different numbers of Tx antennas for antenna switching and PUSCH transmission. How to achieve resource reuse and usage/overhead reduction is not clear for these UEs.
[image: ]
Fig. 4-3 Resource reuse between different usages.
Observation 4: Resource reuse between different usages is beneficial in terms of SRS overhead/usage reduction. 
· Simple resource reuse can be done by implementation in Rel-15.
· For UEs with different numbers of Tx antennas for antenna switching and PUSCH transmission, how to achieve resource reuse is not clear. 
Proposal 14: For aperiodic SRS enhancements in Rel-17, consider the following aspects.
· More flexible determination of SRS triggering offset considering flexible duplexing
· More flexible DCI format
· More flexible triggering for antenna switching
· Usage/overhead reduction for SRS
Antenna switching (3b)
It is agreed in the working scope of this WI to enhance the SRS antenna switching for up to 8 antennas. In our view, the typical use case of such large number of Rx antennas is terminals like CPE or laptop. 
To support xTyR for up to 8 antennas, total 6 new combinations of (x, y) can be identified, i.e., (x, y) = {(1, 6), (1, 8), (2, 6), (2, 8), (4, 6), (4, 8)}. Among these 6 combinations, some are natural to support, e.g., (2, 8) and (4, 8). For the other combinations, the use cases or the benefit for the antenna structure should be justified. For example, the use case of (1, 6) and (1, 8), which implies large gap of capability between transmission and reception, is to be justified. In another example, (2, 6) implies a PA linked to 3 antennas, which is not a typical number for RF implementation.
Proposal 15: Carefully consider practical use cases for selecting supported configurations of SRS antenna switching up to 8 Rx antennas.
Coverage and capacity (3c)
Scheme categorization
In the current scope of SRS coverage and capacity enhancement, three categories are defined. To achieve better understanding on the three cats, we give our view on how to categorize schemes into these three cats below.
· Cat 1 - Time bundling: Enable joint processing of two different resources.
· Cat 2 - Increase repetition: Increase maximum number of repetitions in one resource.
· Cat 3 - Partial-frequency: More flexible configuration on SRS frequency resources to allow SRS transmission on partial frequency within the Rel-15 SRS band.
Cat 1 enables joint processing within time domain resources to potentially enhance coverage. Compared with Rel-15 SRS, it does not change the SRS pattern in one resource, nor introduce extra physical resources.
Cat 2 changes the Rel-15 SRS pattern in one resource from time domain. It introduces extra symbols in time domain for repetition as shown in Fig. 5, which is beneficial for coverage. Since Rel-16 NR-U work item has extended to support SRS transmission in all symbols of a slot, it is possible to extend the maximum number of repetitions as well for better coverage.
Cat 3 changes the Rel-15 SRS pattern in frequency domain. It allows more flexible frequency domain resource configuration for SRS to enhance coverage and/or capacity. For example, the flexibility can include allowing non-contiguous subbands in the entire SRS bandwidth, and/or allowing partial RBs with SRS transmission in each subband, as shown in Fig. 4-4.
[image: ]
Fig. 4-4 An example for partial-frequency sounding
Evaluation
Link level evaluation is needed to select schemes from the above three categories. Since both capacity and coverage are critical design targets, both data transmission BLER performance and physical resource consumption should be considered as metrics. For example, to compare different schemes, we should compare their BLER performance under the configuration that these two schemes have similar SRS overhead. Between UL BLER and DL BLER, we think UL BLER should be mandatory to evaluate since UL coverage is more critical in NR than DL.
gNB can configure whether to have frequency hopping for different purposes. For example, gNB can acquire full channel without hopping, and frequency hopping is more useful for power limited scenarios. The cases with frequency hopping and without frequency hopping can be considered separately in the evaluations. For the case without hopping, baseline can be Rel-15 one-port SRS with R=1, which is basic configuration in terms of both coverage and capacity. For the case with hopping, baseline can be Rel-15 one-port SRS with R=1 and B_SRS = 3, i.e., 4RBs in a hop. 
Multiple Tx and Rx antennas should be assumed in the simulation, e.g., 4 UE Tx/Rx antennas, and 8-32 gNB antennas. CDL model should be used as channel model for this evaluation. 
Proposal 16: Link-level simulation is needed to evaluate schemes in the 3 Cats.
· Both UL BLER performance and physical resource consumption should be considered as metrics. DL BLER can be evaluated optionally. 
· The cases with frequency hopping and without frequency hopping can be considered separately.
· Baseline can be Rel-15 one-port SRS with R=1. If FH is enabled, baseline can be Rel-15 one-port SRS with R=1 and B_SRS = 3, i.e., 4RBs in a hop.
· Assume multiple Tx and Rx antennas and CDL channel model.
Enhancements on CSI
In the current scope of CSI enhancement, there are two sub-items. One is to evaluate and specify the potential enhancements of CSI for multi-TRP/panel operation. The other is to evaluate the utilization of FDD reciprocity in angular and delay domain to assist CSI acquisition.
Enhancement on CSI measurement and reporting for MTRP (4a)
For multi-DCI based MTRP, the main use case is to support independent scheduling between two TRPs. So separate CSI feedback is more suitable for this scheme and Rel-16 mechanism suffices.
For single-DCI based MTRP, inter-TRP interference is not considered at Rel-16 NCJT when UE calculate RI, PMI and CQI. As shown in Fig. 5-1, UE can feed back two CRIs where each corresponds to a TRP in order to acquire CSI impacted by dynamic channel/interference hypotheses. Specifically, for CSI measurement on CSI-RS resource 0, the interference from CSI-RS resource 1 should be considered where RI/PMI derived from CSI-RS resource 1 may also need to be taken into account. Likewise a similar operation can be performed for CSI measurement on CSI-RS resource 1.
[image: 2 CRIs]
Fig. 5-1  CSI-RS resources with different beams from different TRPs
Proposal 17: For single-DCI based MTRP, considering inter-TRP interference when UE calculate RI, PMI and CQI. 
CSI considering FDD reciprocity (4b)
This item assumes partial reciprocity for FDD scenario. gNB can derive angular and delay for multiple paths and use it to assist CSI reporting. In general, the procedure of this FDD reciprocity based CSI reporting is depicted in Fig. 5-2.
[image: ]
Fig. 5-2 FDD reciprocity based CSI acquisition
Consider DL is operated in frequency A, and UL is operated in frequency B, three step are considered in this procedure.
· Step 1: gNB estimates angles and delays in frequency A by SRS in frequency B;
· Step 2: gNB uses the angles and delays to precode CSI-RS in frequency A;
· Step 3: UE measures the CSI-RS and report CSI (e.g., selected “ports” and coefficients) for frequency A.
To evaluate such approach, SLS is needed. In the evaluation, the following key points needs to be considered carefully.
· Baseline should be Rel-16 eType-II port selection codebook. Rel-16 eType II port selection codebook can already use angular domain reciprocity and beamformed CSI-RS in spatial domain to acquire high-resolution and compressed CSI. The “delta” part is to use the delay domain reciprocity and put the delays in the precoded CSI-RS.
· The modelling of Step 1 should be as practical as possible. The following modelling approach based on 38.901 can be used (section 7.6.5). The simulator generates the channel matrix in frequency B and apply the SRS channel estimation error. gNB derives the beams and FD basis vectors for frequency A based on this estimated channel matrix in frequency B. The same parameters and independent parameters for frequency A and B are determined based on section 7.6.5 in TR 38.901.
Proposal 18: For the evaluation of FDD reciprocity based CSI enhancements.
· Baseline should be Rel-16 eType-II port selection codebook.
· The modelling of channels at DL frequency and UL frequency should be as practical as possible. Section 7.6.5 in TR 38.901 can be used as a starting point. 
Conclusion
In this contribution, we discuss the issues on further enhancements of MIMO in Rel-17. We have the following observations and proposals.
Observation 1: The current triggering offset definition for aperiodic SRS will cause PDCCH congestion or large latency for SRS triggering.
Observation 2: Current specification cannot allow using DCI format 0_1 to triggering SRS without data and without CSI, which restricts gNB’s use cases to acquire DL CSI.
Observation 3: For UEs supporting combined capability of SRS antenna switching, if the downgrading leads to performance loss, the only thing gNB can do is to reconfigure the SRS resource set for antenna switching.
Observation 4: Resource reuse between different usages is beneficial in terms of SRS overhead/usage reduction. 
· Simple resource reuse can be done by implementation in Rel-15.
· For UEs with different numbers of Tx antennas for antenna switching and PUSCH transmission, how to achieve resource reuse is not clear. 
Proposal 1: To achieve unified TCI state framework, at least the following issues need to be studied:
· How to indicate spatial relation and power control parameters via TCI state for UL transmission, e.g., PUCCH/PUSCH/SRS.
· How to indicate additional port information (e.g., associated SRS resource or PUSCH port parameter) via TCI state for PUSCH transmission.
· How to configure a common TCI state pool for both DL and UL transmission.
Proposal 2: For unified TCI framework for both DL and UL (1a), the both of following functionalities should be considered for unified TCI enhancement.
· (a) There is a common TCI state pool for both DL and UL, but data and control transmission/reception for DL and UL can be separately indicated with an independent TCI state from the pool by channel/RS-dedicated command(s).
· (b) There is a common TCI state pool for both DL and UL, and both data and control transmission/reception for DL and UL can be indicated with one common TCI state from the pool by a single command. 
Proposal 3:  For fast panel selection, the following aspects should be considered.
· Spatial relation/TCI state including DL RS can be associated with activated panel IDs in the case of beam correspondence, with the assist of UE panel-specific reporting, e.g., group based reporting.
· Sounding procedure for antenna switching can be further studied for supporting UE fast panel switching.
Proposal 4: Beam/panel-specific P-MPR is introduced in UL power control framework
· [bookmark: _GoBack]Study the additional parameter, e.g., CRI/SSBRI or UL power control parameter set, to be reported along with PHR/P-MPR MAC-CE reporting.
Proposal 5:  For the evaluation of multi-beam operation, the LLS and SLS simulation methodology as agreed for Rel-16 beam management can be considered as a starting point.
· Additionally high UE speed, e.g., 60km/h or 120km/h, can be considered for high-speed scenario in outdoor SLS.
· UE mobility (physical trajectory with spatial consistency) and blockage models can be considered as add-on features for SLS evaluation.
· For TXRU mapping to antenna elements & antenna configurations in BS
· For Indoor hotspot, the option 2 (per panel per subarray per polarization) is considered (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1; 2,2)).
· For Dense Urban, the option 1 (per panel per polarization) is considered (i.e., (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2; 1,1)).
· Full buffer is considered as traffic model in SLS, but the other model, i.e., FTP model 3, is not precluded.
Proposal 6: Support PDCCH repetitions with different beams.
Proposal 7: Support TDM based PUCCH repetitions with beam diversity. The number of repetitions can be dynamically indicated.
Proposal 8: Multiple beams can be indicated for TDM based PUSCH repetitions.
Proposal 9: For inter-cell multi-TRP operation, a QCL source from either the serving cell or a neighbor cell should be indicated to UE.
Proposal 10: Information on simultaneous transmission capability from each of TRP can be indicated for the assist of DL beam determination in UE reporting.
· Study the configuration of beam measurement and reporting to achieve the indication of TRP related simultaneous transmission capability.
Proposal 11:  Extension of Rel-15/16 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported in Rel-17 NR-FeMIMO.
· Identify candidate usages of Alt1 and Alt2 in multi-panel and multi-TRP case, e.g., sDCI/mDCI, L1-RSRP/L1-SINR reporting.
Proposal 12:   Study mechanism or collision rules of simultaneous transmission of different DL channel(s) and RS(s) (e.g., PDCCH+PDSCH, PDSCH+PDSCH, PDSCH+CSI-RS, CSI-RS+CSI-RS) for the case of multi-TRP transmission with UE multi-panel reception.
Proposal 13:  For the evaluation of HST-SFN deployment, the simulation methodology in 3.4.1 can be considered.
Proposal 14: For aperiodic SRS enhancements in Rel-17, consider the following aspects.
· More flexible determination of SRS triggering offset considering flexible duplexing
· More flexible DCI format
· More flexible triggering for antenna switching
· Usage/overhead reduction for SRS
Proposal 15: Carefully consider practical use cases for selecting supported configurations of SRS antenna switching up to 8 Rx antennas.
Proposal 16: Link-level simulation is needed to evaluate schemes in the 3 Cats.
· Both UL BLER performance and physical resource consumption should be considered as metrics. DL BLER can be evaluated optionally. 
· The cases with frequency hopping and without frequency hopping can be considered separately.
· Baseline can be Rel-15 one-port SRS with R=1. If FH is enabled, baseline can be Rel-15 one-port SRS with R=1 and B_SRS = 3, i.e., 4RBs in a hop.
· Assume multiple Tx and Rx antennas and CDL channel model.
Proposal 17: For single-DCI based MTRP, considering inter-TRP interference when UE calculate RI, PMI and CQI. 
Proposal 18: For the evaluation of FDD reciprocity based CSI enhancements.
· Baseline should be Rel-16 eType-II port selection codebook.
· The modelling of channels at DL frequency and UL frequency should be as practical as possible. Section 7.6.5 in TR 38.901 can be used as a starting point. 
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Appendix
Table 8-1 simulation assumption of HST-SFN deployment
	Parameter
	Assumption

	Central frequency
	3.5 GHz

	Channel model
	CDL-D 

	UE speeds
	500 km/h

	System bandwidth
	20 MHz

	MCS
	MCS adaption

	Antenna configuration
	2Tx 2Rx

	Subcarrier spacing
	30 kHz

	TRS periodicity
	20 ms 
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