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1. Introduction
In RAN#81 meeting, the revised WID for enhancements on MIMO for NR was approved [1], where the focus of this contribution is about the following WI objectives on multi-beam based operations and enhancements:

· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
We discuss evaluation methodology and potential enhancements on the UL and DL related topics in the following sections.

2. Discussions on multi-beam based UL transmission
2.1. Antenna modeling for evaluation methodology
One of major work scopes in Rel-16 NR-MIMO according to the WID is to support efficient multi-beam UL transmission schemes and operations for multi-panel UEs. So far, in Rel-15, the following bi-directional two panel and cube-type four panel antenna modeling shown in Figure 1 has been agreed and used for evaluations and analysis [2].
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(a) bi-directional two panel                     (b) cube-type four panel
Figure 1. UE panel antenna models [2].

Note that those bi-directional two panels and cube-type four panels are considered as a homogeneous antenna panel type where all the panels have the same number of antennas with same antenna distance, the same antenna array arrangement, the same radiation pattern of each antenna element, etc. This assumption is useful for simplifying analysis but it often cannot reflect practical UE implementations. When doing UE implementations, many different components should be packed into a small area, e.g. display, camera, sensors, etc., so that the space for antennas is quite limited and those spaces would not be of equal size. In addition, the location of the space for antennas are seriously dependent on the device’s shape and its design. A panel may have to cover a wider spatial area while another panel covers a narrower spatial area due to the available space limitation. In addition, when we consider vehicle UEs, some of antenna panels may use for both V2X services and broadband services based on multi-band antenna implementation while some of antenna panels are dedicated for broadband services. Figure 2 illustrates an example of heterogeneous panel implementation, where panel 1 has a smaller number of antennas and covers wider spatial area mostly for connectivity while panel 2 & 3 has a larger number of antennas and covers narrower spatial area for special services (e.g. sensor data sharing via V2V) as well as broadband services. 
Proposal 1: For UE multi-panel modeling, consider heterogeneous antenna array configuration per panel, in addition to existing bi-directional two panel and cube-type four panel antenna modeling.
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Figure 2. Exemplary illustration on heterogeneous antenna panel implementation.

2.2. Scenarios of UL multi-panel operation

The approved WI for enhancements on multi-beam operation is primarily targeting FR2 operation. In the high frequency band, the antenna size can be reduced, and several antennas can constitute a panel for performing beam forming. One or more panels can be mounted on an UE because the size of the panel can be small due to the reduced antenna size. These multiple panels can be operated independently depending on the implementation. In this case, the UE can have independent beams and system performance such as reliability/throughput can be improved by multi-beam operation based on multi-panel. In order to specify multi-beam based UL transmission and evaluate performance, the following scenarios for UL multi-panel operation should be considered.

1) Panel selection based transmission: PUSCH can be transmitted through one or multiple UL beams. Beams are formed on the selected panel. This panel is selected from all the panels mounted on the UE. This scenario can be partly supported in Rel-15 NR via SRI indication. 

2) Synchronous transmission over multiple panels: One or multiple UL beams are selected per panel and multiple panels mounted on the UE can be used for PUSCH transmission. In this scenario, the same data stream or different data stream can be transmitted through multiple panels, so reliability or throughput can be improved. This scenario should be a starting point of Rel-16 discussion since the support of this scenario had already been agreed in RAN1#88bis via the indication on selection of multiple SRS resources in UL grant which will be elaborated more in the next subsection.
To evaluate performance for multi-beam operation related to the above scenarios, TR 38.802 [2] can be considered as a starting point of the discussion on evaluation methodology. The simulation assumptions for beam management are provided in this TR. Though several parameters should be further discussed, some parameters like channel model and antenna configurations for BS/UE can be considered as a baseline.
3) Asynchronous transmission over multiple panels: This scenario is similar to the above synchronous transmission scenario. That is, one or multiple UL beams are selected per panel and multiple panels mounted on the UE can be used for PUSCH transmission. However, in this scenario, there are some impairments that should be considered. In Figure 2, three separated panels are mounted on the vehicle. Remote RF modules for each panel can cause the different line delays and cable losses. In the discussion related to SI for the vehicle mounted UE [3], the antenna gain imbalance due to the cable loss has been provided [4]. In this example, overall antenna gains of antenna 1/ 2/ 3/ 4 are 1/ -6/ -7/ -12 dBi respectively. This impairment should be considered when multi-antenna operation is extended to multi-panel operation. In addition to gain imbalance, other impairments such as the asynchronous timing between panels due to the different line delays and different transmission paths, the different PA characteristics per panel, and the different phase noise between panels due to different phase sources should be carefully considered. And, these impairments should be considered in the evaluation methodology for asynchronous transmission over multiple panels.
Proposal 2: The following scenarios of the multi-panel operation at the UE side should be considered to specify multi-beam based UL transmission and evaluate performance.

-
Panel selection based transmission

-
Synchronous transmission over multiple panels

-
Asynchronous transmission over multiple panels

2.3. Potential enhancements for UE multi-panel based UL transmission
In this section, we discuss potential specification impacts based on existing Rel-15 specifications in consideration of the above categorized three scenarios. In Rel-15, two UL transmission schemes are supported, i.e., codebook-based UL (CB-UL) and non-codebook-based UL (NCB-UL). UE can be configured with a dedicated SRS resource set for either CB-UL or NCB-UL according to the configured RRC parameter of txConfig set to either 'codebook' or 'nonCodebook', respectively. 
For CB-UL, when a UE is configured with a SRS resource set in which 2 SRS resources are configured within the set, 1-bit SRI field exists in DCI format 0_1 which dynamically selects one SRS resource (out of the two) to be used as the PUSCH beam selection and antenna port virtualization for the scheduled PUSCH transmission. Here, for multi-panel UE in Rel-15, it is up to UE implementation on how to map and transmit each SRS resource onto which Tx panel, e.g., it is also allowed by UE implementation that both of SRS resources can be mapped to the same Tx panel and transmitted with different beams.
As a potential enhancement topic for Rel-16 UL multi-beam operation, it is desirable to discuss whether SRS resource wise UL beam control mechanism is the basis for Rel-16 or gNB’s explicit UL panel/beam control mechanism can also be introduced to explicitly select UE Tx panel for CB-UL scheduling. Note the latter approach may include different time synchronization aspects between UE Tx panels such as a larger UE type including vehicle UE for which the actual distance between those implemented panels may be larger than a normal handheld device which is depicted in Figure 2.

Observation 1: It seems beneficial to discuss whether Rel-15 SRS-resource-wise UL beam control mechanism is the basis for Rel-16, or an additional UL panel/beam control mechanism is considered to explicitly select UE Tx panel for UL scheduling by taking different time synchronization aspects among panels into account.

Recalling the following previous agreements made in RAN1#88bis, it needs to be further investigated how to specify multi-beam PUSCH transmission for CB-UL in Rel-16:
	Agreements@RAN1#88bis:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details


Specifically, the above highlighted part as “Support indication on selection of multiple SRS resources” had been agreed in RAN1#88bis but no further details to properly support the feature have been specified in Rel-15, since such multi-beam related features are postponed to Rel-16 by RAN plenary guidance. Therefore, the discussion on these leftover issues should be continued in Rel-16 by taking into account at least the following aspects:
· Extension on indicating TPMI/TRI fields due to the multiple SRI selection in UL DCI

· Whether and how to support inter-beam/panel co-phasing
· Whether and how to update Rel-15 UE capability on UL coherent transmission

Proposal 3: Further details based on previous agreements on multiple SRI indication in UL grant for CB-UL should be properly supported in Rel-16 taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.
For Rel-15 NCB-UL, some degree of ‘multi-beam’ based UL transmissions can be already applicable when each configured SRS resource (limited to 1 port) within the SRS resource set is configured with a different value of spatialRelationInfo depending on gNB implementation. However, the major enabler of NCB-UL with configuring associatedCSI-RS for determining SRS precoders can only be supported by configuring associatedCSI-RS in a SRS resource set level, so that in this case, it can be interpreted as only ‘single-beam’ based NCB-UL transmission is applicable with indicating digital precoders via SRI(s) in DCI format 0_1.

Similarly to the CB-UL discussed in the previous section, potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets for NCB-UL with relation to UL scheduling grant. In addition, considering UE implementation cases for which UL Tx panel switching is only applicable across multiple panels, whether and how to support the necessary gap period between panel switching should be carefully discussed. Also, related UE capability reporting issues if any need to be considered together.

Proposal 4: Potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets with relation to UL scheduling grant, considerations on UL Tx panel switching cases, and related UE capability reporting issues.

In Rel-15 specification, SRS beam sweeping behaviors for UL beam management are supported relying mainly on proper UE implementation, e.g., for the case of when no spatialRelationInfo parameters are configured for any of configured SRS resources within a SRS resource set for UL BM. In other words, for such configuration case, it is totally up to UE implementation how to apply different beams across the SRS resources within the set. However, in Rel-16, it is desirable to enhance a kind of UL beam sweeping mechanism even though it can be still UE autonomous beam sweeping behaviors, in order for gNB to be guaranteed to efficiently utilize UE’s beam swept UL transmissions for variety of use cases, e.g., not only for UL reception purposes but also for DL beam management use cases based on exploiting gNB beam correspondence if applicable. 

Proposal 5: Continue discussion on Rel-15 leftover issues on UL beam sweeping mechanism to efficiently support not only UL beam management, but also DL beam management based on exploiting gNB beam correspondence if applicable.

Potential enhancements on PUCCH beam management aspects should also be discussed to improve more robustness on PUCCH beam quality controls in Rel-16, e.g., UE autonomous beam sweeping mechanism at least for PUCCH for CSI reporting can be considered which had been discussed in earlier stage of Rel-15 including multi-beam PUCCH transmissions. More specifically, when and how to apply UE beam sweeping on PUCCH transmissions need to be further discussed, also including which type of PUCCH transmissions should be applied for such beam sweeping, especially considering when multiple CORESETs are configured and active.
Proposal 6: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions especially when multiple CORESETs are configured and active.

3. Overhead and latency reduction for DL BM
In order to reduce overhead and latency caused by DL beam management, three approaches can be considered. 
One approach is to reduce RS overhead itself via introducing a new RS generation method for BM CSI-RS (e.g. IFDMA, larger SCS). This approach has been discussed intensively in Rel-15 but no consensus on supporting a specific method has been reached. In Rel-16, we can reconsider this approach but we should be careful to change an existing RS generation method since it has impacts on hardware/software implementation. Careful investigation on measurement accuracy should be completed as well before deciding an introduction of a new method. 
The second approach is to increase overall system resource utilization via allowing more cases for FDMing of PDSCH/PDCCH with BM CSI-RS and/or BM SSBs. In Rel-15, the PDCCH/PDSCH scheduling is allowed at SSB or CSI-RS symbols in very limited conditions only.  This was because the assumption of Rel-15 was that all UEs can manage a single Rx beam at a time. In Rel-16, we can consider a UE who is capable of receiving FDMed signals with two different Rx beams via using e.g. multiple Rx panels at the UE side. For this type of UE, all the scheduling restrictions defined in Rel-15 may not be needed any more so that the resource utilization can be hugely improved. For example, in a case where 64 SSBs are transmitted with a periodicity of 20 ms under 120 kHz subcarrier spacing, more than 10 percent of the total OFDM symbols cannot be used for PDSCH allocation in Rel-15, but it can be used for PDSCH for the UE who can manage more than one TCI/sQCL in a symbol in Rel-16.
Proposal 7: In Rel-16, conditions for multiplexing of different RSs/channels are same as Rel-15 for UEs with X=1. For UEs with X>1, by default, multiplexing of different RSs/channels are allowed, and any necessary restrictions should be further investigated.
· X is a UE capability referring to the maximum number of different TCIs or spatial QCL references that a UE can manage in an OFDM symbol.

The third approach is to enhance beam-level reliability of PDSCH/PDCCH so that latency caused by retransmission of data/DCI is reduced. This approach is useful for URLLC application and/or for high speed UEs. The use of multiple beams for PDSCH/PDCCH can be considered to take advantages of diversity gain of the Tx/Rx beam pairs. For the PDCCH part, Rel-15 already support different TCI state per CORESET so that the beam-level diversity can be obtained somehow. For the PDSCH part, however, Rel-15 does not support transmitting a PDSCH on multiple beams. This approach is somewhat related to the CoMP enhancement because different beams may be applied from different TPs from PDSCH reception perspective at the UE side. Anyhow, it seems beneficial to introduce multi-beam based PDSCH transmission from latency reduction perspective as well as multi-TRP/panel transmission perspective. 
Proposal 8: From latency reduction perspective, beam-level reliability enhancement for a PDSCH transmission can be considered. 
4. Enhancements on beam measurement and reporting

In this section, we discuss L1-RSRQ and L1-SINR for multi-beam operation enhancement. Following RSRQ definition in [5], L1-RSRQ is represented by
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Here, RSSI comprises the linear average of the total received power from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise, etc. Since RSSI includes desired signal power as well as interference and noise power, it can be very close to 1 whenever the desired signal power is dominant. Therefore, it cannot be a self-contained feedback information for TRP’s beam selection. In other words, RSRP may always need to be accompanied by RSRQ in addition to CRI/SSBRI.
On the other hand, from SINR definition in [5], L1-SINR may be represented by
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From the definition of SINR, SINR can act as RSRP from beam report perspective in high SINR region and the information can reflect per-beam interference condition in mid-to-low SINR region because its denominator doesn’t include co-channel power from serving cells. Therefore, SINR can be a self-contained feedback information so that it seems more proper than RSRQ. 

Proposal 9: For the new report quantity for beam management, L1-SINR is preferred than L1-RSRQ.
For interference power estimation, there can be multiple alternatives. One is to introduce additional resource dedicated for I+N estimation. In this approach, it seem simpler if we can reuse the IMR configuration introduced for CSI acquisition as much as possible. ZP based (CSI-IM) or NZP based IMR configurations can be considered. Another approach is to estimate I+N power from the configured RS resources themselves for beam measurement and reporting without introducing additional signalling for beam-level IMR. We should note that this method is already adopted for Rel-15 beam failure detection, i.e. for BLER estimation based on SSB(s)/CSI-RS(s). BFD is determined based on hypothetical BLER estimation which is derived from L1-SINR. Since the latter approach is already adopted and implemented in Rel-15, it seems that the second approach is safer and has less specification/implementation impacts. 
Proposal 10: For the L1-SINR estimation, no additional IM resource configuration is needed.
5. Enhancements on beam failure recovery
In RAN plenary meeting, it was agreed that a beam failure recovery for SCell will be specified in Rel-16 where it will be developed based on the beam failure recovery specified in Rel-15. In this section, we first discuss UL containers for BFRQ for DL only SCell, and whether to use CBRA of PCell in addition to CFRA for SCell BFR if SCell UL exists.

Support for SCell BFR has been intensively discussed during Rel-15 timeline. The main driver for the feature from many operators was to support multi-beam based operation in FR2 SCell while PCell is configured in FR1 for connectivity. Based on the inputs from many operators, it is preferred to focus on the scenario of PCell in FR1 and SCell in FR2 in Rel-16. 
Proposal 11: Primary focus should be the scenario of PCell in FR1 and SCell in FR2.

In above, the link quality of PCell UL can be assumed to be good enough even in beam failure in SCell. Since SCell may comprise only DL CC, the simplest solution for SCell BFR is to use MAC-CE in PCell. UE can deliver Cell ID, new beam RS ID, etc on the PCell PUSCH. For the MAC-CE based solution, UE may need to send scheduling request (SR) on a PUCCH. For gNB to know the UE’s situation promptly, i.e. whether the UE is requesting PUSCH for normal data transmission or BFR reporting, it can be considered to allocate dedicated SR resources to the UE where the SR resource is only used for BFRQ. Since it is UE-initiated transmission, SR PUCCH format should be reused in that case. 
Proposal 12: MAC-CE based solution is preferred for SCell BFR, where SR PUCCH may be enhanced for sending BFRQ.

6. Conclusion
In this contribution, we discussd evaluation methodology and potential enhancements on the UL and DL BM related topics in Rel-16 MIMO. Based on the discussions above, following observation and proposals are given:
For multi-beam based UL transmission,
Proposal 1: For UE multi-panel modeling, consider heterogeneous antenna array configuration per panel, in addition to existing bi-directional two panel and cube-type four panel antenna modeling.

Proposal 2: The following scenarios of the multi-panel operation at the UE side should be considered to specify multi-beam based UL transmission and evaluate performance.

-
Panel selection based transmission

-
Synchronous transmission over multiple panels

-
Asynchronous transmission over multiple panels

Observation 1: It seems beneficial to discuss whether Rel-15 SRS-resource-wise UL beam control mechanism is the basis for Rel-16, or an additional UL panel/beam control mechanism is considered to explicitly select UE Tx panel for UL scheduling by taking different time synchronization aspects among panels into account.

Proposal 3: Further details based on previous agreements on multiple SRI indication in UL grant for CB-UL should be properly supported in Rel-16 taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.

Proposal 4: Potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets with relation to UL scheduling grant, considerations on UL Tx panel switching cases, and related UE capability reporting issues.

Proposal 5: Continue discussion on Rel-15 leftover issues on UL beam sweeping mechanism to efficiently support not only UL beam management, but also DL beam management based on exploiting gNB beam correspondence if applicable.

Proposal 6: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions especially when multiple CORESETs are configured and active.

For overhead and latency reduction for DL BM,
Proposal 7: In Rel-16, conditions for multiplexing of different RSs/channels are same as Rel-15 for UEs with X=1. For UEs with X>1, by default, multiplexing of different RSs/channels are allowed, and any necessary restrictions should be further investigated.
· X is a UE capability referring to the maximum number of different TCIs or spatial QCL references that a UE can manage in an OFDM symbol.

Proposal 8: From latency reduction perspective, beam-level reliability enhancement for a PDSCH transmission can be considered. 

For enhancements on beam measurement and reporting,
Proposal 9: For the new report quantity for beam management, L1-SINR is preferred than L1-RSRQ.
Proposal 10: For the L1-SINR estimation, no additional IM resource configuration is needed.
For enhancements on beam failure recovery,
Proposal 11: Primary focus should be the scenario of PCell in FR1 and SCell in FR2.

Proposal 12: MAC-CE based solution is preferred for SCell BFR, where SR PUCCH may be enhanced for sending BFRQ.

7. Reference

[1] RP-182067, Revised WID: Enhancements on MIMO for NR, Samsung.
[2] 3GPP TR 38.802 V14.2.0, Study on New Radio Access Technology Physical Layer Aspects.
[3] 3GPP TR 38.826 V0.0.1, Study on evaluation for 2Rx exception in rel-15 vehicle mounted UE for NR. 

[4] RP-181117, Minimum requirement of 2Rx antennas for permanently mounted UE in vehicles for NR, Volkswagen AG.
[5] 3GPP TS 38.215 V15.3.0, New Radio Access Technology; Physical layer measurements.   

[image: image5.png]


[image: image6.png]



PAGE  
1

_1598882901.unknown

_1598882902.unknown

