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Introduction
Rel-16 MIMO enhancement WI was approved with the following scope [1]. Among the scope, beam management enhancement is one of the main topics. 

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· 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
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)


	
One important topic that RAN1 needs to consider is MPE (Maximum Permissible Exposure). Considering the safety of mmWave radiation exposure to the human body, the FCC and other regulatory institutes have defined the maximum permissible exposure as the power density in terms of W/m2. A UE must reduce its transmit power when the human body is in proximity to be compliant with the requirement. It is important to take MPE regulation into consideration when RAN1design the beam management procedures 

Another important topic that RAN1 needs to design is to “reduce latency and overhead”. The main purpose of beam measurement and reporting is to track the beam change due to various reasons, such as UE movement, UE rotation, obstacle passing by, etc. Therefore, beam measurement and reporting have the following requirement we have not been adequately address in Rel-15

1. Minimize the overhead for both DL/UL reference signals and corresponding UL/DL measurement report
2. Fast response and robust to various mobility situations 

In this contribution, we provide our view on Rel-16 MIMO enhancement WI including the MPE issue, mechanism to reduce beam management latency and overhead and SCell BFR .
View on MPE issue
Considering the safety of mmWave radiation exposure to the human body, the FCC and other regulatory institutes have defined the maximum permissible exposure as the power density in terms of W/m2.

A UE must reduce its transmit power when the human body is in proximity to be compliant with the requirement. The latest agreement in RAN4 is to introduce both P-PMR and maxUplinkDutyCycle into the FR2 RF specification to trade off power reduction and duty cycle to achieve optimal operating points while maintaining compliance with exposure safety. The maximum value of P-MPR and the range of duty cycles are still under study in RAN4. According to the inputs from chipset vendors, P-MPR in excess of 15 dB may be needed for 2x2 mmWave array architectures, which can lead to significant degradation of network performance shown in Table1, and greatly impair the FR2 usability in real deployments. 

Table 1: Maximum allowed EIRP of a 4x1 array for FCC compliance [8] 
	FCC compliance
· PD = 1mW/cm²
· d = 5mm
· Avg. area = 4 cm²
	Max duty cycle
[%]
	Max allowed EIRP
[dBm]
	Cell edge UL throughput
[Mb/s]

	
	100
	18.0
	100

	
	50
	21.0
	50

	
	40
	21.9
	40

	
	20
	25.0
	20



RAN4 has reached consensus on the Rel-15 mechanism for RF exposure compliance (uplink duty cycle limitation and UE power back-off with P-MPR) and confirmed that the power backoff to comply with RF exposure regulation can be large [2]. During the RAN #83 meeting the maxUplinkDutyCycle capability was further discussed and updated in [3]. Despite the intensive discussion, this capability remains a static indication and remains unchanged over the duration of the RRC connection. Thus, both P-MPR and maxUplinkDutyCycle are partial solutions and do not provide a method of adaptive mitigation of network performance. It is also important to note that advanced UE may be able to utilize sensor information to minimize the requirement for either actual MPR or uplink duty cycle, while still complying to the regulatory requirement.  

In addition to RAN4’s endeavors, MPE can also be considered in the Rel. 16 enhanced beam management WI, since MPE is a highly directional requirement. Consider the scenario where the human body blocks the LOS direction, but there is a viable NLOS direction free of blockage. The DL RSRP of the beam along the LOS direction may be still larger than that of the NLOS beam even with the blockage loss; however, the UL RSRP of the beam along the LOS direction can be significantly less due to MPE related power back-off in this direction. Since the Rel-15 beam report only includes DL RSRP, the network would still select the beam in the LOS direction for the UL assuming beam correspondence. It is therefore critical for RAN1 to enhance the beam management framework (beam measurement and report) to improve the beamforming performance in case of MPE, to facilitate the adoption of FR2 technology.

Proposal 1: NR supports beam management enhancement to resolve MPE issue
Need for Separate UL and DL beam Measurement Report
As we briefly discussed in the previous section, DL and UL beam selection may be subject to different constraints. Even for a UE with perfect beam correspondence, the best UL beam may not always correspond to the direction of the best DL beam. There are a few factors we need to consider here:

1. UL transmission limited by MPE: due to human safety reasons, a UE may not be able to transmit in certain directions, or alternatively the maximum Tx power is limited in certain directions. Consequently, when the DL beam traverses the human body, the best UL direction may not correspond to the best DL beam. 
2. Co-existence: due to UE size and form factor limitations, a tightly packed UE device may need to support multiple radio technologies, e.g., 2G, 3G, 4G, 5G, WIFI and Bluetooth. RF signals from different technologies may interfere with each other, imposing additional constraints on multiple factors including NR Tx power, NR Tx beam direction and NR Tx panel selection for multi-panel UEs.
3. UE power saving: UE may want to use a different UL beam, e.g., a wider beam with a smaller number of antenna elements to transmit, in order to achieve better tradeoff between power and performance. 
4. UL and DL beam selection criterion: DL and UL transmissions differ in interference profiles and   receiver capability at the opposing transceiver. In previous RAN1 meeting, it was agreed to support L1-SINR as additional measurement report metric. L1-SINR reflects both the DL interference condition and the UE receiver capability which makes it very useful for the DL beam selection. However, for UL beam selection with beam correspondence, L1-RSRP is a preferred metric as it better reflects the UL channel condition which the gNB can utilize in conjunction with its knowledge of interference and its own receiver implementation. 

Based on the above discussion, we believe it is useful to support separate beam measurement reports for DL and UL beam management at least for UEs with beam correspondence.

Proposal 2: Rel-16 NR supports separate beam measurement report for DL and UL beam management
Mechanisms for Separate UL and DL beam Measurement Report
The term “separate UL and DL beam measurement report” could simply mean that additional enhancement is needed to complement the existing DL beam measurement report. The enhancement can be done in many different forms, we consider a few options here.

Currently, for a UE that supports beam correspondence, the UL beam is indicated by direct or indirect indexing to CSI-RS or SSB, as part of DL beam management. When NW indicates to the UE a beam to be used for UL transmission, the NW typically chooses the beam based on the DL measurement. As discussed before, a UE may be subject to additional constraints such as MPE, in-device multi-RAT co-existence and thermal considerations which is local information available to each UE. Therefore, it is reasonable to relax the UL beam indication requirement such that UE is allowed to use a different beam than the indicated beam as long as the beam condition is comparable or better than the indicated beam.

Proposal 3: Rel-16 NR considers relaxation of the UL beam indication requirement by providing a UE with more flexibility in terms of choosing the UL beam.
  
As discussed earlier, there are some scenarios that the DL and UL beam quality are different in the same direction. For example:
· Uplink power back off due to MPE and co-existence
· Different interference levels and receiver capabilities in DL and UL
Therefore, we propose to enhance the existing DL beam report to reflect the DL/UL discrepancy. One example is to include L1-RSRP in addition to the newly agreed L1-SINR in the beam report. In addition, the ranking of the beam can be based on SINR for DL beam and RSRP for UL beam selection. Details for report enhancement are FFS.

Proposal 4: Rel-16 NR considers enhancement of the DL beam measurement report to reflect DL/UL discrepancy. Details on enhancement, such as separate ranking, PHR reporting, Tx power back reporting, etc., are FFS.
UE Event Based Aperiodic Beam Measurement Reporting
When periodic or semi-persistent reference signals (CSI-RS, or SSB) are configured, the simplest solution is for UE to make measurement report periodically. However, this approach has the following limitation,

1. It is hard for the gNB to optimally configure the periodicity of reference signals and report as gNB has less knowledge about the actual mobility situation compared to UE.
2. To ensure robust beam management, frequent reference signals and reports are needed which can cause unnecessary overhead.
3. Frequent periodic measurement reporting can also negatively impact the UE power consumption

On the other side, event based measurement report mechanism has been proved to effectively maintain good mobility service for LTE/UMTS etc. and thus deserved to be visited for beam mobility maintenance. While previous RATs, such as UMTS and LTE, focuses on the cell level mobility management, beam management can be viewed as the beam level mobility where similar concept can be applied in order to reduce the overhead while ensure robust mobility performance.   

For event based aperiodic beam measurement reporting, UE only triggers mobility event report when certain predefined condition is met. Below are a few examples of the mobility even used in LTE and UMTS

LTE
1. Event A1: Serving cell becomes better than threshold
2. Event A2: Serving cell becomes worse than threshold
3. Event A3: Neighbor cell becomes offset better than PCell
4. Event A4: Neighbor cell becomes better than threshold
UMTS
1. Event 1a: a cell enters the reporting range, i.e. add a cell to active set.
2. Event 1b: a cell leaves the reporting range, i.e. removed a cell from active set.
3. Event 1d: Neighbor cell becomes offset better than PCell.
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Figure 1 illustrates the event based measurement reporting compared to periodic report. Assuming NW configures periodic measurement resources (SSB or CSI-RS). The baseline operation is for UE to make the periodic measurement report in order to track the beam change. Note that, due to the un-predictableness of the beam change, a frequent beam reporting is needed in order to ensure the robustness of the beam management as shown by red arrows in Figure 1. Assuming UE desirable receive beam changes due to, e.g., device rotation, UE can detect the change via periodic measurement. Only when the beam change is detected, or certain event is detected, UE is required to report the measurement as shown by green arrows. Clearly, event based measurement can reduce the reporting overhead while maintaining the same robustness of the beam management. Therefore, we propose the following

Proposal 5: NR to support UE event based aperiodic beam measurement reporting. FFS: the detailed events and configurations
SCell BFR
The following agreement was reached in the latest RAN1 #96bis meeting regarding SCell beam failure recovery procedure [4].

	Agreement
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.




Compared to ZP-IMR, NZP-IMR may reduce NW resource overhead, but it is more complicated for UE to support and may also suffer from estimation loss due the presence of both interference and desirable signals. Therefore, we have the following proposal

Proposal 6: Regarding SCell BFR L1-SINR, , ZP IMR should be supported, and the support of NZP IMR is optional. 
Conclusion
In this contribution, we provide our view on Rel-16 MIMO enhancement WI including the MPE issue, mechanism to reduce beam management latency and overhead and SCell BFR ., with the following proposals 

Proposal 1: NR supports beam management enhancement to resolve MPE issue

Proposal 2: Rel-16 NR supports separate beam measurement report for DL and UL beam management

Proposal 3: Rel-16 NR considers relaxation of the UL beam indication requirement by providing a UE with more flexibility in terms of choosing the UL beam.

Proposal 4: Rel-16 NR considers enhancement of the DL beam measurement report to reflect DL/UL discrepancy. Details on enhancement, such as separate ranking, PHR reporting, Tx power back reporting, etc., are FFS.

Proposal 5: NR to support UE event based aperiodic beam measurement reporting. FFS: the detailed events and configurations

Proposal 6: Regarding SCell BFR L1-SINR, , ZP IMR should be supported, and the support of NZP IMR is optional. 
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