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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)



With respect to enhancements on multi-beam operation, one important topic is multi-panel support for FR2. However, the understanding of the scope of multi-panel support/enhancement in Rel-16 framework is different among different companies, especially regarding whether simultaneous UL transmission from multiple panels is within the scope of Rel-16 MIMO enhancement WI. RAN1 has already spent four meetings discussing the scope of the multi-panel support/enhancement without consensus. As results, the following agreement was reached in the last RAN1 meeting RAN1#96 [2]

	For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.
· Deadline for decision: RAN1#96bis



In our view, there are two categories of UEs in terms of multi-panel support

1. UE that only needs to support antenna panel switching, i.e. transmit from one antenna panel at any given time: MPUE-Assumption1 and MPUE-Assumption3 fit into this category
2. UE that needs to support simultaneous UL transmission from multiple antenna panels: MPUE-Assumption2 fits into this category
	
Another 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 

In this contribution, we provide our view on the scope of Rel-16 MIMO enhancement WI multi-panel design and the MPE issue.
View on NR multi-panel design scope 
Antenna panel switching vs simultaneous UL transmission 
When UE is equipped with multiple antenna panels in FR2, it is expected to have performance benefit at the expense of complexity, power consumption, etc. There are two main benefits from the multiple antenna panels: 

1. Diversity gain: Given a typical form factor and use case, a single antenna panel may not be able to provide equally good coverage in all the spherical directions. The signals transmitted from an antenna panel can be blocked by the device itself, hand holding the device or even the surroundings like human body, etc. Therefore, a second antenna panel can help alleviate the problem by providing complementary coverage. It is reasonable to expect that, for majority of the time and use case, at any given time, only one antenna panel has good coverage while the other antenna panel has much worse signal quality. Antenna panel switching can be effectively utilized to exploit the diversity provided by multiple antenna panels in order to improve communication reliability. 
2. Multiplexing gain: To exploit multiplexing gain, multiple data streams, i.e. TB, can be transmitted from multiple antenna panels at the same time. When SINR is high enough, and under the condition that the signal qualities of multiple antenna panels are not too much different, it is expected that this operation can improve user data rate.

It is important to note that coverage is a more important issue for FR2 compared to data rate, since FR2 can support up to 400MHz bandwidth in a single CC and even larger bandwidth can be supported by CA. Given the limited UE maximum transmit power, it is not expected to be a common case that UE can enjoy high enough SINR in order to apply spatial multiplexing from multiple panel to demonstrate data rate gain. At the same time, polarization-based MIMO from a single panel is already supported and more practical to be used in term of data rate improvement. Furthermore, as we discussed, in actual device design, the main use case for a second antenna panel is to provide better coverage by covering area complementary to the primary antenna panel. 

We want to emphasize that, for UEs that have multiple physical antenna panels, it does not necessarily mean the UE has to support simultaneous UL transmission. Similar as 1T/4R. 2T/4R and 1T/2R design in Rel-15 NR for FR1, multiple antennas can be used for simultaneous reception, but only a subset of antennas can be used for simultaneous UL transmission. Even with multiple physical antenna panels, compared to antenna panel switching, it can increase the cost and complexity of UE significantly if UE is required to support simultaneous UL transmission from multiple panel, in addition, it may also cause thermal and RF issues, as well as increased power consumption etc. 

With these considerations in mind, we believe Rel-16 MIMO enhancement design for multi-panel support/enhancement should be limited to antenna panel switching for UL transmission.

Proposal 1: Rel-16 MIMO enhancement design for multi-panel support/enhancement should be limited to antenna panel switching for UL transmission.    
Simultaneous UL transmission from multiple panels
Even within the scope of simultaneous UL transmission from multiple panels, there can be different operation modes with different level of complexity, similar to the coherent, partial coherent and non-coherent UL MIMO operation in Rel-15. We illustrated the 3 possible operation modes of simultaneous UL multi-panel transmission in Figure 1.

[image: ]
Figure 1 Modes for simultaneous UL transmission from multiple panels 
1. Mode 1: In this mode, a single TB is transmitted from both antenna panels at the same time. From function perspective, this can be viewed as single panel where two antenna panels are used to create a single virtual antenna panel. This is similar as open loop beam forming or small delay CDD which is considered for supporting full power transmission in Rel-16 as well.
2. Mode 2: In this mode, two TBs are transmitted, one TB is transmitted from one antenna panels while the other TB is transmitted from the other antenna panels. This is similar as the non-coherent UL MIMO operation in Rel-15. In terms of UE complexity, mode 2 does not require the coherence between different antenna panels, but it relies on gNB receiver to process and suppress interference between different TB. It is important to note that Mode 2 can also be used to support multi-TRP operation where each TRP requires a different beam for reception as they are not collocated. In order to communicate with multiple TRP at the same time, mode 2 operation with multiple panels at UE side is required. 
3. Mode 3: In this mode, two TBs are transmitted, each TB can be transmitted from both antenna panels with different coefficient for precoding. This is similar as the coherent UL MIMO operation in Rel-15. In FR2 applications, it is beneficial to apply a MIMO precoder when the two Tx beams are correlated, such as the two panels transmit to the overlapped directions. That implies the two antenna panels have overlapped fields-of-view and a reduced coverage. It may not be an effective design regardless the type of devices (i.e. handheld, laptop, vehicle). In the worst case of such a design, it will be more effective to exploit polarization-based MIMO without using a MIMO precoder. Additionally, in terms of UE complexity, mode 3 is the most complicated for most of the cases.

In our view, for simultaneous UL transmission from multiple panels, Mode 2 operation is more beneficial in practice whole mode 3 operation has very limited use case and may only be feasible or practical for certain devices without form factor restriction, such as laptop etc. Therefore, even if it is decided to start the simultaneous UL transmission from multiple antenna panels in future release, we prefer to prioritize mode 2 operation over mode 3 operation.

Proposal 2: If it is decided to start the simultaneous UL transmission from multiple antenna panels in future release, we prefer to prioritize non-coherent MIMO operation over coherent MIMO operation.
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



[bookmark: _GoBack]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 [3]. During the RAN #83 meeting the maxUplinkDutyCycle capability was further discussed and updated in [4]. 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 3: 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 4: 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 5: 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 6: 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.
Conclusion
The actual scope of multi-beam operation in Rel-16 MIMO enhancement WI, e.g. multi-panel support for FR2, has been intensively discussed in RAN1 for the past four meetings without consensus. On one side, multiple panel support can bring in benefit such as increased reliability, more diversity and improved UL data rate. On the other side, it increases UE complexity, consumes more power, may introduce thermal and RF issue, etc. MPE is another issue that requires more design consideration in RAN1 to address the difficulties that UE may face in real deployment.

In this contribution, we present our view on Rel-16 MIMO enhancement WI multi-panel design scope and MPE design, with the following proposals 

Proposal 1: Rel-16 MIMO enhancement design for multi-panel support/enhancement should be limited to antenna panel switching for UL transmission.    

Proposal 2: If it is decided to start the simultaneous UL transmission from multiple antenna panels in future release, we prefer to prioritize non-coherent MIMO operation over coherent MIMO operation.

Proposal 3: NR supports beam management enhancement to resolve MPE issue

Proposal 4: Rel-16 NR supports separate beam measurement report for DL and UL beam management

Proposal 5: 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 6: 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.
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