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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832][bookmark: _GoBack]Regarding Rel-16 NR MIMO enhancements [1], there were debates in RAN1#94b and RAN1#95 on whether certain technical components are within the current scope or not, as there are different interpretations of current wording of some existing objectives (highlighted below). In this paper, we share our understanding on these controversial objectives and provide suggestions on how to proceed. 
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 
· 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
· Multi-TRP techniques for URLLC requirements are included in this WI
· 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)
· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]


2 Views on scope revision
The contents are organized by topics. 
2.1 Panel-specific beam selection in FR2
	Current WID:
o	Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection



Regarding panel-specific beam selection, there were discussions in RAN1 on whether or not to study/support simultaneous multi-UE-panel PUSCH transmission.
In our view, simultaneous multi-UE-panel PUSCH transmission is out of the current scope. To be specific, the last part of the current objective ‘that facilitates panel-specific beam selection’ has restricted RAN1 work to specify UL beam selection that facilitates panel-specific beam selection. It is clear that simultaneous multi-UE-panel PUSCH transmission itself does not facilitate panel-specific beam selection. More specifically, simultaneous multi-UE-panel PUSCH transmission can benefit from panel-specific beam selection, but itself does NOT facilitate panel-specific beam selection.
During offline discussions, some companies mentioned that in their understanding, with the current objective, support of simultaneous multi-UE-panel PUSCH transmission is not precluded, but the support of it is up to further agreement in RAN1. In our view, RAN1 should focus on what is clearly included in the current scope, instead of trying to extend to what is not precluded. In addition, we also found the logic of such understanding to be strange. To be specific, as the current objective says to specify, if something is considered within scope, as tasked by RAN, such functionality should be specified in RAN1, instead of being left to further RAN1 agreement. 
In general, we think RAN1 should stick with what the current objective says, i.e., to enable gNB to select one beam on one UE panel, out of multiple panels at UE side. Such functionally is not well supported in Rel-15 (i.e., gNB does not know whether UE has turned off some of its panels (which is possible according to RAN4 LS in [2]), or whether the UE will keep the previous beam training results on panels which have been turned off, or how UE maps the configured SRS resource sets with different time domain behaviors to its panels, or how to enable panel-specific beam selection in DL-only deployment, whether and how to address the cases with different numbers of DL Rx panels and UL Tx panels at one UE, etc). Leaving these to be ambiguous may jeopardize the interoperability in FR2. As an effort to address these issues, which is within the current scope, some progress has been made in Rel-16 in RAN1#95 (pasted below).
	Agreement 
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission


Furthermore, supporting simultaneous multi-UE-panel PUSCH transmission is not only a big burden to UE in terms of power consumption and implementation complexity, but also a risky thing to do before better understanding on multi-panel UE operation in FR2 is achieved. 
To be specific, it has been discussed in RAN1/RAN4 that a UE should meet the FCC requirement on maximum permissible exposure (MPE), the problem of which is much more urgent in FR2 with analog beamforming at UE side.  
For the case with UE panel selection (to select one of multiple), how to select a proper panel/beam that satisfying the FCC requirements but also provides sufficient beamforming gain still requires further study, as whether a UE panel is facing human body is known at UE side only.
For hand-held devices, with multiple UE panels placed at different sides on one device, it is very likely that some of the UE panels will be facing human body. Before proper procedure to align the understanding between gNB and UE is achieved, gNB does not really know how to perform UE panel/beam selection under MPE restriction. Before this is sorted out, it is dangerous to rush to simultaneous multi-UE-panel PUSCH transmission, with which the risk of violating FCC requirement will be increased. 
Furthermore, regarding simultaneous multi-UE-panel PUSCH transmission, there are also other UE implementation restrictions such as accuracy of inter-panel calibration and feasibility of cross-panel power sharing to be better understood, which requires RAN4 involvement, before designing corresponding signalling/procedure(s) in RAN1.
All of above mentioned issues are much more pressing than directly supporting simultaneous multi-UE-panel PUSCH transmission. 
In general, except for the fact that simultaneous multi-UE-panel PUSCH transmission is out of the current scope, it is also clear that there are already too many jobs to be done for supporting UE panel/beam selection (one out of multiple) in Rel-16, and rushing to specify simultaneous multi-UE-panel PUSCH transmission will jeopardize the quality of 3GPP work.
With the discussions above, we propose the following:
Proposal 1: Clarify that simultaneous transmission using multiple UE panels in FR2 is out of the scope of Rel-16 NR MIMO enhancements. Apply no change/extension to the current objective on panel-specific beam selection in FR2.
2.2 Beam failure recovery for SCell in FR2
	Current WID:
o	Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15


Regarding beam failure recovery for SCell, there were discussions in RAN1 on whether or not to study/specify solutions based on PUCCH/MAC-CE.
In Rel-15, only RACH-based solutions (both contention-free and contention-based) were specified for beam failure recovery. With this mind, it is clear that PUCCH/MAC-CE based solutions are out of the current scope, as they are not based on what was specified in Rel-15. 
There were discussions on expanding the scope to allow for introducing PUCCH/MAC-CE based solutions. In our view, such change has not been justified. 
Though it is expected that larger overhead may happen when RACH-based solution specified in Rel-15 is simply reused for multiple SCell(s), RAN1 can still consider modifying Rel-15 design (e.g., to restrict to one beam failure recovery procedure in one FR2 band, to exploit contention-based RACH transmission, to allow for beam failure recovery request transmission not associated with a new beam, etc) to mitigate the overhead. Before these are discussed/concluded in RAN1, we think it is not a good idea to completely overturn the previous WID and exclude RACH enhancements immediately.
In addition, based on the past experience on beam failure recovery, it is expected that opening the door to PUCCH/MAC-CE based solutions will further complicate the design and prolong the discussions in RAN1, and likely lead to unnecessarily complicated coexistence of multiple solutions for a single purpose..
Overall, in our view, previous WID on SCell BFR should not be overturned before RAN1 reaches consensus that RACH enhancements cannot work. Hence, we suggest not to change the current objective and not to extend the scope of SCell BFR.
Proposal 2: Apply no change/extension to the current objective on beam failure recovery for SCell in FR2.
3 Conclusions
The proposals in this contribution are summarized as follows.
Proposal 1: Clarify that simultaneous transmission using multiple UE panels in FR2 is out of the scope of Rel-16 NR MIMO enhancements. Apply no change/extension to the current objective on panel-specific beam selection in FR2.
Proposal 2: Apply no change/extension to the current objective on beam failure recovery for SCell in FR2.
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