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1 Introduction

In RAN1#96, three different assumptions on multi-panel UE implementation are listed for discussion purpose, and a deadline on deciding whether to support any of them has been set up as RAN1#96b [1]. 
	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 the previous meeting of RAN1#AH1901, several alternatives on how to define the identifier for indicating panel-specific UL transmission have been listed for discussions [2]: 

	Agreement 

An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:

· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)

· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 

· Alt.3: an ID, which can be assigned for a target RS resource or resource set

· Alt.4: an ID which is additionally configured in spatial relation info


In our view, MPUE-Assumption2 (multiple active panels and used for transmission) is out of current work scope and should not be discussed. Instead, MPUE-Assumption1 (only one active panel and used for transmission at a time) and possibly MPUE-Assumption3 (multiple active panels but only one used for transmission at a time) can be discussed.

In this paper, we share our views on how to define the identifier for indicating panel-specific UL transmission and associated design aspects, under the assumption of MPUE-Assumption1. Detailed reasoning for not supporting MPUE-Assumption2 and comparison/analysis between MPUE-Assumption1 and MPUE-Assumption3 are provided in our companion contribution [3]. 
2 How to define UE panel identifier
Regarding how to define UE panel identifier, four possible alternatives have been listed in the agreement quoted above. The pros and cons of each alternative are analysed as below. 
2.1 Reuse SRS resource set ID or introduce new ID
Alt-1: an SRS resource set ID, where FFS on further association to other RS (if needed)
For this item, we have the following questions: 
1. When multiple periodic/semi-persistent/aperiodic SRS resource sets are configured, it is unclear how a UE maps the configured SRS resource sets to its panels for gNB, the knowledge of which is preferable for efficient panel-specific UL beam selection and also better interoperability. In addition, it is also unclear whether there should be and how to achieve some correspondence or limitation on SRS resource sets transmitted on the same panel, but with different time domain behaviours. Intuitively, such correspondence seems needed as these SRS resource sets are to be transmitted on same UE Tx panel and having it known to gNB can facilitate gNB scheduling and also reduce UE implementation complexity. 
2. It is indicated by RAN4 in [4][5] that a UE may autonomously turn off some of its panels for power saving purposes. To maintain interoperability in FR2, it is highly desirable to maintain a mutual understanding on UE panel status between gNB and UE. An aperiodic SRS resource can be configured and triggered, while a semi-persistence SRS resource set can be activated or deactivated. For an aperiodic SRS resource set, it is unclear whether UE will keep the corresponding Tx panel in active status all the time until this SRS resource set is released by RRC reconfiguration. For a semi-persistent SRS resource set, it is unclear whether UE will turn off the corresponding Tx panel and forget the beams used for previous transmissions once it is deactivated. With these in mind, it appears to reuse/modify the connection (if any) between SRS resource set and UE panel is obscure and burdensome when striving to achieve aligned understanding between gNB and UE on UE panel status. 
3. When comes to panel-specific DL beam selection, it is unclear how SRS resource set can be used to represent a DL Rx panel. In this sense, reusing the concept of SRS resource set (if there is really anything to be reused) seems not compatible to panel-specific DL beam selection, which is important for DL-only deployment of FR2 SCell (with PCell with UL operating in FR1, agreed as an important scenario in beam failure recovery session), where SRS resource set may not be configured at all.
So if we want to reuse the SRS resource set ID to represent the panel ID, the above issues should be fixed. 

Alt-2 – Alt-4: Introduce new panel identifier
Compared with Alt-1, Alt-2 – Alt-4 by introducing a new ID may be less problematic as summarized below:
1. If the design in Rel-15 is considered to be applicable to single-UE-panel case only, having a new identifier to represent a UE Tx panel is simply a new dimension on top of the existing design and can be incorporated smoothly. For example, beam indication in Rel-15 uses the concept of “reference RS” for both DL and UL. One target RS can be configured with one “reference RS”, and the beam used for receiving/transmitting the “reference RS” should be used to receive/transmit the target RS. The function of the new panel identifier is different from existing beam indication due to the fact that one panel will be able to generate multiple different beams, and such panel ID can be used to limit beam training procedure to one specific UE panel, facing certain direction.
2. It will be easier to regulate the configured SRS resource sets corresponding to one UE Tx panel, e.g., to assign the same panel identifier to multiple SRS resource sets with different time-domain behaviours. 
3. With a new panel identifier, it is also more convenient to design mechanisms to align understanding on UE panel status between gNB and UE, without strong necessity to connect to configuration, reconfiguration, activation or deactivation of SRS resource sets. 
4. With the new panel identifier, both of the UE Rx panel and Tx panel can be defined/abstracted to support the panel selection mechanism at least when beam correspondence holds. 
Proposal 1: Introduce a new ID to represent a virtual UE panel, with the common understanding that it does not imply any specific UE antenna panel structure. 
2.2 How to define a new panel identifier
On how to use the new panel ID, Alt-2 – Alt-4 were listed. 
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
Our interpretation of this approach is NW to assign this ID referring a reference RS to perform panel indication for a targeted RS. The panel used for receiving/transmitting the reference RS should be used for receiving/transmitting the target RS. In other words, this ID is merely a low-overhead indicator of the reference RS. 
With this approach, if no further enhancement, the UE will be responsible of selecting panel for reference RS (e.g., SSB or CSI-RS if beam correspondence holds) from the beginning, panel management is still largely left to UE implementation. If a UE chooses to receive/transmit on one panel only, NW will not be able to instruct UE to perform panel selection at all, which does not meet the WID requirement.  

· Alt-3: an ID, which can be assigned for a target RS resource or resource set
With Alt-3, the defined ID can represent a UE panel. For SRS resource/set(s) without beam indication, the configured panel ID can be used for indicating panel-specific UL beam training. Assuming the two UE panels are facing two opposite directions (the front and back side), such mechanism will allow gNB to instruct UE to measure UL beams on one specific panel, either pointing to the front side or the back side. On this line, if the UL beam indication framework in Rel-15 is not to be further enhanced, subsequent UL beam indication can reuse existing spatial relation indication framework, and the SRS resource contained in spatial relation implicitly refers to a UE panel without a need to explicitly include a panel ID. 
Still, it is worthwhile to study further whether there is need to have both panel indication and spatial relation indication, and the relation between them, in different use cases and scenarios. 
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Figure 1. Use case for Alt-3
·  Alt-4: an ID which is additionally configured in spatial relation info 
Spatial relation info, containing either SSB or CSI-RS or SRS index, is used for UL beam indication for SRS and PUCCH in Rel-15. Including an additional and optional ID within the spatial relation info can help indicating panel-specific UL transmission, assuming one ID corresponds to one UE Tx panel. However, in Rel-15, UE should use exactly the Rx beam used for receiving SSB or CSI-RS to transmit the corresponding SRS or PUCCH. If the additional ID is introduced in Rel-16, the UE behavior may need to be revised, as the indicated panel may be different from the one used for receiving SSB or CSI-RS or transmitting SRS, and in this case, some flexibility may be given to UE to reshape the Tx beam. While conceptually Alt-4 may work, more study on the next-level details is needed. 

Based on the discussions above, we have the following proposal:
Proposal 2: For indicating panel-specific UL transmission, support Alt-3 (an ID, which can be assigned for a target RS resource or resource set) and/or Alt-4 (an ID which is additionally configured in spatial relation info).
3 Where/how to use the UE panel ID
We then discuss the detailed usage for the ID discussed in the above section.
3.1 UL panel indication according to DL BM
When beam correspondence holds, DL BM can be used to aid UL BM. Such as, the panel with highest received L1-RSRP can be used for the SRS transmission for UL BM. To enable proper UL panel/beam selection, it is beneficial to let gNB know which reported DL RS is received on which UE panel. In this way, the transmit beam for SRS can be configured according to the panel actually used for receiving the corresponding DL RS, and misalignment/ambiguity between gNB and UE can be reduced.
Proposal 3: Support UE to report panel ID in DL beam reporting when beam correspondence holds. 
3.2 Uplink timing/power control

Beam-specific power control has been supported in Rel-15. Specifically, DL pathloss is estimated according to a configured RS transmitted with a specific beam, and power adjustment is based on UL beam indication. The framework of beam-specific power control should be extended to support multi-UE-panel operation. For instance, multiple loops of pathloss estimation and timing control can be considered to support panel-based UL transmission, with possible switching across multiple loops. 

To be specific, if we use same timing advance across panels/beams, demodulation performance may be impacted. As shown in the figure below, a larger TA offset for Tx beam#1 on Panel#1 and a smaller TA offset for Tx beam#2 on Panel#2 can be indicated. To this end, UE may need to maintain an independent TA loop for each UE panel. In addition, from the evaluation results in Section 2.1, one can also observe that on top of beam-specific power control, some extensions to accommodate multiple UE panels is needed, as the difference between RSRP(s) received from different UE panels is quite large. 
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Figure 2. Illustration of panel/beam-specific timing control
Based on the discussions in previous subsections, we have the following proposal:
Proposal 4: Consider panel specific timing/power control mechanism and related signaling design.
3.3 Sync signal acquisition for mobility management

When the UE is operating in conventional microwave bands, it has the possibility of acquiring sync signals coming from neighbouring cells while still attending to the regular communications with its serving cell. Acquisition and reporting information obtained from sync signal measurements can help the network with mobility management tasks. In FR2 bands, however, beamforming by the UE towards the serving cell can possibly lead to missing essential sync signal information from the neighbouring cells that is needed for handover.
Presence and management of multiple panels at the UE can provide the opportunity for the UE to follow the scheduled communications through one panel while searching for sync signals through another panel. Having obtained knowledge of the UE panel ID, the gNB can schedule different UE panels at different time instances, hence allowing the UE to switch between panels in order to search for sync signals from cells other than its serving cell.
Proposal 5: Support including UE panel ID in measurement configurations to enable UE-panel-specific mobility management. 
4 Aligned understanding on UE panel status

Then we come to how to align understanding on UE panel status between gNB and UE.
4.1 UE capability signalling
There was an FFS on whether capability signalling is introduced for panel-specific UL transmission. In our view, such capability signalling is naturally needed or at least the UE capability signalling in Rel-15 should be extended/reinterpreted. 

In our view, to facilitate gNB to have proper configuration, the UE capability signalling in Rel-16 should be able to notify the gNB about at least the following information:
a) How many Tx panels are equipped at this UE

b) The number of different Tx beams on each Tx panel

c) Latency required UE Tx panel activation (the value in [3] is for UE Rx panel only)
Based on the discussions above, we have the following proposal:
Proposal 6: UE capability reporting should include the information of the number of Tx panels equipped at one UE, the number of different Tx beams that can be generated on this Tx panel for each Tx panel, and the latency for TX panel activation. 

4.2 Dynamic signalling

It has been discussed at the late stage of Rel-15 that UE may turn off its panels for power-saving purposes and sufficient time is needed for panel activation when UE receives aperiodic CSI-RS (i.e., to train its Rx beams on the panel which was previously turned off) [4][5]. To this end, two large values (224 and 336) were added to UE feature 2-28, corresponding to 2 and 3 ms for 120kHz SCS. However, such reporting is based on one-shot UE capability reporting only. If a UE reported with these large values, when triggering aperiodic CSI-RS, gNB will always need to reserve sufficient time, which is a bit restrictive in terms of resource allocation and mobility performance.
Same issue holds and is perhaps more urgent for UL transmission. Specifically, if UE turns off its Tx panels without noticing gNB, gNB cannot configure proper Tx panel/beam for UL transmissions or will be less confident when doing this. To provide gNB more flexibility in UE panel control and thereby performance optimization, UE Tx panel activation and deactivation should be controlled by gNB. At the very least, there should be some dynamic mechanisms to maintain mutual understanding between gNB and UE on UE panel status (on/off/switch). In addition, for better efficiency, it is also desirable to mandate UE to maintain the latest beam training results on all UE Tx panels, which can be used right after UE panel reactivation.
Based on the discussions above, we have the following proposal:
Proposal 7: Design dynamic mechanisms to align the understanding of UE Tx panel status (on/off/switch) between gNB and UE with the new UE Tx panel identifier.
5 Summary
Based on the discussions in this paper, we have the following proposals:
Proposal 1: Introduce a new ID to represent a virtual UE panel, with the common understanding that it does not imply any specific UE antenna panel structure. 
Proposal 2: For indicating panel-specific UL transmission, support Alt-3 (an ID, which can be assigned for a target RS resource or resource set) and/or Alt-4 (an ID which is additionally configured in spatial relation info).

Proposal 3: Support UE to report panel ID in DL beam reporting when beam correspondence holds. 

Proposal 4: Consider panel specific timing/power control mechanism and related signaling design.

Proposal 5: Support including UE panel ID in measurement configurations to enable UE-panel-specific mobility management. 

Proposal 6: UE capability reporting should include the information of the number of Tx panels equipped at one UE, the number of different Tx beams that can be generated on this Tx panel for each Tx panel, and the latency for TX panel activation. 

Proposal 7: Design dynamic mechanisms to align the understanding of UE Tx panel status (on/off/switch) between gNB and UE with the new UE Tx panel identifier.
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