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Introduction
 In RAN1#94b, the following conclusion was reached.

	For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support



In this contribution, we make proposals related to multi-beam operation regarding panel ID and simultaneous multi-panel transmission. 
Multi-panel MIMO transmission : identification for panel/TRP
Use of panel ID
 One of the critical issues for multi panel operation is reduction of time required for beam sweeping and overhead for control signalling. In this subsection, we present several solutions to achieve the goal.
 In multi-panel/TRP MIMO, assigning panel IDs in DL will reduce signalling overhead required for multi-panel operation. During beam sweeping, sweeping across panels will lead to inefficient operation and requires more time. In addition, if gNB uses two panels and observed SNR, based on RSRP, is higher for a link between transmission panel and UE, selection of beams for the panel with higher SNR may always be selected, and possible diversity gain achieved by using another panel is lost. Moreover, if the path between gNB and UE is blocked by a vehicle for one-panel operation, the communication link is lost. An example of operation without group ID for multiple-panel operation is illustrated in Figure 1.
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[bookmark: _Ref524323991]Figure 1 Multi-panel operation, without group ID
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[bookmark: _Ref525836195]Figure 2 Multi-panel operation, assigning group ID to SSBRI

Thus, assigning panel ID in DL and associating beams and ID will improve efficiency and it allows diversity transmission. For example, UE can refer to the panel ID (or we refer to the ID as “group ID“) attached to SSB index and determine the panel from which SSB has been transmitted from. In addition, similar ID can be associated with CRI, with which beam management can be accomplished for separate panels. An illustration is shown in Figure 2 to demonstrate how SSB index can be associated with group ID, each ID corresponding to a different panel, assisting UE to select the best beam corresponding to each panel. In the example, SSB index is divided into two groups and they are transmitted at different timing. 
In the UL, the group ID can be associated with SRS resource ID. For example, a new SRI field in DCI can be added to indicate the group ID.
Another advantage of assigning ID to each panel is that it forces UE to choose beams from all panels, allowing implementation of transmission diversity. Similar concept can be applied for UL, allowing UE to assign IDs to different panels so gNB can obtain information about which panel control or data channel is transmitted from.
 With the ID assignment, how SSBs can be transmitted can also be discussed. For example, SSBs belonging to the same panel/TRP can be transmitted consecutively, making it easier for UEs to perform synchronization with one panel/TRP.

Proposal 1: Support having group/panel/TRP ID for both DL and UL

Configuration of the number of group IDs
In RAN1#94b, several contributions have mentioned whether a support for simultaneous multi-panel transmission for UL is necessary. In our view, simultaneous multi-panel transmission bring robustness and performance enhancement. Thus we make the following proposal.

Proposal 2: Support a mechanism to allows simultaneous multi-panel transmission

 In multi-panel/TRP MIMO, transmission diversity in DL/UL can be implemented. However, for massive MIMO using multiple panels or TRPs, available diversity gains depends on the distance between TRP and UE. For example, in multi-panel operation, distant UEs, such as cell edge UEs, may not observe enough separation between panels and DL transmission diversity may not be effective in this case. On the other hand, UE located closer to the panels experiences diverse channel characteristics and hence diversity gain can be obtained. Thus, whether UE observes two panels as a one virtual panel or separated panels should be configurable so that transmission diversity can be utilized when it is effective. An illustration of two different panel configurations are shown in Figure 3. 
[image: ]
[bookmark: _Ref525840083]Figure 3 Illustration of diversity effect depending on the distance between two panels (a) close, (b) far apart

From high reliability transmission perspective, distance between two panels may be critical, since a setup illustrated in Figure 3a may not guarantee highly reliable transmission since channels seen from TRP1 and TRP2 are similar to each other. Thus, since there is a lack of diversity available in the channels, enforcing multi-panel URLLC transmission when two panels are close may not be effective.
As mentioned previously, whether a transmission diversity technique can be utilized or not depends on the number of available sgroup IDs. Here, we propose to utilize configurable number of group IDs. If the number of group ID is one, no multi-panel transmission diversity scheme should be expected by UE. If the number of group IDs is greater than one, UE should expect a transmission diversity scheme to be implemented. How gNB can determine whether transmission diversity can be turned on or off (or equivalently, whether the number of group IDs is greater than 1 or not) depends on the distance between UE and gNB, and distance between panels/TRPs. The gNB can configure the number of group IDs by using received RSRP information, QCL condition or location of UEs with respect to gNB. The gNB may use a threshold for RSRP to configure the number of group IDs. The location information can be retrieved from positioning.
 Furthermore, the above principle can be applied for UL when UE is using multiple panels. Similarly, IDs can be placed for each panel, and PRACH transmission can carry the group ID. Assigning panel/TRP IDs to SRS will allow gNB to distinguish which panel the SRS is transmitted and such functionality may be useful for reciprocity operation.

Proposal 3: Number of group IDs for both DL and UL shall be configurable, depending on distance between TRPs/panels or distance between TRPs/panels and UE

In addition, proposals related to handling of addition and deletion of panels or handover procedure are discussed in the appendix of this contribution.

Conclusion 
 In this contributions, we make the following proposals:

Proposal 1: Support having group/panel/TRP ID for both DL and UL

[bookmark: _GoBack]Proposal 2: Support a mechanism to allows simultaneous multi-panel transmission

Proposal 3: Number of group IDs for both DL and UL shall be configurable, depending on distance between TRPs/panels or distance between TRPs/panels and UE


Appendix

TRP/panel handover, addition or deletion of TRPs/panels

 How UE can obtain initial access to new TRP or panel should be discussed. One of the key subjects is inter-TRP/panel handover when the target TRP is non-coherent. To allow quick handover between TRPs, PDCCH order PRACH transmission should be utilized. In this case, PDCCH order should be sent from the TRP UE is currently connected to and PRACH from UE should be sent to the TRP it will be connected to. The time at which PRACH can be transmitted should be well after UE receives the PDCCH order. Thus, SSB processing time should also be considered.
Another issue is addition or removal of panel or TRP in a configuration. One of the advantages of using the PDCCH order is that it allows faster access for UE. This is useful when UE is mobile and it moves into coverage of another panel or TRP, and gNB can attach or remove panel/TRPs. Illustrations of exchange between UE and BS, either removing or adding TRP are shown in Figure 4. In Figure 4a, PDCCH order is sent to UE from TRP1 to initiate access by sensing PRACH to TRP2. In Figure 4b, while UE is connected to both TRP1 and TRP2, PDCCH order is sent from TRP1 to disconnect TRP2 and initiate access with TRP3. The UE sends PRACH to TRP3, following the PDCCH order.

Proposal 3: Support PDCCH order handover operation


[image: ]
[bookmark: _Ref525909065]Figure 4 Switching TRP using PDCCH order 

When initiating initial access to multiple TRPs, UE can start connection procedure simultaneously or in sequence. Use of measurement gap to listen to non-coherent TRPs can also be considered so that UE can monitor CSI-RS or SSB or send SRS to non-coherent TRPs.
Several procedures must be considered here. If UE disconnects from another TRP, disconnection procedure is needed. In addition, if multi-panel operation is conducted and UE disconnects with the old TRP, the connection status with multiple panels should be discussed.
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