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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. In RAN1#95,  the following agreements were reached [2]:

On panel specific ID: 
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

On beam failure recovery in SCell:
Agreement
RAN1 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above

On L1-SINR for beam management:
Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes

Agreement: 
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:
· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.


Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection

In this contribution, we present our opinions on UL panel-specific ID, beam failure recovery for SCell, and defining and using L1-RSRP for beam management:

Discussion of UL panel ID

A UE may be equip with multiple panels for DL receiving and UL transmission, and only activates a subset of them at a given time for power saving. Panel switch based transmission can also provide additional diversity gain which is useful for URLLC traffic. Considering the potential benefit of multi-panel UL transmission with multiple TRPs, panel-specific parameters should be configured for panel-specific UL transmission.
It has been agreed that panel ID is required to enable the panel-specific UL transmission. However, how to define the panel ID and how to use the panel ID is FFS. 
The gNB can assign an unique ID for each UE panel based on UE capability report, and each panel ID is associated with a set of panel-specific parameters. The SRS-Config IE, PUCCH-Config IE and PUSCH-Config IE can be associated with panel ID, and the UE could get the panel-specific parameter for each PUSCH/PUCCH/SRS transmitted by each panel. This scheme is suitable for panel switching based UL transmission or the multiple-PDCCH based multi-panel UL transmission illustrated in Figure 1. 
Proposal 1: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters PUSCH-Config/PUCCH-Config/SRS-Config IE.
In this example, 4 panels are equipped for the UE and Panel#1 and panel#2 are activated for UL transmission. The gNB configures 2 sets of PUSCH-Config/PUCCH-Config/SRS-Config for the UE, where   PUSCH-Config1/PUCCH-Config1/SRS-Config1 is for UE panel #1, and PUSCH-Config2/PUCCH-Config2/ SRS-Config2 is for panel #2. When they are connected with non-ideal backhaul, TRP#1 and TRP#2 can use independent DCIs to schedule independent PUSCHs or SRS transmissions using different panel-specific configurations.  


[bookmark: _Ref533425659]Figure 1. Multiple-PDCCH based UL transmission.

For multiple-PDCCH based multi-TRP operation, one important issue is which UE panel is best for receiving the DL transmission. Using panel ID along with the L1-RSRP measurement and reporting allows gNB (and UE) to determine which UE panel to use for PDSCH reception. This also helps gNB to determine which CRI to use for DL transmission. For example, when the UE reports the L1-RSRP of CRI#1/2/3/4 with panel#1 and the L1-RSRP of CRI#5/6/7/8 with panel#2, the DL beams corresponding to CRI#1/2/3/4 and CRI#5/6/7/8 can be simultaneously received by panel#1 and panel#2. Based on this information, the gNB can assign the TCIs with value of CRI#1/2/3/4 for TRP#1 and assign the TCIs with value of CRI#5/6/7/8 for TRP#2 for multiple-PDCCH based NCJT operation when panel#1 and panel#2 are activated for DL receiving of the UE. Any beam of CRI#1/2/3/4 and any beam of CRI#5/6/7/8 can be received simultaneously by the UE at any time.
In Rel-15 for single panel UL transmission, only one SRS resource set can be configured for a UE with the higher layer parameter usage set to ‘codebook’ or ‘nonCodebook’. All SRS resources within the set share the same power control parameters. One straightforward way is configure more than one SRS resource set for codebook or non-codebook, and each SRS resource set corresponds to one UE panel. In this case the SRS resource set ID can be used as panel ID. 
[bookmark: _GoBack]Different SRS resource sets can be used for different purpose. Because all SRS resources in one set follow the same time behavior, gNB may configure two SRS resource sets with different time behaviors, e.g. one periodic and the other aperiodic, for more flexible channel sounding.  SRS resources within one SRS set transmitted by the same panel can be defined as a SRS resource group, i.e. different SRS resource group corresponds to different panels. Different SRS resource groups can be configured with different panel-specific parameters.
Proposal 2: SRS resources within one SRS resource set transmitted by one panel are defined as an SRS resource group with a group ID, where the panel ID is the group ID. All SRS resources belong to the same group share the same panel-specific configuration parameters.
For each SRS resource and PUCCH resource, higher layer parameter spatialRelationInfo can be configured to indicate the transmit beam for the SRS or PUCCH transmission in FR2. For a UE with beam correspondence, the candidate value of spatialRelationInfo for can be set as an ‘ssb-Index’ or a ‘csi-RS-Index’. The gNB can groups DL RSs into different sets corresponding to different TRPs. Assuming that one TRP can only communicate with one UE panel at a given time, different DL-RS-Groups also correspond to different UE panels. Panel-specific parameters, can be configured or be associated with different DL-RS-Group. The UE could obtain the panel-specific parameters for each panel according to the spatialRelationInfo configuration for each SRS resource or PUCCH resource.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: The gNB could group the SSB and CSI-RS into different DL RS sets based on the panels, with the panel ID as the DL RS set ID.

Discussion of beam failure recovery in SCell
It has been agreed that the beam failure recovery scheme for SCell needs to address two scenarios: SCell with both UL and DL, and SCell with DL only. To reduce the complexity and reduce the standardization effort, it is best that a single solution can work for both scenarios. In SCell with DL only, there is no RACH. This rules out the possibility of reusing the beam failure recovery procedure defined in R15, where a contention free RACH resource corresponding to a candidate beam in    is sent to the gNB in the same CC. Although this can be remedied by using the contention free RACH resource in another CC (such as the PCell) to correspond to beam failure in SCell, this will put more demand on the limited RACH resources in PCell. Considering the number of SCell can be significant, it is not possible to use RACH resource in PCell for all of them. It has been proposed to use PUCCH or MAC-CE for beam failure recovery in SCell. While to use PUCCH will involve new PUCCH format, to use MAC-CE is both easy and more reliable. When the serving beams from Scell fail, it is likely the beams from the Pcell (or another Scell with UL to the same gNB) to the UE are still in good condition. The connection between the UE and the network is not lost with beam failure in the SCell. The UE can send a MAC-CE message to the Pcell (or other SCell) to indicate the beam failure and the new candidate beam for the Scell. The response to the beam failure recovery request can be sent to the UE from the Pcell, and the UE can switch in the Scell to the new beam confirmed in the response. The same scheme can be applied when beams in PCell fail and the UL link between the UE and a SCell is still in working condition. A MAC-CE can be sent to the SCell to indicate beam failure and new candidate beam in the PCell. This will improve the performance of beam failure recovery of the PCell as well. MAC-CE based beam failure recovery mechanism will also have high reliability, because MAC-CE is transmitted in PUSCH/PDSCH with the benefit of enhanced reliability due to HARQ. We believe MAC-CE is the best solution for beam failure recovery in SCell with or without UL. 
Proposal 4: Support MAC-CE based beam failure recovery mechanism.
 
Discussion of L1-SINR
In this section, we will discuss why the beam interference measurement is needed and how to do the beam interference measurement with L1-SINR reporting. Beams from different panels or TRPs can be transmitted simultaneously, thus the gNB with multi-panels/TRPs can serve multiple UEs simultaneously with one beam transmitted for one UE as shown in Fig 1. It is actually a MU case, thus the MU interference should be considered carefully and be controlled at a low level to get the benefit of MU scheduling. Unlike to the NR R15 MU where a same analog beam is used in MU scheduling since it only supports single beam transmission, different beams are transmitted for different UEs in the MU case as shown in Fig 1. Therefore, the MU interference can be reduced by selecting the proper beams with low inter-beam interference transmitted for the multiple UEs in the gNB sides. According to the analysis above, the information of beam interference will be very helpful to the gNB when scheduling multiple UEs transmitted with multiple beams simultaneously. Since L1-SINR is already agreed to be supported in NR R16, we propose to use L1-SINR as a measure of cross-beam interference.
Proposal 5: L1-SINR can be used as a measure of cross-beam interference.



[bookmark: _Ref534868823]Figure 2. Multiple UEs are served by multiple beams from multiple TRPs simultaneously.

SSB/CSI-RS resource can represent a TX beam in DL in NR R15, so SSB/CSI-RS resource 1-8 are used to represent TX beam 1-8 respectively in Figure 2. Before the gNB schedules multiple UEs with multiple beams, a serving beam can be selected and be reported to the gNB by a UE using the L1-RSRP beam report in NR R15. For example, TX beam 3 and TX beam 6 are selected as the serving beams of UE 1 and UE 2 respectively after L1-RSRP reporting in the beam management procedure. As agreed in RAN1 #95, the signal part of L1-SINR is measured by SSB and/or CSI-RS resource. Therefore, SSB/CSI-RS resource 3 and SSB/CSI-RS resource 6 can be used for the signal measurement of L1-SINR of UE1 and UE2 respectively.
Considering that in the CSI acquisition procedure a CSI-IM resource set or a NZP CSI-RS resource set is configured for interference measurement, similar configuration can be applied in the beam interference measurement. TX beams generated by a same TPR/panels cannot be transmitted simultaneously. Because the serving beam of UE 1 is TX beam 3, the interference beams of UE 1 in Figure 2 cannot be TX beam 1, 2 and 4 but can only be one of TX beam 5-8. Therefore a SSB/CSI-RS resource set composed of SSB/CSI-RS resource 4-8 can be configured for UE 1 for beam interference management where the RX beam corresponding to the resource set should be the RX beam (RX beam 1) of the serving beam (SSB/CSI-RS resource 3) of UE 1. This is similar to the CSI measurement with channel measurement and interference measurement. The interference part of L1-SINR of UE 1 can be measured by the configured resource set (SSB/CSI-RS resource 5-8).
Similarly, a SSB/CSI-RS resource set composed of SSB/CSI-RS resource 1-4 can be configured for UE 2 for the beam interference management where the RX beam corresponding to the resource set should be the RX beam (RX beam 2) of the serving beam (SSB/CSI-RS resource 6) of UE 2. And the interference part of L1-SINR of UE 2 can be measured by the configured resource set (SSB/CSI-RS resource 1-4).
After the signal measurement and interference measurement, a L1-SINR report can be feedback to gNB for further scheduling. Similar to L1-RSRP, a differential feedback can be used to reduce the overhead. Since large L1-SINR means small beam interference, then N largest L1-SINR and its associated SSB/CSI-RS resource index can be reported to the gNB. With the L1-SINR feedback, the gNB obtains the information which UEs of inter-beam interference are low and can be scheduled together.
Taking the case in Figure 2 as an example, a table is used to show the CSI-RS/SSB resource set for signal measurement and beam interference measurement of L1-SINR as below. Since the SSB/CSI-RS resource 6 has a low interference to SSB/CSI-RS resource 3 according to the L1-SINR feedback of UE 1 and the SSB/CSI-RS resource 3 has a low interference to SSB/CSI-RS resource 6 according to the L1-SINR feedback of UE 2, the gNB can schedule UE 1 and UE 2 for transmitting with SSB/CSI-RS resource 3 and SSB/CSI-RS resource 6 simultaneously with a low inter-beam interference.

Table 1. CSI-RS/SSB resource for L1-SINR measurement and L1-SINR report
	
	Resource for signal measurement
	Resources for interference measurement
	L1-SINR report

	UE 1
	SSB/CSI-RS resource 3 (TX beam 3)
	(SSB/CSI-RS resource 5, SSB/CSI-RS resource 6, SSB/CSI-RS resource 7, SSB/CSI-RS resource 8)
	SSB/CSI-RS resource 6 and its associated L1-SINR, SSB/CSI-RS resource 8 and its associated L1-SINR

	UE 2
	SSB/CSI-RS resource 6 (TX beam 6)
	(SSB/CSI-RS resource 1, SSB/CSI-RS resource 2, SSB/CSI-RS resource 3, SSB/CSI-RS resource 4)
	SSB/CSI-RS resource 1 and its associated L1-SINR, SSB/CSI-RS resource 3 and its associated L1-SINR


 
According to the analysis above, we proposal that:
Proposal 6: A dedicate resource set composed of N NZP CSI-RS/SSB resources should be configured for the interference measurement of L1-SINR.

Conclusion
We have discussed different issues related to multi-beam operation and beam failure recovery. Our proposals are summarized below:
Proposal 1: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters PUSCH-Config/PUCCH-Config/SRS-Config IE.
Proposal 2: SRS resources within one SRS resource set transmitted by one panel are defined as an SRS resource group with a group ID, where the panel ID is the group ID. All SRS resources belong to the same group share the same panel-specific configuration parameters.
Proposal 3: The gNB could group the SSB and CSI-RS into different DL RS sets based on the panels, with the panel ID as the DL RS set ID.
Proposal 4: Support MAC-CE based beam failure recovery mechanism.
Proposal 5: L1-SINR can be used as a measure of cross-beam interference.
Proposal 6: A dedicate resource set composed of N NZP CSI-RS/SSB resources should be configured for the interference measurement of L1-SINR.
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