3GPP TSG RAN WG1 #96	  	    R1-1902162
Athens, Greece, 25st February – 1st March, 2019

Agenda Item:	7.2.8.3
Source:	Lenovo, Motorola Mobility
Title:	Discussion of multi-beam operation
Document for:	Discussion
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Enhancements to multi-beam operation is a key part of the Release 16 WI on NR MIMO enhancement [1]. In the Taipei ad hoc meeting, the following agreements were reached on this subject [2]:

Agreement 
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.

Agreement
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit

Agreement
For L1-SINR, interference can be measured based on 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 

Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ

Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER

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

Agreement
Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE

Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios

In this contribution, we provide our views on SCell BFR, L1-SINR and ID for UL beam management.

Discussion
L1-SINR measurement and report

Firstly, there may be multiple beams transmitted simultaneously in NR R16 since there are multiple TRPs or multiple panels in gNB. If the beam interference of multiple beams from multiple TRPs/panels can be measured and reported by UEs, it will be very helpful for the network to schedule beams for difference UEs with a low intra-cell inter-beam interference. Since L1-SINR includes the interference part, it can be used to report the beam interference. In order to reflect the beam interference as accurately as possible, the interference part should be measured based on dedicated resource(s) which are different from the resource(s) configured for the signal part. Therefore we propose that:
Proposal 1: Dedicated resource(s) different from resource(s) configured for signal part should be configured for interference part.
Secondly, NZP based resource(s) for interference measurement can reflect the intra-cell inter-beam interference of multiple beams from multiple TRPs/panels which is very useful for the beam interference controlling in gNB. However, ZP based resource(s) for interference measurement only reflect the interference from other cells which is similar to interference measurement using CSI-IM. Because inter-cell interference is already reflected in CSI measured based on ZP CSI-RS, it should be further studied whether it should be supported in L1-SINR reporting by using ZP based interference measurement. Therefore, we propose that:
Proposal 2: NZP based resource(s) for interference measurement should be supported, while ZP based resource(s) for interference measurement should be further studied.
Similar to CSI report where UE assumes that there is a same QCL indication of resources for channel measurement and interference measurement, the UE should assume that the QCL indication of resource(s) for the interference part is the same as the QCL indication of resource(s) for the signal part during a L1-SINR report, since it measures the interference from an interference beam to a serving beam (signal part) during receiving the serving beam (signal part). Therefore, for a L1-SINR report, we should only use the QCL information for the resource of signal part and ignore the QCL information for the interference signal. Besides, a resource can be configured for signal measurement in one L1-SINR report, but it also can be configured for interference measurement in another L1-SINR report. Based on the analysis, we propose that:
Proposal 3: UE uses the QCL information configured for the signal part for the QCL for the NZP interference measurement part in L1-SINR computation and report.

SCell BFR

Beam failure detection in SCell is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC on implicitly by TCI state. When a SCell is in the same frequency band of another CC (PCell or SCell) and is transmitted by the same TRP, it is possible to reuse a CSI-RS resource in the other CC. 

It has been decided in Taipei that beam failure recovery procedure should be designed first for SCell with DL only, and later will be extended to SCell with both DL and UL. When SCell has no UL, beam failure recovery request will need to be sent over the PCell with UL. This put a toll on the UL resource of the PCell which is already congested, and such burden should be limited to a minimal in order not to degrade the UL performance of the PCell, including the beam failure recovery procedure of the PCell. This makes using contention free PRACH to signal beam failure and indicate new candidate beam unattractive, because this requires a large amount of PRACH resources, especially when there are multiple SCells. On the other  hand, to use MAC-CE for beam failure recovery does not consume limited PRACH resources in the PCell and should be adopted. Because MAC-CE is transmitted in PUSCH, it is both resource friendly (compared with majority of traffic in PUSCH which is data) 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. This works for both SCell with DL only and SCell with both UL and DL. We believe MAC-CE is the best solution for beam failure recovery in SCell.
Proposal 4: Adopt MAC-CE based beam failure recovery mechanism for SCell.

When a UE sends the beam failure request to gNB through MAC-CE through the PCell, it needs to include explicitly the failed CC index so gNB can tell which CC has the beam failure. It should also include the new candidate beam index in the beam failure request. There were proposals to allow UE to only report beam failure to gNB without indicating a new candidate beam. When UE detects and reports beam failure to gNB, the DL beam in the SCell has already failed, so no DL signal can be sent to the UE through SCell reliably. If the PCell is still working reliably, the connection to the UE is not lost. We do not see the need for the UE to report to the gNB beam failure before identifying a new candidate beam. 
Proposal 5: The beam failure report should include failed CC index and ID for the new candidate beam.

Panel specific ID

A UE can equip with multiple panels for UL transmission and DL receiving, however, only one or two panels are activated 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 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 the UE capability reporting, 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 one 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 switch based UL transmission or the multiple-PDCCH based multi-panel UL transmission illustrated in Figure 1. 
Proposal 6: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters including PUSCH-Config, PUCCH-Config and 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 configure 2 different PUSCH-Config/PUCCH-Config/SRS-Config, i.e. PUSCH-Config#1 and PUSCH-Config#2, PUCCH-Config#1 and PUCCH-Config#2, SRS-Config#1 and SRS-Config#2, for the UE and each one with an associated panel ID. TRP#1 and TRP#2 can use independent DCIs to schedule independent PUSCH or SRS transmissions using different panel-specific configurations.  



[bookmark: _Ref533425659]Figure 1 multiple-PDCCH based UL transmission
For multiple-PDCCH based multi-TRP transmission, one important issue is how to ensure the simultaneously transmitted PDSCHs are correctly received by the UE. Based on the assumption that two DL transmissions can be received simultaneously by two different active UE panels, the information of the best received panel ID along with the L1-RSRP reporting will be beneficial for TCI configuration for CORESETs and the PDSCH transmitted by different TRPs.
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 multi-panel transmission when panel#1 and panel#2 are activated for DL reception at the UE. Any one beam from CRI#1/2/3/4 and one beam from 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 one UE with the higher layer parameter usage set to ‘codebook’ or ‘nonCdebook’. 
Different SRS resource sets can be used for different purpose. For example, the gNB may configure two SRS resource sets with different time behaviors (all SRS resources in one set should follow the same time behavior), e.g. one for periodic and the other for 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 7: 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 can be used as the group ID. All SRS resources belong to the same group share the same panel-specific configurations.
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 shall group the DL RS into different sets corresponding to different TRPs. Based on an assumption 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, such as power control parameter set 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 8: The gNB could group the SSB and CSI-RS into different DL RS sets corresponding to different panels, the DL RS set ID is just the panel ID.
DMRS ports corresponding to the PUSCH transmitted by one panel should be transmitted using the same spatial domain transmission filter, it means that the DMRS ports from one CDM group cannot be assigned to different panels. Considering the UE capability, one simple way it to assign each CDM group for each panel for type 1 DMRS, CDM group ID can be seen as the panel ID.  DMRS group can also be defined for type 2 DMRS, each DMRS corresponds to different panels and the DMRS group ID is just the panel ID.
Proposal 9: DMRS group could be introduced for panel-specific UL transmission and the DMRS group ID can be treated as an panel ID.


Conclusion
We have discussed multi-beam operation in R16. Our proposals are summarized below:

Proposal 1: Dedicated resource(s) different from resource(s) configured for signal part should be configured for interference part.
Proposal 2: NZP based resource(s) for interference measurement should be supported, while ZP based resource(s) for interference measurement should be further studied.
Proposal 3: UE uses the QCL information configured for the signal part for the QCL for the NZP interference measurement part in L1-SINR computation and report.
Proposal 4: Adopt MAC-CE based beam failure recovery mechanism for SCell.
Proposal 5: The beam failure report should include failed CC index and ID for the new candidate beam.
Proposal 6: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters including PUSCH-Config, PUCCH-Config and SRS-Config IE.
Proposal 7: 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 can be used as the group ID. All SRS resources belong to the same group share the same panel-specific configurations.
Proposal 8: The gNB could group the SSB and CSI-RS into different DL RS sets corresponding to different panels, the DL RS set ID is just the panel ID.
Proposal 9: DMRS group could be introduced for panel-specific UL transmission and the DMRS group ID can be treated as an panel ID.
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