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1	Introduction
Enhancements on Multi-beam operation were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#80 [1] and revised slightly in RAN#81 [2]. The objectives for the multi-beam operation are stated as follows [1][2]:
	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 multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
        …
· 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
        …



In this contribution we discuss about:
· UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Enhancements on beam selection to reduce latency and overhead
· On sub-time unit for beam management RS shorter than 1 OFDM symbol
· Beam Failure Recovery for SCell
· Inter-beam-interference beam reporting
2	Discussion
2.1	UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
2.1.1	General
For the uplink transmit beam selection for multi-panel operation, RAN1#95 made the following agreement:
	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



Per above agreement, the gNB can indicate the panel(s) to be used for the uplink transmission. Logically the next step would be to discuss that how to support UE to let gNB know some panel information for each beam (DL and UL). 
Primary operation mode in FR2 is where spatial relation infos for uplink signals are referring to DL RSs. In other words, downlink RSs are used to determine UL TX beam utilizing TX/RX beam correspondence at the UE. That is to avoid SRS based beam search, selection and refinement schemes that are resource hungry and thus introduce high system overhead.
[bookmark: _Ref534797437]Observation 1: Primary operation mode relies on DL RSs as spatial sources to determine UL TX beams.
To facilitate panel specific UL beam selection using DL RSs as spatial sources for UL TX beams, UE panel specific beam reporting would be beneficial where UE would insert an identifier (that reflects panel visible to gNB) to each reported L1-RSRP measurement. In another alternative, the gNB could request beam measurement result specifically from a certain UE panel by providing the identifier for which the measurements are to be provided. To enable that, a measurement configuration and reporting specifically for panel aware uplink TX beam selection separate from the downlink beam selection is seen beneficial. 
One further related aspect which was not discussed thoroughly in Rel15 is the UE’s potentially needed transmission power backoff as a function of spatial direction. Certain DL beams could have a human body as a blocker between the TX and corresponding (UE) RX beam. Depending on the propagation conditions, these beams could still have good observed L1-RSRP (e.g. even when assuming body loss of 3dB) resulting low pathloss (PL) estimate. Due to UE requiring additional MPR, P-MPR, to meet the emission related requirements (e.g. electromagnetic energy absorption requirements), the actual achievable PL for a given UL resource allocation will be reduced compared to the level that could be estimated based on the L1-RSRP. Thus, for the accurate DL and UL beam selection based on L1-RSRP beam measurements, the gNB should get separate information which DL RSs are feasible to determine good downlink “beam pair links”, i.e. gNB TX beam and UE RX beam, and which DL RSs are feasible to determine good uplink “beam pair links”, i.e. UE TX beam and gNB RX beam. Also for that purpose (in addition to panel aware measurement) it would be beneficial if the UE would be able to provide separately measurement results on DL RSs: 
1)	for DL beam selection
2)	for UL beam and panel selection where UE would determine reported DL RS indices (together with measurement result and an (panel) identifier) that are good to determine UL TX beam where determination could be based e.g. on power headroom calculated per DL RS or some similar metric that considers achievable EIRP per UL TX beam
[bookmark: _Ref534797453]Proposal 1: Support UE panel aware beam reporting for panel specific uplink beam selection by including the (panel) identifier to the reported beam measurement result.
[bookmark: _Ref534799338]Proposal 2: Support separate measurement configuration and reporting for determining UL TX beam based on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
Another option for UL beam indication would be to use UL RSs, i.e. SRS resource sets for beam management even though their use may not be tempting from system efficiency point of view. An SRS resource set (BM) could be associated to a UE’s panel. In Rel15, UE panels and their usage are transparent to the network – basically there is no any definition about a UE panel. However, some hints of UE panel can be assumed in the specifications [3GPP TS 38.214, 6.2.1] where it is said that: 
“When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.”
That can be considered so that SRS resources in the SRS resource set correspond to different TX beams of the same panel (i.e. one beam at a time per panel). Different SRS resource sets with non-overlapping SRS resources could be considered as panel specific resource sets as depicted in Figure 1. However, such definitions are not defined in Rel15. 
[image: ]
[bookmark: _Ref534805695]Figure 1 Association between SRS resource set and UE panel.
Panel and beam selection for non-codebook and codebook based transmission could be implemented by associating an SRS resource of the SRS resource set for non-codebook/codebook to a panel (identifier) and SRI in the scheduling grant would thus select one or multiple SRS resources, i.e. panels, for the transmission. Otherwise, i.e. if the SRS resource transmitted is associated with multiple panels, the problem would be the spatial relation info assumption. Currently, the spatial relation info is defined from a resource to a resource. Sharing the SRS resource among multiple panels would require to defining spatial relation info from a resource to a (sub)set of antenna ports of a resource. 
[bookmark: _Ref534799367]Observation 2: Sharing the SRS resource among multiple panels would require defining spatial relation info from a resource to a (sub)set of antenna ports of a resource.
[bookmark: _Ref534799381]Proposal 3: SRS resource for codebook/non-codebook based PUSCH is associated to an identifier (panel).
In order for the gNB to be able to configure SRS resource for each panel it would need to know basically how many panels visible to gNB UE would support (i.e. the space of the identifier). And further, to enable panel awareness at the gNB that which UE panels are activated and which are deactivated e.g. for UE power saving purposes, it would be beneficial if the gNB was aware how many panels (visible to gNB) UE would be supporting. 
Thus, related to
- FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
we make the following observation and proposal: 
[bookmark: _Ref534799442]Observation 3: For gNB to be able to configure SRS resource set for BM for each panel and SRS resource for each panel in the SRS resource set for non-codebook/codebook based PUSCH it would be beneficial that UE provides information about the space of the identifier (i.e. how many panels visible to gNB UE would support).
[bookmark: _Ref534799459]Proposal 4: UE capability signaling supports indicating the space of the identifier that indicates the number of panels visible to gNB UE would support. 
It is understood that the simultaneous multi-panel SRS (for BM and for NCB/CB) and PUSCH transmission is within the scope of the WID. There may be situations that when the UE is configured/activated/triggered (SRS) or triggered (PUSCH) multi-panel transmission the UE may determine that it wouldn’t be feasible to transmit on one of the scheduled panels. Reason may be that UE has detected that the intended beam with intended transmission power would not meet the emission safety limit or that the required transmission power for the panel (based on newest DL RS measurement for instance) would be so high that the UE would need to reduce transmission power from the “better” panel to meet the overall maximum allowed transmission power by the UE resulting in overall deteriorated link performance. Thus, it may be worth to study further whether there is need to define a fallback operation and related conditions and mechanisms from triggered multi-panel transmission to single-panel transmission. 
[bookmark: _Ref534808005]Proposal 5: Study whether there is need to define a fallback operation and related conditions and mechanisms from configured/activated/triggered multi-panel transmission to single-panel transmission for SRS and PUSCH.
2.1.2	On Codebook Based Transmission
To enable multi-panel codebook based PUSCH transmission, gNB should be able to select multiple SRS resources for precoder determination (i.e. TX beams of different panels). However, as currently SRI for codebook based transmission can only select one of the two SRS resources within the SRS resource set for codebook, the multi-panel codebook transmission would require multiple SRI or extending the SRI field in the DCI to enable selecting more than one resource (panel).
[bookmark: _Ref534799484]Proposal 6: Support gNB to signal multiple SRIs (and TPMI/TRIs) in the scheduling DCI for the codebook based PUSCH transmission. 
In Rel15 the max number resources within the SRS resource set (codebook) is only two. It is envisioned that UE could be equipped with more than two panels. Thus, it’s seen beneficial to increase the maximum number of SRS resources within the SRS resource set (codebook). 
[bookmark: _Ref534799492]Proposal 7: Increase the number of SRS resources within the SRS resource set (codebook). 

2.2	Enhancements on beam selection to reduce latency and overhead
2.2.1	PUCCH spatial relation info signalling overhead
In Rel15 configuration of spatial relation info, as well as MAC activation, is per PUCCH resource and the UE may have up to 56 for ACK/NACK + PUCCH resources for SR and CSI. Given that typically the same activated spatial relation info is applied for each resource there may be significant overhead because of separate MAC commands to switch TX beam for each PUCCH resource when spatial relation infos need to be updated within pre-configured set of spatial relation infos. Thus, it should be supported that common spatial relation info configuration and activation command across all the sets can be provided.
[bookmark: _Ref521676575]Observation 4: In typical operation the same (activated) spatial relation info is assumed to be applied for each PUCCH resource in each PUCCH resource set where different PUCCH resources and resource sets are essentially to provide flexibility for UCI transmissions in terms of time and frequency domain allocations and PUCCH formats. 
[bookmark: _Ref521676582]Proposal 8: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
2.2.2	Imbalance between downlink and uplink beam tracking capability
In [3] it was discussed how currently defined beam management framework supports beam tracking for both downlink and uplink. Based on discussion it was observed that uplink beam tracking (i.e. beam selection and beam indication including beam switching for uplink channels) requires more frequent RRC level reconfiguration than needed for downlink beam tracking. In essence, while for downlink higher layer configuration can configure up to 64 (or even 128 if UE supports) candidate “beams” then for uplink higher layer configuration can configure only up to 8 candidate “beams” (i.e. spatial relation infos). 
It is seen important to support low overhead intra-cell mobility already for the first releases of NR. Due to limitation in supported number of spatialRelationInfos for uplink signals/channels (compared to downlink) RRC level signalling overhead is increased and uplink „beam tracking“ (RRC+MAC needed when new spatial source is outside of the current RRC configured set of RSs) capability is lower than in downlink (MAC only is typically needed because of large candidate RS set configured by RRC). Based on that the following observations and proposals are made:
[bookmark: _Ref521676520]Observation 5: Uplink beam tracking and switching requires much higher RRC and MAC level signaling overhead than needed for downlink beam tracking and beam switching. 
[bookmark: _Ref521676528]Proposal 9: Support max number of spatialRelationInfos to be 64 for uplink signals and channels for Rel16 UEs.

2.2.3	Generic Signalling Reduction for Beam Indication
Each downlink and uplink signal and channel has a separate beam configuration and indication (TCI state with QCL-Type-D for downlink or spatial relation info for uplink) signaling mechanism as follows:
· RRC level configuration for periodic CSI-RS and periodic SRS
· RRC level configuration and MAC level activation and update for semi-persistent CSI-RS and SRS, PUCCH, PDCCH and PDSCH (when TCI is not present in DCI)
· RRC level configuration, MAC level activation and L1 level triggering for PDSCH
· RRC level configuration and L1 level triggering for aperiodic CSI-RS and SRS

One typical operating mode of NR cell is that the same downlink RS acts as source RS to determine both downlink TX beam and uplink TX for the UE for PDCCH, PDSCH, CSI-RS for CSI acquisition, CSI-RS for RLM, PUCCH and SRS for codebook/non-codebook transmission. Separate configuration and activation signaling, and thus signaling overhead, could be avoided if there would be possibility to implicitly derive spatial QCL assumption for the signal or channel from some other signal or channel, i.e. more generally what is defined for the PDSCH when TCI is not present in DCI. Since dynamic beam indication (MAC level) is supported for the PDCCH, activated TCI state of PDCCH could be used more generally as TCI state or spatial relation info for other signals and channels. This could be implemented so that when TCI state for downlink signal/channel (e.g. CSI-RS for CSI and RLM) or spatial relation info for uplink signal/channel (PUCCH, SRS for codebook/non-codebook) is not explicitly configured the UE can determine the spatial QCL source from the activated TCI state of the certain CORESET.
[bookmark: _Ref521676429]Proposal 10: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.
[bookmark: _Hlk528760531]2.2.4	Spatial Relation between UL and DL Beams
In NR Rel-15, DL beam indication framework at higher carrier frequencies is based on the assumption of UE beam correspondence between UL and DL beams. In TS 38.214 and TS 38.331 specifications, this functionality has been implemented as a part of TCI-state framework by using resource of DL RS as a spatial source for either other DL RS or UL RS resource. Despite of the assumption of UE beam reciprocity, TS 38.214 specification provides also support for UL BM based non-beam reciprocity operation. However, Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission. 
[bookmark: _Ref525907761]Observation 6: Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Figure 2 shows an example of SRS based UL BM and antenna switching as well as the transmission of DL DMRS for PDSCH. Here, firstly, UL SRS based beam management is used to identify UE TX beams. For this purpose, a network has configured via higher layers two SRS resource sets for UL beam management, namely set 1 and set 2 with two resources in each set. The SRS resources have been configured to enable the sweeping of different UL TX beams over different symbol positions. As a result of this, gNB is able to identify “best” SRS resources for example according a certain metric, e.g. the largest measured L1-RSRPs at gNB-side. These “best” SRS resources, i.e. SRIs, are indicated for UE with PDCCH DCI format 0_1, to UE to be used for UE UL TX antenna-switching. Furthermore, the network has configured by higher layer parameter SRS-SpatialRelationInfo for SRS resources associated with beam management and antenna- switching. However, at UE-side RX beam spatial direction ambiguity problem arises when DL CSI is obtained via SRS UL BM beams and used for precoding of DMRS associated with PDSCH. More specifically, the current TCI-state framework associated for DL TX and RX beam indication framework does not provide support for defining UL SRS resource/resource set as a spatial source for DL DMRS or any DL RS. Therefore, UE is not able to align its RX spatial filter, i.e. analog beam former, to a correct spatial direction associated with DMRS of PDSCH. As a result of this, a spatial mis-alignment arises between DL TX beams associated with DMRS of PDSCH and UE RX spatial beam former leading DL precoding to operate sub-optimal way.
[bookmark: _Ref525907762]Observation 7: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
[bookmark: _Ref525907763]Observation 8: Rel-15 TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
   [image: ]
[bookmark: _Ref510476051]Figure 2 An example of DL CSI acquisition based on UL SRS based BM and antenna-switching procedure with precoded DL DMRS transmission.
To correct the problem of Rel-15 NR related to UL BM based operation in conjunction of DL CSI acquisition, Rel-16 NR TCI-state specification shall support the use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS. 
[bookmark: _Ref525907779]Proposal 11: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-16 NR.
[bookmark: _Ref525907780][bookmark: _Ref528760567]Proposal 12: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.
2.3			On sub-time unit for beam management RS shorter than 1 OFDM symbol
In RAN1#95 the following agreement was made:
	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.



Use of sub-time unit for beam management RS (for beam sweeping) was extensively discussed in Rel15 without consensus. IFDM structure imposes restrictions for multiplexing of different signals/channels with sub-time unit RS. Furthermore, it would introduce additional complexity at the receiver with the shorter beam switching time and mixed numerology requirement as well as it wouldn’t fit easily into the current specification framework where repetition is defined in resource set level.
[bookmark: _Ref534806927]Proposal 13: Adopt Alt2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.
2.4	Beam Failure Recovery for SCell
For SCell BFR, we discuss the following aspects:
· Number of SCells to be supported
· Metric for Failure detection
· Beam Failure Recovery Request

2.4.1. Number of Supported SCells for Failure Detection/Recovery
To continue with SCell BFR discussions, it should be agreed that how many SCells are supported for beam failure recovery. 
In release 15 discussions, RAN1 decided to support beam failure recovery for only 1 SCell. For release 16 discussions the starting point should be to support BFR multiple SCells i.e. for more than one SCell. In NR, maximum number of 31 SCells are supported. It is preferred that beam failure detection can be determined for each configured SCell. However, it would be unlikely that e.g. beam failure detection would be needed separately for each SCell e.g. in case a group of SCells share the same failure detection properties i.e. the failure for set of SCells can be determined based one failure of one of the SCells. This way multiple SCells could be supported without increasing the beam failure detection complexity. 
[bookmark: _Ref534803759]Observation 9: If multiple SCells share the same properties for failure detection, the failure can be detected based on one of the cells in a group. 
[bookmark: _Ref525559367]Proposal 14: Specify SCell BFR to support multiple SCells (more than 1 SCells). Exact number FFS.

2.4.2. Metric for Failure detection:
Previously (i.e. Ran1#94bis), there has been discussion whether to reuse the failure detection metric of a PCell defined in release 15 (hypothetical PDCCH BLER) or to use something else i.e. L1-SINR. To harmonize the failure detection and to make sure that SCell and PCell failures are detected in similar manner it is proposed that same metric that is used for failure detection for PCell is used for SCell. 
[bookmark: _Ref534803833]Proposal 15: Use same metric for SCell failure detection as for the PCell, the hypothetical PDCCH BLER.

2.4.3. Beam Failure Recovery Request for SCell BFR
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
In RAN1#95 it was agreed to support SCell with downlink only and SCell with downlink/uplink. It would be beneficial to define SCell BFR signalling solution that works in both scenarios.
[bookmark: _Ref534803875]Observation 10: Signalling solution should be able to work in both DL only and DL/UL scenario
Following options were considered for SCell recovery request in RAN1#94bis:
1) PUCCH for SR based
2) PUCCH for beam reporting based
3) Contention free PRACH based
4) MAC CE based
5) Contention based PRACH based

In both options (1),(3), the dedicated candidate beam specific signals would be be mapped to SCell uplink to indicate recovery candidates. In this option only the SCell uplink is used for SCell specific candidate signal. While the preamble configuration overhead is restricted to specific carrier, it is unlikely that network would configure dedicated signal, for every UE and for all the potential candidates, thus a mechanism to indicate candidates outside q1 would be needed additionally. Also, in the release 15 operation, e.g. the CFRA candidates can be indicated only when they are above threshold.

[bookmark: _Ref534803890]Observation 11: Dedicated candidate beam specific signalling solutions for SCell BFR are not able to cover all the deployment scenarios i.e. SCell with DL only.
In option (2) the PUCCH for beam reporting would potentially imply additional overhead in case the SCell PUCCH for beam reporting is mapped to PCell uplink for beam failure recovery purposes in addition to normal PUCCH beam reporting. In case the same PUCCH resources that are used for beam reporting would be used for indicating beam failure of a specific SCell, additional mechanisms would be needed to indicate network on the failure. Also, the PUCCH   
in (4) the resources for indicating SCell failure using a MAC CE can be requested using current signalling mechanisms i.e. using SR (scheduling request) on PCell or alternatively on SCell, if SR is configured. In case SR is not configured or no response received UE can fall back to contention-based RACH. Thus, no additional candidate beam-specific (dedicated) signals to support SCell BFR would be needed to be reserved on PCell to indicate SCell candidates. One further study could be whether the SR needs to specifically indicate SCell recovery or whether normal SR could be used. Also, the signalling solution for SCell BFR should be able to cover both agreed scenarios (SCell with Downlink only, and downlink/uplink).
In our view the efficient solution would require potentially a combination of different options e.g. SR based + MAC CE and complemented with contention based PRACH thus the option 5 (CBRA based BFR) would be used together with MAC CE based solution.
In addition, it should be studied whether the normal SR (on PCell or SCell) would suffice for requesting resources for SCell recovery or if a dedicated SR would be needed
Considering the observed feasibility of the above signalling options and the proposed scenarios to be supported, the MAC CE based solution is considered to be flexible and scalable approach due to support of variable size payload and least overhead. When SCell beam failure has been detected, a specific MAC CE could be used to indicate SCell failure, new candidate beam or even multiple candidates for failed SCell. MAC CE based solution works in both agreed scenarios, SCell with downlink only and SCell with downlink/uplink.
[bookmark: _Ref534803938]Observation 12: MAC CE based solution provides most flexibility and works in both agreed scenarios, SCell with downlink only and SCell with DL/UL
[bookmark: _Ref534803983]Proposal 16: Define SCell BFR signalling solution that works in both agreed scenarios (SCell with downlink only, SCell with DL/UL)
[bookmark: _Ref525559370]Proposal 17: Define MAC CE based solution for SCell beam failure recovery.
[bookmark: _Ref528862515]Proposal 18: Adopt the use of PUCCH (SR) and CBRA for indicating SCell beam failure (i.e. requesting resources for transmitting MAC CE)

2.4.4. Beam Failure Recovery Response
Before the beam the network response or completion of beam failure recovery for SCell can be discussed, we see that above issues such as number of supported SCells, failure detection (including metric) and the BFR request should be determined first. 
[bookmark: _Ref534804057]Observation 13: Number of supported SCells, failure detection (including metric) and the BFR request should be determined first, before discussing BFR response.

2.5	On inter-beam-interference beam reporting
[bookmark: _Hlk490165983]The following agreements related to inter-beam-interference beam reporting have been made in RAN1#95 [1]:
	Agreements:
· 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
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




Simultaneous DL multi-beam transmission over multiple antenna panels and multiple TRPs on FR2 may cause potential inter-beam-interference (IBI) scenario at UE-side. To enable efficient scheduling of simultaneous multi-beam and multi-TRP transmission, the awareness of inter-beam interference can be seen as a beneficial for a network. One possible way of obtaining inter-beam-interference awareness at gNB-side could be to enable a support for inter-beam-interference reporting based on L1-SINR values in Rel-16. 

As discussed in previous RAN1-94bis meeting, it is highly important to firstly clarify and agree on the potential inter-beam-interference scenarios at UE-side in Rel-16. Based on this information, it is possible to derive more specifically what kind of measurement resources to be used for L1-SINR inter-beam-interference measurements as well as the related content for a reporting.  
Regarding to potential inter-beam-interference scenarios at UE-side, the following interference scenarios can be identified:
· Single TRP: 
· Multi-beam transmission for a single user: The impact of inter-beam-interference at UE-side depends on: the properties of simultaneously scheduled TX beams for a UE, number of scheduled TX beams, propagation environment. 
· Multi-beam transmission for multiple users: The impact of inter-beam-interference at UE-side depends on: The properties of simultaneously scheduled TX beams for multiple UEs, the total number of scheduled TX beams for UEs and propagation environment. 
· Multi-TRP:
· Single/multi-beam transmission from a serving TRP for a single/multiple user(s) in the presence of interfering TRPs. The impact of inter-beam-interference at UE-side depends on: The properties of simultaneously scheduled TX beams scheduled from multiple TRPs (serving + interfering), the total number of scheduled TX beams from multiple TRPs (serving + interfering) and propagation environment.

Based on the above discussion, inter-beam-interference can be captured only at a beam-level. More specifically, DL TX beams are associated with antenna ports, e.g. NZP-CSI-RS, resulting L1-SINR to encapsulate interference only at antenna port level associated with TX beams. Therefore, the definition of L1-SINR excludes inter-layer-interference (precoding not taken into account) and not really being able to reflect interference at a codeword level. Since inter-layer-interference is not captured in L1-SINR, a separate CSI-RS transmission dedicated for CSI acquisition needs always to be scheduled for UE to obtain the impact of inter-layer-interference at the codeword level in terms of CSI information, i.e. CQI, RI and PMI. The CSI acquisition step needs to be also taken into account while comparing L1-SINR and L1-RSRP based approaches. It is worth noting that Rel-15 baseline scheme includes two steps, i.e. L1+RSRP and CSI acquisition.  

[bookmark: _Ref534875523]Observation 14: L1-SINR captures interference only at antenna port level associated with TX beams and excludes inter-layer-interference (precoding not taken into account) as well as not really being able to reflect interference at a codeword level.
[bookmark: _Ref534875573]Observation 15: To obtain CSI information related PMI, CQI and RI, L1-SINR separate CSI acquisition step is required.
[bookmark: _Ref534875604]Observation 16: Rel-15 baseline scheme includes two steps, i.e. L1+RSRP and CSI acquisition.
Regarding to discussion on inter-beam-interference measurement resources in RAN1-95 meeting, NR Rel-15 supports the following two different interference measurement resource configurations with periodic or semi-persistent or aperiodic resources [TS 38.331]: 
· CSI-IM: Flexibly configured resource for interference measurement 
· Resource set(s) including one or more CSI-IM resources
· Resource supports two CSI-IM RE-measurement patterns 
· 2-2: 
· Sub-carrier locations: {0, 2, 4, 6, 8, 10}
· Symbol positions: {0, …,12}
· 4-1:
· Sub-carrier locations: {0, 4,  8}
· Symbol positions: {0, …,13}
· NZP-CSI-RS: UE assumes that each configured antenna port corresponds interference layer

Figure 3 shows an example of Rel-15 CSI-interference measurement (IM) based on zero-power (ZP)-CSI-RS resource element (RE) pattern (4,1).
 


[bookmark: _Ref531348199]Figure 3 An example of 3GPP NR Rel-15 CSI-IM ZP RE pattern 4-1 for interference measurement.
TS 38.214 defines that UE can be configured with multiple CSI-ReportConfigs to cover different CSI measurements and reporting. CSI-ReportConfig may consist of multiple CSI-Resource configs, e.g. config#1 (e.g. including NZP-CSI-RS resource set#1) associated with intended channel measurement and config#2 targeted for inter-beam-interference measurements (e.g. NZP-CSI-RS resource set#2 or CSI-IM resource set #1). When NZP-CSI-RS resources of sets 1 and set2 for channel measurements and interference, respectively, are configured, UE that the resources are resource-wise QCL:ed  with respect to QCL-typeD. Since Rel-15 CSI-ReportingConfig allows CSI-Resource config#2 to be configured flexibly with either NZP-CSI-RS or CSI-IM resource configurations for interference measurements, Rel-15 CSI-ReportingConfig is able to support intra-cell inter-beam-interference measurements.
[bookmark: _Ref534875613]Observation 17: Rel-15 CSI-ReportConfig can flexibly support different dedicated resource configurations associated with NZP-CSI-RS and CSI-IM resource configs for intra-cell-inter-beam-interference measurements.
To enhance CSI-ReportConfig support for inter-cell-inter-beam-interference measurements with dedicated measurement resources, it would be beneficial to include CSI-RS-Resource-Mobility as CSI-ResourceConfig, in addition to NZP-CSI-RS and CSI-IM resources. By enabling support for this, same CSI-ReportConfig framework can be flexibly used for inter-cell-inter-beam-interference measurements.      
[bookmark: _Ref534875620]Observation 18: To enhance CSI-ReportConfig support for inter-cell-inter-beam interference measurements with dedicated measurement resources, it would be beneficial to define CSI-RS-Resource-Mobility as CSI-Resource Config, in addition to NZP-CSI-RS and CSI-IM resources.
TS 38.215 defines the use of secondary synchronization signal (SS) for SS-SINR computation. For the computation of SS-SINR, UE calculates linear average over the power contribution (in [W]) of the resource elements carrying secondary synchronisation signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying secondary synchronisation signals within the same frequency bandwidth. Since SS is associated with synchronization signal block (SSB) targeted for UE mobility measurements, inter-cell-inter-beam-interference measurements can be enabled by using specified SS-SINR metric. It is worth noting that SS-SINR values do not reflect actual inter-cell-inter-beam-interference situation according with DL traffic and scheduled DL TX beams associated with e.g. NZP-CSI-RS or DMRS of PDSCH resources. 
In addition to SS-SINR, TS 38.215 defines also CSI-SINR as the linear average over the power contribution (in [W]) of the resource elements carrying CSI reference signals divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying CSI reference signals reference signals within the same frequency bandwidth. In comparison with usage of dedicated resources associated with interference, TS 38.215 defined way does enable as flexibly to configure resources for interference measurements as with dedicated resources. Since Rel-15 NR does not support the multiplexing of NZP-CSI-RS transmission with any RS/signal/channel on same resource elements within own cell, the measured interference REs can reflect inter-cell-interference. 
[bookmark: _Ref534875629]Observation 19: Inter-cell-inter-beam-interference measurements can be enabled by using both SS-SINR and CSI-SINR as defined in TS 38.215.
Figure 4 shows the throughput performance of DL PDSCH with Rel-15 L1-RSRP and L1-SINR DL TX beam identification metrics in multi-TRP inter-beam-interference scenario. Here, the best, N=1, in term of L1-RSRP or L1-SINR, CRIs have been used to select the scheduled TX beams (dual polarized) for DL PDSCH (rank=1) from serving a TRP. The details of extended link-level simulation assumptions can be found from Table 1. As can be seen, the L1-RSRP based DL TX beam identification metric outperforms L1-SINR based one. Based on this result, it is difficult to justify the merit of L1-SINR compared with the Rel-15 L1-RSRP for DL TX beam identification in multi-TRP scenario.  
[image: ]
[bookmark: _Ref528946656]Figure 4 Throughput performance of DL PDSCH with Rel-15 L1-RSRP and L1-SINR metrics in multi-TRP inter-beam-interference scenario (1 serving and 1 interfering TRP).

[bookmark: _Ref534875638]Observation 20: L1-RSRP based DL TX beam identification metric outperforms L1-SINR.
[bookmark: _Ref534875747]Proposal 19: Use Rel-15 CSI-ReportConfig framework for intra-cell-inter-beam-interference measurement and reporting with dedicated resources, i.e. NZP-CSI-RS and CSI-IM.
[bookmark: _Ref534875754]Proposal 20: To enable inter-cell-inter-beam-interference measurement and reporting in Rel-16 also with CSI-ReportConfig, define CSI-RS-Resource-Mobility as CSI-ResourceConfig, in addition to NZP-CSI-RS and CSI-IM resources.
[bookmark: _Ref534875766]Proposal 21: Support both NZP-CSI-RS, CSI-IM resources and CSI-RS resources for mobility for Rel-16 inter-beam-interference measurements.
[bookmark: _Ref534875772]Proposal 22: Support both Alt-1 (Dedicated resource(s) for interference measurement) and Alt-2 (The same reference signal as signal part as specified in 38.215).
[bookmark: _Ref528957345]

Table 1 Summary of simulation assumptions for inter-beam-interference with multiple TRPs.
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3	Conclusions
In the following we list the observations and proposals made in discussion of the document.
UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection:
Observation 1: Primary operation mode relies on DL RSs as spatial sources to determine UL TX beams.
Proposal 1: Support UE panel aware beam reporting for panel specific uplink beam selection by including the (panel) identifier to the reported beam measurement result.
Proposal 2: Support separate measurement configuration and reporting for determining UL TX beam based on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
Observation 2: Sharing the SRS resource among multiple panels would require defining spatial relation info from a resource to a (sub)set of antenna ports of a resource.
Proposal 3: SRS resource for codebook/non-codebook based PUSCH is associated to an identifier (panel).
Observation 3: For gNB to be able to configure SRS resource set for BM for each panel and SRS resource for each panel in the SRS resource set for non-codebook/codebook based PUSCH it would be beneficial that UE provides information about the space of the identifier (i.e. how many panels visible to gNB UE would support).
Proposal 4: UE capability signaling supports indicating the space of the identifier that indicates the number of panels visible to gNB UE would support.
Proposal 5: Study whether there is need to define a fallback operation and related conditions and mechanisms from configured/activated/triggered multi-panel transmission to single-panel transmission for SRS and PUSCH.
Proposal 6: Support gNB to signal multiple SRIs (and TPMI/TRIs) in the scheduling DCI for the codebook based PUSCH transmission.
Proposal 7: Increase the number of SRS resources within the SRS resource set (codebook).

Observations and proposals for Enhancements on beam selection to reduce latency and overhead:
PUCCH spatial relation info signaling overhead:
Observation 4: In typical operation the same (activated) spatial relation info is assumed to be applied for each PUCCH resource in each PUCCH resource set where different PUCCH resources and resource sets are essentially to provide flexibility for UCI transmissions in terms of time and frequency domain allocations and PUCCH formats.
Proposal 8: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
Imbalance between downlink and uplink beam tracking capability:
Observation 5: Uplink beam tracking and switching requires much higher RRC and MAC level signaling overhead than needed for downlink beam tracking and beam switching.
Proposal 9: Support max number of spatialRelationInfos to be 64 for uplink signals and channels for Rel16 UEs.

Generic Signalling Reduction for Beam Indication:
Proposal 10: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.

Spatial Relation between UL and DL Beams:
Observation 6: Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Observation 7: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
Observation 8: Rel-15 TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
Proposal 11: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-16 NR.
Proposal 12: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.

On sub-time unit for beam management RS shorter than 1 OFDM symbol:
Proposal 13: Adopt Alt2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

For Beam Failure Recovery for SCell:
Observation 9: If multiple SCells share the same properties for failure detection, the failure can be detected based on one of the cells in a group.
Proposal 14: Specify SCell BFR to support multiple SCells (more than 1 SCells). Exact number FFS.
Proposal 15: Use same metric for SCell failure detection as for the PCell, the hypothetical PDCCH BLER.
Observation 10: Signalling solution should be able to work in both DL only and DL/UL scenario
Observation 11: Dedicated candidate beam specific signalling solutions for SCell BFR are not able to cover all the deployment scenarios i.e. SCell with DL only.
Observation 12: MAC CE based solution provides most flexibility and works in both agreed scenarios, SCell with downlink only and SCell with DL/UL
Proposal 16: Define SCell BFR signalling solution that works in both agreed scenarios (SCell with downlink only, SCell with DL/UL)
Proposal 17: Define MAC CE based solution for SCell beam failure recovery.
Proposal 18: Adopt the use of PUCCH (SR) and CBRA for indicating SCell beam failure (i.e. requesting resources for transmitting MAC CE)
Observation 13: Number of supported SCells, failure detection (including metric) and the BFR request should be determined first, before discussing BFR response.

On inter-beam-interference beam reporting:
Observation 14: L1-SINR captures interference only at antenna port level associated with TX beams and excludes inter-layer-interference (precoding not taken into account) as well as not really being able to reflect interference at a codeword level.
Observation 15: To obtain CSI information related PMI, CQI and RI, L1-SINR separate CSI acquisition step is required.
Observation 16: Rel-15 baseline scheme includes two steps, i.e. L1+RSRP and CSI acquisition.
Observation 17: Rel-15 CSI-ReportConfig can flexibly support different dedicated resource configurations associated with NZP-CSI-RS and CSI-IM resource configs for intra-cell-inter-beam-interference measurements.
Observation 18: To enhance CSI-ReportConfig support for inter-cell-inter-beam interference measurements with dedicated measurement resources, it would be beneficial to define CSI-RS-Resource-Mobility as CSI-Resource Config, in addition to NZP-CSI-RS and CSI-IM resources.
Observation 19: Inter-cell-inter-beam-interference measurements can be enabled by using both SS-SINR and CSI-SINR as defined in TS 38.215.
Observation 20: L1-RSRP based DL TX beam identification metric outperforms L1-SINR.
Proposal 19: Use Rel-15 CSI-ReportConfig framework for intra-cell-inter-beam-interference measurement and reporting with dedicated resources, i.e. NZP-CSI-RS and CSI-IM.
Proposal 20: To enable inter-cell-inter-beam-interference measurement and reporting in Rel-16 also with CSI-ReportConfig, define CSI-RS-Resource-Mobility as CSI-ResourceConfig, in addition to NZP-CSI-RS and CSI-IM resources.
Proposal 21: Support both NZP-CSI-RS, CSI-IM resources and CSI-RS resources for mobility for Rel-16 inter-beam-interference measurements.
Proposal 22: Support both Alt-1 (Dedicated resource(s) for interference measurement) and Alt-2 (The same reference signal as signal part as specified in 38.215).
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Annex A. Text Proposal for 38.331 
==========================Text proposal starts===============================
TCI-State
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::= 				SEQUENCE {
	tci-StateId					TCI-StateId,
	qcl-Type1					QCL-Info,
	qcl-Type2					QCL-Info																					OPTIONAL
}

TCI-StateId ::=				INTEGER (0..ffsValue)

QCL-Info ::=				SEQUENCE {
	referenceSignal				CHOICE {
		csi-rs						NZP-CSI-RS-ResourceConfigId,
		ssb							SSB-Id,
		-- A TRS (Tracking Reference Signal) configuration represented as a set of CSI-RS-Resources in a NZP-CSI-ResourceSetId
		trs							NZP-CSI-ResourceSetId
	     srs                         SRS-ResourceId		   														},
	qcl-Type					ENUMERATED {typeA, typeB, typeC, typeD},
	...
}

=========================== Text Proposal Ends==============================
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CSI-IM RE Pattern 4-1: possible sub-carrier-locations  {0,4,8}
Potential RE locations for REL-15 CSI-IM pattern 4-1
OFDM symbol position
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Parameter   Value  

Carrier Frequency  28 GHz  

Subcarrier Spacing  60 kHz  

Beam Configuration  32 candidate TX beams  (cross - polarized )  

FFT Size  2048  

Channel Model (serving)  CDL - A   ( 100ns )  

Channel Model (interfering )  CDL - A ( 100ns )    

M odulation/Code Rate  (serving   TRP )  QPSK,16 - QAM , 64 - QAM - R c = 1/2  

Mo dul ation/Code Rate (interfering TR P   )  16 - QAM -   R c = 1/2  

Channel Estimation  Non - ideal  

UE Speed  3   km/h  

N tx /TX - panels/AP tx /Rank  ((M,N,P)=(4 ,8,2)) /1/2/1  

N rx /RX - panels/AP rx  ((M,N,P)=(2,4 ,2)),2/2  

Receiver  Per anten n a panel based  MMSE - IRC  
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