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1.  Introduction 

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
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

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 discuss potential enhancements, with considerations on multi-panel/multi-TRP scenario. In particular, QCL indication, group-based reporting, spatial relation information indication, L1-SINR measurement, UL beam management enhancement, and BFR on SCell are discussed.
2.  Enhancements on beam measurement and reporting
While the scope of multi-beam enhancements has been defined in [2], it is noted that enhancements on multi-TRP/panel transmission which is pasted below, will also produce needs on multi-beam operation. 

· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
In this section, related issues which include QCL indication, spatial relation information indication, group-based reporting, L1-SINR/L1-RSRQ measurement, and UL beam management enhancements are discussed.
2.1. QCL indication
In RAN1#89, it was agreed to support the following multi-panel/multi-TRP scenario:
· Single NR-PDCCH schedules single NR-PDSCH 
· Separate layers are transmitted from separate TRPs
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH 
· Each NR-PDSCH is transmitted from a separate TRP 
· Maximally, 2 PDSCH per CC (in the case of one BWP) in a slot [RAN1 NRAH_1706]
· In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs [RAN1#90b WA]
In RAN1#95 meeting [3], it was agreed that both multiple PDCCH and single PDCCH designs applying for eMBB are supported for multi-TRP/panel transmission in Rel-16.
For the “single NR-PDCCH schedules single NR-PDSCH with separate layers from separate TRPs” scenario, QCL indication framework needs to be extended to support indicating more than one TRPs. In Rel-15, it was agreed to support one or two RS sets for QCL indication purpose. Thus, the extension can start from indicating two QCL assumptions for two separate TRPs.

For different panels from a same TRP, their QCL assumptions can be made the same or different, depending on NW implementation. Without loss of generality, for multi-beam operation, different panels should be considered as TRPs and UE does not differentiate panels from same TRP or from different TRPs. 

To extend a QCL indication to include one or two RS sets, three alternatives are possible:

1. Via RRC configuration: allowing a TCI state to include one RS set or two RS sets. However, the number of TCI states scales exponentially with this method. For example, if we have 16 one-RS-set-TCI states, we need 256 two-RS-set TCI states to cover all possibilities.
2. Via MAC-CE combining: allowing multiple TCI states to be mapped to a same DCI code point in MAC layer. Because of lower latency compared to RRC configuration, NW can combine TCI states only when the combination is meaningful for a UE, instead of providing all combinations beforehand as in Alt 1.
3. Via DCI signaling: allowing multiple TCI states indication in DCI. This would increase the length of bit field for QCL indication linearly with the number of panels/TRPs. On the other hand, this alternative also possess the advantage that not all combinations are provided to UE beforehand.
Based on the above analysis, we have the following proposal.
Proposal 1: To extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) increase corresponding DCI bit field to include multiple TCI states.
2.2. Spatial relation information indication
Under multi-panel/multi-TRP scenario, UL counterpart on spatial relation information indication needs to be addressed similar to DL QCL indication. To enable multi-panel UE transmission, UE panels to some extent needs to be made visible to NW. For UL, spatial relation information indication is used for the following signal/channel: SRS for “beam management”, PUCCH, PUSCH non-codebook/codebook based transmission. For “beam management” SRS, the need for enhancement is not directly visible since one SRS resource only needs to be associated with one spatial relation information. This is not changed due to multi-panel/multi-TRP. This is similar to the case of QCL indication where extension is not needed for signals. For UL channels, we provide our analysis in the following subsections.

2.2.1. Spatial relation information for PUCCH

Current spatial relation information is RRC-configured with up to maxNrofSpatialRelationInfos = 8 candidates, followed by a MAC-CE command to activate one from the candidate set. In MAC-CE activation command, a bit string mapping to the RRC-configured candidate pool is used. As a direct extension, introducing another byte(s) in MAC-CE command for indicating multiple spatial relation information for a PUCCH resources can be considered.
Another point that potentially can be addressed is whether or not the maximum candidate spatial relation information entries, maxNrofSpatialRelationInfos, should be enlarged. With beam correspondence, the source RS for spatial relation information can also be DL RS. Since antenna arrays in NW side are potentially larger, the number of spatial QCL assumptions can be large. It has been raised that the dimension of spatial relation information should be extended to accommodate it. However, since antenna array size is inherently smaller at UE side, the meaningful spatial relation information does not scale as the number of spatial QCL assumptions. In this sense, we feel that current value can be enough. Before making decision on extending the maximum number of candidate spatial relation information entries, further study should be conducted to justify the need.
Observation 1: To take into account of multi-panel UEs in UL transmission, PUCCH spatial relation information can be directly extended by modifying PUCCH spatial relation activation/deactivation MAC-CE.
2.2.2. Spatial relation information for PUSCH

As illustrated in Figure 1, for codebook-based UL MIMO, 1-bit SRI field can be used to select between two spatial relation information. In principle, the two alternatives can be associated with different UE panels and thus supporting multi-panel UEs. However, this comes with the short comings that adaptation of spatial relation assumption is not dynamic enough. This is also true for single-panel UE, since dynamic DCI signalling can only support up to 2 spatial relation assumptions.
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Figure 1. Illustration to SRI selection for codebook-based UL transmission.

It is captured in current TS 38.214 that only one SRS resource set can be set to “codeBook” and up to two SRS resources in the set. To better support multi-panel UL transmission, increasing either the number of “codeBook” SRS resource sets or the number of SRS resources in a “codebook” SRS resource set is needed.
Similarly, for non-codebook based UL MIMO, only one SRS resource set can be set to “nonCodebook”. Up to 4 1-port SRS resources can be indicated dynamically in DCI. To our understanding, these indicated SRS resources correspond to a same spatial relation assumption. For multi-panel consideration, this constraint needs to be unleashed. Further, the maximum number of SRS resources in a “nonCodebook” SRS resource set can be increased to allow selection from a wider spatial relation pool. Alternatively, more “nonCodebook” SRS resource sets should be allowed, with each of them correspond to different panels.

Proposal 2: To support multi-panel UL MIMO transmission, consider to increase either the number of SRS resource sets or the number of SRS resources in a “codeBook" SRS resource set.
2.3. Group-based reporting

The following agreements were made in RAN1 NRAH1701 and RAN1#88:

Agreement:

· Support at least one of these two alternatives of beam reporting:
· Alt 1:

· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal

· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam

· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.

· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:

· UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray 

· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam

· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.

· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE

· Further discussion for possible down-selection or merging, especially taking into account overhead

To compare the two alternatives, one crucial factor to be considered is their achievable performance with and without FDM scheduling among users. Assuming only one analog beam can be realized by NW and no FDM scheduling is attempted, only one UE is scheduled at a time. This scheme would favour A1-based group reporting since individual users report their preferred beam groups to be used for transmission, and NW will most likely follow the request unless the TX beams in the request beam group is not realizable by NW.

On the other hand, if FDM scheduling among users is attempted, a compromise on the selected TX beams needs to be achieved in order to put more users at a same scheduling unit. In this case, system can benefit from A2-based group reporting since more beam grouping flexibility is provided to NW for reaching compromise.

The two considered criteria have their individual benefits in different perspectives. An initial comparison is provided below:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE.
· Pros:

· Reported beam group reflects UE’s preference on NW TX beams.

· The number of groups is not limited to UE receiving capability, i.e., antenna groups.

· Preferred beam group can be determined not only based on RSRP, but potentially could also be based on an estimated throughput by assuming a preferred precoder

· Beneficial in non-FDM scheduling case

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Pros:

· NW can select TX beams to serve UE based on UE’s report and NW capability

· To achieve same flexibility of beam combinations at NW side, less overhead is needed than beam set based reporting

· Beneficial in FDM scheduling case

In current TS 38.214, group-based reporting supports to report N=2 beams. This makes the above 2 alternatives indistinguishable. The criteria for beam selection is up to UE implementation. In this sense, it can be considered as a merged version of the two alternatives.

Current multi-panel/multi-TRP scenario has not been confirmed and thus, it is not clear whether more than 2 panels/TRPs will be supported or not. Before considering increasing the number of reported beams, more study is needed to justify the need. If further extension is still desirable, a solution that is compatible with the principles of UL SRS-based beam management should be prioritized.
Observation 2: Currently supported group-based reporting mechanism (with N=2 reported beams) is a merged version of the two debating alternatives.

Observation 3: Number of supported panels/TRPs in multi-panel/multi-TRP scenarios should be confirmed first before considering increasing the number reported beams in group-based reporting.
2.4. Interference measurement consideration for L1-SINR

It has been agreed to specify measurement and reporting of L1-SINR in Rel-16 at least targeting FR2 operation. Different from L1-RSRP, L1-SINR aims to reflect interference level in beam measurement report. This provides additional information for NW to select TX beams with better channel quality. Since the effect of interference can be captured in L1-SINR and the interference may come from neighboring cells or co-channel beams from the same TRP or multiple TRPs, we may further take inter-beam interference into consideration, especially for the operations with simultaneous transmission with multiple-beams, which can be transmitted by multiple-panels or multi-TRPs. 
From our point of view, such interference consideration is of importance when group-based reporting is enabled. Since multiple beams are transmitted towards the UE simultaneously, selecting a beam or a beam group with preferred inter-beam interference is crucial for efficient transmission. In summary, we consider that the following scenarios should be considered in defining L1-SINR:

· Transmission based on panel/TRP selection: reported beams are used independently. For example, each beam is used in a TDM manner. In this case, no mutual interference between reported beams is required

· Group-based transmission with FDM scheduling: reported beams can be used at the same time. However, scheduling corresponding to individual beams is FDM’ed, to e.g., take into account strong inter-beam interference. 
· Group-based transmission: reported beams can be used at the same time, without additional scheduling constraint. For example, mutual interference between scheduled beams is small.
To achieve the above-mentioned scenarios, NW needs L1-SINR report both with and without inter-beam interference consideration. For overhead reduction, one can consider an absolute L1-SINR without inter-beam interference and a corresponding degradation value when inter-beam interference is taken into account.

Proposal 3: L1-SINR report to include two values: one with inter-beam interference and the other one without inter-beam interference.
2.5. UL beam management enhancement

UL beam management procedure defined in Rel-15 can be used to correct the UL beam pair link misalignment if the tolerance of UE beam correspondence is big. However, current UL beam management procedure is not efficient in the sense that only full UE TX beam sweeping can be conducted. To our understanding, UE beam correspondence exists but could be imperfect [5]. That is to say, UE Tx beams and Rx beams are correlated anyway. When a Tx beam which is configured with same beamforming weight with a UE Rx beam, a correspondingly best Tx beams would lie in the neighborhood of the Tx beam. In this sense, conditioned on DL beam management results, UL beam management overhead can be reduced instead of starting beam search from scratch. 
Specifically, U-3 procedure which enables NW to measure locally swept UE TX beams with a fixed RX beam should be supported. The amount of UE Tx beams to be trained can be narrowed down to the neighborhood of a corresponding DL beam pair link, as illustrated in Figure 2. For this, the concept of “partial beam correspondence” should be discussed. One example to realize this is for UE to report the number of SRS resources needed even UE reports positive beam correspondence support.
Proposal 4: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.
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Figure 2: UL local beam search conditioned on DL beam management results
3. Beam failure recovery on SCell
For proper designing SCell BFR, scenarios to be supported should first be discussed. Additionally, in Rel-15, contention-based random access (CBRA) is used as fallback mechanism for beam failure recovery. Since only PCell is configured with CBRA resources, whether or not to support fallback mode BFR on SCell needs to be discussed.

3.1. FR1 PCell + FR2 SCell
For initial NR deployment, FR1 PCell + FR2 SCell seems the main scenario for SCell BFR and should be considered with priority. Apparently, anchoring RRC connection on FR1 PCell is beneficial for the cases where FR2 SCell is for e.g., hot-spot type of deployment with low UE mobility.

FR2 SCell BFR design can assume a straightforward application of Rel-15 BFR design, if only contention-free PRACH channel is used. As there is no CBRA resource on SCell, no fallback mode BFR on SCell based on current spec is applicable. Since Rel-15 fallback mode BFR intends to provide a more robust BFR scheme than its contention-free counterpart, it is beneficial to have similar mechanism. It should also be noted that in Rel-15 design, fallback mode always exists as long as there is CF-PRACH based BFR.
Two alternatives can be studied for SCell BFR fallback design:

1. CBRA on SCell: in this case, CBRA resources are configured on SCell. Since CBRA SCell is not supported for any other purposes, CBRA resources on SCell is dedicated for BFR only.
2. CBRA on PCell: CBRA resources configured on PCell are reused (or partially reserved) for SCell BFR purpose. In this case, additional study on what message to carry in BFRQ and on which cell to send NW response is needed.

Observation 4: Contention-based BFR on SCell provides better robustness for link recovery.
Proposal 5: To provide a contention-based BFR on SCell as fallback mode, discuss between the following two alternatives: 1) CBRA on SCell, 2) CBRA on PCell.

3.2. FR1 PCell + FR2 DL-only SCell 

Another meaningful scenario can be FR1 PCell + FR2 DL-only SCell. With wider bandwidth in FR2, the throughput is expected much higher than what sub-6 GHz band can provide. Applications that requires such high DL throughput support can be enumerated relative easily when compared with its UL counterpart. In addition, FR2 UL faces challenges such as PA power consumption, heat dissipation etc. at UE. By ignoring UL when it is not necessary, user experience can be increased from those aspects, not to mentioned relieved UE implementation complexity.

For FR2 DL-only SCell, at least the following two issues need to be addressed:

· BFRQ transmission: Without SCell UL, apparently, BFRQ can only be transmitted on FR1 PCell. Though spatial QCL assumption recognized by a SCell candidate beam is not applicable on FR1 PCell, it can still be used as reactivating target of PDCCH beam on SCell via PCell DCI.

· gNB response: in principle, gNB response can be transmitted on either PCell or SCell. If transmitting on SCell, the response can be used for making sure beam alignment based on the selected-candidate beam. On the other hand, if PCell CBRA is used as fallback, transmitting gNB response of CF-PRACH on SCell would make UE to have different monitoring targets for CBRA BFR and for CF-PRACH BFR.
Table 1: Summary on Options for BFRQ and gNB response transmission
	
	BFRQ with candidate beam info
	BFRQ without candidate beam info

	gNB response on PCell
	Candidate beam information can be used to reactivate SCell PDCCH beam via PCell DCI (may be the same one as gNB response)
	Pro: less PRACH overhead 
Con: further signaling step is needed to recover SCell BPL

	gNB response on SCell
	Pro: beam alignment confirmation on SCell as by-product

Con: different serving cells for monitoring gNB response between CF-PRACH BFR and CBRA BFR
	N/A

(need candidate beam information for transmitting gNB response on SCell)


Proposal 6: For FR2 DL-only SCell BFR, decide 1) whether or not to carry candidate beam information in BFRQ, and 2) on which serving cell to transmit gNB response.
4. Conclusion

In summary, based on the above discussion we have the following observations and proposals:
Proposal 1: To extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) increase corresponding DCI bit field to include multiple TCI states.
Observation 1: To take into account of multi-panel UEs in UL transmission, PUCCH spatial relation information can be directly extended by modifying PUCCH spatial relation activation/deactivation MAC-CE.
Proposal 2: To support multi-panel UL MIMO transmission, consider to increase either the number of SRS resource sets or the number of SRS resources in a “codeBook" SRS resource set.
Observation 2: Currently supported group-based reporting mechanism (with N=2 reported beams) is a merged version of the two debating alternatives.
Observation 3: Number of supported panels/TRPs in multi-panel/multi-TRP scenarios should be confirmed first before considering increasing the number reported beams in group-based reporting.
Proposal 3: L1-SINR report to include two values: one with inter-beam interference and the other one without inter-beam interference.
Proposal 4: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.
Observation 4: Contention-based BFR on SCell provides better robustness for link recovery.
Proposal 5: To provide a contention-based BFR on SCell as fallback mode, discuss between the following two alternatives: 1) CBRA on SCell, 2) CBRA on PCell.
Proposal 6: For FR2 DL-only SCell BFR, decide 1) whether or not to carry candidate beam information in BFRQ, and 2) on which serving cell to transmit gNB response.
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