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1. Introduction
The Rel.16 MIMO WI has the following scope [1].
· 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 beam failure recovery for SCell with DL/UL as well as UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution we provide our views on these issues. 
2. Multi-panel enhancements that facilities panel-specific beam selection

The following conclusions were reached in the last meeting. 
	Agreement

In Rel-16, only introduce specification enhancement for MPUE-Assumption3

· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.

· Note that this does not require a UE to always activate multi-panels simultaneously

· Note: UE can control the panel activation/deactivation 

· Possible use cases at least include

· (General) UL coverage enhancement for FR2 considering the UE power consumption 

· Discussion topics in Rel-16 include:

· Details on the identification for a panel and corresponding panel definition

· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 

This is a UE optional feature

Working Assumption

The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.


2.1. Implicit vs. explicit panel indication 
A long-standing 3GPP practice has been that UE physical hardware (e.g. antenna design) is specification- transparent so as not to restrict future proprietary solutions. gNB controls the UE behavior by controlling the RS resources transmitted by the UE. How RS resources are mapped to UL panels is UE implementation. gNB is not able to “see” the UE hardware, but only sees/controls the RS resources transmitted by the UE. 

The principle was endorsed several meetings ago by agreement that UE is not required to unnecessarily disclose its hardware implementation.  Currently we have not seen any fundamental issue of this approach, so continuing to use the existing 3GPP principle is fine. 
Proposal 1 UE hardware implementation should be transparent to gNB. gNB controls UE beam/panel by implicitly controlling the uplink RS resources. 
2.2. Beam/panel indication
Rel.15 beam management is based on higher-level configuration of “SpatialRelationInfo”. Specifically, a UE is configured with two types of SRS resources, e.g. SRS_BM for uplink beam sweeping and SRS_CSI for CSI acquisition. SRS_BM comprises multiple SRS resource sets to support joint beam/panel selection. In Rel.15 it is restricted that different SRS resource sets can be transmitted simultaneously, while different SRS resources in the same set cannot be transmitted simultaneously. This implicitly mandates the UE to map different “SRS resource sets” to different non-overlapping physical panel groups. Once uplink beam/panel selection is complete, gNB can configure the selected SRS_BM resource as “SpatialRelationInfo” for SRS_CSI. The selection/indication of SRS_BM hence serves as an implicit indicator of the selected beam/panel, for ensuing SRS_CSI and PUSCH.

Proposal 2 Panel/beam selection should be done jointly, which reflects the transmit source of an UL signal.    

Observation 1 For PUSCH, Rel.15 is based on a “two-step” beam indication procedure, where the 1st step maps SRS_CSI to SRS_BM, and the second step maps PUSCH to SRS_CSI. 

On the other hand, Rel.15 PUCCH is based on a “one-step” procedure, where PUCCH beam is directly configured by “spatial relation info” pointing to a SRS_BM. This may be motivated by the fact that PUCCH modulation is QPSK and doesn’t require accurate link adaptation; hence the intermediate step of “SRS_CSI” is omitted. However for PUSCH, the Rel.15 mechanism mandates SRS_CSI, resulting in RRC overhead and inflexibility.
The “one-step” procedure can be extended to Rel.16 PUSCH to allow better scheduling flexibility. In particular, a new “beam/panel indication field (BPI)” can be added in DCI 0_1 to signal the “panel/beam” for PUSCH. In this case the Rel.15 SRI field can be removed. One of the main benefits is the elimination of a large number of SRS_CSI resources, and simplification of RRC configuration. BPI can be the ID of a SRS resource, or SSB/CSI-RS if beam correspondence is envisioned. 

Proposal 3 Introduce a BPI field in DCI 0_1 to implicitly indicate the uplink beam/panel for PUSCH, which signals the ID of SRS_BM or SSB/CSI-RS. 

It is also desirable to extend the mechanism to SRS_CSI, so gNB can use L1 signaling to manage the direction of UL CSI probing. 
Proposal 4 Introduce a BPI field in the triggering grant for A_SRS_CSI, which implicitly provides the uplink beam for A_SRS_CSI. The BPI signals the ID of SRS_BM or SSB/CSI-RS. FFS whether BPI is the same for PUSCH and A-SRS-CSI in one UL grant. 
Likewise, the same can be considered to PUCCH, where PUCCH spatial beam/panel is indicated by L1 signal instead of RRC/MAC-CE configuration. This can be done by including a BPI in the DL grant. Alternatively for UE with beam correspondence, BPI can be implicitly inferred from the TCI state of the PDCCH/PDSCH. 

Proposal 5 Support dynamic indicating the panel/beam of PUCCH through BPI, where BPI is explicitly carried in DL grant, or implicitly conveyed through TCI of PDCCH/PDSCH. 

3. Beam failure recovery on SCell
The following agreements were reached on SCell BFR in RAN1#96bis.
	Agreement

· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH

· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH

· Down-select at least one options for BFRQ procedure in RAN1 #97:

· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 

· FFS: whether or not to have spec impact on resource for MAC CE

· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR

· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)

· Step 1 is carried by dedicated PUCCH/PRACH resource

· Step 2 is carried by MAC CE or UCI

· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI

· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly

· FFS: whether it is single-bit PUCCH or multi-bit PUCCH

· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR

· FFS: N_max 



With option 1, UE first sends a scheduling request, and then conveys all BFR-related information in the ensuing UL transmission (e.g. BF event, failed CC-index and new beams). 

· The scheduling request can be a normal scheduling request, or a new dedicated SR. Although normal scheduling request has smaller specification impact, SCell BFR should consider inter-band PCell/SCell deployment where PCell FR2 experiences BFR independently with SCells. Considering robustness in FR2 PCell, a dedicated SR, e.g. based on PRACH, is desirable. 

· The UL transmission carrying BFR information (e.g. failure event, failed CC index and new candidate beams) can be a new MAC-CE in Rel.16, or reuse existing Rel.15 mechanism such as A-CSI. For MAC-CE, a bitmap can indicate the failure/non-failure status of up to N_max SCells, followed by new candidate beams. Alternatively, Rel.15 A-CSI triggering mechanism can be used, where A-CSI carries (1) a bitmap indicating the failure/non-failure status of each CC and (2) the best candidate beam of each CC. Note that the best candidate beam may not meet the target beam threshold. UE will simply report the best beam/L1-RSRP and it is up to the gNB to decide what to do. For instance if the L1-RSRP is not significantly lower than the threshold, gNB may still attempt to switch to the beam, otherwise gNB may deactivate the SCell, or do nothing and wait for the channel to recover by itself. 
· It was agreed that in option 1 the “resource for MAC-CE is not triggered by PUCCH/PRACH for BFR”. In our understanding this implies configured-grant PUSCH. Using configured grant for SCell BFR is undesirable due to its large overhead. Dynamic resource allocation for CC/beam index report is a more resource efficient.

Option 2 is similar except that the beam failure event is reported in the first step, which basically serves as a SR. The overall framework is similar to option 2. As for beam failure event, 1-bit message (e.g. single-bit PUCCH or PRACH) can be used to notify that at least one CC fails, or a multi-bit message conveys the per-CC failure status. Considering the robustness of the failure event report, the first is preferred. The 2nd step (e.g. CC index and new beam index) can be done similarly as Option 1. 
Option 3 reports failure event and CC index in the 1st step, and new beam information in the 2nd step. As the first report has a rather large payload, multi-bit PUCCH or MAC-CE are needed. UL coverage then may come at disadvantage compared to option 1/2. Further, as the first step is UE-triggered and needs to be blindly monitored by gNB, any missed detection at gNB will leave all ensuing messages misaligned between gNB/UE and cause unwanted uplink interference and prolonged recovery latency. Hence, it is preferable to minimize the payload of the 1st step, and reply on the 2nd step to report as much as possible information. From this perspective Option 3 is less desirable.
Proposal 6 Adopt a combined approach of option 1/2, where single-bit PUCCH or PRACH is used as the 1st step to indicate at least one CC experiences beam failure, and a length N-max bitmap indicating the per-CC failure status and new beams for each CC is reported as the 2nd step. FFS MAC-CE or A-CSI for the 2nd report.

4. L1-SINR based beam measurement
Rel.15 beam measurement is based on L1-RSRP, which only captures the strength of the channel component. The Rel.16 WI includes an objective to introduce L1-SINR based beam measurement. The rational is that L1-RSRP may not be sufficient in terms of beam reporting accuracy as it fails to capture the interference component. For instance, two beams with very strong L1-RSRP, when paired together, may result in poor system performance due to strong interference. 
It was agreed that L1-SINR based beam reporting will be introduced in Rel.16, where CMR may be SSB or CSI-RS. It was also agreed to introduce dedicated resources for interference measurement (different than Rel.15 RSSI where interference is measured on the same RE of channel measurement). The outstanding issue is the type of dedicated interference measurement resources, where the following agreement was reached in RAN1#96bis: 

	Agreement

RAN1 to determine one of the following for L1-SINR in RAN1#97:

· L1-SINR based on ZP+NZP IMR

· L1-SINR based on ZP IMR only

· L1-SINR based on NZP IMR only

If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.


The inter-beam interference could arise from inter-cell or intra-cell signals. Considering that the WI aims at FR2 beam measurement which is a noise-limited scenario,  strong inter-cell interference is less typical. Hence, priority can be given to intra-cell interference arising from beam pairing on the same gNB (e.g. multi-panel DL).
Proposal 7 For L1-SINR, priority should be given to intra-cell beam pairing.
Rel.15 has two types of resources for interference measurement, e.g. ZP-based and NZP-based. For ZP-based, all signals received on the IMR resources are considered interference. This is also the baseline of LTE and simple for UE implementation. For NZP-based, UE performs channel estimation using the NZP signals, subtracts its contribution from the total received signal, and assumes the remaining component is interference. In Rel.15 NZP-based IMR does not operate standalone but has to be configured jointly with ZP-based IMR. The main motivation of NZP-based IM is to exploit better channel estimation/interpolation capability provided by NZP signal to facilitates MU-MIMO interference emulation, which supposedly improves MU-MIMO pairing performance. 

Whether L1-SINR for beam measurement should use ZP or NZP IMR shall take into account the intended use case of beam measurement. Beam measurement and CSI measurement are two independent, yet related, procedures. A key difference between beam reporting and CSI reporting is that beam reporting is intended for long-term, coarse paring based on large scale channel property, while CSI reporting is for short-term, refined paring based on small scale channel property. Beam reporting alone is not sufficient for refined MU-MIMO pairing, but rather serves as starting point for further CSI refinement based on the content of beam report. As such, it is questionable if the channel estimation / interpolation benefit of NZP-IMR is still valid for beam measurement, especially considering the UE complexity increase. Until then, a starting point should be ZP-based IMR. 

Observation 2 As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation. It is unclear how channel interpolation gain of NZP-IMR, as found in CSI measurement, contributes to beam reporting.   
Note that ZP-IMR supports all functionality of NZP-IMR, except per-layer channel estimation/interpolation with known pilot sequences. For instance, ZP-IMR can be configured to be overlapping with NZP-RS of other panels, which effectively allows across-panel interference measurement. It is up to gNB scheduler to configure the RS for channel measurement of one panel as the RS for interference measurement of another panel, much like LTE CoMP operation. Furthermore, as the number of IMR is typically much larger for beam measurement than for CSI measurement, ZP-IMR is considered more friendly for UE implementation. 
Proposal 8 Consider ZP-based IMR as a starting point for L1-SINR beam measurement. NZP-based IMR can be further discussed. 
5. Conclusions
In this contribution we present our views on the multi-beam enhancements in Rel.16. Currently we have the following observations and proposals: 
Observation 3 For PUSCH, Rel.15 is based on a “two-step” beam indication procedure, where the 1st step maps SRS_CSI to SRS_BM, and the second step maps PUSCH to SRS_CSI. 

Observation 4 As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation. It is unclear how channel interpolation gain of NZP-IMR, as found in CSI measurement, contributes to beam reporting.   

Proposal 9 UE hardware implementation should be transparent to gNB. gNB controls UE beam/panel by implicitly controlling the uplink RS resources. 
Proposal 10 Panel/beam selection should be done jointly, which reflects the transmit source of an UL signal.    

Proposal 11 Introduce a BPI field in DCI 0_1 to implicitly indicate the uplink beam/panel for PUSCH, which signals the ID of SRS_BM or SSB/CSI-RS. 

Proposal 12 Introduce a BPI field in the triggering grant for A_SRS_CSI, which implicitly provides the uplink beam for A_SRS_CSI. The BPI signals the ID of SRS_BM or SSB/CSI-RS. FFS whether BPI is the same for PUSCH and A-SRS-CSI in one UL grant. 
Proposal 13 Support dynamic indicating the panel/beam of PUCCH through BPI, where BPI is explicitly carried in DL grant, or implicitly conveyed through TCI of PDCCH/PDSCH. 

Proposal 14 For BFR, adopt a combined approach of option 1/2, where single-bit PUCCH or PRACH is used as the 1st step to indicate at least one CC experiences beam failure, and a length N-max bitmap indicating the per-CC failure status and new beams for each CC is reported as the 2nd step. FFS MAC-CE or A-CSI for the 2nd report.

Proposal 15 Consider ZP-based IMR as a starting point for L1-SINR beam measurement. NZP-based IMR can be further discussed. 
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