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1. Introduction

In RAN1 AH1901, the following agreements regarding multi-beam operation have been reached [1]:
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 
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
Regarding measurement and reporting of L1-SINR, the following agreement has been reached as follows [1]:

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 

Regarding beam failure recovery for SCell, the following agreement has been reached as follows [1]:

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
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, some potential enhancements on multi-beam operation including definition of “panel”, DL transmit beam selection, UL transmit beam selection for multi-panel operation, beam failure recovery for SCell, and measurement and reporting of L1-SINR are discussed for NR Rel-16.
2. Enhancement(s) on multi-beam operation

2.1 UL beam management

2.1.1 Evaluations on UL simultaneous transmission 
In this section, we evaluate UL simultaneous transmission for multi-panel operation, involving UL transmission approaches of panel-selection and multi-panel simultaneous operation, in the single and multi-TRP (i.e., two TRPs) scenarios. 
· In a single TRP case, the spectral efficiencies and their average values of both two approaches are presented in Table 1. It is observed that the performance gain introduced by multi-panel simultaneous operation can be up to 11.87% over UE panel selection.
· In a multi-TRP case, the spectral efficiencies and their average values of both two approaches are presented in Table 2. From the evaluation results in multi-TRP case, it can be observed that the approach of multi-panel simultaneous operation can obtain significantly performance gain compared with that of panel selection, especially for 50%-ile and 95%-ile UE. In terms of average spectral efficiency, the performance gain introduced by multi-panel simultaneous operation can be up to 19.99%.
The details and evaluation results can be found in our companion contribution [5].
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Figure 1 Spectral efficiency for UL transmission in a single or multiple TRP cases

Table 1
Spectral efficiency for UL transmission in a single TRP
	
	UE panel selection
	Multi-panel simultaneous transmission

	Average
	19.4087
(100%)
	21.7119
(+11.87%↑)


Table 2
Spectral efficiency for UL transmission in a multi-TRP case
	
	UE panel selection
	Multi-panel simultaneous transmission

	Average
	19.6094
(100%)
	23.5298
 (+19.99%↑)


Observation 1: From the evaluation results, it can be observed that:

· Performance of multi-panel simultaneous transmission significantly outperforms UE panel selection in both single-TRP and multi-TRP cases.

· Multi-panel simultaneous transmission can be increasingly enhanced by introducing more TRPs for UL transmission. 

Proposal 1: Simultaneous UL transmission across multiple UE panels should be supported in Rel-16.
2.1.2 Identifier (ID) for indicating UE panel for UL transmission
In RAN1#95, an identifier (ID) has been agreed to be used at least for indicating panel-specific UL transmission. For the perspective of spec, there are two options for representing UL panel information, i.e., explicit or implicit approach. If going with an implicit approach, SRS resource set ID adopted in Rel-15 can be straightforwardly reused for panel indication. To be more specific, we have the following options:

· Opt-1: SRS resource set ID

· In Rel-15, at least the terminology of “SRS resource set for UL beam management” can be used for representing UL panel (s) implicitly. As one criteria of grouping SRS resources in one set for BM, we have

· Only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant;

· SRS resources in different SRS resource sets with same time domain behavior in the same BWP can be transmitted simultaneously.

· Opt-2: UE antenna group ID

· UE antenna group ID is to represent UL panel information. Taking into account that the terminology of “panel” is related to UE implementation, the wording of “panel” can be replaced by “antenna group” as general description in the spec.  As the definition of UE antenna group ID, we have
· Different UL RS resources associated with the same UE antenna group ID can NOT be transmitted simultaneously. 

· Different UL RS resources associated with different UE antenna group IDs can be transmitted simultaneously. 
Beam correspondence by downlink-uplink association is useful to reduce the effort on UL beam management. In our view, beam correspondence is the major motivation of introducing an ID representing a panel.
· In the case of multi-panel transmission/reception at UE, a downlink beam transmitted on CSI-RS may be received by one or multiple UE panels. If only CSI-RS ID is used as a source of spatialRelationInfo for a target SRS resource, the SRS resource may be transmitted by corresponding spatial filters from one or multiple panels. In this case, from gNB perspective, which UE panels used for the transmission is NOT clear.  
Consequently this identifier should have association with DL RS to support beam correspondence. For multi-panel operation, one SRS resource can be associated with “panel ID” (i.e., SRS resource set ID or UE antenna group ID as described above) in addition to spatial relation, which means that the SRS resource should be transmitted by the associated panel accordingly. The “panel ID” can be selected and configured by gNB, according to UE capability signaling together with panel-specific beam reporting.  

Besides, taking into account that the “panel ID” of one reference SRS resource in spatialRelationInfo can be derived through its own set ID (e.g., the SRS is used for BM), the reference SRS configured in spatialRelationInfo (e.g., for a target SRS used for codebook or non-codebook based UL transmission) or explicitly configured “panel ID” when the reference RS configured in spatialRelationInfo is DL RS. We need to further study the usage of assigning “panel ID” + a reference SRS together for a target SRS. 
Proposal 2: Down-select the following options of specifying an identifier (ID) which is used for indicating panel-specific UL transmission.

· Opt-1: SRS resource set ID
· Only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant;

· SRS resources in different SRS resource sets can be transmitted simultaneously.
· Opt-2: UE antenna group ID
· Different UL RS resources associated with the same UE antenna group ID can NOT be transmitted simultaneously. 

· Different UL RS resources associated with different UE antenna group ID can be transmitted simultaneously. 
· Specify that this identifier (ID) and a reference DL RS can be assigned/configured together as spatialRelationInfo for a target SRS resource 

· FFS: this identification and a reference SRS can be assigned together in this case.
2.1.3 Multi-beam operation for codebook and non-codebook based PUSCH transmission
For UL codebook based transmission, only single analog beam is used at a given time instant for transmission in Rel-15. In order to support multi-panel operation, more than one SRS resources can be configured within one SRS resource set for codebook based transmission, and those SRS resources can be configured with different higher layer parameters spatialRelationInfo. A natural extension from Rel-15 is to indicate one SRI codepoint in DCI which represents one or more SRS resources for one PUSCH transmission for multi-panel operation.  

· For instance, if UE has two panels for UL transmission, PUSCH can be transmitted from the two panels simultaneously through indicating one SRI codepoint in DCI, which has been associated with two different SRS resources with independent spatial relation. 
Note that, on the account of saving DCI overhead, one SRI codepoint in DCI is recommended to be associated with one or more SRS resources through one MAC-CE signaling.  

For non-codebook based transmission, the following design in Rel-15 still can work well for multi-beam operation:
· Up to X different SRS resources from a SRS set for non-codebook can be transmitted simultaneously, where X is reported by UE capability signaling;

· One SRI codepoint in DCI can be used for indicating more than one SRS resource. UL beam indication for multi-beam operation has been already supported. 
The only enhancement for this issue is to increase the number of SRS resource sets for non-codebook transmission so that more beam combinations for multi-beam transmission can be selected dynamically. 
Proposal 3: Up to X>1 SRS resource set can be configured for codebook based PUSCH transmission, where an SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· Notes that only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant.
· Notes that SRS resources in different SRS resource sets can be transmitted simultaneously.
· FFS: enhancement for non-codebook based PUSCH transmission, e.g., more than 1 SRS resource set.
2.1.4 Local beam sweeping for UL beam management
In Rel-15, Repetition ON/OFF has been supported for UL beam management in Rel-15 through configuring multiple SRS resources with same spatialRelationInfo or not, but supporting a mechanism of local beam sweeping around one reference beam is still an open issue. In order to support local beam sweeping, a mechanism of supporting wide beam and narrow beam association, e.g., support of less stronger relation than the current spatial relation, should be introduced in Rel-16. For instance, a target SRS resource set can be associated with one or more r reference SRS resource sets with different beam-widths, or called as spatial granularity.
Proposal 4: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 
· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.

2.1.5 UE panel activation/de-activation 

In order to ensure multi-beam operation in UL transmission, multiple TXRUs including multiple Tx/Rx panels should be supported, but this is power-consuming if it keeps multiple antenna groups/panels on even they are not used at the UE side.  On the other hand, it is beneficial to perform measurement once a while to decide for possible panel switching or multi-panel operation but it takes time to power up an antenna group for usage if it is in sleep mode.  In Rel-15 NR, the standard does not well support any scheme to enable UE or gNB to efficiently turn on-off or activate/deactivate any antenna group. It lacks coordination between UE and gNB for antenna group activation/deactivation, and consequently the following part can be considered as further discussion or potential enhancements. With the support of “Panel ID” in form of antenna group ID described in section 2.1.2, it is much easier to activate or de-activate all the resources/resource sets associated with the indicated ID. Panel activation/de-activation is another motivation to introduce “Panel ID”. 
· Study UE antenna group activation or deactivation mechanism, including the request signalling by UE (i.e., initialized by UE side) or antenna group activation/deactivation signalling by gNB
· Study antenna-group-specific beam measurement/indication so that the gNB knows the channel quality associated with specific UE antenna group(s).

· Beam or CSI measurement and reporting can be based on either activated or all antenna group(s) to facilitate antenna group selection. A mechanism can be designed to wake up antenna groups periodically/aperiodically for measurement to select antenna groups.
Proposal 5:  In order to improve power efficiency for multi-beam/panel operation, it should be considered to support activating or deactivating UE antenna group(s). 

· Use “Panel ID” to activate/de-activate resources/resource sets associated with the indicated “Panel ID”.
· Study antenna group activation or deactivation mechanism.
· Study antenna-group-specific beam measurement/indication.
2.1.6 Maximum Permissible Exposure (MPE)
In NR Rel-15, RAN4 has introduced P-MPR for reducing the maximum transmission power, i.e., Pcmax, from power class, taking into account the MPE impact. This is a good starting point for Rel-16, if some enhancements for this issue are needed. The real UL transmission power is determined by the min value between Pcmax and required power. For PUSCH transmission, we have the following formula for calculating transmission power.
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In general, whether the performance is degraded by MPE impact is up to the real transmission. 
· For instance, the required UL power is 15 dBm for PUSCH transmission i, and consequently there is still no impact even the Pc,max is reduced to 16dBm from 23dBm due to MPE. 
Therefore, if beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more power is wasted for keeping the same performance. On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present the MPE impact transparently, and a UL beam changed can be indicated by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam.

Observation 2:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of UL beams without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and transmission power. 
Proposal 6:  Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework
2.1.7 Panel-specific UL power control

Beam-specific UL power control has been supported in Rel-15, through associating each of SRIs for PUSCH or each of spatialRelationInfo entries for PUCCH with one respective UL power control parameters, which is designed according to one basic assumption of only one Tx beam to be used for one UL transmission. According to this framework, gNB can control UL transmission power for one Tx beam associated with one PUSCH/PUCCH transmission, independently. 
But, once supporting multi-beam operation for UL transmission in Rel-16, the Rel-15 framework of UL power control has to face the following challenges:
1)
Different interference levels for different UL beams for one transmission
· The basic goal of UL power control is to handle mutual interference from different UL channels, and, as agreed in Rel-15, the interference management should be beam specific, i.e., beam-specific UL power control. With multi-beam operation for one UL transmission, gNB shall use the different UL Rx panels for receiving one respective signals associated with each of multiple UL Tx beams as usual. gNB side will face beam-specific interferences, which is highly related to the direction of gNB Rx beam, and consequently the transmission power should be managed per UL beam of multi-beam operation.
2)
Path-loss measurement for UL multi-beam operation

· In Rel-15 framework of UL power control, only one DL RS can be configured as PL RS for one UL transmission. Consequently, PL measurement according to multiple DL RSs associated with the UL multi-beam operation can NOT be achieved, and, if only one DL RS is configured as one PL RS as Rel-15, the measurement hardly represents the actual path loss, without doubts, in such a case. 
Therefore, panel-specific UL power control is recommended for supporting multi-beam operation, where the current power control framework and its related parameter including closed loop parameter, PL RS configuration and closed loop process should be further studies. Some more details can be found in our companion contribution [3]. 
Proposal 7:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with one single UL transmission.
2.2 DL beam management
2.2.1 Multi-beam measurement in multi-panel/TRP case
Consideration on constraints of TRP antenna panels should be taken for selecting Tx beam(s) for downlink, like the maximum number of SRS resource sets that can be configured for UL beam management in NR Rel-15. For instance, Tx beams generated from one Tx panel cannot be transmitted simultaneously. Therefore, enhanced signaling or configuration would allow gNB to inform this kind of information of UE for beam reporting. 
· For one TRP, there may have more than one TRP antenna group (i.e., multiple Tx panels), but these multiple panels often share the same boresight and similar large-scale channel properties. If beam management is done for each individual panel, the overheads of beam measurement and reporting per each TRP antenna group (i.e, per each Tx panel) is very high and NOT necessary. Therefore, in general, these TRP antenna groups from one same TRP can be virtualized as one group e.g. represented by one resource set, in which no more than N beams can be simultaneously transmitted, where N depends on gNB capability. Furthermore, in multi-TRP case, gNB can configure multiple groups, respectively, each of which is associated with one TRP.
· When a UE selects beams for simultaneous receiving in group based beam reporting, the selection rules should follow the constraint that the number of these beams (to be reported for simultaneous receiving) from one same gNB antenna groups can NOT be more than N. 
Observation 2: Information on simultaneous transmission capability from gNB can be useful for multi-beam/panel/TRP enhancements. 
2.2.2 Group based beam reporting

Group-based reporting that informs gNB which pairs of multiple beams can be received simultaneously should be regarded as an essential solution for supporting the multi-beam operation of both DL and UL transmission (in beam correspondence). For the perspective of reducing latency and overhead of UL and/or DL beam management:
· Compared with non-group based reporting, group based reporting can significantly reduce the overhead of reporting. For the best M reported beams from non-group based reporting, it is possible that only the first best beam is useful since other (M-1) reported beams are often received with the same panel as the best  beam which make these beams useless for multi-beam operation. In order to find appropriate beams for simultaneous transmission, the gNB may need to have multiple rounds of beam and CSI reports. In the contrast, group based reporting can acquire beams for simultaneous reception to support multi-beam operation in one beam report which save a lot of reporting overhead and possibly RS overhead. 
· Taking into account that processing time for some unnecessary for beam/CSI reporting can be saved, group based reporting also can achieve latency reduction as well.
Observation 3: For the case of multi-beam operation, compared with non-group based reporting, group-based reporting can significantly reduce the latency and overhead of beam management due to fast acquisition of beams for simultaneous reception.
Besides, Rel-15 group based reporting of only N=2 Tx beams within M=1 group significantly restricts system flexibility in multi-panel/TRP cases, and consequently we should support more Tx beams and/or more groups in group based reporting according to the requirements of multi-beam/multi-panel/multi-TRP operation in Rel-16 NR-MIMO.
· We further evaluate the performance as number of beam groups and number of beams per group which are shown in Table 1, where, regarding criteria of beam grouping, different TRP Tx beams within one same group can be received simultaneously, and different TRP TX beams from different groups may not be possible to be received simultaneously. From the evaluation results, it can be observed that:

· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage

· More details on evaluation assumption and results can be observed in our companion contribution [4].
Table 3
Spectral efficiency under group based reporting with M beams per group to be reported and N groups
	
	N=1 group

M = 2 beams
	N = 1 group

M = 4 beams
	N = 1 group

M = 8 beams
	N = 2 group
M = 2 beams 
	N = 4 group
M = 2 beams
	N = 8 group
M = 2 beams

	Outage
	11%

(100%)
	6%

(-45.5%↓)
	2%

(-81.2%↓)
	3%

(-72.7%↓)
	1%

(-90.9%↓)
	0%

(-100%↓)

	Average
	12.4313 
(100%)
	12.5315
(+0.81%↑)
	12.7242
(+2.36%↑)
	13.0613
(+5.07%↑)
	13.4169
(+7.93%↑)
	13.5942
(+9.35%↑)


Proposal 8:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
2.2.3 DL beam indication for multi-beam operation
In Rel-15, for single TRP transmission, N1<=128 TCI states can be configured per BWP by RRC signaling for PDSCH transmission. Then a MAC CE signal is used to activate N2<=8 TCI states from those RRC configured TCI states. To support two-TRP or two-panel transmission in Rel-16, it has been agreed that each TCI codepoint in a DCI can correspond to 1 or 2 TCI states. 
Therefore, MAC-CE enhancement should be supported to activate N3 candidates, and each candidate includes 1 TCI state or 1 TCI state pair i.e. respectively for single TRP or two TRP transmission. In order to save MAC-CE overhead and consider the compatibility of singe-TRP/panel transmission as in Rel-15, a two-step MAC-CE signaling should be supported.
· Step 1: N2 TCI states are selected from the RRC configured pool of TCI states. This procedure can be exactly  the same as Rel-15, and N2 can still be equal to or less than 8.
· Step 2: N3 active candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states in Step 1. The N3 active candidates are associated with TCI codepoints in DCI, respectively.

The Step 2 is only available when the single PDCCH for two-TRP or two-panel transmission is enabled by gNB, and consequently it can fall back to Rel-15 design straightforwardly for the case of single TRP/panel transmission. Since N3 candidates are selected or combined from N2 TCI states, the overhead increase of MAC-CE signaling is limited. In order to achieve more flexibility, N2<=16 or N3<=16 can also be considered if performance gain is justified.
Besides, all TRSs associated with TCI states due to dynamic beam indication should be transmitted for the subsequent PDSCH transmission, but currently periodic TRS can be configured or aperiodic TRS has to be complemented with periodic TRS, which means that all periodic TRS associated with TCI states in RRC configured TCI pool have to be transmitted; otherwise, it cannot keep up with MAC-CE timing. The overhead of TRS transmission can be huge. One possible approach for overhead reduction is to introduce semi-persistent TRS.  The MAC-CE activation for TCI states, e.g., active TCI state in Step1, and the associated SP-TRS can be combined for saving the MAC-CE overhead as well as making sure all the activated TCI state have active TRS.
Proposal 9: For DL beam indication for multi-beam operation, support two step MAC-CE for TCI enhancement 
· Step 1: N2 TCI states are selected from RRC configured pool of TCI states, which is the same as Rel-15.
· Step 2: N3 active TCI candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states.
· The N3 active TCI candidates are associated with TCI codepoints in DCI, respectively
· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH. 

3. Beam failure recovery for SCell
Two scenarios of “SCell with both uplink and downlink” and “SCell with downlink only” have been identified and should be supported in this WID. In this section, we discuss these two scenarios separately.

3.1 BFR-SCell with both uplink and downlink

Considering that, in this SCell with both uplink and downlink, there is still available uplink channel for PRACH transmission, the entire procedure of PRACH-based beam failure recovery (i.e., including beam failure detection, new candidate beam identification, beam failure recovery request and gNB responses) for Pcell in Rel-15 can be reused for the SCell straightforwardly. 
Proposal 10:  For one SCell with both uplink and downlink, the whole procedure of beam failure recovery specified in Rel-15 is reused.
3.2 BFR-SCell with downlink only
3.2.1 Beam failure detection and new candidate beam identification
Considering BFR of a target SCell with downlink only, the procedures (including metrics of accessing channel quality) of beam failure detection and new candidate beam identification specified in Rel-15 can be reused directly. 
· The RS for beam failure detection should only be in the target SCell for guaranteeing accuracy, taking into account cell-specific interference. Even, in Rel-15, the DL RS for beam failure detection only can be explicitly configured in the target cell for BFR. Taking into account that Rel-15 beam recovery procedure only can be configured in Pcell, and consequently it should be a very corner case that a DL RS for another CC rather than Pcell is derived through implicit configuration.
· It should be at least supported that the RS for new candidate beam identification in SCell recovery can be configured in the target SCell. But, taking into account that the metric for new candidate beam identification is based on RSRP without considering cell-specific interference and the huge overhead of RS set to have full-space coverage (e.g., 64 SSBs), RS in another CC may be considered for saving DL RS overhead of SCell.
Proposal 11:  For BFR of a target SCell with downlink only, the procedure of beam failure detection and new candidate beam identification specified in Rel-15 are reused.
· RS for beam failure detection shall only be in the target SCell, regardless of explicit or implicit configuration approaches.

· RS for new candidate beam identification can be in the target SCell or another CC.
3.2.2 Beam recovery request

Due to the fact that there is no available UL channel for transmitting beam recovery request signaling, the current design in Rel-15 can NOT be reused straightforwardly. Regarding UL channel for carrying beam recovery request signaling, two approaches of PUCCH-based and PRACH-based recovery have been both agreed in Rel-15. Due to very urgent timeline for NR, only PRACH-based recovery has been specified finally. However, for the beam recovery for SCell, PRACH based approach seems to be VERY inefficient, taking into account that the UL/DL channels are still available in Pcell. Therefore, using PUCCH-based recovery sounds to become a natural solution to support beam failure recovery for SCell, rather than PRACH-based recovery. To be more specific,
· One dedicated beam recovery request (BRR) signaling, which can be multiplexed with SR, can be introduced for reporting request signaling of beam failure recovery in PUCCH.

· The dedicated BRR signaling is transmitted only when UE declares beam failure and identifies a new candidate beam, taking into account that 
· i) beam failure detection and new beam identification can be performed in parallel for reducing recovery latency; 
· ii) if the new candidate beam can NOT be identified any more, beam failure for SCell still continues anyway.
· SCell ID and/or new candidate beam ID can be associated with transmission occasions of the dedicated BRR signaling as shown in Figure 2. In order to save some transmission occasions, we have the following examples for further studies.
· a) BRR transmission occasion is only associated with SCell ID, and the BRR signaling can provide the new candidate beam ID explicitly; 
· b) BRR transmission occasion is only associated with SCell ID, and the BRR signaling only occupies one bit for confirming whether a beam failure event occurs in SCell or not. Once receiving BRR, gNB can trigger one AP-CSI reporting for obtaining the new candidate beam ID, i.e., the index of DL RS q_new.
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Figure 2  PUCCH based recovery request procedure 
Besides PUCCH, another solution of using MAC-CE to carry BRR signaling has also been recommended by some companies. But, in this MAC-CE approach, a SR triggered by beam failure event shall be transmitted through PUCCH firstly, and subsequently PUSCH shall be scheduled for carrying the MAC-CE command on BRR signaling. Without doubt, the L2/L3 latency using this MAC-CE approach is significantly larger than the PUCCH-only approach, and there are a lot of RAN2 works of designing a new MAC-CE procedure (but there is ONLY a total of 2.5 TUs for this WID in RAN2).
Proposal 12: For the SCell with downlink only, dedicated beam recovery request signaling is supported for reporting request of beam failure recovery in PUCCH
· Once a UE declares beam failure and identifies a new candidate beam, the UE reports new beam information together with beam recovery request or after beam recovery request.
· SCell ID and/or new candidate beam ID can be associated with BRR transmission occasions.
· FFS: format of dedicated BRR signaling.
3.2.3 gNB response for recovery

Considering gNB response procedure in this SCell with downlink only scenario, the dedicated search space set for recovery still can be configured, and therefore the same procedure of receiving gNB response for recovery can be reused accordingly. Specifically, after transmitting BRR signaling (or the corresponding CSI reporting for new candidate beam), the dedicated CORESET for recovery should be monitored according to the QCL assumption of the DL RS q_new as new candidate beam.
Proposal 13: For the SCell with downlink only scenario, the procedure of receiving gNB response for recovery in PCell specified in Rel-15 can be reused.

· Notes: one dedicated search space set for recovery is configured in the SCell for monitoring gNB response.
4. Measurement and reporting of  L1-SINR
4.1 Definition and reporting format for L1-SINR
Taking into account that interference for L1-SINR can be measured based on dedicated resource(s) for interference measurement, the following definition of L1-SINR for CSI-RS and SSB is provided with some highlighted modification over in current TS38.215.
Proposal 14: The following definition of L1-CSI-SINR and L1-SS-SINR is supported for measurement and reporting of L1-SINR.
	For CSI-SINR

· CSI signal-to-noise and interference ratio (CSI-SINR), is defined 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 and the resource elements of interference measurement resources associated with the CSI reference signals, if any, within the same frequency bandwidth.

For SS-SINR

· SS signal-to-noise and interference ratio (SS-SINR), is defined as the 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 and the resource elements of interference measurement resources associated with the secondary synchronization signals, if any,  within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.


4.2  Evaluation on dedicated IMR for L1-SINR reporting
In this section, we evaluate L1-SINR measurement and reporting, involving L1-RSRP and L1-SINR reporting under non-group and group-based approaches for multi-panel operation in the single and multi-TRP (i.e., two TRPs) scenarios. 
· L1-RSRP: Linear average over the power contribution (in [W]) of the resource elements carrying RS; 
· For data transmission, interference beam(s) are randomly generated as MU-MIMO interference.
· L1-SINR without IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS.
· For SINR measurement in beam management, interference beam(s) are randomly generated.
· For data transmission, the same interference beam(s) are used as MU-MIMO interference.
· L1-SINR with IMR index(es) to be reported: Linear average over the power contribution (in [W]) of the resource elements carrying RS divided by the linear average of the noise and interference power contribution (in [W]) over the resource elements carrying RS and the resource elements of interference measurement resource (IMR).
· For SINR measurement in beam management, each Tx beam is generated to NZP-CSI-RS based IMR for interference measurement. A list of low-interference beam, i.e., the indexes of IMRs, is reported per Tx beam to be reported, where, for the reported Tx beam, L1-SINR degradation due to any one of these low-interference beams shall be less than a threshold of 3dB.
· For data transmission, interference beam(s) are randomly selected from the low-interference beam list
Spectral efficiencies for L1-SINR/L1-RSRP reporting in single-TRP and multi-TRP cases can be found in Figure 3 and Figure 4. From the evaluation resources, we have the following observation.
· In the case of single TRP

· Under the case without IMR index(es) to be reported, L1-SINR reporting can NOT obtain any performance gains over L1-RSRP due to that there are often lack of independent Tx-Rx beam pair links in this case.

· L1-SINR reporting with  IMR index(es) to be reported can obtain significant performance gains over L1-RSRP, through reporting low-interference beam information using indexes of IMR. (For instance, in terms of average spectral efficiency, non-group: +17.28%↑; Group: +17.74%↑).
· In the case of multi-TRP

· Under the case without IMR index(es) to be reported, L1-SINR reporting can obtain some limited performance gains over L1-RSRP with some increase of independent Tx-Rx beam pair links.

· L1-SINR reporting with low-interference IMR index(es) to be reported can obtain significant performance gains over L1-RSRP, through reporting low-interference beam information. (For instance, in terms of average spectral efficiency, non-group: +23.01%↑; Group: +24.23%↑).
· Regardless of simulation scenarios (single or multiple TRP) and L1-SINR with or without IMR, group based reporting can obtain some dominant performance improvements over non-group reporting. For instance, in L1-SINR with IMR in the multi-TRP case, the average spectral efficiency by introducing group based reporting can be increased from 16.3741bit/s/Hz to 18.2731bit/s/Hz (+11.6%).
The details and evaluation results can be found in our companion contribution [6].
[image: image4.emf]0 5 10 15 20 25

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

Spectral Efficiency (bit/s/Hz)

 

 

L1-RSRP

L1-SINR without IMR

L1-SINR with IMR

Non-group based

reporting

Group based

reporting


Figure 3 CDF of spectral efficiency for L1-SINR and L1-RSRP reporting with/without IMR index(es) to be reporting in a single-TRP case

[image: image5.emf]0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CDF

Spectral Efficiency (bit/s/Hz)

 

 

L1-RSRP

L1-SINR without IMR

L1-SINR with IMR

Non-group 

based reporting

Group based

reporting


Figure 4 CDF of spectral efficiency for L1-SINR and L1-RSRP reporting with/without IMR index(es) to be reported in a multi-TRP case

Based on the above observations, SINR reporting without IMR index(es) to be reported can hardly obtain distinct performance gains over the legacy RSRP reporting in both single and multiple TRP cases, especially for single-TRP cases. However, SINR reporting with IMR and its corresponding low-interference beam reporting can significantly improve the performance gain, e.g., +17.74% (single TRP) and +23.01% (multi-TRP) in terms of average spectral efficiency. 
· For accurately measuring and reporting intra-cell interference-related beam information, NZP-CSI-RS based IMR resources should be introduced for L1-SINR reporting, which can be used for assisting MU-MIMO scheduling; besides, for measuring background interference, e.g., from neighbour cell(s) or UE(s), ZP based IMR can be used also, like current NR-CQI feedback based on ZP-CSI-RS.

· Besides, NZP CSI-RS resource(s) configured for channel measurement can reused as resource(s) for interference measurement. For instance, N periodic or semi-persistent NZP CSI-RS resources are configured for L1-SINR reporting; once one of these 8 resources are selected to be reported as one transmission recommended beam with the index of X; then, the rest of the resources can be assumed as resources for interference measurement, and, according to one pre-defined rules (e.g., one threshold for reporting low-interference beam(s)), some of CRIs related to the rest of the resources can be reported as interference beam(s) for the transmission recommended Beam-X.
Proposal 15: Information of low-interference beam ID(s), i.e., index(es) of IMR, should be reported along with L1-SINR, for the assistance of beam scheduling for MU-MIMO and multi-TRP transmission.

· Dedicated resource(s) for interference measurement, including either or both of NZP based or ZP based IMR, should be supported in L1-SINR reporting.
· NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.
5. Conclusion

In this contribution, we provide the following observation and proposals for UL multi-beam operation. 

Observation 1: From the evaluation results, it can be observed that:

· Performance of multi-panel simultaneous transmission significantly outperforms UE panel selection in both single-TRP and multi-TRP cases.

· Multi-panel simultaneous transmission can be increasingly enhanced by introducing more TRPs for UL transmission. 
Observation 2:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of UL beams without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and transmission power. 
Proposal 1: Simultaneous UL transmission across multiple UE panels should be supported in Rel-16.
Proposal 2: Down-select the following options of specifying an identifier (ID) which is used for indicating panel-specific UL transmission.

· Opt-1: SRS resource set ID
· Only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant;

· SRS resources in different SRS resource sets can be transmitted simultaneously.
· Opt-2: UE antenna group ID
· Different UL RS resources associated with the same UE antenna group ID can NOT be transmitted simultaneously. 

· Different UL RS resources associated with different UE antenna group ID can be transmitted simultaneously. 
· Specify that this identifier (ID) and a reference DL RS can be assigned/configured together as spatialRelationInfo for a target SRS resource 

· FFS: this identification and a reference SRS can be assigned together in this case.
Proposal 3: Up to X>1 SRS resource set can be configured for codebook based PUSCH transmission, where an SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· Notes that only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant.
· Notes that SRS resources in different SRS resource sets can be transmitted simultaneously.
· FFS: enhancement for non-codebook based PUSCH transmission, e.g., more than 1 SRS resource set.
Proposal 4: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 

· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.

Proposal 5:  In order to improve power efficiency for multi-beam/panel operation, it should be considered to support activating or deactivating UE antenna group(s). 

· Use “Panel ID” to activate/de-activate resources/resource sets associated with the indicated “Panel ID”.

· Study antenna group activation or deactivation mechanism.
· Study antenna-group-specific beam measurement/indication.
Proposal 6:  Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework
Proposal 7:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with one single UL transmission.
After that, we provide the following observation and proposals for DL multi-beam operation. 
Observation 2: Information on simultaneous transmission capability from gNB can be useful for multi-beam/panel/TRP enhancements. 

Observation 3: For the case of multi-beam operation, compared with non-group based reporting, group-based reporting can significantly reduce the latency and overhead of beam management due to fast acquisition of beams for simultaneous reception.

Proposal 8:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
Proposal 9: For DL beam indication for multi-beam operation, support two step MAC-CE for TCI enhancement 
· Step 1: N2 TCI states are selected from RRC configured pool of TCI states, which is the same as Rel-15.
· Step 2: N3 active TCI candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states.
· The N3 active TCI candidates are associated with TCI codepoints in DCI, respectively
· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH. 
Then, we provide the following proposals for beam failure recovery for SCell. 
Proposal 10:  For one SCell with both uplink and downlink, the whole procedure of beam failure recovery specified in Rel-15 is reused.
Proposal 11:  For BFR of a target SCell with downlink only, the procedure of beam failure detection and new candidate beam identification specified in Rel-15 are reused.

· RS for beam failure detection shall only be in the target SCell, regardless of explicit or implicit configuration approaches.

· RS for new candidate beam identification can be in the target SCell or another CC.
Proposal 12: For the SCell with downlink only, dedicated beam recovery request signaling is supported for reporting request of beam failure recovery in PUCCH
· Once a UE declares beam failure and identifies a new candidate beam, the UE reports new beam information together with beam recovery request or after beam recovery request.
· SCell ID and/or new candidate beam ID can be associated with BRR transmission occasions.
· FFS: format of dedicated BRR signaling.
Proposal 13: For the SCell with downlink only scenario, the procedure of receiving gNB response for recovery in PCell specified in Rel-15 can be reused.

· Notes: one dedicated search space set for recovery is configured in the SCell for monitoring gNB response.
Finally, we provide the following proposals for measurement and reporting of L1-SINR.
Proposal 14: The following definition of L1-CSI-SINR and L1-SS-SINR is supported for measurement and reporting of L1-SINR.
	For CSI-SINR

· CSI signal-to-noise and interference ratio (CSI-SINR), is defined 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 and the resource elements of interference measurement resources associated with the CSI reference signals, if any, within the same frequency bandwidth.

For SS-SINR

· SS signal-to-noise and interference ratio (SS-SINR), is defined as the 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 and the resource elements of interference measurement resources associated with the secondary synchronization signals, if any,  within the same frequency bandwidth. The measurement time resource(s) for SS-SINR are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.


Proposal 15: Information of low-interference beam ID(s), i.e., index(es) of IMR, should be reported along with L1-SINR, for the assistance of beam scheduling for MU-MIMO and multi-TRP transmission.

· Dedicated resource(s) for interference measurement, including either or both of NZP based or ZP based IMR, should be supported in L1-SINR reporting.
· NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.
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