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1	Introduction
Beam management solutions were standardized in Rel-15. These solutions were designed to support UEs with directional antennas. The solutions included transmission of beam indications to the UE, reporting of L1-RSRP based on CSI-RS and SS/PBCH block and beam recovery solutions.
The release-16 NR eMIMO WID [1] includes improvements to beam management. In this contribution we give our view on the various parts of the multi-beam operation enhancements.
[bookmark: _Ref178064866]2	Discussion
2.1	UL beam selection enhancements
If the UE supports beam correspondence the UE can determine the transmit beam for PUCCH and PUSCH based on previously transmitted DL reference signals. If the UE does not support beam correspondence (or has poor beam correspondence) the NW can request the UE to transmit an SRS sweep, perform measurements on these SRSs and indicate to the UE which SRS resource is preferred in the subsequent scheduling assignments. 
2.1.1 MAC CE update of spatial relations for aperiodic SRS
The following agreement and working assumption were reached in RAN1#97:Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

In our opinion, it is valuable if MAC CE-based update of spatial relations is applicable to all SRS use cases. If the MAC CE update is  only applicable to SRS sets with usages beam management, codebook based UL, non-codebook based UL, it means that SRS resources used for antenna switching need to have an intermediate spatial relation to one of the SRS resources in a SRS resource set with other usage to be able to use MAC CE for updating spatial relations, which would increase the amount of required overhead signalling. By allowing MAC CE to operate on SRS resources in different types of SRS resource sets would remove the need for such a dummy SRS resource set:
Hence, we propose to confirm the WA:
[bookmark: _Toc16888585]The supported feature of MAC CE based spatial relation update for aperiodic SRS per SRS resource level is applicable to all supported usages  
2.1.2	Simultaneous MAC CE update of single spatial relation for PUCCH 
The following working assumption was reached in RAN1#97:Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16

For further discussion
Study beam indication/activation for a group of CCs

Multi-PDCCH NC-JT with separate HARQ entities located in respective TRPs was the main use case that motivated the WA of forming up to two groups of PUCCH resources per BWP for simultaneous MAC CE based update with a single spatial relation per group. In this case, the PUCCH spatial relations need to be TRP-specific, hence there is need of grouping the PUCCH resources, with respect to the spatial relations, per TRP.
[bookmark: _Toc16888574]Forming up to two groups, with respect to the spatial relations, of PUCCH resources per BWP was motivated for supporting MAC CE based simultaneous update in the case of multi-PDCCH NC-JT with separate HARQ entities in respective TRPs.
In [7][8], it is analyzed in detail that the user plane protocol stack of Rel.15 carrier aggregation can be reused for supporting NC-JT operation by identifying the two TRPs as two ServingCell objects. The analysis therein shows that the CA framework can support all the agreed NC-JT variants, including the multi-PDCCH operation with separate HARQ entities per TRP. 
[bookmark: _Toc16888575]The Rel.15 carrier aggregation framework can support NC-JT operation, including multi-PDCCH with separate HARQ entities per TRP, by identifying the two TRPs as two ServingCell objects.
The separate HARQ entities could be implemented either in one “master TRP” or in the TRP that they serve. The user plane protocol stack for the latter case is illustrated in Error! Reference source not found..
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Figure 1: NC-JT user plane protocol stack with separate HARQ entities located in respective TRPs
To enable the multi-PUCCH setup (ACK/NACK sent to the TRP transmitting the PDSCH), a PUCCH-Config could be provided also in the second ServingCell object that represents the second TRP. In this case the PUCCH-Configs may define PUCCH resources that differ in time domain to avoid power sharing issue and to enable easy distinction at the network side. Since the PUCCH-Config is in the same ServingCell object as the PDSCH-Config the UE would send the ACK/NACK for the PDSCH received from the Master-TRP on the PUCCH-Resource defined in the ServingCell object representing that master TRP. The HARQ feedback for the PDSCH of the other TRP would be time multiplexed using the PUCCH resource configured in the PUCCH-Config of the other serving cell object (see existing field description of pucch-Cell). 
[bookmark: _Toc16771764][bookmark: _Toc16888576]The existing PUCCH-Config allows multi-PUCCH (ACK/NACK to the TRP where the PDSCH came from).
Since the PUCCH resources, intended to carry the HARQ feedback of each TRP, can be separately configured and each of these configurations can be tied to a separate ServingCell ID, the potential ambiguity regarding which TRP’s RS to use as source for the single MAC CE spatial resource update is resolved. 
[bookmark: _Toc16888577]Adopting the CA framework for supporting NC-JT yields redundant the need to form more than one group per BPW of PUCCH resources, with respect to the spatial relations. 
Given the above observations, we propose:
[bookmark: _Toc16888586]Do not confirm the WA of at least up to two groups of PUCCH resources per BWP, if RAN2 agrees to reuse the CA framework for supporting multi-PDCCH NC-JT with separate HARQ entities per TRP. 
A UE can have up to four BWPs configured in a serving cell, e.g., for power saving reasons. The per BWP simultaneous update of spatial relations implies that each time the active BWP changes, a new MAC CE message needs to be transmitted to update the spatial relations of the configured PUCCH resources in the new active BWP. This is an unnecessary operation that can be avoided by extending across all PUCCH resources in a serving cell, the MAC CE based simultaneous update of single spatial relation. Hence, we propose: 
[bookmark: _Toc7800171][bookmark: _Ref4741221][bookmark: _Toc7806342][bookmark: _Toc16888587]Support updating with a single MAC CE message the spatial relations of all PUCCH resources across all the configured BWPs in a serving cell. 
We note that if the CA framework is adopted for supporting NC-JT, then it is straightforward to implement the simultaneous MAC CE based update of single spatial relation for all PUCCH resources in a BWP (or serving cell). While the detailed design of the MAC CE is up to RAN2, a possible way could be to redefine one of the reserved bits to flag whether the UE should read or not the PUCCH Resource ID (and BWP ID).
[bookmark: _Toc16888578]Simultaneous update of single spatial relation of all PUCCH resources in a BWP (or serving cell) can be implemented by redefining one of the reserved bits in the corresponding MAC CE, if the CA framework is adopted for supporting NC-JT.
2.1.3	Flexible spatial relations
The procedure of updating UE TX beam is associated with quite some overhead, even with the updates proposed in the previous sections. Due to UE rotation, the UL Tx beam may be rapidly outdated, making it necessary to repeat the SRS sweeping procedure and the associated signaling rather frequently. Note that with the current specification, the UE must use the beam used for the most recent SRS transmission also for the scheduled PUSCH. 
One way to reduce the overhead and latency of solutions based on SRS sweeping is to introduce a concept of flexible spatial relations. The purpose of the flexible spatial relation is to allow the UE to choose a different Tx beam for a subsequent UL transmission than the UE TX beam that has been indicated through the spatial relation. UE could then base its UE TX beam selection on measurements such as
-	Measurements on a DL RS
-	Measurements from movement sensors. 
Figure 2 illustrates the principle of flexible spatial relations. In Step1 the UE performs a TX beam sweep by transmitting different SRS resources in different UE TX beams. The NW performs measurements on the different SRS resources and determines a preferred SRS resource, which corresponds to a certain UE TX beam. In Step2 the NW updates the spatial relation for the UE and indicate that the updated spatial relation is flexible. In Step3 the UE transmits PUCCH and/or PUSCH in the UE TX beam indicated from the flexible spatial relation. In Step4 the UE has discovered that it has rotated (for example based on movement sensors or measurements on DL RS) and applies a new UE TX beam for coming UL transmission without informing the NW.  
[image: ]
[bookmark: _Ref534970499] Figure 2: Illustration of the principle with flexible spatial relation.
[bookmark: _Hlk534972431][bookmark: _Toc534967578]With the introduction of such flexible spatial relations, the NW may perform an SRS sweep, and indicate to the UE to use the beam corresponding to the preferred SRS for the subsequent PUCCH/PUSCH transmission. However, the UE is then allowed to use another beam than the preferred SRS, if the UE has additional measurements that point to that the optimum beam has changed since the transmission of the SRS sweep.
Hence, we propose
[bookmark: _Toc534987230][bookmark: _Toc7806341][bookmark: _Toc16888588]Introduce concept of flexible spatial relation that enables the UE to update the UE TX beam by itself without the NW updating the spatial relations.
2.1.4	CORESET as spatial relation
In single-beam operation, the signalling overhead can be significantly reduced if there was a lightweight configuration option to let the UL follow the DL. One way to achieve this is to introduce the possibility to configure a spatial relation as a CORESET. This was discussed in RAN1#97, and the following was agreed:
For further discussion
Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2

When configured with a CORESET Id in the spatial relation, the UE would derive the UL Tx beam from the DL Rx beam of the PDCCH DMRS. When the NW updates the TCI state of that CORESET, the UL follows: there is no additional signalling required. Thus, we propose:
[bookmark: _Toc7806344][bookmark: _Ref16087632][bookmark: _Toc16888589]Introduce the possibility to use a CORESET when configuring a spatial relation.
If Proposal 5 is agreed, the UE should also be provided with guidance on how to set its Tx power. As the CORESET has a TCI state that it uses to derive the QCL parameters of the CORESET, the UE could use the RS(s) in that TCI state to also set its Tx power:
[bookmark: _Toc16888590]When the spatial relation is defined by a CORESET, the UE would use the RS(s) in the active TCI state of the CORESET as pathloss reference RS.
2.2	Signalling reduction for UL power control
One of the topics of the eMIMO WID is improvements to UL and/or DL transmit beam selection to reduce latency and overhead. The motivation is that the beam selection signalling in Rel-15 is associated with significant overhead. It has been identified that the beam-based power control specified in Rel-15 has the same issues. Therefore, the following agreement was made in RAN1#97:
Agreement
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.

[bookmark: _Hlk7533239]The power control loops for the PUCCH, PUSCH and SRS reuse the LTE paradigm: an open-loop part, where the UE adjusts is TX power based on the received power of a DL reference signal, and a closed-loop part where the NW performs adjustment based on received power. The DL reference signal used for open-loop power control is called pathloss reference RS. 
As will be clear from this discussion, the beam-based power control specified in Rel-15 was not designed to handle UE mobility. The only way to avoid RRC reconfigurations is to avoid configuring any pathloss reference RSs at all, which will imply that the UE would by default use a non-specified SS/PBCH block as pathloss reference RS:
[bookmark: _Toc7701440][bookmark: _Toc16888579]The only way to avoid RRC reconfiguration of the power control is to rely on a default SS/PBCH block as pathloss reference RS. 
The power control configurations for the PUSCH, PUCCH and SRS are somewhat different and will be described separately.
[bookmark: _Ref7700943]2.2.1	PUCCH power control
For PUCCH, the pathloss reference RS is part of the PUCCH spatial relation, as shown in this excerpt from [5]:
PUCCH-SpatialRelationInfo ::=           SEQUENCE {
    pucch-SpatialRelationInfoId         PUCCH-SpatialRelationInfoId,
    servingCellId                           ServCellIndex                        		OPTIONAL,   -- Need S
    referenceSignal                         CHOICE {
        ssb-Index                               SSB-Index,
        csi-RS-Index                                NZP-CSI-RS-ResourceId,
        srs                                     SEQUENCE {
                                                    resource                            SRS-ResourceId,
                                                    uplinkBWP                           BWP-Id
                                                }
    },
    pucch-PathlossReferenceRS-Id            PUCCH-PathlossReferenceRS-Id,
    p0-PUCCH-Id                             P0-PUCCH-Id,
    closedLoopIndex                         ENUMERATED { i0, i1 }
}

As soon as the spatial relation of the PUCCH is updated, the pathloss reference RS for the PUCCH is updated. During the Release-16 work, RAN1 has agreed to increase the maximum number of configured spatial relations for PUCCH to 64. However, the total number of PUCCH pathloss reference RSs is only 4:
maxNrofPUCCH-PathlossReferenceRSs       INTEGER ::= 4       

Thus, even if we define, e.g., 16 spatial relations for PUCCH, and use MAC CE to switch between these 16 to handle UE mobility, these 16 spatial relations share only 4 pathloss reference RSs, so power control will not work well. 
To solve this, a simple way is to increase the maximum number of PUCCH pathloss reference RSs to 64:
[bookmark: _Toc7701441][bookmark: _Hlk7533395][bookmark: _Toc16888591]Increase the maximum number of PUCCH pathloss reference RSs to 64.
2.2.2	SRS power control
For SRS, the pathloss reference RSs is configured as part of the SRS resource set. To update the pathloss reference RS of the SRS, RRC reconfiguration is currently needed. In the work on signalling reduction, it has already been agreed that it should be possible to update the spatial relation of an aperiodic SRS using MAC CE, a signalling option that already exists for semi-persistent SRS. However, since such an update of the spatial relation does not impact the pathloss reference RS (in contrast to the PUCCH), the UE will continue to use the configured pathloss reference RS, essentially meaning that the UE will transmit SRS using too high TX power.
There are (at least) two options to solve this:
1. Move the pathloss reference RS into the SRS spatial relation, as for PUCCH. Any update of the spatial relation will lead to that the pathloss reference RS is also updated.
2. Introduce the possibility to activate SRS resource sets using MAC CE. Here we would thus define multiple SRS resource sets and activate one of them using MAC CE.
Moving the path loss reference into the SRS spatial relation implies moving the power control from the resource set level to the resource level. It is doubtful that this will work since an SRS resource generally can be present in multiple SRS resource sets. The multiple resources in a set are also transmitted in the same slot, and thus, associating different SRS resources transmitted in the same slot with vastly different power levels will cause power ramping issues, and scheduling restrictions will need to be imposed in RAN4 to avoid violating SRS power mask requirements. Hence, we propose to specify option 2, i.e., SRS resource set activation.
For SRS resource set selection, the NW uses RRC signaling to define N candidate SRS resource sets. A MAC-CE message will then be used to select (activate) one out of the N candidates. This selection procedure is similar to how aperiodic triggering states are down-selected in NR Rel-15.
The additional flexibility comes at the cost of more RRC signaling: the number of configured SRS resource sets will increase. On the other hand, the MAC CE signaling is trivial to design: it only selects among the configured SRS Resource Sets.


[image: ]
Figure 3	Schematic illustration of the method SRS resource subset selection

[bookmark: _Toc7701442][bookmark: _Toc16888592]Introduce the possibility to activate SRS resource sets using MAC CE.
2.2.3	PUSCH power control
For PUSCH, two things need to be done to avoid RRC reconfigurations as the UE moves: the number of pathloss reference RSs for power control must be increased, and MAC CE control of the SRI-PUSCH-PowerControl must be introduced. 
The first change is straightforward: similar to the change to PUCCH power control described in section 2.1 one RRC parameter needs to be updated:
maxNrofPUSCH-PathlossReferenceRSs       INTEGER ::= 4     

As for PUCCH, it makes sense to increase this to 64:
[bookmark: _Toc7701443][bookmark: _Toc16888593]Increase the maximum number of PUSCH pathloss reference RSs to 64.
The PUSCH transmit power is controlled via the RRC IE SRI-PUSCH-PowerControl:
SRI-PUSCH-PowerControl ::=          SEQUENCE {
    sri-PUSCH-PowerControlId            SRI-PUSCH-PowerControlId,
    sri-PUSCH-PathlossReferenceRS-Id    PUSCH-PathlossReferenceRS-Id,
    sri-P0-PUSCH-AlphaSetId             P0-PUSCH-AlphaSetId,
    sri-PUSCH-ClosedLoopIndex           ENUMERATED { i0, i1 }
}
 
Given an SRI in the UL grant, the UE applies the open-loop power control parameters in the corresponding structure: the DCI points to one of the parameter sets, in particular to one PUSCH pathloss reference RS. The simplest way to introduce MAC CE control over these parameter set is to state that MAC CE is used to down-select among a set of such SRI-PUSCH-PowerControl structures, and that the SRI points into this subset. Hence, we propose
[bookmark: _Toc7701444][bookmark: _Toc16888594]Introduce MAC CE activation of SRI-PUSCH-PowerControl structures, and state that the SRI points into the activated subset.
2.3	DL beam selection improvements
2.3.1	Increased flexibility for QCL relations
The Rel-15 framework for beam management is based on the framework of spatial QCL assumptions and spatial relations to support e.g. analog beamforming implementations at the UE and/or the network (NW). The framework allows great flexibility for the network to instruct the UE to receive signals from several directions and to transmit signals in several directions.
Downlink beam management is performed by conveying QCL associations to the UE, particularly the spatial QCL is of relevance here (‘Type D’), which are encapsulated in TCI states. One TCI state contains one or two RSs, and each RS is associated with a QCL type.  
Once a QCL relation becomes outdated, i.e., when the UE is unable to receive the corresponding RS(s), the NW would have to activate a new TCI state, which contains RS(s) the UE can receive. This signalling is performed using MAC CE. This signalling overhead essentially leads to a limitation on how accurate QCL relations can be conveyed to the UE: it becomes too cumbersome to provide the UE with reference signals transmitted in narrow beams as QCL source, since that would result in too much signalling. 
[bookmark: _Toc528954504][bookmark: _Toc534987212][bookmark: _Toc7806325][bookmark: _Toc16888580]The signalling overhead limits how accurate QCL relations can be conveyed to the UE.
As long as the gNB antenna is reasonably small (in the order of 100 antenna elements), the discrepancy between the QCL properties of a wide and narrow beam will be reasonably small, meaning that the NW could provide QCL relations based on the wide beam only, and rely on that the performance of the reception for the narrow beam is good enough when based on the QCL properties of signals transmitted in the wide beam.
To improve performance in systems with larger antennas (in the order of 1000 antenna elements), the RS used as QCL source for the PDCCH/PDSCH reception (typically the TRS) should be transmitted in a beam that is as similar as possible to the PDCCH/PDSCH beam. Such a narrow beam would have to follow the UE as it moves, as illustrated in Figure 4.
[image: ]
[bookmark: _Ref528567415]Figure 4: Dynamic, UE-specific TRS. The TX beam changes slowly as the UE moves, but the RS configuration the UE uses does not change.
However, the setup in Figure 4 is problematic in Rel-15. The reason is that the TRS itself needs a QCL source, and since the TRS is periodic, that QCL source is configured using RRC. Thus, if the QCL source of the TRS becomes outdated, the NW may have to resort to RRC signalling to change that QCL source, leading to that RRC signalling is needed to handle intra-cell mobility. 
Note that the QCL source of a periodic CSI-RS resource is an optional RRC parameter. Thus, it can be argued that Rel-15 does not require RRC signalling to handle the UE mobility depicted in Figure 4. However, it is not clear how the UE would perform in this case. 
[bookmark: _Toc7806326][bookmark: _Toc16888581]The QCL source of a periodic CSI-RS is an optional RRC, implying that the UE must be able to utilize a periodic CSI-RS without a QCL source.
To improve the UE performance, rather than configuring a TRS without any QCL source, the NW could configure the TRS with multiple QCL sources. The NW would then tell the UE that the QCL properties of the target is equal to the QCL properties of all the configured QCL sources, and the UE may use the QCL properties of any combination of the sources when demodulating the target RS:
[bookmark: _Toc525901429][bookmark: _Toc528573133][bookmark: _Toc528954519][bookmark: _Toc534987234][bookmark: _Toc7806349][bookmark: _Toc16888595]Introduce the possibility to configure several QCL sources for one RS.
The UE may use the QCL properties of any combination of the QCL sources when demodulating the target RS. One example of such a multi-source QCL configuration would be to configure one TRS with several different SSBs as QCL sources.
2.3.2	 Improvements to TRS
Reducing overhead and increasing flexibility in NR is often equivalent to reducing the amount of periodic reference signals. Currently, there are only two periodic reference signals in NR: the SS/PBCH block and the TRS. Reducing the number of SS/PBCH blocks is quite difficult, since it impacts initial access. On the other hand, some improvements are relevant for TRS.
Currently, there are two supported TRS configurations: one periodic and one aperiodic. It would appear that utilizing the aperiodic TRS (a-TRS) would reduce the amount of periodic reference signals, but unfortunately the a-TRS is crippled by the fact that the only allowed QCL sources for the a-TRS is periodic TRS (p-TRS).
One simple way to reduce the amount of periodic reference signals is thus to introduce another supported configuration for a-TRS, where the QCL sources are as for the p-TRS:
[bookmark: _Ref773792][bookmark: _Toc7806350][bookmark: _Toc16888596]Introduce the possibility to configure an aperiodic TRS with the same source TCI states as the periodic TRS. 
Proposal 12 implies that the UE can expect that a TCI-State used as QCL source for the a-TRS indicates one of the following QCL type(s):
· 'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or
· 'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition
2.3.3	SRS in the TCI state
The reference signals in the TCI state are used by the UE as QCL sources when receiving other signals. The QCL type describes what channel properties the UE can derive from the QCL source reception. ‘QCL-TypeD’ was introduced to handle UEs that rely on beamformed analog reception. With ‘QCL-TypeD’, the UE may derive the ‘spatial Rx parameter’ from the QCL source when receiving the target reference signal, which essentially means that the UE can assume that it can use the same Rx beam when receiving the two signals. Currently, only SS/PBCH blocks or CSI-RS are allowed in the TCI states.
The concept of beam correspondence is central to operation in FR2. The main use case for beam correspondence is that the UE can derive its Tx beam from an Rx beam, but the opposite mapping is also possible: a UE with beam correspondence may derive an Rx beam from a Tx beam.
In the future, digital receivers may be more common in base stations. In this case, the gNB may rely on reciprocity to derive the Tx beam from a received SRS, thus not relying on DL beam management. Such a scheme can be efficiently combined with SRS beam sweeping to determine a suitable Tx beam. Since there is no DL beam management, the most efficient operation would be to signal to the UE that it can use the Rx beam corresponding to a certain transmitted SRS as receive beam. This would require that an SRS can be used in a TCI state to signal ‘QCL-TypeD’. Hence, we propose:
[bookmark: _Toc7806351][bookmark: _Toc16888597]Introduce the possibility to configure SRS in a TCI state to indicate ‘QCL-TypeD’.
2.4	UL transmit beam selection for multi-panel operation
2.4.1	P-MPR-aware scheduling
In various meetings, RAN1 has discussed the issue of how to enhance coverage for the case when the UE needs to reduce its transmit power to comply with emission requirements. These emission rules may sometimes require that the UE reduces its maximum transmit power with a certain amount, known as P-MPR.
In RAN1#97, the following was agreed: 
Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
If no consensus in RAN1#98, no further discussion in RAN1.

Traditionally, the UE chooses its Rx/Tx panel based on DL path gain: the panel with the highest path gain is chosen. This is depicted in Figure 5
[image: ]
[bookmark: _Ref16668685]Figure 5: A multi-panel UE. Traditionally, the UE selects panel based on path gain, i.e., if G1>G2, the UE choose panel 1 both for transmission and reception. Note that cell association is also based on DL path gain.
Choosing the panel based on DL path gain is optimal also from an UL point of view, as long as the available transmit power is the same on both panels. However, if the available transmit power is different on the two panels, e.g. due to that the UE is required to back off on one of the panels, the situation is somewhat different, as depicted in Figure 6.
[image: ]
[bookmark: _Ref16668600]Figure 6: A multi-panel UE with different transmit power on the two panels. Here the NW could potentially schedule transmission over the panel that would lead to the highest received power, i.e., the NW could choose panel 1 if p1G1> p2G2. Note that cell association is still based on DL path gain.
Clearly, if the maximum transmit power is reduced on the selected panel, the performance is reduced. In this case, it may be advantageous for the NW to schedule data on the second-best panel where the UE can transmit with full power. Intuitively, for this to be beneficial, the difference in path gain between the best and second-best panel must be less than the back-off. Since this requires that the scheduler is aware of the P-MPR the UE applies on the panels, such a scheme could be called P-MPR-aware scheduling.
To investigate this approach, we have performed system simulations to determine the gain of the knowledge of panel-specific P-MPR. There are two baseline cases. In one case, P-MPR is 0 and in the other case, the P-MPR is non-zero but the NW assumes it is zero. This is compared to the case where the P-MPR is non-zero and exactly known to the NW. It is further assumed that the P-MPR is non-zero for exactly one panel for each UE. More simulation parameters are provided in the appendix.
The performance will depend on how large back-off is required. RAN4 is still discussing the what values would be relevant, see [6]. For the purpose of this discussion, we will investigate a back-off of 7dB. 
Note that the cell selection is still based on DL path gain. Hence, when performing the cell association, the UE does not take the P-MPR into account. 
The results are depicted in Figure 7.
 [image: ]
[bookmark: _Ref16670664][bookmark: _Hlk7694088]Figure 7: User throughput as a function of served traffic for P-MPR-aware multi-panel scheduling.
As is clear from Figure 7, there is only a gain at low load: the gain at an offered load of 20Mbps/cell, corresponding to a utilization of 40%, all gains are gone. Thus, P-MPR-aware scheduling will only improve coverage.
However, also the low-load gain is quite low. Even under the assumption that the base station knows the P-MPR perfectly, the gain is only in the order of 5-10%.
First of all, we should note that for the current modelling, 50% of the UEs choose the full-power panel, and for those UEs, the P-MPR aware scheduling does not have any effect. For the remaining 50% of the UEs, there is only a gain for the UEs where the ratio between the strongest and second strongest path gains is smaller than the P-MPR, i.e., 7dB for the case in Figure 7. To provide some deeper understanding of the simulation results, the ratio between path gain of the strongest and second strongest panel is plotted in Figure 8.
[image: ]
[bookmark: _Ref16677328]Figure 8: Difference between the path gains of the strongest and second strongest panel.
From Figure 8, we can see that some 20% of the UEs have panel difference that is small enough. Also, remember that of these 20%, half of the UEs use the full-power anyway. Thus, only 10% of the UEs will see any improvement at all. Setting the gain to 0dB for UEs that use the full-power panel, and also setting the gain to 0dB if the difference is larger than 7dB gives a better picture of the gain, as depicted in Figure 9.
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[bookmark: _Ref16861876]Figure 9: Difference between the path gains of the strongest and second strongest panel.
Thus, some 92% of the UEs see no gain at all.
In case the UE needs to back off the transmit power due to emission requirements, it is quite likely that the panel is covered. This extra coverage will lead to that the path loss is reduced by a certain amount. This offset will make the covered panel less attractive also from a DL path gain point of view, which reduces likelihood that the UE chooses the covered panel.
To investigate this effect, we added 3dB extra pathgain to the covered panel for the investigated scenario. The results are depicted in Figure 10,
[image: ]
[bookmark: _Ref16879738]Figure 10: User throughput as a function of served traffic for P-MPR-aware multi-panel scheduling.
[bookmark: _GoBack]With the additional path gain for the covered panel, the gains are further reduced. In this case, the gains are in the order of 1-5%. 
Based on the results in Figure 7 and Figure 10, we propose to go with Alt 4.
[bookmark: _Toc16888598]No enhancements considering MPE issues are introduced in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
2.4.2	A flexible framework for UL multi-panel transmission
In RAN#97, the following was agreed.
Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

The results in the preceding section indicate that the gain with panel-specific scheduling is small. However, there may be other scenarios where there are gains – these scenarios have simply not been identified so far.
To facilitate flexible multi-panel scheduling, the handling of the spatial Tx properties in the Rel-15 scheduling framework needs to be revisited. This situation is very much complicated by the fact that the spatial properties are handled differently for PUSCH, PUCCH and SRS. Designing a unified handling of panel-specific transmission based on the current framework is quite cumbersome.
To facilitate flexible multi-panel transmission of all channels and signals, a new framework for UL transmission needs to be designed. Here we propose to mimic the DL transmission framework, which utilizes TCI states. A TCI state contains QCL properties of one or two reference signals and is used by the UE when receiving another reference signal. For every RS, the UE is provided with a TCI state, and the RSs in the TCI state serve as QCL sources when the UE receives the RS. The way the UE is provided the TCI state (the signaling mechanism) differs depending on how fast the updates need to be performed. For the purpose of the discussion, the corresponding quantity will be called UL TCI:
[bookmark: _Toc16888599]Define an UL TCI state that is used to control the spatial properties of all UL transmissions.
The content of an UL TCI IE will be quite similar to the SRS spatial relation. Thus, a reasonable assumption for an RRC IE would be:
UL-TCI-State ::=     SEQUENCE {
    ul-Tci-StateId                      UL-TCI-StateId,
    servingCellId                       ServCellIndex,                                               
    referenceSignal                     CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId,
        srs                                 SEQUENCE {
            resourceId                          SRS-ResourceId,
            uplinkBWP                           BWP-Id
        }
    }
}
The list of UL TCI states would be configured on serving cell level, rather than tied to any physical channel. This was a mistake for the DL TCI states: they should also have been configured on serving cell level.
The UL TCI states are then used to control the spatial properties of all UL RSs instead of the Rel-15 mechanisms. As for the DL, the signaling mechanisms will be different for the different channels and signals. 
2.4.2.1	PUCCH
A PUCCH configuration would contain a list of UL TCIs, just as a Rel-15 PUCCH configuration contains a list of PUCCH spatial relations. The spatial properties of PUCCH resources are controlled via MAC CE in Rel-15, and that paradigm is reused also for the Rel-16 UL TCIs:
[bookmark: _Toc16888600]A PUCCH configuration would contain a list of UL-TCI-StateIds, and MAC CE would be used to activate UL TCI states for PUCCH resources using a pointer into that list.
2.4.2.2	SRS
An SRS configuration would contain a list of UL TCIs. Each SRS resource would then contain a field pointing into that list. The UL TCI of each SRS resource could then also be updated using MAC CE, similar to semi-persistent SRS in Rel-15, and the aperiodic SRS in Rel-16.
[bookmark: _Toc16888601]An SRS configuration would contain a list of UL-TCI-StateIds, and each SRS resource would include a field that points into that list.
[bookmark: _Toc16888602]The UL TCI of an SRS resource can be updated using MAC CE, similar to spatial relations for SRS. 
2.4.2.3	PUSCH
A PUSCH configuration would contain a list of UL TCIs. The scheduling DCI would contain a pointer into that list, instructing the UE what spatial properties to use for the corresponding PUSCH transmission. 
[bookmark: _Toc16888603]A PUSCH configuration would contain a list of UL-TCI-StateIds, and the scheduling DCI points into that list.
The Rel-15 PUSCH transmission framework relies very much on SRS. The behavior of that framework is still available if the RS in the UL TCI state is an SRS resource in an SRS resource set with usage ‘codebook’ or ‘nonCodebook’:
[bookmark: _Toc16888582]If desired, the Rel-15 PUSCH scheduling behavior can be triggered if the scheduled UL TCI contains an SRS belonging to an SRS resource set with usage ‘codebook’ or ‘nonCodebook’.
Note that although the framework allows that the TPMI is applied on top of an analog UL beamformer, the usefulness of such coherent combining in FR2 is questionable due to the high Doppler.
2.4.2.4	Multi-panel handling
Handling of multiple Tx panels at the UE has been discussed intensely during Rel-16. The discussion has been complicated by the fact that there is no agreed definition of a panel: since the UE antenna layout needs to be hidden to the NW, there cannot be any explicit index that describes its physical hardware. Instead, a panel must be an abstraction usable by the scheduler in the NW, and a minimum requirement is that the scheduling over different panels at least to some extent would need to be independent. Without any agreement about such an abstraction, and the associated mechanisms, it becomes quite challenging to design a multi-panel handling scheme.  
With the UL TCI framework in place, a panel can be described on the highest possible abstraction level as a group of UL TCIs. The UE would simply group the UL TCIs according to the UEs own understanding of what a panel is. 
[bookmark: _Toc16888583]The UE maps each of the configured UL TCIs to one or more of its panels. The panel is thus identified by a group of UL TCIs.
Note that each UL TCI can be mapped to one or more of the panels. 
By including a specific UL TCI in a scheduling grant, the NW would implicitly instruct the UE to use a certain panel in the corresponding transmission. If the UE is scheduled with one UL TCI and that TCI is only in one of the UL TCI groups, the UE would transmit from that panel. If the UE is scheduled with one UL TCI and that TCI is in multiple UL TCI groups, the UE would transmit from any of the corresponding panels (and potentially even from more than one panel). If the UE is scheduled with multiple UL TCIs, they must belong to different groups, and the UE would transmit from all of them. How to signal the UL TCI groups to the NW is FFS.
Since the UL TCIs are applicable for all channels, unified handling is achieved. The UL TCI grouping applies to all channels, but this does not mean that the scheduling mechanisms are the same for all channels.
Overall, we note that there are many details to resolve for multi-panel transmission. However, the UL TCI framework at least provides a solid foundation for future development.
2.4.2.5	Power control aspects
Both PUCCH and PUSCH employ beam-based power control in NR Rel-15. For PUCCH, the power control parameters are directly related to the spatial relation, which is made redundant in the UL TCI framework. For PUSCH, the power control parameters are conveyed via the SRI-PUSCH-PowerControl structure, and the SRI scheduling is made redundant by the UL TCI framework. It is clearly relevant to also consider how the power control loops interact with the UL TCI framework. The details are FFS.The details are FFS.
2.5	Link recovery on SCell
In RAN1#97, the following agreements were made:
Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.

This agreement resolved the main controversial issue on SCell link recovery. 
The agreement contained one explicit FFS: can the MAC CE in step 2 be multiplexed in a PUSCH not triggered by step 1? In other words: would it be possible for the UE to utilize UL resources not requested by the dedicated SR-like PUCCH. There are essentially two other ways the UE could get UL resources for the MAC CE message:
1. The UE already has a grant.
2. The UE sends a normal SR to get UL resources to transmit the BFR MAC CE
Both these cases are relevant: 1 simply leads to lower latency and overhead. Hence, we propose:
[bookmark: _Toc16888604]The UE may utilize an existing UL grant to directly transmit the BFR MAC CE.
Also 2 has the distinct advantage of not requiring the configuration of a dedicated PUCCH. As PUCCH capacity can be a severe bottleneck, 2 constitutes a very relevant configuration. Hence, we propose
[bookmark: _Toc16888605]When the UE has not been configured with a dedicated SR-like PUCCH for BFRQ transmission, the UE requests UL transmission resources using Rel-15 procedures.
We also note that the agreement states that the above procedure applies at least for SCell with downlink only. Of course, the procedure works also for SCell with UL and DL. There is no reason to limit the use to only such cases: any implementation for DL-only SCell will work also for UL/DL SCells. We propose to clarify this:
[bookmark: _Toc16888606]Clarify that the agreed procedure for BFRQ transmission applies also for SCell with UL. 
Note that the above agreement does not mean that a complementary scheme cannot be specified for SCell with UL if proven useful.
For BFR on SpCell, the BFRQ is sent using PRACH. To acknowledge the reception of the BFRQ on PCell, a special response has been introduced: the UE repeats the transmission of the PRACH until it receives a response in a certain PDCCH resource. The question is now how an SCell BFRQ is acknowledged.
As MAC CE is utilizing HARQ to eliminate or at least reduce transmission errors, an implicit acknowledgment of the BFRQ could be utilized for SCell BFR. In NR, explicit acknowledgments are not utilized for PUSCH. Instead, the NDI in the UL grant is used: if the NDI is toggled, the UE sends new data using the grant over the indicated HARQ process. If the NDI has the same value as the previous grant for that HARQ process, the UE retransmits the previous TB. For SCell BFRQ, we thus propose
[bookmark: _Toc16888607]The UE considers the SCell BFR successfully completed when it receives an UL grant for the HARQ process used to transmit the MAC CE BFRQ and the UL grant indicates that new data should be transmitted, i.e., that NDI is toggled.
One remaining issue is on the beam failure detection RSs. For the SpCell, the UE can be explicitly configured with at most 2 beam failure detection RSs, whereas for the implicit configuration there is no specific limitation: the UE should monitor the RSs in the active TCI states for all configured CORESETs. Here we propose to reuse the rules for the SpCell:
[bookmark: _Toc16888608]For SCell beam failure detection, the UE can be explicitly configured with at most 2 beam failure detection RSs. If the UE is not explicitly configured with any beam failure detection RS, the UE is required to monitor the RSs in the active TCI states for all configured CORESETs. 
2.6	Measurement reporting based on L1-SINR
In RAN1 #97, the following was agreed
Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM

With this agreement, the main controversial issue on L1-SINR reporting was resolved. The agreement contains one working assumption: on interference estimation on the NZP-IMR and ZP-IMR simultaneously.
The main benefit of using NZP-IMR for interference estimation is that it is possible to reuse the REs used for transmission of the corresponding RS, thereby reducing overhead and planning effort in the NW. On the other hand, the accuracy of interference estimation based on ZP-IMR is better than interference estimation NZP-IMR. Using NZP-IMR in combination with ZP-IMR thus leads to overhead and increased planning effort, without any significant improvement in accuracy. Also, note that the L1-SINR definition captured in 38.215 will be used as basis for RAN4 test design. Increasing the flexibility leads to higher testing efforts. Note that the L1-SINR measurement will be part of the RRM requirements, and not the performance requirements. Hence we observe
[bookmark: _Toc16888584]Interference estimation based on the combination of ZP-IMR and NZP-IMR leads to increased overhead and planning effort compared to NZP-IMR. The accuracy is similar to ZP-IMR only. Also, the RAN4 test design is complicated.
The same observation holds for interference estimation based on the combination of ZP-IMR and CMR: the gain in accuracy is marginal, whereas the overhead is increased. Based on the above, we propose:
[bookmark: _Toc16888609]Interference in the L1-SINR estimate is based on ZP-IMR only or NZP-IMR only, where NZP-IMR includes interference estimation based on CMR only. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	Forming up to two groups, with respect to the spatial relations, of PUCCH resources per BWP was motivated for supporting MAC CE based simultaneous update in the case of multi-PDCCH NC-JT with separate HARQ entities in respective TRPs.
Observation 2	The Rel.15 carrier aggregation framework can support NC-JT operation, including multi-PDCCH with separate HARQ entities per TRP, by identifying the two TRPs as two ServingCell objects.
Observation 3	The existing PUCCH-Config allows multi-PUCCH (ACK/NACK to the TRP where the PDSCH came from).
Observation 4	Adopting the CA framework for supporting NC-JT yields redundant the need to form more than one group per BPW of PUCCH resources, with respect to the spatial relations.
Observation 5	Simultaneous update of single spatial relation of all PUCCH resources in a BWP (or serving cell) can be implemented by redefining one of the reserved bits in the corresponding MAC CE, if the CA framework is adopted for supporting NC-JT.
Observation 6	The only way to avoid RRC reconfiguration of the power control is to rely on a default SS/PBCH block as pathloss reference RS.
Observation 7	The signalling overhead limits how accurate QCL relations can be conveyed to the UE.
Observation 8	The QCL source of a periodic CSI-RS is an optional RRC, implying that the UE must be able to utilize a periodic CSI-RS without a QCL source.
Observation 9	If desired, the Rel-15 PUSCH scheduling behavior can be triggered if the scheduled UL TCI contains an SRS belonging to an SRS resource set with usage ‘codebook’ or ‘nonCodebook’.
Observation 10	The UE maps each of the configured UL TCIs to one or more of its panels. The panel is thus identified by a group of UL TCIs.
Observation 11	Interference estimation based on the combination of ZP-IMR and NZP-IMR leads to increased overhead and planning effort compared to NZP-IMR. The accuracy is similar to ZP-IMR only. Also, the RAN4 test design is complicated.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The supported feature of MAC CE based spatial relation update for aperiodic SRS per SRS resource level is applicable to all supported usages
Proposal 2	Do not confirm the WA of at least up to two groups of PUCCH resources per BWP, if RAN2 agrees to reuse the CA framework for supporting multi-PDCCH NC-JT with separate HARQ entities per TRP.
Proposal 3	Support updating with a single MAC CE message the spatial relations of all PUCCH resources across all the configured BWPs in a serving cell.
Proposal 4	Introduce concept of flexible spatial relation that enables the UE to update the UE TX beam by itself without the NW updating the spatial relations.
Proposal 5	Introduce the possibility to use a CORESET when configuring a spatial relation.
Proposal 6	When the spatial relation is defined by a CORESET, the UE would use the RS(s) in the active TCI state of the CORESET as pathloss reference RS.
Proposal 7	Increase the maximum number of PUCCH pathloss reference RSs to 64.
Proposal 8	Introduce the possibility to activate SRS resource sets using MAC CE.
Proposal 9	Increase the maximum number of PUSCH pathloss reference RSs to 64.
Proposal 10	Introduce MAC CE activation of SRI-PUSCH-PowerControl structures, and state that the SRI points into the activated subset.
Proposal 11	Introduce the possibility to configure several QCL sources for one RS.
Proposal 12	Introduce the possibility to configure an aperiodic TRS with the same source TCI states as the periodic TRS.
Proposal 13	Introduce the possibility to configure SRS in a TCI state to indicate ‘QCL-TypeD’.
Proposal 14	No enhancements considering MPE issues are introduced in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specification support.
Proposal 15	Define an UL TCI state that is used to control the spatial properties of all UL transmissions.
Proposal 16	A PUCCH configuration would contain a list of UL-TCI-StateIds, and MAC CE would be used to activate UL TCI states for PUCCH resources using a pointer into that list.
Proposal 17	An SRS configuration would contain a list of UL-TCI-StateIds, and each SRS resource would include a field that points into that list.
Proposal 18	The UL TCI of an SRS resource can be updated using MAC CE, similar to spatial relations for SRS.
Proposal 19	A PUSCH configuration would contain a list of UL-TCI-StateIds, and the scheduling DCI points into that list.
Proposal 20	The UE may utilize an existing UL grant to directly transmit the BFR MAC CE.
Proposal 21	When the UE has not been configured with a dedicated SR-like PUCCH for BFRQ transmission, the UE requests UL transmission resources using Rel-15 procedures.
Proposal 22	Clarify that the agreed procedure for BFRQ transmission applies also for SCell with UL.
Proposal 23	The UE considers the SCell BFR successfully completed when it receives an UL grant for the HARQ process used to transmit the MAC CE BFRQ and the UL grant indicates that new data should be transmitted, i.e., that NDI is toggled.
Proposal 24	For SCell beam failure detection, the UE can be explicitly configured with at most 2 beam failure detection RSs. If the UE is not explicitly configured with any beam failure detection RS, the UE is required to monitor the RSs in the active TCI states for all configured CORESETs.
Proposal 25	Interference in the L1-SINR estimate is based on ZP-IMR only or NZP-IMR only, where NZP-IMR includes interference estimation based on CMR only.
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Appendix: Simulation parameters for P-MPR aware 
	Scenario
	3GPP UMi 200m ISD

	Number of sites
	19

	Number of sectors per site
	3

	Carrier frequency
	30 GHz

	Carrier bandwidth
	100MHz

	TDD ratio (DL:UL)
	3:1

	BS antenna configuration
	(M, N, P, Mg, Ng) = (16,8,2,1,1), 
(0.8, 0.5)λ (V,H)-element spacing 

	UE Tx power (EIRP)
	26dBm

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2,4,2,1,1), 
(0.5, 0.5)λ (V,H)-element

	UE antenna panels layout 
	2 panels, orientation 0, 180 degrees

	DFT Beam oversampling factors (H & V)
	2 & 2

	UE orientation 
	random
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