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1	Introduction
Beam management solutions were standardized in Release-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 improvements
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	UL beam selection improvements for UEs without beam correspondence
In this section, we describe improvements to PUCCH/PUSCH transmissions that rely on SRS beam sweeping to derive the UL Tx beam. 
2.1.1.1	Lean control of the PUCCH/PUSCH spatial relation
The spatial relation of the PUSCH is based on the spatial relation parameters defined for the SRS resources in the SRS resource set used for codebook based (CB) or non-codebook based (NCB) UL transmission. Since there is a restriction in maximum number of SRS resources in CB and NCB SRS resource sets (2 and 4 respectively), there are very small possibilities to use SRS beam sweeping with these SRS resource sets. Instead, it is expected that the NW would first trigger an SRS beam sweep (by triggering a SRS resource set with SRS-SetUse = ‘BeamManagement’), where the UE will transmit different SRS resources in different UL transmit beams. The NW can then determine a suitable UL transmit beam and update the spatial relations for PUSCH (implicitly by changing the spatial relation for SRS resources in SRS resource sets with SRS-SetUse = ‘codebook’ or ‘nonCodebook’). 
[image: ]
[bookmark: _Ref524960798][bookmark: _Hlk534882581]Figure 1: A configuration for SRS sweep. Note that the relation between SRS resource set 1 and 2 is updated using RRC unless SRS resource set 1 is semi-persistent (and SRS Resource set 2 is either periodic or semi-persistent).
Figure 1 illustrates the spatial relations between PUCCH, PUSCH and SRS resources for a UE utilizing CB UL transmission without beam correspondence. What makes the configuration in Figure 1 heavy-weight is the configuration between SRS resources set 1 and SRS resource set 2: RRC signaling is required to update that configuration:
[bookmark: _Toc534967576][bookmark: _Toc534987211][bookmark: _Toc1484199]The signaling mechanism for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
[bookmark: _Hlk534730772]The restrictions on the configuration of spatial relations for the SRSs are severe. In particular, it makes it impossible to use aperiodic SRS to determine a suitable UL Tx beam for the PUSCH without RRC involvement. The same is true for PUCCH. 
There are essentially two alternatives to RRC signaling: either MAC CE or DCI. Here we note that some signaling possibilities already exist for DCI. However, the number of different relations that can be signaled using DCI are quite limited, and the number of spatial relations that need to be signaled can be quite large. Relying only on DCI for the signaling of spatial relations does not seem feasible. 
This means that support for updating the spatial relation of aperiodic SRS via MAC CE is required. Hence, we propose
[bookmark: _Toc534967577][bookmark: _Toc534987229][bookmark: _Ref528839673][bookmark: _Toc1484212]Enable update of the spatial relation of aperiodic SRS with MAC-CE signaling. 
More details can be found in [2].
2.1.1.2	Flexible spatial relations
The procedure of updating UE TX beam is associated with quite some overhead, even with the updates proposed in the previous section. 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 transmit 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: _Toc1484213]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.
More details can be found in [2].
[bookmark: _Hlk528657467]2.1.2	UL beam selection improvements for UEs with beam correspondence
The spatial relation for each PUCCH resource is configured and update individually. This means that if the UE would like to change the UL transmit beam for all PUCCH transmissions, the network needs to update the spatial relation for each PUCCH resource individually, which requires unnecessary overhead signalling. A simple way to avoid this is to introduce means to update the spatial relation of all PUCCH resources at the same time:
[bookmark: _Toc534967580][bookmark: _Toc853761][bookmark: _Toc1484214]Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling.
As was described above, the beam management framework is quite flexible: the NW request that the UE receives and transmits from different directions by configuring the UE with different reference signals in TCI states and spatial relations. However, the most common case is that the NW requests the UE to receive and transmit in the same directions. In this case, the beam management framework is unnecessarily heavy-weight, and only leads to additional signalling. 
This 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. 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 updates the TCI state of that CORESET, the UL follows: there is no additional signalling required. Thus, we propose:
[bookmark: _Toc1484215]Introduce the possibility to use a CORESET when configuring a spatial relation.
2.2	DL beam selection improvements
2.2.1	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: _Toc1484200]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 3.
[image: ]
[bookmark: _Ref528567415]Figure 3: 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 3 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 3. However, it is not clear how the UE would perform in this case. 
[bookmark: _Toc1484201]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: _Toc1484216]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.

2.2.2	 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: _Toc1484217]Introduce the possibility to configure an aperiodic TRS with the same TCI states as the periodic TRS. 
Proposal 6 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
One alternative way to avoid RRC signalling is to introduce a semi-persistent TRS and use that TRS as a QCL source for the PDCCH/PDSCH.  As the QCL source of a semi-persistent RS is updated using MAC CE, RRC signalling is avoided. In addition, it is important that a TCI state used as QCL source for such a semi-persistent TRS may contain the same QCL type(s) as for a periodic TRS. Thus, we propose
[bookmark: _Toc528573131][bookmark: _Toc528954517][bookmark: _Toc534987235][bookmark: _Toc1484218]Introduce a semi-persistent TRS which can be configured with the same TCI states as the periodic TRS.   
2.2.3	Sub-time unit DL reference signals
In RAN1 AdHoc1901, sub-time unit reference signals were discussed, and the following agreement was reached: 
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

Sub-time unit reference signals were discussed at length during the Rel-15 standardization, and some of the options discussed when included new types of reference signals. The above agreement now clearly states that such signals will not be specified in Rel-16. One solution that has been excluded is the use of higher sub-carrier spacing for the CSI-RS. 
In our understanding, the IFDMA solution discussed in Rel-15 does not require any new CSI-RS design, nor would it require any addition of any description of ‘sub-time unit’ or ‘sub-symbol’ in the RAN1 specifications. The only thing that is required is to introduce an RRC parameter that tells the UE that in the CSI-RS symbol, nothing is transmitted on the REs not occupied by CSI-RS. 
[bookmark: _Toc1484202]To introduce IFDMA, the only required addition is an RRC parameter. 
It is still unclear if the parameter should be introduced on CSI-RS resource level of CSI-RS resource set level, although it would seem more appropriate to include it in the CSI-RS resource. 
In FR2, it is quite likely that the gNB is equipped with an analog beamformer. This means that during one OFDM symbol, all signals are transmitted using the same beamformer. The possibility to multiplex data for several UEs in the same OFDM symbol is thus quite limited. When the gNB transmits a CSI-RS resource set with repetition ‘on’ (i.e., during a P3 sweep), the possibility to transmit data to another UE is thus quite limited, and since the UE is most probably varying its Rx beam during the CSI-RS reception, the possibility for the UE to also receive data is quite limited. Hence, we realize that the REs that are not occupied by CSI-RS are most likely empty:
[bookmark: _Toc1484203]During a CSI-RS symbols in a P3 sweep, the REs not occupied by CSI-RS are most likely empty.
Furthermore, if these REs are indeed empty, and the NW would like to use any of the REs in the corresponding slot for data, the NW would have to provide the UE with a rate-matching parameters so that the UE can decode the PDSCH. This would require that the NW configures the UE with several ZP CSI-RS resources, causing significant RRC signalling overhead.
[bookmark: _Toc1484204]Configuring rate-matching resources for CSI-RS resources in a CSI-RS resource set with repetition ‘on’ results in a significant RRC signalling load.
In contrast, a single parameter that states that unused REs in a CSI-RS comb are in fact empty is sufficient to provide the UE with all the required information. Thus, the IFDMA addition can be motivated from an RRC signalling load perspective.
Based on the above observations, we propose
[bookmark: _Toc1484219]Introduce a field in the CSI-RS resource description that states that nothing is transmitted in REs not used for CSI-RS in the OFDM symbol where the CSI-RS is mapped.
2.3	UL transmit beam selection for multi-panel operation
On UL transmit beam selection, the following agreement have been reached:
Agreement (RAN1 #95)
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission
Agreement (RAN1 AdHoc1901)
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

NR Rel-15 implicitly supports UL multi-panel transmission using multiple SRS resource sets for beam management: it is stated in the standard that such SRS resource sets can be transmitted at the same time, which essentially means that the UE would have to have multiple independent hardware resources: otherwise, there is no guarantee that the SRS resource sets can be simultaneously transmitted. If the UL grant points to an SRS resource in either SRS resource set, the NW implicitly schedules transmission over the corresponding panel. Thus, any additions in Rel-16 need to support more than that type of basic panel selection.
However, as has been noticed, the support in Rel-15 for such multi-panel transmission is somewhat incomplete, as the transmission over the different panels may have different characteristics. For instance, the transmissions may propagate through different paths to the gNB, which may motivate the introduction of a per-panel timing advance. It may also be so that emission limits may lead to different power back-offs for the different panels. For the NW to take such a limitation into account, a per-panel power headroom may be appropriate.
[bookmark: _Toc534987218][bookmark: _Toc1484205]The Rel-15 multi-panel scheduling support could be improved if additional quantities could be associated with the individual panels.
As mentioned in the agreement above, RAN1 should avoid unnecessary specification support that would require the UE to explicitly disclose its UL antenna panel implementation. This is important not only for commercial reasons, but also to avoid future implementation restrictions.
To accommodate the need for additional scheduling support while keeping the UE antenna implementation hidden, we propose to introduce an uplink transmission entity (UTE) that can serve as an identifier for a panel. We could also associate other quantities with the UTE, such as a power headroom and a timing advanced:
[bookmark: _Toc534987237][bookmark: _Toc1484220]Introduce an identifier (UTE) that can be used to support improved multi-panel scheduling uplink.
Additional quantities can now be associated with the UTE, e.g., a timing advance or a power headroom.
The UTE may potentially be associated with all UL transmissions: PUSCH, PUCCH, SRS and maybe even PRACH. Properties that are connected to the UTE include, e.g., various RSs, potentially in the form of a spatial relation. It can also be considered to directly indicate the UTE in the allocations/scheduling grants, in a similar way as the TCI is used in the DL.
2.3.1	Simultaneous UL transmission over multiple panels
In addition to the improve support for UL multi-panel transmission, there has also been a discussion about simultaneously transmitting over multiple panels.
To understand the potential of such multi-panel transmission, it is relevant to understand under what circumstances the functionality would be beneficial. Here the propagation conditions are key. Essentially, two options are possible:
1. The UE is forced to transmit to the same TRP using the different panels. This situation is depicted in Figure 4. 
2. The UE may transmit to different TRPs using the different panels. This situation is depicted in Figure 5.     
[image: ]
[bookmark: _Ref525813676]Figure 4: The UE is forced to transmit to the same TRP using the different panels.
[image: ]
[bookmark: _Ref525813763]Figure 5: The UE may transmit to different TRPs using the different panels.
The underlying idea with simultaneous transmission over multiple panels is to excite more than one propagation path when reaching the network. For this to be beneficial, the paths originating from the different panels must have similar pathloss: if the path corresponding to the second strongest panel is much weaker than the path corresponding to the strongest panel, then the performance benefit of the multi-panel transmission will be marginal. Initial pathgain considerations ([2])  indicated that the propagation conditions are much more favorable if transmission to different TRPs is allowed. Detailed performance results for that scenario are presented in [4]. The key result was that transmission over multiple panels is not beneficial. One reason for the performance drop is that the UE in some cases consumes resources from multiple cells, which lead to a larger drop in performance compared to the gain in coverage.
To avoid the loss in performance caused by the consumption of resources in multiple cells, we also investigated the case where the UE is connected to the same TRP with multiple panels. The ability to transmit over multiple panels would then improve the performance for the transmitting UE in the serving TRP but would not consume resources in neighbour cells: it would only cause some interference to neighbours.
Detailed results are given in [5] for single-panel UE, and for transmission over best 1 or 2 panels for 2-panel UE and a 4-panel UE. The key result is shown in Figure 6.
[image: ]
[bookmark: _Ref1484057]Figure 6: User throughput for single-panel UE, dual-panel UE transmitting over one or two panels and a quad-panel UE transmitting over one or two panels.

From Figure 6, it is clear that there is no gain in transmitting simultaneously over 2 panels for a UE with 2 panels, and very small gains in transmitting simultaneously over 2 panels for a UE with 4 panels. In contrast, there is a clear gain in increasing the number of panels.
In our understanding, specifying simultaneous transmission over multiple panels is complicated. We note that there are still unclarities on how to define the power scaling for the basic Rel-15 transmissions. We also note that the basic UL scheduling mechanism in Rel-15 is overly complicated and signalling heavy, which has motivated the study of signalling enhancements. Introducing another level of complexity in both these aspects would seem inappropriate.
Based on the foreseen complexity and the fact that the feature gives no or small gains as shown in [4] and [5], we propose
[bookmark: _Toc528954520][bookmark: _Toc534987238][bookmark: _Toc1484221]Do not introduce support of simultaneous transmission over multiple UE antenna panels.
2.4	Link recovery on SCell
Beam failure recovery was specified in Release-15. The main idea was that the UE would detect that the beams at the gNB and/or UE have been mis-aligned, implying that the NW would be unable to reach the UE. In this situation, the UE would search for a new RS, which fulfils a certain criterion. If such an RS is found, the UE would use that RS as a reference to perform contention-free or contention-based random access to the cell. The NW would then proceed to re-establish connection with the UE using the properties of the random access procedure. In the specification [8], this procedure is known as link recovery. 
Although link failure recovery is much faster than the RRC re-establishment that follows radio link failure, the procedure is not extremely fast: once a UE moves out of coverage, it will take ~150ms before the UE has completed a (potentially successful) link recovery:
[bookmark: _Toc528954508][bookmark: _Toc534987219][bookmark: _Toc1484206]Completing link recovery takes around 150ms, from the time when the beam is lost, until a new beam is operational.
More details on the derivation of this latency can be found in [6]. Note that this is not an issue of configuration but follows from the properties of the channel and the RAN4 requirements related to the estimation at low SINR.
The description of link recovery on SCell in the WID [1] is quite broad: many deployment scenarios are covered: the PCell can be in either FR1 or FR2, and the SCell may be DL-only. In our understanding, the RAN1 solutions are agnostic to FR1 or FR2 operation, whereas the requirement to operate in DL-only SCells provides some limitations in what solutions are possible.
In RAN1# AdHoc1901, the following agreement was made
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

From the above agreement, RAN1 should design a solution for DL-only SCells first, whereas a subsequent solution for UL/DL SCells can be designed later. Following this guidance from RAN1 AdHoc1901, we will only discuss a solution for DL-only SCells in the contribution. 
2.4.1	Link failure detection
In CA, the UE can be configured with many SCells. The RRC specification [12] supports up to 31 SCells, and it is quite likely that many SCells will be deployed, already early. For link recovery to be a useful feature, it is important that it is possible to monitor the quality of all configured SCells: it is not possible to select a subset of the SCells to monitor. Hence, we propose:
[bookmark: _Ref524682392][bookmark: _Toc524704642][bookmark: _Toc528954521][bookmark: _Toc534987240][bookmark: _Toc1484222]A UE can be configured to perform link recovery on all configured SCells.
We realize that the BFD monitoring may be complex for the UE, so the number of SCells a UE supports may be limited by a UE capability.
In RAN1 AdHoc1901, there was a discussion on how the BFD RS can be configured, and the following agreement was made:
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

We do not see any reason to deviate from the Rel-15 framework for BFD configuration. In our understanding, this corresponds to Alt 2. Hence, we propose
[bookmark: _Toc1484223]SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration.
2.4.2 	Identification of new beam
The link recovery procedure standardized in Rel-15 includes the mechanism for the UE to identify and convey a new suitable beam to the network. This is called new beam identification (NBI)
In RAN1 AdHoc1901, the following was agreed:
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

The next question to answer is if any more information should be conveyed to the gNB during the SCell BFR procedure. Here the following agreement was made in RAN1 ADHoc1901:
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

In Alt 2, the UE would only report the failed SCell, and not a new suitable beam. Unlike in the PCell BFR standardized in Rel-15, the UE would not perform NBI and report a new suitable beam as part of BFR. In Alt 2, the NW would perform NBI using normal beam reporting and indications.
There are two main disadvantages with alt 2:
· Without direct identification of the new best beam, it will take longer before the NW has determined a new suitable beam in the SCell. The NW would have to transmit reference signals in the failed SCell, request reports, and convey a beam indication to the UE. All the signalling needs to happen over the PCell.
· SCell BFR will only work when cross-carrier scheduling and reporting is configured. The reporting must be triggered from the PCell, and the report must be transmitted over the PCell. This seems restrictive. 
Due to these disadvantages, we propose that new beam information is conveyed during the BFR procedure. To provide the NW with the most information, we prefer alt 3: even if the UE is unable to find a new beam, it is valuable for the NW to learn that the SCell failed:
[bookmark: _Ref790188][bookmark: _Toc534212081][bookmark: _Toc534987241][bookmark: _Toc1484224]In addition to the identity of the failed SCell, the UE also provides information about any potential new beam to the NW as part of the BFR procedure. 
[bookmark: _Hlk525282896]2.4.3	Recovering from link failure
Based on the agreement from RAN1 AdHoc1901 and Proposal 13, the UE should, as part of the BFR procedure, provide the network with information about 
· which SCell failed 
· a potential new beam in the SCell. 
Fundamentally, there are two ways to convey this information in the link recovery request: either using L1-signalling or MAC CE. So far in the Rel-16 discussion, at least four different ways have been proposed:
1. Using PRACH, similar to the PCell link recovery solution in Rel-15
2. Using PUCCH, with a format similar to the scheduling request
3. Using PUCCH, with a reporting format similar to CSI/beam reporting
4. Using MAC CE
With solution 1 and 2, the information is conveyed to the NW by assigning one PRACH preamble/PUCCH resource to each combination of SCell/beam. The solution must be dimensioned to handle the situation where the maximum number of SCells is deployed, each with the maximum number of beams. With 31 SCells and 64 beams per SCell, this would require 1984 PRACH preambles/PUCCH resources – per UE. Currently, the UE cannot be configured with that many PRACH/PUCCH resources. Even for a more realistic number of SCells/beams, the required number of sequences becomes very large, leading to a huge overhead in case the signalling would be extended to handle these solutions. This clearly illustrates the inefficiency of sequence modulation.
[bookmark: _Ref534211992][bookmark: _Toc534212074][bookmark: _Toc534987220][bookmark: _Toc1484207]Solutions based on PRACH and SR-PUCCH require that a large amount of PRACH preambles or PUCCH resources are reserved in the PCell. 
Note that Rel-15 supports at most 128 PUCCH resources. Using solution 2 would this require that the number PUCCH resources is extended, leading to larger signalling overhead. Note that MAC CE is also used to indicate PUCCH resources, meaning that the address fields in all MAC CE signalling for PUCCH resources would also have to be extended.  
With solution 3, the intent is to reuse a periodic PUCCH resource that has been configured for reporting. The idea is that the UE should be allowed to replace the configured report content with information about the new suitable beam and failed SCell. Since this format does not rely on sequence modulation, the information can be efficiently encoded. 
However, solution 3 suffers from another type of overhead: it becomes necessary to configure periodic reporting over PUCCH, and to achieve short latency, the period of that PUCCH resource must be short. In many cases, reporting of CSI and RSRP will be based on aperiodic reporting. It is unnecessary to report CSI when there is no DL data to transmit, and for RSRP (beam) reporting, it is in most cases based on aperiodic CSI-RS to limit overhead. Another disadvantage of solution 3 is that it will require that the NW performs blind detection of the PUCCH content to determine if normal reporting or link failure reporting is performed. Finally, the fact that the UE overrides the reporting configuration may imply that a (potentially more important) CSI report for the PCell is lost.
Solution 4 has low overhead, since the information is efficiently encoded. No additional resources need to be reserved: the UE will send a normal scheduling request on the PCell, and the subsequent MAC CE will contain the necessary information. It is also quite straightforward to include additional information in the failure report, if necessary.
[bookmark: _Toc534212076][bookmark: _Toc534987221][bookmark: _Toc1484208]The MAC CE-based link recovery solution has low configuration overhead; the information is efficiently encoded and requires no configuration of additional resources on the PCell. 
One claimed disadvantage of a MAC CE-based solution is the higher latency. In [6], a detailed analysis of the latency of the four solutions is presented. In this analysis, it is demonstrated that
[bookmark: _Ref524704498][bookmark: _Toc524704638][bookmark: _Toc528940822][bookmark: _Toc534212078][bookmark: _Toc534987223][bookmark: _Toc1484209]The latency of the four methods to send the link recovery request is similar and depends on other properties of the system, primarily the periodicity of the SR and the PRACH/PUCCH occasions.
It should also be noted that the latency for the MAC CE-based solution can be further reduced by static allocation of UL resources. Thus, it becomes possible to trade overhead for latency in the MAC CE-based solution. More details are provided in [6]
Based on Observation 9 - Observation 11, we propose
[bookmark: _Toc524704643][bookmark: _Toc528940824][bookmark: _Toc534212082][bookmark: _Toc534987242][bookmark: _Toc1484225]Adopt MAC CE indication over the PCell to support link failure recovery on the SCell.
2.5	Measurement reporting based on L1-SINR
In NR Release 15, it is specified that L1-RSRP should be reported for the N beams with the highest L1-RSRP where N is a configurable number between 1 and 4. In RAN1#94b, the following was agreed:
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

In order for it to be meaningful to measure and report L1-SINR for the N beams with highest L1-SINR rather than to measure and report L1-RSRP, we note that this should result in that the reported beams are at least partly different than in the L1-RSRP case and/or that the reported measurement value(s) provide(s) additional information that is useful for the NW. In [7], we compare the performance of beam selection based on L1-RSRP with beam selection based on ideal L1-SINR. It is observed that 
[bookmark: _Toc528954510][bookmark: _Toc534987224][bookmark: _Toc1484210]In the investigated scenarios, L1-SINR measurement and reporting provides no benefits compared to L1-RSRP measurement and reporting.
There could be cases where the best RSRP beam is associated with high interference levels, in which case it would be better to select a beam with lower RSRP but higher SINR. In our simulation, these cases seem to be extremely rare. In fact, it is not clear if there are any scenarios where there is a difference in performance:
[bookmark: _Toc534987225][bookmark: _Toc1484211]It is unclear under what circumstances beam selection based on L1-SINR would provide better performance than beam selection based on L1-RSRP.
Hence, it does not make much sense to optimize the interference measurement resource, as beam selection based on SINR provides very little benefit compared to beam selection based on RSRP.
2.5.1	Interference measurement resource
In RAN1 AdHoc1901, the following was agreed:
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 

The agreement states that it should be possible to configure dedicated resources for the interference measurement. It would not make sense to optimize the interference measurement, since the gains of SINR-based beams selection are small anyway. Fortunately, the CSI framework provides possibilities to configure a dedicated interference measurement resource also for SINR estimation. We propose to reuse that as is:
[bookmark: _Toc1484226]Reuse the interference measurement configuration from the CSI framework as is.
For a minimalistic implementation of the L1-SINR measurement, it would be quite valuable to be able to reuse the REs used for RSRP measurements also for interference measurements:
[bookmark: _Ref956750][bookmark: _Toc1484227]If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.
Note that Proposal 16 means that the L1-SINR measurement is exactly the SS-SINR/CSI-SINR measurement defined in [10]. At least for aperiodic CSI-RS for beam management, the interference measurement on these REs would most likely be representative of the interference that subsequent PDSCH transmissions would experience.
2.5.2	Reporting framework
The current framework for reporting L1-RSRP is flexible: the NW can configure a number of measurement reports from the UE, based on various subsets of the reference signals: for instance, the NW can configure the UE to report L1-RSRP based on more than one set of CSI-RSs, and the NW can subsequently combine the content in the reports to perform an educated beam selection. We foresee that the introduction of L1-SINR reporting will add one additional report quantity to the report configuration. In this case, the NW can choose to configure both L1-RSRP reports and L1-SINR reports on a per-UE basis, and use the combined measurement reports to select beams. However, we fail to see that there would be any gain in including both L1-RSRP and L1-SINR in the same report. 
The L1-RSRP measurements are identified either by CRI or SSBRI, which is flexibly configured. To reduce the overhead, differential reporting is used when reporting 2 or 4 values. We are comfortable with that reporting format and feel that it should be reused as far as possible:
[bookmark: _Toc528954524][bookmark: _Toc534987244][bookmark: _Toc1484228]The L1-SINR reporting reuses the L1-RSRP reporting format: the 1, 2 or 4 SS/PBCH blocks or CSI-RS resources with the highest L1-SINR is reported, along with the corresponding SSBRI/CRI. Differential reporting is used if 2 or 4 values are reported.
Here we note that the WID says that reporting of L1-SINR should be reported. Reporting other quantities, e.g., resources with lowest interference, is out of scope of the WID. 
Conclusion
In the previous sections we made the following observations: 
Observation 1	The signaling mechanism for SRS-SRS spatial relations is heavy-weight for many desirable configurations.
Observation 2	The signalling overhead limits how accurate QCL relations can be conveyed to the UE.
Observation 3	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 4	To introduce IFDMA, the only required addition is an RRC parameter.
Observation 5	During a CSI-RS symbols in a P3 sweep, the REs not occupied by CSI-RS are most likely empty.
Observation 6	Configuring rate-matching resources for CSI-RS resources in a CSI-RS resource set with repetition ‘on’ results in a significant RRC signalling load.
Observation 7	The Rel-15 multi-panel scheduling support could be improved if additional quantities could be associated with the individual panels.
Observation 8	Completing link recovery takes around 150ms, from the time when the beam is lost, until a new beam is operational.
Observation 9	Solutions based on PRACH and SR-PUCCH require that a large amount of PRACH preambles or PUCCH resources are reserved in the PCell.
Observation 10	The MAC CE-based link recovery solution has low configuration overhead; the information is efficiently encoded and requires no configuration of additional resources on the PCell.
Observation 11	The latency of the four methods to send the link recovery request is similar and depends on other properties of the system, primarily the periodicity of the SR and the PRACH/PUCCH occasions.
Observation 12	In the investigated scenarios, L1-SINR measurement and reporting provides no benefits compared to L1-RSRP measurement and reporting.
Observation 13	It is unclear under what circumstances beam selection based on L1-SINR would provide better performance than beam selection based on L1-RSRP.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Enable update of the spatial relation of aperiodic SRS with MAC-CE signaling.
Proposal 2	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 3	Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling.
Proposal 4	Introduce the possibility to use a CORESET when configuring a spatial relation.
Proposal 5	Introduce the possibility to configure several QCL sources for one RS.
Proposal 6	Introduce the possibility to configure an aperiodic TRS with the same TCI states as the periodic TRS.
Proposal 7	Introduce a semi-persistent TRS which can be configured with the same TCI states as the periodic TRS.
Proposal 8	Introduce a field in the CSI-RS resource description that states that nothing is transmitted in REs not used for CSI-RS in the OFDM symbol where the CSI-RS is mapped.
Proposal 9	Introduce an identifier (UTE) that can be used to support improved multi-panel scheduling uplink.
Proposal 10	Do not introduce support of simultaneous transmission over multiple UE antenna panels.
Proposal 11	A UE can be configured to perform link recovery on all configured SCells.
Proposal 12	SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration.
Proposal 13	In addition to the identity of the failed SCell, the UE also provides information about any potential new beam to the NW as part of the BFR procedure.
Proposal 14	Adopt MAC CE indication over the PCell to support link failure recovery on the SCell.
Proposal 15	Reuse the interference measurement configuration from the CSI framework as is.
Proposal 16	If dedicated interference measurement resources are not configured, the UE would use the REs used for RSRP measurement also to estimate the interference.
Proposal 17	The L1-SINR reporting reuses the L1-RSRP reporting format: the 1, 2 or 4 SS/PBCH blocks or CSI-RS resources with the highest L1-SINR is reported, along with the corresponding SSBRI/CRI. Differential reporting is used if 2 or 4 values are reported.
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