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Introduction
In RANP#92 meeting, the WID [1] on multi-beam enhancement of Rel.17 was updated as below
	· Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management for intra-cell and inter-cell scenarios to support higher UE speed and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
iv. For inter-cell beam management, a UE can transmit to or receive from only a single cell (i.e. serving cell does not change when beam selection is done). This includes L1-only measurement/reporting (i.e. no L3 impact) and beam indication associated with cell(s) with any Physical Cell ID(s) 
0. The beam indication is based on Rel-17 unified TCI framework
0. The same beam measurement/reporting mechanism will be reused for inter-cell mTRP
0. This work shall only consider intra-DU and intra-frequency cases
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 


In this contribution, we present our considerations and thoughts on remaining issues for multi-beam operation.
[bookmark: _Ref46237644][bookmark: _Ref59627205]Unified TCI state framework
In Rel.15/16, the DL beam indication depends on the signaling of TCI states. It is configured in PDSCH-Config per BWP and can be viewed as a pool of DL Tx beams. The essential function of TCI state is to conduct QCL relation between two DL RSs, e.g. QCL-TypeA and/or QCL-TypeD between TRS and PDSCH DMRS. 
As for UL, the beam indication is built on spatial relations which are separately configured and/or activated for UL channels or signals in a per PUCCH/SRS resource level. The spatial relation may contain an SRS resource or a DL RS as spatial source for determining UL Tx spatial filter, whereas a TCI state could only contain a DL RS (either SSB or CSI-RS) as a QCL source in Rel.15/16. 
Next, we begin our discussion with source RS for conveying QCL-TypeD in the framework of unified TCI state.
Source RS for unified TCI state
DL QCL
In RAN1#104e, the following agreement was achieved which implies that the basic QCL rule in Rel.16 can be reused for unified TCI state.
	Agreement
On Rel.17 unified TCI framework, the supported source/target QCL relations in the current TS38.214 V16.4.0 is supported for QCL Type D.  
· Note: This implies that the following source RS types for DL QCL (Type D, for DL RX spatial filter reference) information for DL UE-dedicated reception on PDSCH and all/subset of CORESETs are supported:
· CSI-RS for beam management 
· CSI-RS for tracking
· FFS (to be decided by RAN1#104bis-e): If SSB, CSI-RS for CSI, and/or SRS for BM are also supported as source RS types


In Rel.15/16, when UE enters the state of RRC connected, CSI-RS for CSI can serve as source RS for QCL-TypeA and TypeD for either PDCCH DMRS or PDSCH DMRS. In RAN1#104, RAN1 achieved consensus on reusing the existing QCL rule in Rel.16 as in above agreement. But it seems that the interpretation on Rel.16 QCL rule is incomplete, by missing CSI-RS for CSI, which was left to FFS. 
In the framework of unified TCI state in Rel.17, we believe that CSI-RS for CSI can serve as QCL source RS without any issue and it’s time for RAN1 to fix it, at least for above agreement.
Proposal 1 [bookmark: _Hlk68599083]: For backward compatibility with Rel.15/16 beam management, support CSI-RS for CSI as QCL source RS in unified TCI state. 
Common beam operation for CA
Intra-band CA
In RAN1#106e, the working assumption on common beam operation for intra-band CA was confirmed as below.
	Agreement
On Rel.17 unified TCI framework, confirm the following working assumption as an agreement with a minor refinement highlighted in red 
For common TCI state ID update and activation to provide common QCL information at least for UE-dedicated PDCCH/PDSCH and/or common UL TX spatial filter(s) at least for UE-dedicated PUSCH/PUCCH across a set of [configured] CCs/BWPs: 
· RRC-configured TCI state pool(s) can be configured in the PDSCH configuration (PDSCH-Config) for each BWP/CC as in Rel-15/16
· Note: Such RRC-configured TCI state pool(s) configuration doesn’t imply that separate DL/UL TCI state pool is excluded or supported
· RRC-configured TCI state pool(s) can be absent in the PDSCH configuration (PDSCH-Config) for each BWP/CC, and replaced with a reference to RRC-configured TCI state pool(s) in a reference BWP/CC
· In the PDSCH configuration (PDSCH-Config) of the reference BWP/CC, RRC-configured TCI state pool(s) shall be configured
· For a BWP/CC where the PDSCH configuration contains a reference to the RRC-configured TCI state pool(s) in a reference BWP/CC, the UE applies the RRC-configured TCI state pool(s) in the reference BWP/CC
· When the BWP/CC ID (i.e. bwp-Id or cell) for QCL-Type A/D source RS in a QCL-Info of the TCI state is absent, the UE assumes that QCL-Type A/D source RS is in the BWP/CC to which the TCI state applies
· Introduce a UE capability to report maximum number of TCI state pools it can support across BWPs and CCs in a band, and the candidate value at least includes 1
· FFS: Introduce a UE capability to report maximum number of configured TCI states that it can support across BWPs and CCs in a band
· FFS: How to define reference BWP/CC


For TCI states pooling for CA, there are two options which can be simply denoted as 1) single shared TCI state pool among CCs; 2) per individual CC TCI state pooling. Though option 1) can reduce RRC signaling and UE storage on each configured TCI state pool, legacy TCI state configuration method, i.e. per BWP/CC in Rel.15/16 was acceptable as well. In our understanding, both RRC configuration approaches are listed as working assumption.
[bookmark: _Ref67647224][bookmark: _Hlk68178920]Regarding QCL-TypeA/TypeD source RS, we observe that one common TCI state ID points to 1 or 2 QCL-Info(s) which contains cell-specific 1 or 2 DL RS(s). For conveying QCL-TypeD, when BWP/CC ID is absent, UE refers to one DL RS in target CC with the same resource ID as the RS in reference BWP/CC. And of course, the BWP/CC ID can be present in QCL-Info, then UE can refer the indicated DL RS from the reference BWP/CC. We believe that’s the design facilitate most use cases one may have in mind. 
In addition, one pending issue in above agreement is whether the indicated common beam applies to a set of RRC configured CCs or all CCs within a band. By looking back the feature of common beam indication in Rel.16, NW configures two mutual exclusive CC lists, one common TCI state ID would point to the TCI state on each CC within a CC list. Hence, NW and UE apply the new beam(s) on pre-configured CCs to have more flexible beam control when compared with all CCs within a band. In Rel.17, we think the same principle can be adopted for common beam updating as well.
Proposal 2 : Common TCI state updating and activation should be based on a configured set of CCs, i.e. removing the bracket around ‘configured’.
Inter-band CA
For the case of multiple CCs in different bands, i.e., inter-band CCs, there are, as well, opportunities to reduce the burden of signaling overhead. With no optimizations, multiple beam management procedures may be required in the inter-band case to cater for multiple CCs, BWPs and UE panels, as illustrated for the intra-band case. This has several adverse effects:
· Time-frequency resources need to be reserved for initial beam establishment and beam refinement on multiple CCs.
· The burden of signaling overhead, e.g., to configure suitable TCI states, increases with the number of CCs and UE panels.
· The UE burden and energy consumption associated with additional beam management procedures scales up with the number of CCs, UE panels and BWPs.
It is possible, however, to reuse beam management procedures across bands. For instance, when TRPs of different bands (e.g., 28 GHz and 39 GHz bands) are co-located, signals between NW and UE tend to propagate through the same physical directions. In this case, a beam sweep procedure common to multiple CCs may be feasible, including the reuse of TCI states. To harbor opportunities for optimizations and also considering above agreement, we make the following proposal
Proposal 3 [bookmark: _Ref67644788]: For inter-band CAs, support common beam operation for data/control, DL/UL, multiple BWPs, multiple TRPs and multiple UE panels. 
The feasibility of the above proposal depends, of course, on the UE ability to simultaneously produce beams in different bands which roughly point in the same directions. It is apparent that the ability to do so will depend on the UE implementation. For example, some UEs might not be able to simultaneously control directions of beams in different bands, or they might be able to do so for certain band combinations, but not for others. Therefore, the achievable savings depend on certain UE capabilities. RAN4 has been discussing a potential new UE capability on independent beam management (IBM) and/or common beam management (CBM) for inter band CA operation. Note that if such capability would be eventually agreed, Proposal 4 supporting a common beam management procedure states across bands would then become necessary.
Proposal 4 : The UE capability related to simultaneously steering beams in the same direction belonging to CCs in different bands should be reported.
In addition, considering some UEs may only be able to have independent beam control on different CCs with different polarizations due to limitations from the RF implementation. Therefore, when optimizing beam indication across bands, polarization needs to be taken into account. In particular, the polarization property of beams shall not impair optimizations of cross CC beam indication while, at the same time, it should be possible to select orthogonal polarizations for beams in different bands pointing in the same/different directions.
Proposal 5 : For the optimization of beam indication across bands, the polarization property of beams should be considered.
Inter-cell beam management
In Rel.15/16 NR, the intra-cell beam level mobility was designed and specified. In the WID of Rel.17, RAN plans to support the inter-cell mobility with as less latency as possible, i.e. by using the L1/L2 signaling. However, due to limited TU in Rel.17, RAN1 and/or RAN2 have no enough time to handle all the mobility-related issues. Therefore, RANP decided to modify the WID accordingly and align it a new name, i.e. inter-cell beam management, which falls into RAN1’s scope. In RAN1#107e meeting, there achieved several agreements on inter-cell beam management, in this section, we are going to discuss some remaining issues.
DL measurement for NSC RS
In RAN1#105e, the following agreement on DL measurement was achieved 
	Agreement
On Rel.17 L1-RSRP multi-beam measurement/reporting enhancements for L1/L2-centric inter-cell mobility and inter-cell mTRP, decide by RAN1#106-e whether to support the following RS types as measurement RS or not:
· CSI-RS for mobility/RRM associated with a non-serving cell  
· CSI-RS for BM associated with a non-serving cell  
· CSI-RS for tracking associated with a non-serving cell  
Note: If another beam metric other than L1-RSRP is supported (e.g. L3-RSRP is still FFS), the above also applies
Note: An RS is associated with a non-serving cell means that it is either configured for a non-serving cell or configured for a serving cell but is QCLed with a non-serving cell SSB


In addition to SSB from NSC, a UE normally would be configured with CSI-RS for mobility for RRM purpose. In comparison with SSB, CSI-RS for mobility can be allowed with larger bandwidth in frequency domain and more density in time domain for more accurate measurement results. In addition, to get time-domain filtered results in L3, UE first needs to produce measurement results of mobility RS in L1 which can be reused for inter-cell beam management. Furthermore, CSI-RS for mobility can be configured with an SSB from the same NSC as its QCL-TypeD source RS. In such case, UE can track back the QCL chain of this non-serving cell and retune its proper DL Rx beam accordingly. Therefore, we failed to see a reason to refuse CSI-RS for mobility as measurement RS from NSC 
Proposal 6 [bookmark: _Hlk61601443]: Support CSI-RS for mobility as measurement RS for inter-cell beam management.
Beam activation/indication
For inter-cell beam management, when it’s necessary, NW sends beam-related signaling to UE. The signaling of beam activation in L2 MAC CE [2] and/or beam indication in L1 DCI conveys unified TCI state(s) which implies serving cell change to UE. In section 3.1, we discuss the possibility to include CSI-RS for mobility as measurement RS. It also seems nature to indicate CSI-RS for mobility as source RS in TCI state along with other CSI-RS, e.g. CSI-RS for BM or for tracking. 
Proposal 7 : Support CSI-RS for mobility as source RS for conducting QCL info from non-serving cell.
Dynamic TCI state update/indication
In RAN1#102e, Item a) of Issue 3 was identified as following
	[Issue 3] For Rel.17 NR FeMIMO, on dynamic TCI state update signaling medium:
a) In RAN1#103-e, investigate, for the purpose of down selection, the following alternatives:
0. Alt1. DCI
0. Alt2. MAC CE
0. Note: Combination between DCI and MAC CE for, e.g. different use cases or control information partitioning can also be considered 
0. Note: The study should consider factors such as feasibility for pertinent use cases, performance (based on at least the agreed EVM), overhead (including PDCCH capacity), latency, flexibility, reliability including the support of retransmission 
0. Note: This may be related to outcome of issue 1a), 1b), and 6a)


During RAN1#103e, the DCI based TCI state updating was discussed when considering the impacts on reliability, overhead, and latency, and finally supported. In this section, we would like to discuss pending issues on DCI based approach. 
DCI formats for signaling TCI state(s) 
In RAN1#103e, RAN1 agreed to reuse DL DCI format 1_1 and 1_2 with DL assignment for beam indication and leave other possibility open for further discussion. In RAN1#104e, this DCI format down selection was formulated with more concrete details on its HARQ-ACK, beam application timing, etc. 
In RAN1#104bis-e, DCI format 1_1 and 1_2 without DL assignment (Alt1) was supported and all related design details, including HARQ mechanism, RNTI, DCI field combinations, were almost done. However, there were a few points FFS, for example how to handle the case when only UL data is available. 
	Agreement
On the Rel.17 DCI-based beam indication, in RAN1#104bis-e, down-select at least one of the following alternatives regarding the support of DCI format(s) for beam indication in addition to the agreed DCI formats 1_1/1_2 with DL assignment (in RAN1#103-e):
· Alt0: No additional DCI format is supported
· Alt1: DCI formats 1_1 and 1_2 without DL assignment, applicable for joint TCI as well as separate DL /UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS , based on DCI indicating SCell dormancy
· FFS : How to identify DCI formats 1_1/1_2 used for beam indication only (not for scheduling a PDSCH reception, not indicating a SPS PDSCH release, or not indicating SCell dormancy), considering impacts on PDCCH coverage and scheduling mechanism 
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt2: Dedicated DCI format other than 1_1/1_2 without DL assignment, applicable for joint TCI as well as separate DL/UL TCI 
· Support DCI acknowledgment mechanism, e.g. based on SPS PDSCH release, based on triggered SRS, based on DCI indicating SCell dormancy
· FFS : If the format is based on an existing DCI format, how to identify the DCI format used for beam indication only
· FFS : Whether the UE can/shall assume the gNB configured application time is after ACK transmission
· Alt3: UL-related DCI formats 0_1/0_2 with UL grant, applicable only for UL-only TCI of separate DL /UL TCI


DCI 0_1/0_2 with UL grant
As for UL scheduling, the function of UL beam indication was designed to be dependent on SRS resource in Rel.15/16. Specifically, the SRI in DCI 0_1/0_2 indicates SRS resource(s) which was/were configured in SRS resource set with usage set as either ‘codebook’ or ‘non-codebook’. Besides UL Tx beam(s), SRI also couples with other UL aspects, e.g. UL power control, precoder and rank selection, which cannot be provided by TCI state in DL DCI. In addition, when UL scheduling comes, the other fields (rather than TCI state) in DL DCI are not identical with that of UL scheduling DCI. Hence, it seems not feasible to only apply DL DCI to convey TCI state(s) when separate UL beam indication is needed. Therefore, we have 
Observation 1 : The multiple roles of SRI in UL DCI are very important to UL scheduling, which could not be fully replaced by the TCI state.
If DL DCI is the only signaling medium to indicate UL Tx beam, then the UL transmission depends on two DCIs, one for UL beam indication and the other one for UL grant. In other words, at most two DCIs should be signaled to UE for one PUSCH transmission. Unless the DCI for UL beam indication lasts for a few of slots, it would be not efficient when compared with UL scheduling DCI 0_1/0_2, hence we still prefer  
Proposal 8 [bookmark: _Hlk68179669]: Support (Alt.3) UL DCI format 0_1/0_2 with UL grant to indicate UL Tx beam by joint DL/UL TCI state or UL-only TCI state.
GC-DCI
In RAN1#103e, the possibility of using group-common DCI to carry TCI state(s) for a group of UE has been discussed and it is now for further study. From signaling perspective, assuming K users in a group and instead of sending K UE-dedicated DCI to each of K UEs, NW only need to send one GC-DCI in the best case. Hence, a certain amount of DL overhead (i.e. (K-1)/K) can be saved, therefore alleviating congestion for DL control channel.
In our view, for some specific deployment scenarios, e.g. high-speed train or vehicles in highway in which a group of UEs are located in close proximity. Though due to different UE rotation or UE position the DL Rx beams can be different from UE to UE, the DL Tx beam(s) from NW seems common for the group of UEs. Therefore, as inspired by GC-PDCCH designed in Rel.15/16, it seems reasonable to apply GC-DCI to carry DL TCI state to the group of UEs. 
	Agreement
On beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework:
· Support L1-based beam indication using at least UE-specific (unicast) DCI to indicate joint or separate DL/UL beam indication from the active TCI states 
· The existing DCI formats 1_1 and 1_2 are reused for beam indication
· Support a mechanism for UE to acknowledge successful decoding of beam indication
· The ACK/NAK of the PDSCH scheduled by the DCI carrying the beam indication can be used as an ACK also for the DCI
· FFS: Whether any additional specification support is needed
· Support activation of one or more TCI states via MAC CE analogous to Rel.15/16:
· At least for the single activated TCI state, the activated TCI state is applied
· The content for the MAC CE is determined based on the outcome of issue 1
· FFS: If supported, default TCI state when more than one TCI states are activated by MAC CE
· Note: There is no implications on the support of single TRP or multi-TRP 
· FFS: Additional enhancement such as L1-based beam indication with group-common DCI
· FFS: Whether the Rel.17 beam indication can also apply to beam indication for single channel (e.g. PDSCH only, single CORESET) or a subset of channels
· FFS: Additional details on extending the support of L1-based beam indication when separate UL (from DL) common beam indication is configured


Moreover, this GC-DCI conveying DL TCI states should be identifiable by UE. Different from repurposing DL DCI with assignment, there are not many different fields in GC-DCI, therefore special combinations of some fields would not work. But one way to do so is to scramble the GC-PDCCH with a new RNTI.  
Proposal 9 : Study standard impacts of introducing group common DCI to indicate/update DL TCI state(s) for a group of UEs.
HARQ mechanism for DCI
It does matter that both NW and UE synchronously maintain the same knowledge of Tx-Rx beam pair. As for DCI based beam indication/updating, NW should know whether UE decodes the DCI carrying TCI state(s) successfully or not. Consequently, the HARQ mechanism for this type of DCI should be specified.
DCI 0_1/0_2 with UL grant
For DCI format 0_1/0_2 with UL grant, there is no explicit HARQ procedure specified, since NW by nature is aware of whether PUSCH has been decoded successfully or not as recipient. NW only sends UL grant again with same HARQ process ID and un-toggled NDI to UE for retransmitting PUSCH, if NW failed in decoding previously transmitted PUSCH or UE failed in decoding UL grant DCI. It seems straight forward to reuse this UL implicit HARQ mechanism for DCI 0_1/0_2 with UL grant. 
Let’s below take the examples in Figure 1. At the beginning, NW sends UL grant DCI to schedule PUSCH transmission. If UL DCI has been successfully decoded by a UE, the UE would transmit PUSCH accordingly. No matter PUSCH is decoded successfully or not at NW corresponding to case a) and b), NW can assume that the UE has decoded UL grant DCI. If no PUSCH transmitted from UE corresponding to case c), NW infers that UE did not decode the UL grant DCI successfully. Then it would be up to NW to re-schedule the UE with UL grant DCI carrying unified TCI state(s). In summary, even for UL grant DCI (no explicit HARQ feedback), the conventional implicit HARQ mechanism can be reused or slightly enhanced to support UL grant DCI carrying TCI state(s). 


Figure 1 [bookmark: _Ref58415571]: HARQ procedure for dynamic granted PUSCH
Proposal 10 : For UL grant DCI carrying TCI state(s), if supported, then reuse the implicit HARQ mechanism of PUSCH for UL grant DCI. 
GC-DCI
For GC-DCI carrying TCI state(s) for a group of UEs, different from other GC-DCI, e.g., containing SFI or TPC, HARQ mechanism is needed anyway to maintain the alignment of beam pair between NW and UE.
Proposal 11 : For GC-DCI carrying unified TCI state(s) for a group of UEs, if supported, study its HARQ mechanism for each UE within the indicated group. 
Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : For backward compatibility with Rel.15/16 beam management, support CSI-RS for CSI as QCL source RS in unified TCI state. 
Proposal 2 : Common TCI state updating and activation should be based on a configured set of CCs, i.e. removing the bracket around ‘configured’.
Proposal 3 : For inter-band CAs, support common beam operation for data/control, DL/UL, multiple BWPs, multiple TRPs and multiple UE panels. 
Proposal 4 : The UE capability related to simultaneously steering beams in the same direction belonging to CCs in different bands should be reported.
Proposal 5 : For the optimization of beam indication across bands, the polarization property of beams should be considered.
Proposal 6 : Support CSI-RS for mobility as measurement RS for L1/L2 inter-cell mobility.
Proposal 7 : Support CSI-RS for mobility as source RS for conducting QCL info from non-serving cell.
Proposal 8 : Support (Alt.3) UL DCI format 0_1/0_2 with UL grant to indicate UL Tx beam by joint DL/UL TCI state or UL-only TCI state.
Proposal 9 : Study standard impacts of introducing group common DCI to indicate/update DL TCI state(s) for a group of UEs.
Proposal 10 : For UL grant DCI carrying TCI state(s), if supported, then reuse the implicit HARQ mechanism of PUSCH for UL grant DCI. 
Proposal 11 : For GC-DCI carrying unified TCI state(s) for a group of UEs, if supported, study its HARQ mechanism for each UE within the indicated group. 
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