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[bookmark: _GoBack]In Rel-17, unified TCI framework was specified for multi-beam operation, where a common TCI state – separate DL or UL TCI state or joint DL and UL TCI state – can be indicated for UE-dedicated reception on PDCCH/PDSCH or dynamic-grant/configured-grant based PUSCH and all of dedicated PUCCH resources. Furthermore, the signaling medium for indicating the common TCI state can be a downlink DCI (DCI format 1_1 or 1_2 with or without PDSCH assignment) or a MAC CE (with only one activated TCI codepoint). For the Rel-17 DCI based beam indication, a single joint TCI state or pair of separate DL and UL TCI states can be indicated by a TCI codepoint of the DCI field ‘Transmission Configuration Indication’, wherein a MAC CE activation command can be used to map up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. Utilizing a single TCI state/pair of TCI states for beam management can be restrictive as it is tailored to single-TRP (STRP) operation. Starting from Rel-15, various multi-TRP (MTRP) transmission schemes targeting at both eMBB and reliability enhancements have been specified. The beam indication design in these MTRP schemes, however, still follows the Rel-15/16 TCI framework. Hence, extending the Rel-17 unified TCI framework to the MTRP operation, e.g., by indicating in a DCI multiple TCI states or pairs of TCI states for various MTRP schemes, is needed (cf. objective 2 in the Rel-18 MIMO WID [1]), and the corresponding signaling design details also need to be specified. 

Though MTRP operation is the design focus here, the basic design principle of the unified TCI framework extension should still follow what we have specified in Rel-17. That is, all UE-dedicated channels and channels/signals higher layer configured to follow the indicated TCI state(s) should follow the corresponding indicated TCI state(s). Besides, key enablers/features of the common beam indication specified in Rel-17 such as beam application time (BAT), types of source RSs and target RSs/channels, CORESET based TCI state indication/update and etc. should remain the same in Rel-18. In the past several RAN1 meetings, the following design aspects/issues have been extensively discussed, which also lead to several baseline agreements.
· Applicable MTRP schemes: as a baseline, all of MTRP schemes specified in previous releases should be considered, including PDSCH transmission schemes 1a/2a/2b/3/4 specified in Rel-16, MDCI based PDSCH transmission scheme specified in Rel-16, PDCCH/PUCCH/PUSCH repetition schemes specified in Rel-17 and HST-SFN specified in Rel-17. 
· Issues related to indicating/signaling, e.g., in a beam indication DCI, TCI state(s) for different TRPs: the maximum number of TCI states that can be indicated/applied in a BWP/CC, type(s) of TCI states that can be applied across different TRPs, whether to increase the maximum number of MAC CE activated codepoints, whether to increase the maximum number of TCI field bits, and etc. 
· Association/mapping between the indicated TCI states and the target channels/signals from different TRPs: for repetition-based MTRP transmission schemes, the indicated TCI states can be mapped to different “repetition occasions”, while for non-repetition based MTRP transmission schemes, the association can be based on higher layer signaling index configuration such as CORESET pool index configuration for MDCI.
· Other applications/design aspects: MTRP BFR under the unified TCI framework, beam indication for STXMP, uplink power control and etc.
In this contribution, we elaborate our views on further details of these issues.  

Discussions
Indicating multiple separate or joint DL and UL TCI states 
General framework for unified TCI extension

In Rel-18, for PDSCH reception(s) in a SDCI based MTRP system, a new 2-bit DCI indicator [TCI selection field] has been introduced to dynamically switch between TRPs. When the new DCI indicator is present in the corresponding DCI format, the UE may expect to apply different TCI states to receive PDCCH and PDSCH respectively from different TRPs; this is because for PDCCH reception(s), a separate RRC-level indicator is used to provide the TCI state(s) association, which can be different from that for PDSCH reception(s). For instance, TCI state #1 and TCI state #2 of the same TCI codepoint can be respectively used for PDCCH and PDSCH receptions in a SDCI based MTRP system, if the RRC-level indicator and the [TCI selection field] indicate different values (and therefore, different TCI states).      

The above described use case for SDCI based MTRP operation is valid, but due to the lack of TRP description/identification (e.g., in the specifications), one may implement the above for STRP operation such that TCI state #1 and TCI state #2 in the above example are respectively used for PDCCH and PDSCH from the same TRP. This would clearly violate the common beam design principle of the unified TCI framework. One simple way to address this issue is to semi-statically configure TRP-specific resources such as SSBs or TCI states so that any of the indicated/applied TCI states can be mapped/associated to a TRP. We therefore propose the following.

Proposal 1: On unified TCI framework extension for SDCI based MTRP, support two TCI state/SSB groups each for a separate TRP. The 1st and 2nd TCI states of a TCI codepoint should be respectively from the two TCI state/SSB groups.

TCI states indication/update for SDCI/MDCI based MTRP

In Rel-17, a single TCI state or pair of TCI states is indicated by a TCI codepoint of the DCI field ‘Transmission Configuration Indication’ in the corresponding beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment), where a MAC CE activation command can activate up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. In Rel-18, means of indicating multiple TCI states or pairs of TCI states in a single DCI (for SDCI based MTRP operation) need to be specified, accounting for (1) whether the DCI format for beam indication is with or without PDSCH assignment, and (2) DCI payload. Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, in one beam indication instance, the existing TCI field in DCI format 1_1/1_2 (with or without DL assignment) can indicate joint/DL/UL TCI state(s) for one or both of the two TRPs in a CC/BWP or a set of CCs/BWPs in a CC list
· FFS: Increase on the size of the TCI field
· Note: The term TRP is used only for discussion purpose in RAN1 and whether/how to capture this is FFS


Similar to the Rel-17 unified TCI framework design for STRP operation, the Rel-18 SDCI based MTRP operation would also support both ‘separate’ and ‘joint’ TCI state types. For instance, when a UE is higher layer configured by the network the TCI state type set to ‘separate’, a TCI codepoint could correspond to a subset of {joint TCI state 1, joint TCI state 2} for a two-TRP setting. When a UE is higher layer configured by the network the TCI state type set to ‘separate’, a TCI codepoint could correspond to a subset of {DL TCI state 1, UL TCI state 1, DL TCI state 2, UL TCI state 2} for a two-TRP setting. It has been discussed in the past few RAN1 meetings whether or not a TCI codepoint can correspond to any subset of TCI state combinations as mentioned above for a configured TCI state type. First of all, we do not see an immediate RAN1 impact to specify how a TCI codepoint should be mapped to different combinations of joint/DL/UL TCI states as long as both ‘separate’ and ‘joint’ modes can be (separately) configured. Furthermore, the below agreement – made in RAN1 #111 [2] – has specified that the existing TCI field in a beam indication DCI can indicate TCI state(s) for one or both of the TRPs. We believe that the above should be enough for RAN1’s normative work, and further signaling structure design/optimization should be left to other working groups such as RAN2.        

Observation 1: On unified TCI framework extension for SDCI based MTRP, whether or not RAN1 needs to specify mapping between joint/DL/UL TCI states and TCI codepoint needs further discussion.

As aforementioned, for SDCI based multi-TRP operation, a TCI codepoint can indicate one or two TCI states/pairs of TCI states, each for a TRP. If a TCI codepoint indicates a single TCI state, one underlying assumption would be that the indicated TCI state is just for STRP operation – and therefore, (dynamic) switching between STRP and MTRP can be achieved via varying the number of indicated TCI state(s) between one and two. On the contrary, it would also be possible that the indicated TCI state is to update one of the previously indicated two TCI states for MTRP operation. We do not prefer to use the number of indicated TCI states to switch between STRP and MTRP, which would complicate UE’s behaviors. It has been agreed in RAN1 that the STRP and MTRP switching for both data and control channels can be realized via DCI-level and RRC-level indicators. Furthermore, we support both full-set and sub-set level of TCI state update.   

Based on the above discussions, we therefore propose the following.

Proposal 2: On unified TCI framework extension for SDCI based MTRP, 
· Do not support (dynamic) STRP and MTRP switching via the number of indicated TCI states in one beam indication instance.
· Support both full-set and sub-set level of TCI state update.
Additionally, with a potential increase in the number of TCI state combinations for SDCI based MTRP operation – as illustrated in Figure 1, a TCI codepoint may correspond to one or two TCI states/pairs of TCI states, where a TCI state can be a joint DL and UL TCI state (if configured with ‘joint’), and a DL or UL TCI state (if configured with ‘separate’), it would become necessary to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16 (illustrated in Figure 2). By doubling the maximum number of activated TCI codepoints, at least the same beam-selection flexibility as in a STRP system can be retained for MTRP operation with two coordinating TRPs.

[image: ]
Figure 1. Examples of DL/UL TCI state combinations for a two-TRP setting
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Figure 2. Increasing the maximum number of MAC CE activated TCI codepoints for MTRP

Proposal 3: On unified TCI framework extension for SDCI based MTRP, support to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16.

With increase in the maximum number of activated TCI codepoints, means of signalling the “additional” TCI codepoints in beam indication DCI needs to be specified, depending on whether or not the maximum number of the existing TCI field bits needs to be increased, e.g., from 3 to 4. First of all, we do not support increasing the TCI field size as it would increase DCI payload. If the maximum number of the existing TCI field bits keeps the same as that in Rel-17, i.e., 3 bits, introducing an additional DCI field – either new or repurposed – to signal the “additional” TCI codepoints is a valid approach. For instance, the additional DCI field can be a 3-bit field, to which the last 8 TCI codepoints out of the total 16 activated TCI codepoints can be mapped (assuming that the first 8 TCI codepoints out of the total 16 activated TCI codepoints are mapped to the existing TCI field). It is evident that introducing a new 3-bit DCI field would significantly increase the DCI payload. To keep the same DCI payload size as in Rel-17, the additional DCI field can be realized by repurposing the existing DCI field(s) in format 1_1/1_2. Repurposing the existing DCI field is feasible when the beam indication DCI does not provide PDSCH assignment, but when the beam indication DCI also schedules PDSCH, there may not be enough bits left for repurposing. 
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Figure 3. Examples of TCI signalling enhancements for with and without DL assignment

One possible solution to address the above issues is to introduce a 1-bit selector in DCI. The additional 1-bit field can indicate the mapping between the existing 3-bit TCI field and a subset of 8 TCI codepoints (e.g., a subset of the first 8 denoted by subset 1 in Figure 3 or a subset of the last 8 TCI codepoints denoted by subset 2 in Figure 3, out of the total 16 MAC CE activated TCI codepoints). The additional 1-bit field can be implemented by repurposing. For instance, as illustrated in Figure 3, when the beam indication DCI carries DL assignment, the existing TCI field would always indicate TCI codepoints from subset 1. When the beam indication DCI does not carry DL assignment, the existing TCI field could indicate TCI codepoints from either subset 1 or subset 2 according to the 1-bit subset selector. A similar design approach to introducing the 1-bit indicator in DCI is to introduce the 1-bit indicator in CORESET. Then, depending on which CORESET(s) the beam indication DCI is received, the UE can determine the mapping between the TCI field and a subset of activated TCI codepoints. 

We therefore propose the followings.

Proposal 4: On unified TCI framework extension for SDCI based MTRP, support to introduce an additional 1-bit indicator to associate the existing TCI field and a subset of MAC CE activated TCI codepoints. The additional 1-bit indicator can be provided in the beam indication DCI without DL assignment (repurposed) or ControlResourceSet.

For MDCI based MTRP operation where two values of CORESET pool index are provided, a UE can receive, in a CORESET associated with a CORESET pool index value, a beam indication DCI (DCI format 1_1 or 1_2 with or without DL assignment) indicating a single TCI state/pair of TCI states by the TCI field, where a MAC CE activation command can activate up to 8 TCI states/pairs of TCI states to the codepoints of the TCI field. Here, the signaling structure is the same as that in Rel-17 (the main difference is the association to the pool indexes) – so further enhancement is not needed. 

Mapping/association of indicated TCI states to target channels/signals
 
For both SDCI and MDCI based MTRP operations, the common beam indication should be performed per TRP, where all UE-dedicated DL and UL channels and channels/signals higher layer configured with followUnifiedTCIState associated with a TRP should follow the indicated TCI state(s)/pair(s) of TCI states associated with the same TRP. The indicated M>1 or N>1 TCI states, therefore, need to be associated to different TRPs (and therefore, the corresponding target DL and UL channels/signals) first, and the association method(s) should be specified as well. In the following, we provide our views on how to associate the indicated TCI states/pairs of TCI states to different target channels/signals, and their implications on (1) SDCI and MDCI based MTRP operations, and (2) non-repetition and repetition based MTRP transmission schemes. 

For MTRP non-repetition transmission schemes, the association between the indicated M>1 or N>1 TCI states and the TRPs should be separately considered for MDCI and SDCI based MTRP operations. For SDCI based MTRP operation, the mapping/association between the indicated TCI state(s) and target channel(s)/signal(s) can be different from that for MDCI based MTRP operation because CORESET pool index(es) is not configured for SDCI based MTRP. Furthermore, in a SDCI based MTRP system, a UE can receive PDCCH candidate(s) in CORESET(s) from one of the TRPs. For this case, one of the indicated M>1 or N>1 TCI states should be associated with the CORESET(s). Several alternatives of associating/mapping joint/DL TCI state(s) to PDCCH reception(s) in a SDCI based MTRP system were discussed in the past several RAN1 meetings, and an agreement related to this matter was reached in RAN1#110bis-e [3].Agreement from RAN1 #110bis-e
On unified TCI framework extension for S-DCI based MTRP, to inform the association with the joint/DL TCI state(s) indicated by DCI/MAC-CE for PDCCH repetition, PDCCH-SFN, and PDCCH w/o repetition/SFN, support the following:
· Use RRC configuration to inform that the UE shall apply the first one, the second one, both, or none of the joint/DL TCI states indicated by DCI/MAC-CE to a CORESET or a group of CORESETs (if CORESET group configuration is supported)

From the above agreement, a RRC-level indicator is used to inform the association/mapping between one or two of the indicated TCI states and PDCCH reception(s). For instance, an indicator can be provided in higher layer parameter ControlResourceSet. With this setting, for example, when the beam indication DCI is received in a CORESET with the indicator set to ‘0’, the first indicated TCI state can be applied to all PDCCH receptions, and when the beam indication DCI is received in a CORESET with the indicator set to ‘1’, the second indicated TCI state can be applied to all PDCCH receptions. Furthermore, according to the agreement, different CORESETs or different groups of CORESETs (if CORESET group configuration is supported) can be associated with different indicated TCI states. For this case, prioritization rule among CORESETs (or groups of CORESETs) associated with different indicated TCI states may be needed – the prioritization rule can be analogous to that specified in Rel-15/16.

Proposal 5: On PDCCH reception(s) in SDCI based MTRP under unified TCI framework, with the higher layer indicator provided in ControlResourceSet, a CORESET is associated with one or two of the indicated joint/DL TCI states,
· The UE applies the indicated joint/DL TCI state(s) that is associated with the CORESET, in which the beam indication DCI is received, for PDCCH reception(s). 
· Prioritization rule among CORESETs associated with different indicated TCI states needs to be specified.

For PDSCH reception(s) in SDCI based MTRP operation, the following agreements were made in RAN1 #111 and RAN1 #112 [4].Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, a DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception is used to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
· The presence of the DCI field is configurable by RRC; when the DCI field is not present in DCI format 1_1/1_2, the UE shall apply the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: Details on the default indicated joint/DL TCI state(s) to PDSCH reception
· FFS: The DCI field is a new indicator field or an existing field (e.g., the existing TCI field)
· FFS: Regardless the DCI field is present or not present, how to apply the indicated joint/DL TCI state(s) to PDSCH reception if the offset between the reception of the DCI format 1_1/1_2 and the corresponding PDSCH reception is less than a threshold 
FFS: How to apply the indicated joint/DL TCI state(s) to PDSCH reception scheduled/activated by DCI format 1_0.
Above applies for the case where PDSCHs scheduled by the same DCI.

Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, a new indicator field is supported as the DCI field in DCI format 1_1/1_2 that schedules/activates PDSCH reception to determine which one or both of the indicated joint/DL TCI states shall be applied to the scheduled/activated PDSCH reception
FFS: Detail design of the new indicator field.

Agreement from RAN1 #112
On unified TCI framework extension for S-DCI based MTRP, a 2-bit [TCI selection field] can be configured by RRC to be present in a DCI format 1_1/1_2 that schedules/activates PDSCH reception (including dynamic PDSCH and SPS PDSCH) according to the followings:
· If the DCI format 1_1/1_2 indicates codepoint "00" for the [TCI selection field], the UE shall apply the first one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "01" for the [TCI selection field], the UE shall apply the second one of two indicated joint/DL TCI states to all PDSCH DMRS port(s) of corresponding PDSCH transmission occasions(s) scheduled/activated by the DCI format 1_1/1_2
· If the DCI format 1_1/1_2 indicates codepoint "10" for the [TCI selection field], the UE shall apply both indicated joint/DL TCI states to the PDSCH reception scheduled/activated by the DCI format 1_1/1_2
· FFS: Whether and how to use the codepoint "11" of the [TCI selection field]
If the UE is in FR1, or the UE supports the capability of two default beams for S-DCI based MTRP in FR2 regardless of threshold, above apply to PDSCH reception(s) scheduled/activated by the DCI format 1_1/1_2. 
· Note: If the UE supports the capability of two default beams for S-DCI based MTRP in FR2, UE uses both indicated joint/DL TCI states to buffer the received signal before a threshold.
If the UE doesn’t support the capability of two default beams for S-DCI based MTRP in FR2, above apply to the scheduled/activated PDSCH reception when the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is equal to or larger than a threshold
· FFS: How to apply the indicated joint/DL TCI state(s) to the scheduled/activated PDSCH reception if the offset between the reception of the scheduling DCI format 1_1/1_2 and the scheduled/activated PDSCH reception is less than a threshold in FR2
FFS: Detail of the capability of two default beams for S-DCI based MTRP 
FFS: The threshold value

The agreements read that a new DCI indicator field would be introduced in DCI format 1_1/1_2 to dynamically switch between TRPs (and therefore, the corresponding TCI states) for PDSCH reception(s). In particular, the new DCI field – e.g., denoted by ‘TCI selection indicator’ field – is configurable by RRC (present or not) and optional to UE’s implementation. In addition, the TCI selection indicator is a 2-bit DCI indicator with ‘00’ indicating that the first indicated joint/DL TCI state(s) should be used for PDSCH reception(s), ‘01’ indicating that the second indicated joint/DL TCI state(s) should be used for PDSCH reception(s), and ‘10’ indicating that both of the first and second indicated joint/DL TCI states should be used for PDSCH reception(s) – e.g., for receiving two PDSCH transmission occasions (see Figure 4). How to use the codepoint ‘11’ is still FFS, but we prefer to have it reserved rather than use it to swap the order of the first and the second.
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Figure 4. An example of codepoints for the TCI selection indicator

For PUSCH transmission, the following agreement was made in RAN1 #111 and RAN1 #112:Agreement from RAN1 #111
On unified TCI framework extension for S-DCI based MTRP, use an indicator field (could be reusing an existing DCI field or introducing a new DCI field) in the DCI format 0_1/0_2 to inform which joint/UL TCI state(s) indicated by MAC-CE/DCI the UE shall apply to PUSCH transmission scheduled/activated by the DCI format 0_1/0_2

Agreement from RAN1 #112
On unified TCI framework extension for S-DCI based MTRP, when two SRS resource sets for CB/NCB are configured, support the followings for PUSCH transmission scheduled/activated by a DCI format 0_1/0_2 (including DG and Type2 CG):
· If the DCI format 0_1/0_2 indicates codepoint "00" for the existing SRS resource set indicator, the UE shall apply the first indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "01" for the existing SRS resource set indicator, the UE shall apply the second indicated joint/UL TCI state to all PUSCH antenna port(s) of corresponding PUSCH transmission occasions(s)
· If the DCI format 0_1/0_2 indicates codepoint "10" or “11” for the existing SRS resource set indicator:
· For TDM based PUSCH Tx scheme, the UE shall apply the first indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the first SRS resource set for CB/NCB, and the second indicated joint/UL TCI state to the PUSCH transmission occasions(s) associated with the second SRS resource set for CB/NCB (note: the association between an SRS resource set for CB/NCB and PUSCH transmission occasions(s) is defined according to TS 38.214)
· FFS: SDM and SFN based PUSCH Tx schemes
FFS: The case that the spatial Tx filter(s) determined from the indicated joint/UL TCI state(s) applied to a PUSCH transmission is different from the spatial Tx filter(s) used for the SRS transmission corresponding to the SRS resource(s) indicated to the PUSCH transmission

Using an indicator field in the uplink DCI 0_1/0_2 to inform which of the TCIs indicated in the downlink DCI 1_1/1_2 to use for PUSCH transmission will lead to a potential timing misalignment issue between UL and DL DCI indications, e.g., when the UL DCI selects the TCI state(s) while the UE is performing TCI state(s) update. To address this timing misalignment issue, a linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator as discussed above – and the corresponding downlink DCI that indicates the TCI states needs to be established. For instance, the linkage can be implicitly based on the receive timings of the uplink and the downlink DCIs. The linkage can also be explicitly indicated in both of the uplink and downlink DCIs.

Proposal 6: A linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator in DCI 0_1/0_2 – and the corresponding downlink DCI that indicates the TCI states needs to be established:
· Implicitly via the receive timings of the corresponding UL and DL DCIs
· Explicitly indicated in the corresponding UL and DL DCIs
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Figure 5. Examples of mapping indicated TCI states to “repetition occasions”

For MTRP repetition transmission schemes, the indicated M>1 or N>1 TCI states can be mapped to different “repetition occasions” in an implicit manner. For M=2 or N=2, the 1st TCI state indicated by a TCI codepoint can be mapped to the first “repetition occasion”, and the 2nd TCI state indicated by the same TCI codepoint can be mapped to the second “repetition occasion”. More specifically, for PDCCH repetition, the first and second “repetition occasions” can respectively correspond to the two PDCCH candidates – denoted by first and second PDCCH candidates – from two respective search space sets that are linked via higher layer signalling. For this case, the 1st indicated TCI state can be mapped to the first PDCCH candidate, and the 2nd indicated TCI state can be mapped to the second PDCCH candidate. For PDSCH repetition, the first and second “repetition occasions” can respectively correspond to the two PDSCH transmission occasions defined in the TDM based schemes, the first and second halves of PRBs in the FDM based schemes with the precoding granularity set to ‘wideband’, or the even and odd PRGs in the FDM based schemes with the precoding granularity set to ‘2’ or ‘4’. For PUCCH repetition, the 1st and 2nd indicated TCI states can be alternated per a certain number of PUCCH transmission repetitions (slots). Similarly, for PUSCH repetition, the 1st and 2nd indicated TCI states can be applied to the first and second slots of 2 consecutive slots for Type A, or the first and second nominal repetitions of 2 consecutive nominal repetitions for Type B. Note that both cyclic and sequential beam mapping patterns can be applied to PDSCH, PUCCH and PUSCH repetition schemes. In Figure 5, various examples of mapping the indicated 1st and 2nd TCI states and PDCCH/PDSCH/PUCCH/PUSCH repetitions as discussed above are presented. To summarize,

Proposal 7: Specify rules of mapping the indicated M>1 or N>1 TCI states to “repetition occasions” of various channels for SDCI based MTRP repetition transmission schemes.

Inter-cell multi-TRP operation for both SDCI and MDCI
 
Inter-cell multi-TRP operation was supported in Rel-17, where CORESETs configured with different values of CORESET pool index – i.e., MDCI based multi-TRP framework – are associated with different PCIs including the serving cell PCI. However, the Rel-17 inter-cell multi-TRP operation was under the legacy Rel-15 TCI framework. Rel-17 also specified another form of inter-cell operation, i.e., inter-cell beam management (ICBM) under the unified TCI framework, where a UE can switch between the serving cell PCI and a PCI different from the serving cell PCI for both data and control channels. However, the ICBM did not consider simultaneous transmission/reception, which is a key feature of multi-TRP operation. Hence, there is a need to extend the unified TCI framework to the inter-cell multi-TRP operation. 

It has been agreed in RAN1 that in Rel-18, the extension of the unified TCI framework will also include the extension to the inter-cell multi-TRP operation. For the MDCI based multi-TRP system, the extension can be achieved via the same one-to-one association between the CORESET pool index values and the PCIs as that in Rel-17. In this way, all features supported for the MDCI based multi-TRP operation can be directly extended or applied to the inter-cell multi-TRP operation.

Proposal 8: On extending the unified TCI framework to MDCI based inter-cell multi-TRP operation, support one-to-one association between CORESET pool index values and PCIs including the serving cell PCI.
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Figure 7. A conceptual example of mapping the TCI states indicated by a TCI codepoint to PCIs

In addition, SDCI based multi-TRP operation also sees its importance in many application scenarios, where beams for different PCIs can be indicated via the same DCI. To enable the SDCI based multi-TRP operation, TCI states indicated by a TCI codepoint can be associated to different PCIs including the serving cell PCI. As depicted in Figure 7, the first and second TCI state(s) – indicated by a TCI codepoint – are respectively associated to the serving cell PCI and a PCI other than the serving cell PCI. With this setting, all features supported for the SDCI based multi-TRP operation can be directly extended or applied to the inter-cell multi-TRP operation as well.

Proposal 9: On extending the unified TCI framework to SDCI based inter-cell multi-TRP operation, support one-to-one association between indicated TCI states of a TCI codepoint and PCIs including the serving cell PCI; at least one of the indicated TCI states of a TCI codepoint can be associated to a PCI other than the serving cell PCI.

Beam management for simultaneous multi-panel UE transmission  
Extension of unified TCI framework supports management of two simultaneous beams per UL and DL where each beam associated to one TRP. Thus, in beam management perspective, STxMP toward different TRP would not need any additional support of specification. According to the current discussion, STxMP SDM is supported toward multi-TRP, and SDM toward single-TRP would not belong to the Rel-18 work scope. It is still unclear whether SFN toward single-TRP is supported, but SFN toward single-TRP should mean single beam of TRP while different UE beam can be applied per UE panel. Therefore, still no specification impact is required in beam management perspective even to support STxMP toward single-TRP. 
 
Observation 2: Extension of unified TCI framework does not have any specific issues to support STxMP. 

For the management of multiple simultaneous TCI states, network differentiates which TCI is associated to which TRP. To support SDCI based STxMP multi-TRP, network needs UE’s identification on the association between reported beam index and UE panel. The exact association helps network’s clear understanding, but as simplified information, beam index set information providing simultaneous beam set should be sufficient. In the current specification, group based beam reporting is defined as reported set of beam index which can be simultaneously received at UE side. In case beam DL/UL beam reciprocity is satisfied, gNB may rely on this information to schedule STxMP mode operation. 

Observation 3: Group based beam reporting can provide STxMP mode beam information if DL/UL beam reciprocity is satisfied. 

According to current UE capability, support of group based beam reporting is optional UE feature. But for a UE requesting UL scheduling in STxMP mode, support of group based beam reporting should be mandated. Detailed design of UE capability would be discussed separately. 

Proposal 10: UE requesting STxMP mode UL scheduling via single DCI should support capability of group based beam reporting. 
· Detailed design of corresponding UE capability can be discussed separately in proper agenda. 

RAN1 does not have discussion yet whether STxMP UE needs to support DL/UL beam reciprocity. Until the final decision is made, it should be better to assume DL/UL beam reciprocity is not essential to operation in STxMP mode. It should be more beneficial to consider UE operating in an environment where DL/UL beam reciprocity is broken, e.g., due to human body impact. Modification can be required at group based beam reporting to support those UEs.  

Proposal 11: Consider modification on group based beam reporting to support UE not supporting DL/UL beam reciprocity or to support a case beam reciprocity is broken. 

As one candidate, group based UL beam reporting can be considered to support UE without DL/UL beam reciprocity. This new reporting contents or mode can be supported with or without defining new UE capability of supporting group based UL beam reporting. For example, network may separately configure both of group based beam reporting and group based UL beam reporting simultaneously, or it can be assumed always group based UL beam reporting is configured when DL/UL non beam reciprocity is reported and group beam reporting is configured. Details can be discussed further.

Proposal 12: For a UE not supporting DL/UL beam reciprocity, network configures group based UL beam reporting.
· Needs further discussion on details of configuration


Power control enhancement

It should be general observation that enhancements on UL PC had been considered if there was a need to support new scenario of UL transmission. For example, in Rel-15, beam specific power control was agreed to support FR2 specific aspect of different pathloss per beam. Also in Rel-15, MPUE was assumed to utilize its tx panel in network transparent way, and agreed no enhancement required for UL PC. In Rel-17, as a new scenario, support of DL/UL beam non-reciprocity was considered, and beam specific PHR was added. Support of MPUE with different UL capability per panel was another Rel-17 scenario. Beam specific UL capability reporting was agreed to support that scenario, but no enhancement on UL PC was required. It should be noted that enhancements on UL PC has been introduce only to support new scenario and performance optimization was not the goal.

Observation 4: Enhancement on UL PC has been introduced to support new scenario, but not to support performance enhancement or optimization.

As RAN4 replied, according to UE implementation, UE’s peak power may rely on number of UL panel intended for UL transmission. If dynamic variation of UE peak power is considered, it should be supported as new scenario and RAN1 needs to check necessity of UL PC enhancement. 

Proposal 13: RAN1 discuss and check whether dynamic variation of UE peak power may happen and needs enhancement on UL PC, to support STxMP. 

Scheduling of STxMP follows general UL scheduling procedures. UE reports beam, CSI, and beam specific PHR first. Based on UE’s reporting, gNB decide UL transmission resources, and indicates STxMP with sharing required information. In case of STxMP toward single-TRP, if supported, UE may decide number of panels to be used for UL transmission according to each of reported UL candidate beam. The number of required panel can be determined by UE during UE’s beam measurement and reporting process. Current beam specific PHR may deliver final peak power counting panel specific power characteristics and selected panels. No enhancement is required for peak power reporting. 

In case of MDCI based STxMP toward multi-TRP, not many things can be supported by specification. We don’t think each TRP can share dedicated control information, neither helpful designing dedicated peak power reporting. Smart implementation should be the key to achieve high performance gain.

When STxMP toward multi-TRP is triggered by single DCI, the actual peak power per beam can be different with the reported beam specific PHR. But it is predicted misalignment, and network may configure proper level of tx power. We don’t see any issue with current beam specific reporting of PHR.

Observation 5: At peak power reporting, no dedicated issue exists for MDCI based STxMP multi-TRP, SDCI based STxCMP toward multi-TRP or STxMP toward single-TRP.

Specification would not prevent UE’s panel switching between beam reporting and actual UL transmission according to reported beam. But neither to support such unnecessary operation. Current beam specific reporting provides sufficient information on panel specific UE power characteristics.

Proposal 14: It is up to network how to extract actual peak power from reported beam specific PHR. 

Proposal 15: RAN1 conclude no enhancement is required on reporting of UL power parameters to support STxMP operation.

STxMP is complicated operation which would be supported by high end UE only. In network’s perspective, STxMP needs more complicated control, and no gain or possible even a loss can be observed compared with single panel UE, unless dedicated management is not properly configured and performed. So we wonder there is any practical usecase to run STxMP via default settings or default mode operation. Default settings or mode should be assumed as the back-off option preventing link failure. It should be practical to assume that STxMP may fall-back to single panel based operation when bad event happened and default setting is applied. 

Proposal 16: RAN1 does not define default PC settings dedicated for STxMP operation. 

Since on enhancement is required for STxMP TPC commend, we see no enhancement is required for any of UL PC operation. We propose RAN1 to conclude no UL PC enhancement dedicated for STxMP UL. 

Proposal 17: RAN1 conclude no enhancement is required for UL power control to support STxMP UE or STxMP mode UL transmission.

Conclusions 
In this contribution, we provide our views on various aspects related to extending the unified TCI framework – specified in Rel-17 for STRP operation – to MTRP transmission schemes. In particular, the following proposals are made regarding indicating more than one (M>1 or N>1) joint DL and UL TCI states or pairs of separate DL and UL TCI states for both SDCI and MDCI based MTRP operations:

Proposal 1: On unified TCI framework extension for SDCI based MTRP, support two TCI state/SSB groups each for a separate TRP. The 1st and 2nd TCI states of a TCI codepoint should be respectively from the two TCI state/SSB groups.

Observation 1: On unified TCI framework extension for SDCI based MTRP, whether or not RAN1 needs to specify mapping between joint/DL/UL TCI states and TCI codepoint needs further discussion.

Proposal 2: On unified TCI framework extension for SDCI based MTRP, 
· Do not support (dynamic) STRP and MTRP switching via the number of indicated TCI states in one beam indication instance.
· Support both full-set and sub-set level of TCI state update.
Proposal 3: On unified TCI framework extension for SDCI based MTRP, support to increase the maximum number of MAC CE activated TCI codepoints, e.g., from 8 to 16.

Proposal 4: On unified TCI framework extension for SDCI based MTRP, support to introduce an additional 1-bit indicator to associate the existing TCI field and a subset of MAC CE activated TCI codepoints. The additional 1-bit indicator can be provided in the beam indication DCI without DL assignment (repurposed) or ControlResourceSet.

Proposal 5: On PDCCH reception(s) in SDCI based MTRP under unified TCI framework, with the higher layer indicator provided in ControlResourceSet, a CORESET is associated with one or two of the indicated joint/DL TCI states,
· The UE applies the indicated joint/DL TCI state(s) that is associated with the CORESET, in which the beam indication DCI is received, for PDCCH reception(s). 
· Prioritization rule among CORESETs associated with different indicated TCI states needs to be specified.

Proposal 6: A linkage between the uplink DCI that indicates the association between the indicated TCI states and the PUSCH transmission(s) – e.g., via the SRS resource set indicator in DCI 0_1/0_2 – and the corresponding downlink DCI that indicates the TCI states needs to be established:
· Implicitly via the receive timings of the corresponding UL and DL DCIs
· Explicitly indicated in the corresponding UL and DL DCIs

Proposal 7: Specify rules of mapping the indicated M>1 or N>1 TCI states to “repetition occasions” of various channels for SDCI based MTRP repetition transmission schemes.

Proposal 8: On extending the unified TCI framework to MDCI based inter-cell multi-TRP operation, support one-to-one association between CORESET pool index values and PCIs including the serving cell PCI.

Proposal 9: On extending the unified TCI framework to SDCI based inter-cell multi-TRP operation, support one-to-one association between indicated TCI states of a TCI codepoint and PCIs including the serving cell PCI; at least one of the indicated TCI states of a TCI codepoint can be associated to a PCI other than the serving cell PCI.

Observation 2: Extension of unified TCI framework does not have any specific issues to support STxMP. 

Observation 3: Group based beam reporting can provide STxMP mode beam information if DL/UL beam reciprocity is satisfied. 

Proposal 10: UE requesting STxMP mode UL scheduling via single DCI should support capability of group based beam reporting. 
· Detailed design of corresponding UE capability can be discussed separately in proper agenda. 

Proposal 11: Consider modification on group based beam reporting to support UE not supporting DL/UL beam reciprocity or to support a case beam reciprocity is broken. 

Proposal 12: For a UE not supporting DL/UL beam reciprocity, network configures group based UL beam reporting.
· Needs further discussion on details of configuration

Observation 4: Enhancement on UL PC has been introduced to support new scenario, but not to support performance enhancement or optimization.

Proposal 13: RAN1 discuss and check whether dynamic variation of UE peak power may happen and needs enhancement on UL PC, to support STxMP. 

Observation 5: At peak power reporting, no dedicated issue exists for MDCI based STxMP multi-TRP, SDCI based STxCMP toward multi-TRP or STxMP toward single-TRP.

Proposal 14: It is up to network how to extract actual peak power from reported beam specific PHR. 

Proposal 15: RAN1 conclude no enhancement is required on reporting of UL power parameters to support STxMP operation.

Proposal 16: RAN1 does not define default PC settings dedicated for STxMP operation. 

Proposal 17: RAN1 conclude no enhancement is required for UL power control to support STxMP UE or STxMP mode UL transmission.
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