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1.   Introduction
[bookmark: _Hlk492027000]The Rel-16 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #81, the objective was updated to read as follows [1]:
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI

In previous RAN1 meetings, several agreements were made mainly on multiple PDCCH design, single PDCCH design, and URLLC related enhancements of multi-TRP/panel transmission. Moving forward, we expect that the discussion on multi-TRP/panel transmission can be separated under single PDCCH design, multiple PDCCH design, URLLC related enhancements, and uplink multi-panel related enhancements. In this contribution, we discuss the related details under each category and make some proposals.
2.    Single PDCCH design
In previous RAN1 meetings, the following agreements and conclusion were made, 
[bookmark: _Hlk4592376]Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI

Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced

Conclusion
No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.


Agreement 
Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· [bookmark: _Hlk9503159]MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4

In next sub-sections, we discuss the remaining items of single PDCCH based multi-TRP operation. 
2.1	Support multiple TCI states 
In Rel-15, TCI field in DCI can be either 0 (if higher layer parameter tci-PresentInDCI is not enabled) or 3 bits. As agreed in RAN1 #AH1901 meeting, TCI codepoint for multi-TRP operation should indicate two TCI states. Moreover, this mapping can be changed by MAC-CE signaling, and we do not see the need for increasing the TCI field size in DCI, where 3 bits provides enough flexibility when different TCI state combinations. The practical assumption is that multi-TRP operation is not likely to occur with high mobility, there is no strong reason to support many TCI states for each TRP, and 8 TCI state combinations (with 3 bits) should be adequate. Also, because UE can be indicated with one or two TCI states, if one TCI state is indicated, the existing single-TRP operation can be reused without any reconfiguration, and it is beneficial to maintain the size of DCI field for TCI by 3 bits.
[bookmark: _Hlk16753989]Proposal 1: For single PDCCH based multi-TRP transmission, the same number of bits for TCI field as single TRP transmission (i.e. 0 or 3 bits) is used. 

2.2	DM-RS port mapping 
For single TCI state, it is natural to reuse the existing signaling method for single-TRP operation. However, if two TCI states are indicated in the TCI code point, there are several discussion points to be determined as agreed in RAN1 #97.
· Whether to support DM-RS type 2 for multi-TRP operation
· Number of layers for SU-MIMO
· Whether to support MU-MIMO (either between NCJT UEs or between NCJT UE and single TRP UE)
· Whether to update with new entries or to introduce new tables to support new combinations (e.g. 1+3 and/or 3+1)
· Common design for eMBB and URLLC
First, regarding the applicability of DM-RS type 2 for multi-TRP operation, since DM-RS type is configured by RRC, it is not only related to the multi-TRP operation but single-TRP operation. Restricting to DM-RS type 1 only can limit the potential gain from DM-RS type 2 even in the single-TRP operation. Though DM-RS type can be configured UE specifically, the configuration of DM-RS type is typically related to the gNB configuration and network deployment. Assume the case that a UE operating with DM-RS type 2 in a TRP would allow both single/multi-TRP operations, then RRC should be reconfigured as DM-RS type 1. In such situations, the UE is limited in its operation even for a single-TRP case such as the number of layers, MU-MIMO capability, etc. If that is solved by allowing the UE to implicitly change its DM-RS type only when two TCI states are configured, it will increase the UE complexity due to multiple channel estimation schemes to be applied with different parametrization. 
Proposal 2: For single PDCCH based multi-TRP transmission, support both DM-RS type 1 and type 2.
Regarding the number of layers to be supported for multi-TRP operation, it is natural to allow the same number of layers for single-TRP operation. So, it is recommended to support up to 8 ports for SU-MIMO.
Proposal 3: For single PDCCH based multi-TRP transmission, no additional restriction is needed on the number of layers (i.e. up to 8 layers for SU-MIMO). 
Regarding the applicability of the MU-MIMO operation with multi-TRP transmissions, it seems reasonable to start the discussion only considering SU-MIMO operation with multi-TRP transmissions. Also, due to the limitation of the available number of DM-RS CDM groups (2 and 3 CDM groups for type 1 and type 2 respectively), if we don’t consider multiplexing different UEs by CDM, it is difficult to apply MU-MIMO for NCJT application. Though CDM of different DL UEs in a TRP can be used, for simplicity, we can consider SU-MIMO based multi-TRP operation as baseline of Rel-16 multi-TRP scheme. 
However, this causes certain limitations to gNB scheduling flexibility. In general, to avoid MU-MIMO scheduling, a centralized scheduler needs to reserve resources for multi-TRP operation first, after that single-TRP UEs can be scheduled with the remaining resources. In a low RU situation, it may be easy to use such a reservation. However, there is a possibility to extend this for medium or high RU conditions, with the help of beamforming and interference suppression schemes. Also, scheduling flexibility is important not only for the traffic load condition but for mitigating timing delay, and MU-MIMO opportunity can be useful for scheduling with traffic having timing constraints. If we can extend the multi-TRP operation with a larger number of cooperation TRPs, only SU-MIMO support may limit the system capacity too much. Thus, we can further consider the potential use of MU-MIMO with multi-TRP operation in the upcoming release.
Proposal 4: For single PDCCH based multi-TRP transmission, consider only SU-MIMO when deciding the DMRS port mapping at least in Rel-16.
There is also a discussion on how to implement the new mapping for two TCI states support. When the number of additional entries is small, it may be possible to use the reserved entries without introducing a new table. If we agree only to support SU-MIMO based multi-TRP operation, we can simply update the existing DM-RS table with the additional entries to support the multi-TRP operation. Based on the principle of separation of TRPs by different CDM groups, without using any symbolic indication, UE can be aware of antenna port mapping to each TRP.
Also, we have an open issue of supporting 1+3 and/or 3+1. To introduce new combinations such as 1+3 or 3+1 does not introduce overhead in terms of antenna port signaling. However, such new combinations should be justified with the evaluation of potential gain in order to reduce the implementation complexity. Based on our system-level evaluation in Figure 1 (simulation assumptions are given in Annex A), no clear gain is observed when new combinations are applied. 
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Figure 1: Throughput gain of having (3+1) and (1+3) layer combinations

Proposal 5: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, DMRS entries of 1+3 and/or 3+1 are not needed. 
Next, we further consider any updates on layer combinations when two CWs are used and the total number of layers of NCJT reception is more than 4 (for example, combinations of 4+2 and 2+4 in addition to 3+3). Our system level evaluation in Figure 2 (simulation assumptions are given in Annex A). These evaluations assume additional layer combinations of 2+4 and 4+2 (compared to Rel-15 layer combinations). It turns out that no extra gain can be achieved even more combinations are supported. 
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Figure 2: Throughput gain of having (4+2) and (2+4) layer combinations

Proposal 6: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, additional DMRS entries to handle two codeword scenario is not required. 

Based on these investigations, we provide an example of updated DMRS port indication tables is listed in Annex. C.
Proposal 7: For single PDCCH based multi-TRP transmission, new combinations should be added as new entries of the existing DM-RS table, and they are applicable only when two TCI states are indicated by MAC-CE. 

In previous RAN1 discussions, it has also been discussed to support a unified design for DM-RS port indication between eMBB and URLLC for single PDCCH-based design. However, DCI design for URLLC is still under discussion with the motivation of reducing DCI overhead for reliable PDCCH transmission. Thus, it is early to make such agreement without considering the conclusion in URLLC discussion. Therefore, we propose to focus on the eMBB scenario for the single PDCCH design.  
Proposal 8: For single PDCCH based multi-TRP transmission, the new DM-RS port mapping is applied for the eMBB scenario, and DM-RS port mapping for URLLC should be designed separately. 

2.3	CSI Framework 
There are two discussion points of the CSI framework. The first point is how to generate CSI feedback, and there are two alternatives; independent feedback per TRP vs. combined feedback. 
Independent feedback from each TRP is one of easy extension of Rel-15 CSI framework. However, there are ambiguities when the reported CSI generates conflict between TRPs or UE capability. For example, if UE reports different CQI for each TRP, but single CW should be applied because the total rank is no more than 4, the network may suffer from the scheduling decision. Also, if the total number of RIs exceeds UE’s capability, even network can limit the total rank, the reported CQI should also be corrected. Also, the feedback gives no information about the selection of cooperating TRPs without additional L1-RSRP reports. 
The combined feedback may be useful to understand the UE’s situation. UE can indicate more information such as the preference of the cooperating TRPs (including single TRP operation) and the combined CQI, RI combinations etc. Also, though independent feedback can be used without a big change of the existing specification, it still needs an update to the Rel-15. Also, UE complexity to configure multiple CSI report/resource configuration may impact UE’s CPUs. 
Proposal 9: For single PDCCH based multi-TRP transmission, study the pros and cons of the generation of CSI feedback on the alternatives as below:
· Alt. 1: Independent CSI per TRP 
· Alt. 2: Combined CSI including the selection of the TRPs
The second point on CSI framework in the single PDCCH design is how to configure CSI-RS resource and CSI report. In Rel-15, each CSI report configuration can be associated with a CSI resource configuration for channel measurement, and the CSI resource setting contains a configuration of a list of one or more CSI resource sets. However, if the resource type is periodic or semi-persistent, only one CSI-resource set can be configured for a UE. For multi-TRP operation, the UE should be capable of reporting CSI per TRP and needs further study on ways of supporting that. 
Proposal 10: For single PDCCH based multi-TRP transmission, study the possible update for CSI resource/report configuration. 

3.   Multiple PDCCH design 
In past RAN1 meetings, several agreements were made considering different aspects of M-DCI based M-TRP operation. In here, we formulate the sections based on that and discuss the remaining details. 
3.1	PDSCH scheduling restriction/indication
In the RAN1 #96 meeting, the following agreements were made with respect to PDSCH scheduling restriction and indication.
[bookmark: _Hlk2931253]Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.


In this agreement, we have an FFS item to discuss PDSCH mapping type for two co-scheduled PDSCHs from TRPs. The scheduling combinations that two TRPs use when supporting multi PDCCH based operation is restricted by the DMRS configurations. The UE should be configured with DMRS configuration with the same actual number of front-loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type. To our thinking, this already enough restriction and we do not see any additional requirement of having PDSCH mapping type restrictions. 
Proposal 11: For multi-TRP transmission scheduled by multiple DCI, PDSCH mapping type restriction is not be required. 
Another FFS item is having alignment on PRG-grid alignment between multiple TRPs such that UE interference measurements can be simplified. We see this may not always be possible by TRPs and multi-PDCCH design should anyways require certain improvements on interference measurements from the UE side.   
Proposal 12: For multi-TRP transmission scheduled by multiple DCI, alignment of PRG-grid between TRPs is not required. 
Additionally, in the agreement above, it is mentioned that “How to ensure the same active BWP between multiple TRPs”. In NR, configurations pdcch-Config and pdsch-Config are carried within the BWP-DownlinkDedicated, and it was also agreed that multiple TRPs are to be differentiated based on the CORESETs indicated in pdcch-Config. Different BWPs could have different pdcch-Config where CORESETs associated with TRPs could be different in each BWP. It is important to make sure that UE and TRPs operate in the same BWP and there are no conflicting configurations. 
If one TRP wishes to switch the BWP, it should be coordinated with the other TRP such that they align on BWP and respective configurations that UE use after the switch. Even though some companies discuss the behavior of dynamic BWP switching, we have some concerns on believing the benefits of dynamic BWP change in M-TRP mode. M-TRP is mostly useful in low RA situations and dynamic variation of BWPs are not required at the TRP side or at the UE side. Having said that, UE behavior on BWP switch over DCI may be something that we need to conclude soon. A simple solution could be that UE assumes that BWP switch can be only triggered via DCIs in specific CORESETs, which could be implicitly a CORESET group which associated to a given TRP (primary TRP which coordinates such a switch with other TRPs). Also, the UE neglects any other BWP switching command coming from other TRPs.  
Proposal 13: For BWP switching, UE shall only follow BWP switching command in DCI transmitted in specific CORESETs.
Another discussion which was not mentioned under FFS item was how to handle different slot formats coming from different TRPs. In Rel-15, UL-DL slot configuration to UEs in a cell is done based on higher layer parameter TDD-UL-DL-ConfigurationCommon. Additionally, there is an option that the UE is additionally provided TDD-UL-DL-ConfigDedicated, where it overrides only flexible symbols per slot over the number of slots as provided by TDD-UL-DL-ConfigurationCommon. In multi-TRP/Panel operation with non-ideal backhaul, TRPs could coordinate the higher layer settings of two TRPs used for the supported UE. However, the restrictions are given in the DMRS configurations (and other restrictions) limit the usable slot configurations at different TRPs when supporting multi-TRP transmission to one or more UEs.  In general, a TRP should have the flexibility on defining the same slot configuration for all UEs (regardless they are multi-TRP supported or not) such that intracell interference can be minimized. To simplify the concerns, it could be useful to configure additional UL-DL slot configuration to the UE which shall be only used for the multi-TRP operation. This allows TRPs to use cell-specific configurations to be used independently of the one used for the multi-TRP operation. 
Proposal 14: A UE can be configured with a slot format configuration valid only for multi-PDCCH based multi-TRP transmission, which may be different from slot configuration used for single TRP operation. 
In addition to the semi-static slot format configurations, TRPs can also define resource usage for flexible resources by indicating to the UE by means of DCI format 2_0 in Rel-15. In the case of non-ideal backhaul between TRPs, a dynamic indication of SFI can also be problematic if the indication comes only from one TRP and the other TRP is not synchronized on using the new format due to backhaul latency.
Proposal 15: For multi PDCCH based multi-TRP transmission, SFI received via DCI format 2_0 is valid only for single TRP operation. 
· If dynamic SFI is supported for multi-TRP transmission, the UE may either wait a predefined time period (depending on the backhaul latency) to apply the new SFI indication, or UE is expected to receive the same SFI from both TRPs.
 
In Rel-15, when an eMBB transmission to a UE must be pre-empted by a URLLC transmission to another UE, an indication of the URLLC transmission to the eMBB UE is supported. When a UE is scheduled with multi-TRP transmission for eMBB, it is possible that each of the participating TRPs must pre-empt the eMBB transmission to serve a (different) URLLC UE during the same slot. In this case, each TRP must provide a pre-emption indication to the eMBB UE. In the case of non-ideal backhaul, it is not possible for the pre-emption indications from both TRPs to be carried in a single DCI. Therefore, separate pre-emption indications must be supported. The UE is then required to monitor pre-emption indications from two TRPs.
Proposal 16: For multi-TRP transmission scheduled by multiple DCI, separate pre-emption indication from each TRP is supported.
Proposal 17: For multi-TRP transmission scheduled by multiple DCI, the UE monitors pre-emption indication DCI from each TRP at least for non-ideal backhaul.


3.2	Scrambling
In RAN1 #96bis meeting, the following agreement was on scrambling of different PDSCH, 
Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH

In RAN1 #97 meeting, Alt.2 was selected, 
Agreement
At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH
· FFS details including how to associate dataScramblingIdentityPDSCH with TRPs

Based on this agreement, a different dataScramblingIdentityPDSCH is configured for each PDSCH. In TS 36.211, initialization of the scrambling sequence generator is described as follows.

The scrambling sequence generator shall be initialized with

where

-	 equals the higher-layer parameter dataScramblingIdentityPDSCH if configured and the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in a common search space,
-	 otherwise
and where [image: ] corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 38.214].


For the multi-TRP transmission case, the scrambling sequence for each PDSCH will be initialized using the above equation. Since only a single codeword will be transmitted from each TRP, as  in this case and the equation simplifies to
.
Each PDSCH is scheduled with the same [image: ] value, corresponding to the C-RNTI. Different values of dataScramblingIdentityPDSCH then ensure unique initialization of the scrambling for each PDSCH. It is also important to consider dataScramblingIdentityPDSCH configured scenario and the other scenario where nID simply becomes to be the cell ID. In more forward-looking, we should also consider future proof design when the number of TRPs that coordinate becomes larger. For example, the actual cell ID can become different or the same among multiple TRPs/panels. Good coordination among TRPs is needed to decide the exact values that are configured via dataScramblingIdentityPDSCH. 
Proposal 18: For M-DCI NCJT PDSCH scrambling sequences, RAN1 shall consider future proof design considering possible extensions on coordination sizes and no configuration for multiple dataScramblingIdentityPDSCH. 
 

3.3	Rate matching 
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, the following agreements were reached in last RAN1 meetings, 
Agreement
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis

[bookmark: _Hlk16511145]Agreement
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 
· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell
· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH
· FFS: Whether/how it is applied to single DCI based NCJT

Within ServingCellConfig, now more than one CRS pattern should be indicated. From RAN2 perspective, it would be easier to introduce additional CRS patterns by also considering other use cases. RAN#84 endorsed the following proposal on how to handle dynamic spectrum sharing enhancements in Rel-16, 
· The following enhancements for dynamic spectrum sharing will be done as part of TEI16 in RAN1
· Introduce PDSCH Type B mapping of length 9 and 10 OFDM symbols where the positions of DMRS are defined or can be configured so they do not collide with symbols containing LTE CRS
· Extend the higher layer configuration of LTE-CRS rate matching pattern to multiple rate matching patterns to support multiple LTE carriers within an NR carrier
· RAN1 will decide on a reasonable limit for the number of rate matching patterns to be supported
· The LTE-CRS rate matching patterns are applicable to 15 kHz SCS
· Signaling to be defined by RAN2
· The work will take place and be completed in Q3
· CRs will be prepared once Rel-16 specifications will be available
As the total number of LTE CRS rate matching patterns (e.g. N*M) are now depended on both the number of TRPs (N) and dynamic spectrum sharing (M narrower bandwidth LTE carriers can be within a NR carrier). Maximum number of TRPs involved in multi-TRP transmission (at least when deciding the CRS patterns) can be set as 4. Depending on the decisions in dynamic spectrum sharing discussions, RAN2 can introduce the total number of required LTE CRS rate matching patterns.  
Proposal 19: With the dynamic spectrum sharing taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carriers within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
· N is up to 4
· M is FFS and to be determined by the dynamic spectrum sharing. 
In Rel-15, rate matching over LTE CRS patterns applied as below. 
A UE may be configured with any of the following higher layer parameters indicating REs declared as not available for PDSCH:

-	lte-CRS-ToMatchAround in ServingCellConfig or ServingCellConfigCommon configuring common RS, in 15 kHz subcarrier spacing applicable only to 15 kHz subcarrier spacing PDSCH, of one LTE carrier in a serving cell. The configuration contains v-Shift consisting of LTE-CRS-vshift(s), nrofCRS-Ports consisting of LTE-CRS antenna ports 1, 2 or 4 ports, carrierFreqDL representing the LTE carrier centre subcarrier location determined by offset from (reference) point A, carrierBandwidthDL representing the LTE carrier bandwidth, and may also configure mbsfn-SubframeConfigList representing MBSFN subframe configuration. A UE determines the CRS position within the slot according to Subclause 6.10.1.2 in [15, TS 36.211], where slot corresponds to LTE subframe.

Next question is how to apply rate matching over these multiple CRS patterns. In dynamic spectrum sharing, there can be the number of LTE carriers within a NR carrier, and WID update itself suggesting that NR PDSCH should be rate matched over all LTE CRS. When multiple TRPs are used, it may not be required to rate match around other TRPs CRS patterns.  
Proposal 20: For multi-DCI based multi-TRP/panel transmission, PDSCH is rate matched around LTE CRS pattern (or multiple patterns if multiple LTE CRS patterns within NR carrier is applied) separately for each TRP. 
We think that enhancement for multiple CRS patterns shall be valid even in the single PDSCH scenario. However, for single PDCCH based design, things can be bit complicated if separate rate matching is applied per TRP. As different CRS patterns can be non-overlapping, used REs allocated of to each TRP becomes different and does not follow Rel-15 physical layer procedures. 
Proposal 21: For rate matching mechanism used for single PDCCH based multi-TRP/panel transmission, support the following enhancements: 
· Extend the higher layer configuration of LTE-CRS rate matching pattern configuration similar to multiple PDCCH scenario.  
· PDSCH is rate matched around the union of LTE CRS patterns. 

3.4	Configurations and monitoring of multiple PDCCH
In the previous RAN1 meetings, the following agreements were made on multiple PDCCH monitoring. 
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2

Agreement
	For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability

Agreement
For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 
· FFS: How to define capability per TRP 
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

The latest agreement noted above increase the maximum number of CORESETs per PDCCH-config to 5. This is according to UE capability, however. A UE may be defined to have the capability to receive multi-PDCCH based multi-TRP transmission. Such a UE could then be configured with 5 CORESETs. One question is then is whether the UE should be configured with 3 CORESETs as in Rel-15 by default and with 5 CORESETs only when it is also configured to receive multi-PDCCH based multi-TRP transmission. It should be noted that increasing the number of CORESETs provides more scheduling flexibility but does not by itself increase the UE’s blind decoding complexity. The UE PDCCH monitoring complexity is more directly tied to the number of search spaces configured, which are distributed among the CORESETs. It is possible to restrict the number of CORESETs through configuring search spaces for fewer than 5 CORESETs.
Proposal 22: A UE capable of multi-PDCCH based multi-TRP operation can always be configured with 5 CORESETs.
The association between CORESETs and TRPs is implicit. That is, the association between each CORESET and the TRP to which it corresponds is through the TCI state that is activated for that CORESET. Without any restrictions on the number of CORESETs associated with each TRP, all the CORESETS can be associated with a single TRP. It can be up to the network, however, to coordinate the CORESETs with multiple TRPs.
Proposal 23: There is no restriction on the association of configured CORESETs with a TRP.
As noted above, the configured search spaces are distributed among the CORESETs. It was agreed to increase the maximal number of blind decoding per CCE per slot per serving cell subject to UE capability. To maintain the same level of blind decoding complexity, the number of search spaces can be kept the same. In this case, the number of search spaces that are associated with each CORESET is reduced. In other words, it limits the flexibility for the transmission of each PDCCH. For a UE with capability for higher blind decoding complexity, better flexibility can be achieved by increasing the number of search spaces, which would allow the configuration of a larger number of UE-specific search spaces.
Proposal 24: Increase the number of search spaces per “PDCCH-config”. FFS the exact number.

3.5	PDCCH/PDSCH processing/preparation timing 
When the UE receives two NR-PDCCHs each scheduling a respective NR-PDSCH for multi-TRP transmission, the NR-PDCCHs may be received in the same or overlapping slots. Therefore, the UE must decode both NR-PDCCHs before it is able to receive the NR-PDSCHs. The time offset of the slot allocated for PDSCH relative to the PDCCH depends on the subcarrier spacing configurations for PDCCH and PDSCH as well as the slot offset parameter K0. For a UE-specific search space, the parameter is determined either from the specified default PDSCH time domain resource allocation table A or the higher layer configured pdsch-AllocationList, provided in either pdsch-ConfigCommon or pdsch-Config. While the default PDSCH time domain resource allocation Table A does not support any value of K0 other than 0, values up to 32 can be configured through pdsch-AllocationList. Thus, the PDSCH can be scheduled to be transmitted with a substantial time offset relative to PDCCH. Therefore, in our view, adequate scheduling flexibility is possible to support the additional processing and preparation time required for the UE to decode multiple NR-PDCCHs before it starts receiving multiple NR-PDSCHs.



3.6	UL ACK/NACK feedback 
Previous RAN1 meetings had following agreements on HARQ ACK feedback, 
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2

Agreement
	For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· [bookmark: _Hlk15462797]Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 

Next, we discuss the remaining FFS items of the above agreements. An important requirement is that the PUCCH resources for the two TRPs must be non-overlapping and may require separate configurations. This is required as multiple-PDCCH based multi-TRP transmission should also support the non-ideal backhaul scenario. 
Proposal 25: PUCCH resources used to convey ACK/NACK feedback to each TRP are separately configurable to ensure that they are non-overlapping.
The PUCCH resources may use different timing advance (TA) values as the propagation delays and switching offsets configured can be different from two TRPs, see Figure 3. 
[image: ]
Figure 3: UE maintain two TAs for each TRP
When the adjacent PUCCH resources are used by two TRPs, the ordering of the PUCCH resources or required gap between two PUCCH resources shall be precoordinated between TRPs. Otherwise, there can be overlapping at the PUCCH transmissions due to the use of different TA values. For example, if the larger TA PUCCH transmission takes place after the other PUCCH resource, there could be overlapping of PUCCH transmissions even with time domain split is within a slot. This can be solved by knowing both TA values at the TRPs or get the timing gap of UL transmissions (for two TRPs) used at the UE side. 
Proposal 26: Multi-TRP transmission based on multiple PDCCH shall consider TA values used by the UE when scheduling the PUCCH resources within a slot to avoid overlapping in ACK/NACK transmissions. 
If the PUCCH resources configured for the two TRPs are configured to have non-overlapping transmission, there is no dependence between the formats of the PUCCH transmitted to the two TRPs.
Proposal 27: The PUCCH format for ACK/NACK feedback to different TRPs can be the same or different.
In Rel-15, if there is a collision between ACK/NACK feedback and CSI reporting. ACK/NACK feedback is prioritized. Similarly, if there is an overlap of PUCCH resources for ACK/NACK feedback to one TRP and CSI reporting to the other TRP, the UE can prioritize ACK/NACK feedback.
Proposal 28: When there is an overlap of PUCCH resources for ACK/NACK feedback to one TRP and CSI reporting for another TRP, the UE prioritizes transmission of ACK/NACK feedback.
In case of an overlap between PUCCH to one TRP and PUSCH transmission scheduled to another TRP, PUCCH transmission is prioritized.
Proposal 29: When there is an overlap between PUCCH resources for one TRP and PUSCH resource to another TRP, the transmission of PUCCH is prioritized.
In RAN1 #96bis, further discussion on PUCCH resource configurations lead to the following agreement, 
Agreement
	For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 

In Alt 1, a PUCCH resource group can be configured by the network for each TRP. Each resource group can be defined to consist of one or more PUCCH resource sets. The network can ensure that the PUCCH resource groups are non-overlapping in time through the appropriate configuration of the resource set(s) constituting each resource group, which are not shared among the resource groups. This approach provides maximum flexibility for the configuration of the PUCCH resources associated with each TRP by allowing separate configuration of PUCCH resources. After initial configuration of the PUCCH resource groups, no further coordination among the TRPs is required for the allocation of resource, so this approach is suitable for ideal and non-deal backhaul. On the other hand, it creates a hard partition between the PUCCH resources available to each TRP.
Alt 2 is based on sharing of a common pool of PUCCH resources among the multiple TRPs with a single configuration. The PUCCH resource sets defined by the configuration are divided between the TRPs through negotiation such that the resource sets claimed by the two TRP are non-overlapping with each other. The burden is on the scheduler at each TRP to ensure that the PUCCH resources claimed by the other TRP are not allocated. No resource group is necessary with this approach and the TRPs may re-negotiate the resource sets without requiring a reconfiguration of the PUCCH resources. Therefore, the PUCCH resources shared between the TRPs can potentially be utilized more efficiently. Further study is needed to determine if configuration of a larger number of PUCCH resources must be supported.
Alt 3 allows overlapping of the PUCCH resources among different TRPs. While this approach allows for more flexible utilization of PUCCH resources, it requires tighter coordination among TRPs to ensure that the overlapping resources are not allocated for feedback to different TRPs in the case of a multi-TRP transmission.
In our view, Alt 2 provides the balance between flexibility and standardization effort.
Proposal 30: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs (Alt 2). 
In RAN1 #97 meeting and the email discussion [97-NR-08], further agreements were made on separate ACK/NACK feedback and joint feedback.  
Agreement
· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  
· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1
· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used
· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.
· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16

Agreement
· If the higher layer signaling index per CORESET is configured, when generating separated ACK/NACK codebook across all CCs for M-DCI based multi-TRP/panel transmission: 
· Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 
· FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT
· For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices
· For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices
· For PUCCH resource determination, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for DCIs from CORESETs with different values of configured higher layer signaling indices
· Note that this does not preclude configuring the index for other purposes.
· [bookmark: _Hlk14793921]For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:
· HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs, or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs
· PUCCH resource determination: e.g. how the last DCI is determined at the UE
· DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook
· Further study on mechanism and conditions for when/how to switch between joint and separated ACK/NACK feedback within a slot, considering one or the combination of the following alternatives:
· Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback.
· Alt2: if configured higher layer signaling indices in the CORESETs corresponding to different TRPs have different values, the UE shall use separated ACK/NACK feedback, otherwise (including indices are not configured) the UE shall use joint A/N feedback as Rel-15.
· Alt 3: depending on reported UE capability signaling of informing the maximum number of transmitted PUCCH resources for HARQ-ACK within a slot [or sub-slot], e.g. if UE reports “1” for the UE capability signaling, joint A/N feedback will be always used within a slot for M-DCI NCJT;
· Alt 4: UE switches between joint feedback or separate feedback depending on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible); 
· FFS whether/how to support the value of K1 with sub-slot level granularity. 
· FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98). 
· Note that for M-DCI based multi-TRP/panel transmission, it is encouraged to minimize spec impact for supporting both separate A/N feedback and joint A/N feedback when the higher layer signaling indices for CORESETs are configured

The open items are discussed below. 

It was agreed that there could be a higher layer signaling index per CORESET when generating separated ACK/NACK codebook. And the configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. The remaining FFS item on “whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT” is not possible if we do not mix this higher layer index with joint feedback discussion. The higher layer index was agreed for separate feedback and it is not possible to assume that it can be reused in joint feedback. Therefore, we do not think that the condition mentioned in the FFS item is valid. 

Proposal 31: If the higher layer signaling index per CORESET is configured for separated ACK/NACK codebook, indices configured in different CORESETs (where CORESETs are allocated for different TRPs) cannot have the same value. 

Under separate ACK/NACK, for PUCCH resource determination, we have an FFS item on “whether/how to support the value of K1 with sub-slot level granularity”. Given the remaining time for Rel-16 discussions and parallel discussion may also happen in URLLC discussions, we think that this is not required. 

Proposal 32: For PUCCH resource determination, do not support the value of K1 with sub-slot level granularity.

FFS item on “whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98)”. First, we think that the first PUCCH resource group concept should be agreed prior to discussing this. We have the earlier discussion on that and prefer, “Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs (PUCCH resource groups are not needed)”. Here, the burden is on the scheduler at each TRP to ensure that the PUCCH resources claimed by the other TRP are not allocated. 

Proposal 33: For separate ACK/NACK feedback, it is not required to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs. 

On the joint ack/nack feedback. One main item is to decide on how to support HAR-ACK bit multiplexing. Here, we first need to understand that no agreement on having the higher layer configuration index in the joint ack/nack feedback mode. As there is no requirement of separating the codebooks, we could construct the joint codebook without any additional higher layer configuration. 

Proposal 34: For joint ACK/NACK feedback, it is not required to have a higher layer signaling index per CORESET. For example, HARQ-ACK bits of TRP-0 and TRP-1 can be interlaced across different CC. 
3.7	CSI reporting enhancement 
The CSI reporting enhancement for multi-TRP should consider several essential issues regarding the association among TRPs for CSI feedback. One main question is whether the CSI feedback should be jointly reported to one TRP or separately reported to each TRP. Although several advantages are enabled by using the joint reporting, this method requires an ideal backhaul between TRPs in order to use the feedback in an efficient manner. In addition, the framework of joint CSI feedback should be compact and take into account the method of how to separate the CSI information among the TRPs from the joint CSI report. The CSI-RS periodicity from different TRPs should also be optimized to be aligned with the CSI processing and reporting time. Moreover, as joint feedback tends to increase the payload size, different priority rules compared to Rel-15 may be needed. Therefore, until the basic framework of multi-TRP is ready, we should not spend time discussing joint CSI feedback.  
Proposal 35: Separated CSI reporting is supported at each TRP following Rel-15 CSI framework.  

4. Multi-TRP transmission to support URLLC
In Rel-16 discussions, URLLC related enhancements for multi-TRP transmission are more focused on PDSCH. In previous RAN1 meetings and the follow-up email discussions [96b-NR-06]/[97-NR-09], RAN1 had good progress on supported URLLC schemes. 
[bookmark: _Hlk7080016]Supported URLLC, scheduled by single DCI at least, were clarified as following: 
Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
· Each non-overlapped frequency resource allocation is associated with one TCI state.
· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
· Scheme 2a:
· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
· Scheme 2b:
· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index

Later, RAN1 agreed on these schemes with additional restrictions. There are many aspects to be finalized and we focus here on the most important details of each scheme. 
4.1	FDM/ Scheme 2
Agreement
For M-TRP based URLLC, support both 2a and 2b 
· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

In scheme 2a, from TRP perspective, interleaved data transmissions are applied where each TRP uses chunks of concatenated bits when mapping to the frequency resources used by that TRP. From a UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. The use of different MCS/RV is problematic due to the changes required in TBS determination, rate matching and other physical layer procedures. Therefore, the default assumption shall be the single MCS/RV across full allocation. 
Scheme 2b use two codewords from two TRPs, and with the use of different RVs can make sure that incremental redundancy (IR) HARQ gain (effective code rate becomes lower) is obtained. From TRP perspective, independent data transmissions can be assumed without interleaving. From a UE perspective, UE treats the different codewords as retransmissions on non-overlapping frequency resource allocation. The use of different MCS is feasible as it is only related to the interpretation of the DCI fields, and does not require changes on physical layer procedures in TBS determination, rate matching and any other. However, overall benefits of having different MCS/modulation orders for different non-overlapped frequency resource allocations may be limited as both codewords shall make sure supporting the same TBS and only reserved entries can be applied as the second MCS. 
Proposal 36: Scheme 2a/2b does not apply different MCS/modulation orders for different non-overlapped frequency resource allocations. 
It is agreed indirectly that the scheme 2b may support up to two-layer transmission, and in the case of two layers, one CB per CW. The same understanding can be extended to Scheme 2a. 

Proposal 37: For scheme 2a/2b, the maximal number of transmission layers per non-overlapping frequency allocation (each TRP) is up to two layers. 
It is also important to see how exactly the frequency resource allocation mechanism is done for FDM scheme 2a/2b with regarding allocation granularity and splitting the resources among TRPs. This may also associate with the number of TCI states used in the transmission. For the number of TCI states across PDSCH repetitions, we think that supporting at least up to 4 is reasonable considering the future proof design. This could be done by having a dedicated field in DCI. The dedicated field in DCI may also provide flexibility when the retransmissions of the initial transmission are scheduled with a different combination and need to indicate that in a more dynamic manner. There can be multiple options as in the TDM case,  
1. One TCI codepoint can indicate up to 4 TCI states 
· This will be additional overhead if it is only indicating the TCI state. For example, split of resources for each TRP and RV (for scheme 2b) has to indicated separately with other indications. 

2. New field in DCI to indicate both TCI state and corresponding frequency domain resource partition.  
· For example, TCI states and resource allocation split in the frequency domain are jointly pre-configured, and the combination of TCI states/resource allocation is jointly indicated in DCI. One codepoint in the joint field is to indicate up to 4 TCI states and corresponding resource allocation split.

Option 2 seems to be the best way forward as it also allows dynamically indicate the resource split among TRPs and corresponding TCI state for each of the non-overlapping frequency allocation. 

Proposal 38: For scheme 2a/2b, a new field in DCI shall be used to indicate both TCI state and corresponding frequency domain resource partition. In addition,  
· The maximum number of TCI states (Nf) within the single slot shall be 4. 
· Full resource allocation (FD/TD) shall be indicated based on Rel-15
· Multiple combinations for TCI states and corresponding frequency domain partition shall be pre-configured via higher layer signaling
· Codepoint in the new DCI field may trigger exact resource allocation split and TCI states associated with each partition. 
For scheme 2a, above proposals more or less complete the discussion as the UE will know what non-overlapping frequency allocations and associated TCI states. In scheme 2a, a single RV is used; thus, Rel-15 mechanism can be used when indicating RV. Also, TBS determination can also be straightforward as full resource allocation, MCS and other fields can be used to determine TBS. 
However, some additional discussion is needed for scheme 2b as different codewords can be transmitted from different TRPs. For example, if the number of TCI states are two and two codewords (same TB but different RV) are transmitted in non-overlapping resources of TRPs, it is required to indicate two RVs and determine TBS based on the indications comes in DCI. We do not expect DCI format 1_1 with two codeword indications (MCS, RV) can be used to solve this due to extra fields like MCS. In that sense, it would be easier to interpret above new DCI field and RV field indicated in the DCI together to determine the RVs used by different TRPs.  
Proposal 39: For scheme 2b, both RV field and the new field (the new field that indicates both TCI state and corresponding frequency domain resource partition) shall be used together to indicate RVs corresponding all TCI states.  

Based on proposals above, the UE receives the new field (that indicate both TCI state and the corresponding frequency domain resource partition) and full frequency resource allocation information, and a single MCS.  In scheme 2b, the UE shall determine the frequency domain resource allocation for first TCI state and corresponding number of PRBs use in the TBS determination procedure. UE may not require determining the TBS for all the codewords as they are just repetition of the same codeword or using different RV of the same TB. 
Proposal 40: For scheme 2b, the UE shall determine the frequency domain resource allocation for the first TCI index and use the corresponding number of PRBs in the TBS determination procedure.

4.2	TDM/ Scheme 3 and 4
Earlier RAN1 agreements on scheme 3 and 4 are as follows, 

Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 

Agreement
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· The maximal number of transmission layers per transmission occasion, down-select one from the following options:
· Option 1: up to single layer transmission 
· Option 2: up to two layers transmission 
· PDSCH repetition indication mechanism:
· Number of repetitions, down-select one from following options:
· Option 1: Dynamic indication
· Option 2: High-layer configured as Rel-15 

Agreement
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· Resource allocation in time domain:
1. FFS for further details of the signaling, e.g. starting from the signaling mechanism of slot aggregation in Rel-15
2. FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
3. FFS: whether the same number of symbols should be indicated for each repetition
4. FFS: whether/how to handle the time domain resource allocation considering slot boundary or DL/UL switch in a slot
· Resource allocation at frequency domain: 
1.  Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options: 
1. Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
2. Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: New field in DCI (or reuse one or more existing fields in DCI) for indication. 
· For example, TCI states and RV sequences are jointly preconfigured, and the combination of TCI states/RV sequences is jointly indicated in DCI. One codepoint in joint field is to indicate up to 4 TCI states and corresponding RV sequences.
· RV sequences for PDSCH repetitions 
1. Option 1: support Rel-15 RV sequences at least 
· FFS whether additional RV sequence(s), e.g {0,0,0,0}, {0,3,0,3},{0,3,2,1}, is needed, and whether/how a RV sequence applied to the UE is per TRP
2. Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec.
· How to map RVs in RV sequences and indicated TCI states to transmission occasions taking into account 
1. whether the number of transmission occasions is dynamically indicated, or higher layer configured.
2. whether the selected RV sequence depends on the number of TCI state(s) indicated in the codepoint.  
3. whether channel estimation interpolation across mini-slots/slot with the same TCI index
· LDPC base graph and TBS shall be same across repetition.

First, we check the performance impact by using two options for the maximal number of transmission layers per transmission occasion. Exact details of simulation assumptions are given in Annex B. In Figure 4, provide packet delay distribution considering 4 symbols and 2 repetitions set-up in TDM scheme 3. MIMO provides slightly worse delay performance than rank one transmission. This is caused by worse SINR due to inter-stream interference. In general, the 2-layer transmission has a slightly higher probability for retransmissions. 
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Figure 4: Packet delay distribution of TDM scheme 3 with one-layer (MIMO: off) vs two layer (MIMO: on) 

In Figure 5, we check the resource utilization difference in the same simulation. Two-layer transmission decreases the allocation size as well as PRB loading, in turn, provide good resource utilization compared to the single layer transmission. In summary, both options satisfy the latency requirement, and two-layer transmission uses much lesser resources compared to the other. 
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Figure 5: PRB allocation of TDM scheme 3 with one-layer (MIMO: off) vs two layer (MIMO: on)

Based on these evaluations, two-layer transmission still meets the latency requirement with lower resource utilization, and it is unnecessary restriction to limit the number of layers to one as that limits the overall performance and not providing the flexibility to the gNB to use the good channel situations more effectively. 

Proposal 41: The maximal number of transmission layers per transmission occasion, down-select Option 2: up to two-layer transmission. Here, “up to two layers: refers that either all TRPs use a single layer or two layers, not other combinations. 

On further considerations for scheme 3 and 4, it should be noted that multiple TRPs shall coordinate before indicating a repetition pattern towards the UE. For example, it is required that, especially for scheme 3, that repetitions coming from different TRPs are not overlapping due to different propagation delays or differences in DL transmission timing. 
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Figure 6: TCI pattern shall be defined based on the propagation timing of each TRP.

Proposal 42: An URLLC UE supported by scheme 3 or 4, UE is not expected to have overlapped transmissions from different TRPs due to indicated repetition pattern and/or allocated time resources. 

Regarding the number of repetitions, it is more or less associated with the performance requirement and channel conditions.  One possible option is to indicate via dynamic indication that allows adaptation of the number of repetitions based on the channel conditions. Other ways are to reduce the overhead and have higher layer configured as Rel-15. We think that the number of repetitions is not that critical parameter that needed to be indicated in the DCI and resource allocation per transmission occasion can still handle the variations of the channel to meet the performance requirements. Repetition number could be something that can be changed based on long term stats.  

Proposal 43: For scheme 3 and 4, the number of repetitions, can be higher layer configured as in Rel-15.  

Other open points are on resource allocation in the time domain. At least for scheme 4, where repetitions are in slot level, it is possible to adopt the signaling mechanism of slot aggregation in Rel-15. However, that mechanism always indicates the same starting point within a slot and lengths, and which may not be optimum structure when considering multiple TRPs.
 
Proposal 44: For scheme 3 and 4, time domain resource allocation, signaling mechanism shall be different from slot aggregation in Rel-15. 

Remaining items for time domain resource allocation in Scheme 3 and 4, such as the minimal gap between repetitions shall be handled by the TRP coordination and UE shall not expect overlapping repetitions (as in proposal 42) or violating UE capability of switching the beams between repetitions, etc. This is something that left to handle by the TRP implementations. 

As discussed in the FDM schemes, the next open point is the number of TCI states across PDSCH repetitions, considering the future proof approach, we see that using 4 TCI code points can be the way forward. It is well known that RV sequence of 0 2 3 1 provides the best performance (soft combining) gain compared to other sequences. Then, there are other options like 0 3 0 3, which provide some level of better self-decodability over 0 2 3 1 with lower soft combining gain. In any case, it is better than the network can configure the RV sequence and TCI states across repetition via higher layer signaling. There is no special benefit of indicating the RV sequence together with TCI in a new DCI field. Therefore, our simple proposals on those aspects are, 

Proposal 45: For scheme 3 and 4, one TCI codepoint can indicate up to 4 TCI states.  

Proposal 46: RV sequences for PDSCH repetitions in scheme 3 and 4, RV sequences are preconfigured by higher layer without the restriction of specific orders in spec.

The RVs should map from the first TDM transmission occasion is typically it should always be RV 0. As TCI states are separately indicated across PDSCH, the UE knows the correct RV and TCI to apply per given transmission occasion. 
[bookmark: _Hlk528168953]
5. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following proposals are made.
Proposal 1: For single PDCCH based multi-TRP transmission, the same number of bits for TCI field as single TRP transmission (i.e. 0 or 3 bits) is used. 

Proposal 2: For single PDCCH based multi-TRP transmission, support both DM-RS type 1 and type 2.

Proposal 3: For single PDCCH based multi-TRP transmission, no additional restriction is needed on the number of layers (i.e. up to 8 layers for SU-MIMO). 

Proposal 4: For single PDCCH based multi-TRP transmission, consider only SU-MIMO when deciding the DMRS port mapping at least in Rel-16

Proposal 5: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, DMRS entries of 1+3 and/or 3+1 are not needed.

Proposal 6: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, additional DMRS entries to handle two codeword scenario is not required. 

Proposal 7: For single PDCCH based multi-TRP transmission, new combinations should be added as new entries of the existing DM-RS table, and they are applicable only when two TCI states are indicated by MAC-CE. 
Proposal 8: For single PDCCH based multi-TRP transmission, the new DM-RS port mapping is applied for the eMBB scenario, and DM-RS port mapping for URLLC should be designed separately. 

Proposal 9: For single PDCCH based multi-TRP transmission, study the pros and cons of the generation of CSI feedback on the alternatives as below:
· Alt. 1: Independent CSI per TRP 
· Alt. 2: Combined CSI including the selection of the TRPs

Proposal 10: For single PDCCH based multi-TRP transmission, study the possible update for CSI resource/report configuration. 

Proposal 11: For multi-TRP transmission scheduled by multiple DCI, PDSCH mapping type restriction is not be required. 
Proposal 12: For multi-TRP transmission scheduled by multiple DCI, alignment of PRG-grid between TRPs is not required. 
Proposal 13: For BWP switching, UE shall only follow BWP switching command in DCI transmitted in specific CORESETs.
Proposal 14: A UE can be configured with a slot format configuration valid only for multi-PDCCH based multi-TRP transmission, which may be different from slot configuration used for single TRP operation. 
Proposal 15: For multi PDCCH based multi-TRP transmission, SFI received via DCI format 2_0 is valid only for single TRP operation. 
· If dynamic SFI is supported for multi-TRP transmission, the UE may either wait a predefined time period (depending on the backhaul latency) to apply the new SFI indication, or UE is expected to receive the same SFI from both TRPs.

Proposal 16: For multi-TRP transmission scheduled by multiple DCI, separate pre-emption indication from each TRP is supported.
Proposal 17: For multi-TRP transmission scheduled by multiple DCI, the UE monitors pre-emption indication DCI from each TRP at least for non-ideal backhaul.
Proposal 18: For M-DCI NCJT PDSCH scrambling sequences, RAN1 shall consider future proof design considering possible extensions on coordination sizes and no configuration for multiple dataScramblingIdentityPDSCH. 

Proposal 19: With the dynamic spectrum sharing taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carriers within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
· N is up to 4
· M is FFS and to be determined by the dynamic spectrum sharing. 
Proposal 20: For multi-DCI based multi-TRP/panel transmission, PDSCH is rate matched around LTE CRS pattern (or multiple patterns if multiple LTE CRS patterns within NR carrier is applied) separately for each TRP. 
Proposal 21: For rate matching mechanism used for single PDCCH based multi-TRP/panel transmission, support the following enhancements: 
· Extend the higher layer configuration of LTE-CRS rate matching pattern configuration similar to multiple PDCCH scenario.  
· PDSCH is rate matched around the union of LTE CRS patterns. 
Proposal 22: A UE capable of multi-PDCCH based multi-TRP operation can always be configured with 5 CORESETs.
Proposal 23: There is no restriction on the association of configured CORESETs with a TRP.
Proposal 24: Increase the number of search spaces per “PDCCH-config”. FFS the exact number.
Proposal 25: PUCCH resources used to convey ACK/NACK feedback to each TRP are separately configurable to ensure that they are non-overlapping.
Proposal 26: Multi-TRP transmission based on multiple PDCCH shall consider TA values used by the UE when scheduling the PUCCH resources within a slot to avoid overlapping in ACK/NACK transmissions. 
Proposal 27: The PUCCH format for ACK/NACK feedback to different TRPs can be the same or different.
Proposal 28: When there is an overlap of PUCCH resources for ACK/NACK feedback to one TRP and CSI reporting for another TRP, the UE prioritizes transmission of ACK/NACK feedback.
Proposal 29: When there is an overlap between PUCCH resources for one TRP and PUSCH resource to another TRP, the transmission of PUCCH is prioritized.
Proposal 30: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs (Alt 2). 
Proposal 31: If the higher layer signaling index per CORESET is configured for separated ACK/NACK codebook, indices configured in different CORESETs (where CORESETs are allocated for different TRPs) cannot have the same value. 

Proposal 32: For PUCCH resource determination, do not support the value of K1 with sub-slot level granularity.
Proposal 33: For separate ACK/NACK feedback, it is not required to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs. 

Proposal 34: For joint ACK/NACK feedback, it is not required to have a higher layer signaling index per CORESET. For example, HARQ-ACK bits of TRP-0 and TRP-1 can be interlaced across different CC. 

Proposal 35: Separated CSI reporting is supported at each TRP following Rel-15 CSI framework.  
Proposal 36: Scheme 2a/2b does not apply different MCS/modulation orders for different non-overlapped frequency resource allocations. 
Proposal 37: For scheme 2a/2b, the maximal number of transmission layers per non-overlapping frequency allocation (each TRP) is up to two layers. 
Proposal 38: For scheme 2a/2b, a new field in DCI shall be used to indicate both TCI state and corresponding frequency domain resource partition. In addition,  
· The maximum number of TCI states (Nf) within the single slot shall be 4. 
· Full resource allocation (FD/TD) shall be indicated based on Rel-15
· Multiple combinations for TCI states and corresponding frequency domain partition shall be pre-configured via higher layer signaling
· Codepoint in the new DCI field may trigger exact resource allocation split and TCI states associated with each partition. 
Proposal 39: For scheme 2b, both RV field and the new field (the new field that indicates both TCI state and corresponding frequency domain resource partition) shall be used together to indicate RVs corresponding all TCI states.  

Proposal 40: For scheme 2b, the UE shall determine the frequency domain resource allocation for the first TCI index and use the corresponding number of PRBs in the TBS determination procedure.

Proposal 41: The maximal number of transmission layers per transmission occasion, down-select Option 2: up to two-layer transmission. Here, “up to two layers: refers that either all TRPs use a single layer or two layers, not other combinations. 

Proposal 42: An URLLC UE supported by scheme 3 or 4, UE is not expected to have overlapped transmissions from different TRPs due to indicated repetition pattern and/or allocated time resources. 

Proposal 43: For scheme 3 and 4, the number of repetitions, can be higher layer configured as in Rel-15.  

Proposal 44: For scheme 3 and 4, time domain resource allocation, signaling mechanism shall be different from slot aggregation in Rel-15.
Proposal 45: For scheme 3 and 4, one TCI codepoint can indicate up to 4 TCI states.  

Proposal 46: RV sequences for PDSCH repetitions in scheme 3 and 4, RV sequences are preconfigured by higher layer without the restriction of specific orders in spec.

6. [bookmark: _Hlk4746949][bookmark: OLE_LINK9]References
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7. Annex. 
Annex. A Simulation assumption for single PDCCH evaluation
The simulation assumptions are summarized in Table 1.
[bookmark: _Ref525839367]Table 1. Simulation assumption for NC-JT
	[bookmark: _Hlk525010649][bookmark: _Hlk525012462][bookmark: _Hlk525012447]Deployment Scenario

	[bookmark: _Hlk525010381][bookmark: _Hlk525010225]Scenario
	Dense Urban
	Unit

	Scenario layout
	Hexagonal Macro Network
	—

	Inter-site distance (ISD)
	200
	m

	Carrier frequency
	4
	GHz

	[bookmark: _Hlk525015959][bookmark: _Hlk525016033]Channel model
	NR UMa
	—

	Base Station (BS)

	Number of BS
	21
	1

	BS transmission power
	44
	dBm

	BS antenna height
	25
	m

	UE

	UE location
	80% indoors, 20% outdoors
	—

	UE receiver noise figure
	9
	dB

	UE receiver
	IRC ideal (1 code word)
MMSE ideal (2 code words)
	—

	CQI estimation
	Ideal
	

	UE antenna pattern
	Omnidirectional
	—

	Antenna configuration (M,N,P,Mg,Ng,Mp,Np) & (hs,vs) 

	Base station
	4 ports: (8,2,2,1,1,1,2) & (0.5,0.8)
16 ports: (8,4,2,1,1,2,4) & (0.5,0.8)
	—

	UE
	(1,2,2,1,1) & (0.5,0.5)
(1,3,2,1,1) & (0.5,0.5)
(1,4,2,1,1) & (0.5,0.5)
	—

	Downlink scheduling

	Resource scheduler
	Proportional Fair
	—

	Frequency resolution
	Wide band
	—

	Max transmission rank
	4/6/8
	1

	Traffic	

	Traffic model
	FTP Model 1 (FTP1)
	—

	FTP1 file size
	0.5
	MB

	FTP1 traffic load
	20%/40%/60%
	—

	CoMP

	Coordination cluster size
	6/6/9 sectors
	1

	UL Feedback delay
	5
	ms



Annex. B Simulation assumption for URLLC evaluation
Simulation assumption for factory automation use case
	Parameters
	Value

	Inter-BS distance
	20m

	Carrier frequency
	4 GHz

	UE Tx power
	23dBm

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5dB

	BS antenna configurations
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports 
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports;
(M, N, P, Mg, Ng; Mp, Np) = (2, 2, 2, 1, 1; 2, 2) for 8 Tx/8 Rx antenna ports;
dH = dV = 0.5 λ 

	BS antenna height
	10 m

	UE antenna configuration
	2 Tx/4 Rx antenna ports 
Panel model 1: Mg = 1, Ng = 1, P = 2, dH = 0.5
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Rx;
(M, N, P, Mg, Ng; Mp, Np) = (1, 1, 2, 1, 1; 1, 1) for 2 Tx;

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	BS Tx power
	24 dBm per 20 MHz 

	BS receiver
	MMSE-IRC as the baseline receiver

	UE receiver noise figure
	9 dB

	SCS 
	30 kHz

	Simulation bandwidth 
	40 MHz

	Layout
	Single layer as defined in 38.802
Indoor floor:12 BSs per 120 m x 50 m

	Channel model 
	ITU InH for 4 GHz
Companies report the modification of the channel model 

	Number of UEs per cell
	Up to 40

	UE distribution
	100% of users are indoor: 3 km/h and/or 30 km/h UE-speed

	UE power control
	Companies report the PC mechanisms used for URLLC. 

	HARQ/repetition
	Companies report (including HARQ mechanisms).

	Channel estimation
	Realistic



Annex. C Examples of DM-RS port mapping when one/two TCI states are indicated 

[bookmark: _GoBack]Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1, 
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0

	1
	1
	1

	2
	1
	0,1

	3
	2
	0

	4
	2
	1

	5
	2
	2

	6
	2
	3

	7
	2
	0,1

	8
	2
	2,3

	9
	2
	0-2

	10
	2
	0-3

	11
	2
	0,2

	12*NOTE2
	2
	0,2,3

	13-15
	Reserved
	Reserved

	NOTE1: Entries 9-12 can be used when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: The entry 12 is applicable only when two TCI states are indicated.



Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2, 
	One Codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	2
	0-4
	2

	1
	1
	1
	1
	1
	2
	0,1,2,3,4,6
	2

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,4,5,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,4,5,6,7
	2

	4
	2
	1
	1
	4**NOTE3 
	2
	0,1,2,3,6
	2

	….
	
	
	
	5**NOTE3
	2
	0,1,4, 2,3,6
	2

	29
	2
	2,3,6,7
	2
	6**NOTE3
	2
	0,1,4, 2,3,6,7
	2

	30
	2
	0,2,4,6
	2
	7-31
	reserved
	reserved
	reserved

	31*NOTE2
	2
	0,2,3
	1
	
	
	
	

	NOTE1: Entries 9-11, 30-31 can be used when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: The entry 31 is applicable only when two TCI states are indicated.
	NOTE3: Entries 4-6 can be used only when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.



Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1, 

	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)

	0
	1
	0
	0
	3
	0-4

	1
	1
	1
	1
	3
	0-5

	2
	1
	0,1
	2-31
	reserved
	reserved

	3
	2
	0
	
	
	

	….
	
	
	
	
	

	21
	3
	3-5
	
	
	

	22
	3
	0-3
	
	
	

	23
	2
	0,2
	
	
	

	24*NOTE2 
	2
	0,2,3
	
	
	

	25-31
	reserved
	reserved
	
	
	

	NOTE1: Entries 9-10, 20,22-24 can be used when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: The entry 24 is applicable only when two TCI states are indicated.
	




Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2
	One codeword:
Codeword 0 enabled,
Codeword 1 disabled
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols

	0
	1
	0
	1
	0
	3
	0-4
	1

	1
	1
	1
	1
	1
	3
	0-5
	1

	2
	1
	0,1
	1
	2
	2
	0,1,2,3,6
	2

	3
	2
	0
	1
	3
	2
	0,1,2,3,6,8
	2

	4
	2
	1
	1
	4
	2
	0,1,2,3,6,7,8
	2

	5
	2
	2
	1
	5
	2
	0,1,2,3,6,7,8,9
	2

	6
	2
	3
	1
	6*NOTE4 
	2
	0,1,2,3,6,8,9
	2

	7
	2
	0,1
	1
	
	
	
	

	….
	
	
	
	7-63
	Reserved
	Reserved
	Reserved

	56
	2
	6,7
	2
	
	
	
	

	57
	2
	8,9
	2
	
	
	
	

	58*NOTE2
	2
	0,2,3
	1
	
	
	
	

	59-63
	Reserved
	Reserved
	Reserved
	
	
	
	

	NOTE1: Entries 9,10, 20, 22,23, 58 can be used when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE2: The entry 58 is applicable only when two TCI states are indicated.
	NOTE3: Entries 3,5,6 can be used when two TCI states are indicated. When two TCI states are indicated, DM-RS ports in each CDM group are associated with one of the TCI states in order.
NOTE4: The entry 6 is applicable only when two TCI states are indicated.
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