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Introductions
[bookmark: DocumentFor][bookmark: OLE_LINK13][bookmark: OLE_LINK14]In previous meetings and email discussions, progress were achieved for multi-TRP. In this paper we further discuss remaining issues to finalize multi-TRP in Rel-16.

1. PDSCH Transmission
As addressed in the email discussion [97-NR-09], for remaining issues on URLLC-related enhancement, whilst harmonizing all M-TRP URLLC schemes as much as possible:
Strive to confirm most details of signaling indication mechanism/restrictions for TDM schemes.  We still have quite a few study points based on this email discussion. It may also provide more or less good reference design for FDM schemes. 
Start to collect opening points for FDM schemes as well to provide reference design for Oct meeting.
PDSCH repetition schemes for URLLC
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2.1.1. Remaining issues for TDM schemes: scheme 3/4
1. 
0. 
0. 
1 
1.1 
1.2 
The following agreements relating to scheme 3 and 4 were made during RAN1 #97 [1].
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 

Agreements were made in the following-up email discussion [97-NR-09] to finalize the details of different alternatives on URLLC for M-TRP.
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to
· Resource allocation in time domain:
· FFS for further details of the signaling, e.g. starting from the signaling mechanism of slot aggregation in Rel-15
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be indicated for each repetition
· 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: 
· 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: 
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· 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 
· 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
· 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 
· whether the number of transmission occasions is dynamically indicated or higher layer configured.
· whether the selected RV sequence depends on the number of TCI state(s) indicated in the codepoint.  
· whether channel estimation interpolation across mini-slots/slot with the same TCI index
· LDPC base graph and TBS shall be same across repetition. 

PUSCH enhancements for URLLC are under discussion in the NR URLLC session, where one or more (actual) PUSCH repetitions in one slot, or two or more (actual) PUSCH repetitions across slot boundary in consecutive available slots, is supported using one UL grant for dynamic PUSCH, and one configured grant configuration for configured grant PUSCH.
For its counterpart DL URLLC enhancement by multi-TRP, similar criteria can also be applied as those of UL URLLC enhancement, such as PDSCH repetition configuration, splitting of a repetition across the slot boundary or DL/UL switching point, TBS determination when a repetition is split. Also, PDSCH repetitions for both dynamic scheduled PDSCH and SPS PDSCH can be considered. But there are some issues specific to multi-TRP-based DL URLLC transmission to be discussed in multi-TRP session, such as the TCI, RV per PDSCH repetition.
To be specific, for resource allocation in time domain, the higher layer parameter “pdsch-AggregationFactor” in PDSCH-Config which is used to configure the number of slot aggregation can be reused for scheme 4. While the indication of the number of mini-slot level repetition for scheme 3 can follow the UL discussion, i.e., if it is agreed to add a dynamic indication in the UL grant DCI, the same indication can be included in the DL DCI as well. The SLIV in the DCI should be applied for the first nominal repetition, and the same number of symbols is also for each nominal repetition, and splitting of a repetition across the slot boundary or DL/UL switching point can reuse the progress in UL URLLC enhancement discussion.
For URLLC, it is not feasible to turn on each RX panel at UE with large panel-switching-on latency, thereby we believe that there is no need to configure a minimal gap between PDSCH mini-slot/slot groups.
For the number of TCI states across PDSCH repetitions, up to 2, i.e., one TCI codepoint can indicate up to 2 TCI states, is preferred due to minimal specification updates with no more TCI codepoints compared to the agreed Rel-16 eMBB.
Allowing channel estimation interpolation across mini-slots/slot with the same TCI index is beneficial for channel estimation accuracy improvement.
In addition, Rel-15 RV sequences {0, 2, 3, 1} can be used for RV sequences for PDSCH repetitions without additional configuration. RV mapping for one default TRP can follow the rule defined in Rel-15, while the RV sequence with an offset can be mapped for the other TRP. This ensures that the both TRPs are transmitting self-decodable RVs to deal with link blockage of either TRP.
For the mapping of indicated 2 DCI states in the codepoint to repetitions, flexible mapping can be supported by configuring the mapping sequence in higher layer signaling, e.g., TCI sequences {1, 1, 2, 2} can be configured by RRC, meaning that the 1st TCI state indicated in the codepoint is mapped to the 1st and the 2nd repetition, and the 2nd TCI state indicated in the codepoint is mapped to the 3rd and the 4th repetition.

Multi-TRP-based PDSCH repetition for DL URLLC can follow the discussion on PUSCH enhancements for URLLC with specific issues related to multi-TRP-based PDSCH repetition, including
· Time domain number of PDSCH repetitions configuration or indication
· Splitting of a repetition across the slot boundary or DL/UL switching point
· TBS determination when a repetition is split, etc.

· The number of TCI states across PDSCH repetitions is up to 2.
· There is no minimal gap between PDSCH mini-slot/slot groups.
· Support channel estimation interpolation across mini-slots/slot with the same TCI index
· Rel-15 RV sequences can be used for RV sequences for PDSCH repetitions for one TRP, while the RV sequence with an offset can be mapped for the other TRP.
· TCI state pattern for PDSCH repetitions can be configured by higher layer signaling to map 2 TCI states to different repetitions.

2.1.2. Support of PDSCH repetition schemes with multiple PDCCHs
2.2. 
In the last meeting, following agreements were made on FDM schemes.
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

We performed link-level simulations to check the impact of channel estimation assumptions on the performance of SFN+CDD, scheme 2a and scheme 2b. Two types of channel estimation are evaluated:
· CE-fixed: MMSE channel estimation with fixed multi-path power spectrum;
· CE-ideal: MMSE channel estimation with ideal multi-path power spectrum. 
Simulation assumptions are as those agreed during email discussion. 
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Figure 1: Comparison of 2a, 2b and SFN+CDD under CDL-C 100ns with CE-fixed
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Figure 2: Comparison of 2a, 2b and SFN+CDD under CDL-C 100ns with CE-ideal
Compared between Figure 1 and Figure 2, we have the following observations:
Observation 1: Channel estimation assumptions affect the performance of baseline SFN+CDD, scheme 2a and scheme 2b.
· SFN+CDD performs better than or similar to Scheme 2a and 2b with MMSE channel estimation with fixed multi-path power spectrum under the provided simulation assumptions;
· SFN+CDD performs worse than Scheme 2a and 2b with MMSE channel estimation with ideal multi-path power spectrum under the provided simulation assumptions.
For typical multi-TRP scenarios, MCS and resource allocation from different TRPs could be different, which would adapt to the channel condition from the multiple TRPs and increase the reliability of URLLC service. However, further refining single-PDCCH based schemes towards such direction would involve too much new design for DCI signaling and may not be expertise for MIMO. The specification impact would be much less by enabling scheduling different PDSCH from different TRPs through different PDCCHs. To schedule the same TB with different PDCCHs from different TRPs, the same HARQ process ID with NDI un-toggled could be used in the two PDCCHs to indicate to the UE that those two PDSCHs could be soft combined. However, there is a scheduling restriction that the gNB may not be able to transmit the same TB with the same process before a NACK is received. For URLLC, such restriction would increase the latency and not acceptable for this type of service. 
Based on the indicated PUCCH resources in the scheduling DCI, UE may or may not feedback a combined HARQ-ACK bit after decoding the PDSCHs.
Multi-DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
· UE may feedback a combined HARQ-ACK based on the indicated PUCCH resources in the scheduling DCI.
Signalling of multiple single-TRP/multi-TRP schemes
Up to now, there is a variety of DL single-TRP and multi-TRP transmission schemes to be supported by single-PDCCH and multi-PDCCH, such as conventional single TRP, DPS, single-PDCCH scheduled NCJT, multi-PDCCH scheduled NCJT, scheme 1a, 2a, 2b, 3, 4, and possible joint usage of the above schemes, etc., and possibly with service type (URLLC or eMBB) indication. A complete and clean solution with minimal signalling modifications satisfying following design targets is highly desired:
· Dynamic scheme indication out of multiple transmission schemes
· Dynamic indication of mini-slot repetition number
· Support of combination of time domain repetition schemes and other schemes

With above targets in mind, we propose the following signaling mechanism that the transmission scheme are determined by combination of a set of RRC and DCI parameters:
· N: “pdsch-AggregationFactor” to determine number of slot-level repetitions as Rel-15, existing RRC IE
· Freq. Config: differentiating the frequency domain resource allocation schemes: none/scheme 2a/scheme 2b, possibly a new RRC IE
· TCI pattern for repetitions: possibly a new RRC IE
· K: number of mini-slot repetitions, possibly a new DCI field
· TCI: existing DCI field
· Number of DMRS CDM group: implied by the existing DCI field
· Note: it is expected some of the above parameters are designed according to URLLC enhancement discussion.

Table 1: Signaling to indicate transmission scheme
	Tx scheme
	N
	Freq. Config
	No. of TCI states
	K
	No. of DMRS CDM groups
	Details

	1
	1
	none
	1
	1
	 
	S-DCI scheduling S-PDSCH, w/o TD repetition, e.g., S-TRP, DPS, per DCI in M-DCI

	2
	1
	none
	>1
	1
	>1 
	Scheme 1a

	3
	1
	none
	>1
	>1
	>1
	Scheme 1a + scheme 3 

	4
	1
	none
	>1
	>1
	1
	Scheme 3

	5
	1
	2a
	>1
	1
	 
	Scheme 2a

	6
	1
	2a
	>1
	>1
	 
	Scheme 2a + scheme 3

	7
	1
	2b
	>1
	1
	 
	Scheme 2b

	8
	1
	2b
	>1
	>1
	 
	Scheme 2b + scheme 3

	9
	>1
	 
	1
	 
	 
	S-DCI scheduling S-PDSCH, w/ slot repetition, e.g., S-TRP, DPS, per DCI in M-DCI

	10
	>1
	none
	>1
	1
	1
	Scheme 4

	11
	>1
	none
	>1
	1
	>1
	Scheme 1a + scheme 4 

	12
	>1
	2a
	>1
	1
	 
	Scheme 2a + scheme 4

	13
	>1
	2b
	>1
	1
	 
	Scheme 2b + scheme 4



When the transmission scheme is determined as scheme 2a or 2b, the FDRA field in DCI should be interpreted as multiple FDMed resources. The following criteria are desired:
· Unchanged DCI field size
· FDRA evenly distributed among TRPs
· Same rule apply to both FDRA type 0 and type 1; 
For transmission scheme indication, a complete and clean solution with minimal signaling modifications satisfying following design targets is highly desired:
· Dynamic scheme indication out of multiple transmission schemes
· Dynamic indication of mini-slot repetition number
· Support of combination of time domain repetition schemes and other schemes
For scheme 2a or 2b FDRA indication, the frequency domain resources are evenly distributed among TRPs with unchanged DCI field size for both FDRA type 0 and type 1.
eMBB PDSCH transmission scheduled by single PDCCH
In RAN1 #97 meeting, the following agreement on DMRS port indication was achieved for multi-TRP transmission scheduled by single PDCCH.
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
· 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

Generally, the typical use case of multi-TRP transmission is for mobility, which is beneficial to cell-edge users. It is not reasonable to support MU-MIMO transmission for this case. But based on our simulation for indoor scenario [3], multi-TRP transmission can also increase throughput for cell-center users. Unfortunately, limited number of Tx antennas equipped per TRP for single-TRP transmission like DPS and indoor wireless channel environment are not friendly to MU-MIMO. Therefore, it is premature to support MU-MIMO transmission for multi-TRP. DMRS port indication for MU-MIMO for single-PDCCH scheduled multi-TRP transmission should be carefully studied and evaluated.
For DMRS type 1, it was agreed each TCI state corresponds to one CDM group. However, the details on association between TCI states and DMRS CDM groups have not been determined yet. The simplest way could be always mapping the 1st TCI state to the 1st CDM group and the 2nd TCI state to the 2nd CDM group.
For DMRS type 2, similar approach could be adopted. People may argue that there are cases with more than 2 CDM groups. In our understanding, these are mainly for cases with more than 5 layers, which is not the typical case for further performance enhancement. 
For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.
PDSCH configuration
In RAN1 #97 meeting, scrambling sequences configuration for different PDSCHs was agreed as:
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

Including multiple dataScramblingIdentityPDSCH IEs in PDSCH-Config is the simplest way with minor specification effort by updating PDSCH-Config as there may be more fields to be duplicated in the IE. The association of dataScramblingIdentityPDSCH with TRPs can be realized in the order of the configured CORESET group indices with no explicit configuration.
Multiple dataScramblingIdentityPDSCH are associated with TRPs one to one in the order of the configured CORESET group indices.
While globally indexed TCI states per BWP per cell can be configured in tci-StatesToAddModList/tci-StatesToReleaseList, Each TRP can activate a subset of its belonging TCI states via MAC CE, and the TCI in DCI is associated with the TRP identified by the higher layer configured index of its corresponding CORESET.
Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.
Rate matching around LTE CRS
Concerning rate matching, following agreement was achieved in RAN1#97.
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

To avoid interference between multiple CRSs and PDSCH, the lte-CRS-ToMatchAround configured with multiple CRS patterns apply to all PDSCHs for both single DCI and multi-DCI.
lte-CRS-ToMatchAround configured with multiple CRS patterns apply to all PDSCHs for both single DCI and multi-DCI.
PUCCH for Multi-TRP
Remaining issues on HARQ payload and feedback
3. 
3.1. 
In RAN1 #97 meeting, the following agreements were achieved.
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. 

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
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET
· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP
· This does not preclude configuring the index for other purposes
· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 
· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index

In the following up email discussion [97-NR-08], agreements on generation of separated ACK/NACK codebook and joint ACK/NACK codebook were as follows:
· 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.
· 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 higher layer configured indices is used to differentiate TRPs. CORESETs with the higher layer configured indices with the same value implies that the CORESETs belong to one TRP, while the CORESETs without the configured index also implies that they belong to one TRP.
CORESETs without the configured index implies that the CORESETs belong to one TRP.
We further analyze the detailed solutions for separate ACK/NACK feedback and joint ACK/NACK feedback.
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3.1.1. Separate HARQ feedback on different PUCCH resources
For TDMed PUCCH transmission within a slot for separate ACK/NACK for multiple TRPs, there is no need to explicitly configure multiple PUCCH resource groups with non-overlapping PUCCH resources between the groups which would need further specification efforts to define PUCCH resource groups, which can be instead implemented by implicit indication to ensure TDM PUCCH resources among multiple TRPs. One may argue that the PRI field in DCI cannot be fully utilized as the higher layer configured PUCCH resources are split into two parts for each TRP. First of all, the RE resources in the slot for separate HARQ-ACK feedback are split into two parts with limited candidate PUCCH resources in each part; secondly, the subslot index as discussed in URLLC can be applied to indicate the starting symbol of the any configured PUCCH resource to separate the PUCCH resources assuming same PUCCH resource can be associated with multiple spatial relations; thirdly, separately configured PUCCH resource groups with non-overlapping PUCCH resource is lack of PUCCH usage flexibility and PUCCH robustness since when there is only one HARQ-ACK feedback or other UCI in one slot, the number of PUCCH resource symbols in the separately configured PUCCH resource group corresponding to one TRP is restricted to a partial of symbols of original PUCCH resources.
For TDMed PUCCH transmission within a slot for separate ACK/NACK, following alternatives for PUCCH resource indication are preferred:
· PUCCH resources can be indicated by the NW to ensure TDM PUCCH resources among M-TRPs 
· Explicitly configured PUCCH resource groups are not needed.
3.1.2. Joint HARQ feedback on the same PUCCH resources
To make a simple and unified HARQ-ACK codebook processing, a UE prepares the HARQ-ACK codebooks independently for each TRP both for separate HARQ-ACK feedback and joint HARQ-ACK feedback. When the UE decides to generate joint HARQ-ACK codebook for joint HARQ-ACK feedback, HARQ-ACK bit multiplexing in a concatenated way by the increasing order of configured higher layer signaling indices of CORESET groups identifying TRPs is preferred. 
The PUCCH resource for joint HARQ-ACK feedback can be determined by the PRI in the last DCI and/or CCE index of the last DCI. If there are multiple last DCIs on the same symbol, and if CC indices and serving cell indices of the two DCIs are identical, the last DCI is the determined based on the higher layer configured index.
[bookmark: _Ref1055763]For joint HARQ feedback,
· HARQ-ACK bit multiplexing in a concatenated way by the increasing order of configured higher layer signaling indices of CORESET groups identifying TRPs is preferred.
· The PUCCH resource can be determined by the PRI in the last DCI and/or CCE index of the last DCI. 
· If there are multiple last DCIs on the same symbol, and if CC indices and serving cell indices of the two DCIs are identical, the last DCI is the determined based on the higher layer configured index.
3.1.3. Switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback
One way to switch between separate HARQ-ACK feedback and joint HARQ-ACK feedback is to semi-statically configure by higher layer signaling. However, this approach would have following potential problems:
Additional higher layer signaling is required;
It would be potentially lack of flexibility considering the complexity of potential different types of UCIs and UL data transmission;
For sub-slot-based HARQ-ACK feedback case, if separate HARQ-ACK feedback is configured, it would conflict with the agreement that no more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot;
Semi-statically configured joint HARQ-ACK feedback or joint HARQ-ACK is too rigid concerning performance and resource utilization efficiency. In certain cases, separate HARQ-ACK feedback is superior to the joint one, e.g., two separate HARQ-ACK feedback each with 6 bits applying RM may perform better than the joint HARQ-ACK feedback with 12 bits appended by CRC applying Polar coding; but sometimes joint HARQ-ACK feedback outperforms the separate one. While there are cases that separate HARQ-ACK feedback wastes more RE resources than the joint one, e.g., two 1-bit separate HARQ-ACK feedback would be carried by two PUCCHs with format 0, while joint HARQ-ACK feedback only needs one PUCCH with format 0 carrying 2 bits.
Therefore, to provide the gNB with the flexible UL scheduling, dynamic switching between the two HARQ-ACK feedback types is beneficial.
One candidate solution for ideal backhaul is that separate if non-overlapped PUCCH resources or different subslot indices are indicated by multiple DCIs HARQ-ACK feedback is applied; otherwise if overlapped/same PUCCH resources or same subslot indices joint HARQ-ACK feedback is applied.
For non-ideal backhaul, joint HARQ-ACK feedback is not expected because of the difficulties to aware the last DCI between two TRPs and the difficulties in locating the 2nd HARQ-ACK codebook: according to Rel-15 even for semi-static HARQ-ACK codebook, if there is no PDSCH reception in the period, HARQ-ACK will not be transmitted; there is also some cases that the fallback codebook with 1-bit HARQ-ACK is transmitted. Not to mention the dynamic codebook.
On the UE side, the behavior of identifying the HARQ-ACK feedback type should be defined. The network side is able to determine the HARQ-ACK feedback type at its will for multi-TRP with ideal backhaul, and the network side is responsible to guarantee the separate HARQ-ACK feedback for multi-TRP with non-ideal backhaul.
For switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback:
· Joint HARQ-ACK feedback is applied if overlapped/same PUCCH resources or same subslot indices are indicated.
· Separate HARQ-ACK feedback is applied otherwise; 
3.1.4. HARQ overlapping with SR/CSI
As for overlapped multiple UCIs, Rel-15 NR has already defined sophisticated rules to multiplex UCI and select PUCCH resources to transmit the corresponding UCI.
In Rel-15 when HARQ-ACK PUCCH overlaps a SR PUCCH, to simply state
If a positive SR in PUCCH format 1 and HARQ-ACK in PUCCH format 1 overlap, the UE transmits HARQ-ACK in the SR PUCCH resource.

Otherwise, the positive SR is dropped when SR in PUCCH format 0 and HARQ-ACK in PUCCH format 1, or the positive SR or  bits representing K SR states are multiplexed with HARQ-ACK bits and transmitted in HARQ-ACK PUCCH.
In Rel-15 when HARQ-ACK PUCCH overlaps a CSI PUCCH, to simply state
If HARQ-ACK is for SPS PDSCH, the HARQ-ACK is multiplexed with CSI and transmitted in the CSI PUCCH.
Otherwise, if the HARQ-ACK is for dynamic scheduled PDSCH, HARQ-ACK and CSI is multiplexed and transmitted in a suitable PUCCH resource selected from the PUCCH resource set.
For multi-TRP, when a SR/CSI PUCCH overlaps multiple TDMed PUCCHs for separate HARQ-ACK simultaneously, there is no problem if the SR/CSI is transmitted in the HARQ-ACK PUCCH. Nevertheless, rules should be defined to avoid multiplexing multiple HARQ-ACK payloads for different TRPs with a single SR/CSI and transmit on the SR/CSI resource.
In Rel-16, UE could conduct the multiplexing and resource selection within a single TRP as Rel-15 and then deal with the PUCCH transmission across different TRPs.
For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit, corresponding priority rules should be defined. Such dropping behavior is not only useful for multi-TRP scenarios but also for intra-UE multiplexing of URLLC and eMBB where such priority rules could be used to drop UCI of the low priority services. Specifically, priority criteria can be based on service types, associated TRPs of the PDSCHs, etc.
[bookmark: _Ref1055760]For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit,
· UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules.
PUCCH power control
In Rel-15, for single-TRP transmission scenario, the selection of PUCCH power control parameters are relied on PUCCH beam indication. For one PUCCH transmission, P0 set, pathloss reference RS set and closed-loop adjustment states set for are configured by RRC, beam indication is carried by MAC CE. The linkage between PUCCH power control parameters and MAC CE field are also configured by RRC. Once a PUCCH beam indication is activated, the corresponding PUCCH power control parameter P0, pathloss reference RS and closed-loop adjustment state will be determined.
For more than one PUCCH transmission in multi-TRP transmission scenario, both FR1 and FR2 should be taken into account, it is not reasonable to just use one set of power control parameters for all PUCCHs. Since different PUCCHs may be corresponding to different TRPs, independent power control parameters for different PUCCHs are really needed to cope with different channel environments. In addition, to align with current PUCCH power control framework, using different PUCCH beam indications to indicate different PUCCH power control parameters for different PUCCH transmissions should be supported. 
For TPC command carried by DCI format 1_0/1_1, as discussed above, the association between PUCCH and CORESET can be used to indicate which PUCCH closed-loop power control shall be applied. However, for TPC command carried by DCI format 2_2, different PUCCH transmissions can apply different TPC commands by different closed-loop adjustment states. Based on above principles, different PUCCH transmissions can implement independent closed-loop power controls.
For multi-TRP transmission, independent power controls for different PUCCH transmissions are supported.
PDCCH Enhancement for Multi-TRP
Remaining issues on BD/CCE upper limit
In RAN1 #97, agreement on TRP differentiation was achieved as follows:
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.

When the maximum number of CORESETs per BWP is increased beyond 3, some issues may be raised. One of the issues is that whether the increasing number of CORESETs will lead to higher PDCCH blocking rate among UEs. For example, up to 3 different Hash functions for CCE index determination per COSESET can be obtained for a UE in Rel-15. Increasing the maximum number of CORESETs more than 3 would lead to higher blocking rate when CORESETs configured for a UE are overlapped because identical Hash function result is inevitably applied to different CORESETs. Any enhancement is to be studied such as the CCE index calculation for an aggregation level corresponding to a PDCCH candidate of the search space set associated with increased number of CORESET. Following alternatives can be considered:
Alt. 1: Keep the existing formula for the first TRP, and define a new set of values for Ap for the second TRP.
Alt. 2: Use the same formula for all the CORESET regardless of the associated TRP, but increase the modulus operation in the formula from 3 to 5, with two new values for Ap.
Consider following alternatives to avoid higher PDCCH blocking rate when the maximum number of CORESETs per BWP is larger than 3.
· Alt. 1: Keep the existing formula for the first TRP, and define a new set of values for Ap for the second TRP.
· Alt. 2: Use the same formula for all the CORESET regardless of the associated TRP, but increase the modulus operation in the formula from 3 to 5, with two new values for Ap.
In multi-TRP scenarios, it is necessary to further enhance the ability for BD/CCE upper limit. The rationale behind the enhancement is that the number of CORESETs has been agreed to increase up to 5 per PDCCH-Config. CCE upper limit should firstly be increased to match the increased number of CORESETs. Furthermore, a specific TRP could be viewed as a specific point for transmission and reception for a group of UEs. An increased number of BD would increase the flexibility of scheduling the group of UEs from a TRP and reduce the blockage probability. 
In Rel-15, BD/CCE upper limit is specified as a fixed value as in the following tables [4]. Even when there is multi-carrier ability to blind decode e.g. 44*Cmax, UE is only restricted to blind decode only 44 times per CC for 15kHz SCS.


Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


In RAN1 #97, it was agreed to increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability. There are two directions for further enhancement:
Increase number of BD/CCE upper-limit per CC: this not only benefits multi-TRP transmission, but also is useful for other items, like URLLC;
Tradeoff between number of CCs and number of TRPs: the BD/CCE capability of another CC could be used for the BD/CCE of multi-TRP when the number of CCs is smaller than the maximum one UE supported;
In our understanding, both directions should be supported in Rel-16. UE capability may be used to indicate whether UE supports the tradeoff between number of CCs and number of TRPs. Another UE capability may also be introduced to indicate whether UE supports increased number of BD/CCE upper limit per CC.
With the increased number of upper limit, the upper-limit of BD/CCE could be explicitly configured for each cell/BWP no matter whether the increase is from tradeoff or from baseband capability enhancement. Furthermore, to reduce the related specification work on the upper-limit, it needs to be studied whether the BD/CCE increase is at the granularity of 44/36/22/20 or allow any kind of configuration.


Support UE capability to indicate whether the upper limit of BD/CCE could be larger than and  for a CC when actually configured CC is smaller than the maximum number of carriers UE supports.


Support UE capability to indicate the upper limit of BD/CCE  and  per CC, which could larger than what has been supported in Rel-15.
Support explicit configuration of upper-limit of BD/CCE for each CC.
PDCCH configuration
With the above agreement, PHY layer differentiation of TRPs by CORESET ID can be supported for corresponding transmission and reception behaviors. As one TRP could be associated with multiple CORESETs, CORESETs can be configured into CORESET groups per BWP in RRC signaling, each of which is associated with a TRP. The PDCCHs received from the CORESETs of same CORESET group correspond to one TRP. In one PDCCH configuration, each CORESET can be configured with an index which is used to identify the group.
Group-common control DCI is typically addressed to a group of UEs. UEs associated with different TRPs may or may not belong to different groups. For UEs that do not need to communicate with multiple TRPs, it may only need to receive a single group common DCI. But when a NC-JT UE is connecting to multiple TRPs, it needs to be clarified whether the UE is allowed to receive multiple group-common control DCIs. If allowed the related UE behavior should also be addressed. At least the following group common DCIs for a UE can be considered to be signaled from multiple TRPs:
DCI format 2_0 for slot format indication (SFI) scrambled by SFI-RNTI
DCI format 2_1 for pre-emption indication (PI) scrambled by INT-RNTI
One issue for DCI format 2_0 is that whether it is allowed for a UE to receive multiple SFIs. It is possible that different TRPs may use different slot format to adapt to the corresponding traffic burst for different groups of UEs. As long as the interference is well managed, it is natural that a UE could transmit and receive according to what is indicated by the TRP rather than mandating the two TRPs are fully aligned on transmission and reception.
Similarly, PI signaled by DCI format 2_1 can also be signaled independently from multiple TRPs, because the different service scheduling are likely to be different from multiple TRPs.
UE behavior should be defined when a UE receives multiple conflicting SFIs/PIs/TPC commands in group-common DCIs transmitted from multiple CORESETs which allows the network deployment as flexible as possible.
Other Remaining Issues
PDSCH transmission with multiple PDCCHs for eMBB
4. 
5. 
5.1. 
5.1.1. Restrictions on PDSCH transmission for multi-PDCCH based multi-TRP/panel with non-ideal backhaul
1. 
1. 
7. 
1. 
1. 
1. 
10. 
1. 
3. 
3 
4 
4.1 
1. 
1. 
12. 
In RAN1 #96 meeting [2], following agreements were achieved with some restrictions for FFS. In this section, we provide our opinions on the FFS.
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.

For non-ideal backhaul scenarios, restrictions on PDSCH mapping type should be applied when independent scheduling from different TRPs are conducted. If the UE is scheduled with full/partially overlapping PDSCHs by multiple PDCCHs, same DMRS configuration should be applied 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. In such cases, in order to rate match around DMRS REs, at least PDSCHs with mapping type A from both TRPs can be configured. PDSCHs with mapping type B from both TRPs should be coordinated between TRPs before scheduling. However, PDSCH with different mapping types, i.e. A + B should be restricted because it is hard for TRPs to coordinate between different mapping types.
For fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul scenarios, PDSCH with different mapping types, i.e. A + B should be restricted.
From the perspective of channel estimation, there is no need to strictly align the PRG-level grid from different TRPs since DMRS ports from different TRPs cannot be within the same CDM group. In addition, for PRG-size set to wideband it is hard to coordinate between multiple TRPs for non-ideal backhaul scenarios. Therefore, PRG-level grids from multiple TRPs are not necessarily aligned.
PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.
13. 
14. 
15. 
15.1. 
15.1.1. 
5.1.2. BWP indication
As a UE can only operate on single active BWP, it is needed to ensure the same active BWP between multiple TRPs. For non-ideal backhaul, mechanisms should be defined.
For RRC-triggered semi-static BWP switching, there is no problem for different TRPs to coordinate the timing of BWP switching.
DCI-triggered dynamic BWP switching can achieve BWP switching dynamically. For some cases, the scheduled PDSCH will be transmitted on the BWP which is indicated in the DCI or the current active DCI. If one TRP triggers BWP switching while another TRP is not aware of, the other TRPs would still schedule PDSCH on the previous active BWP. Therefore, for DCI-triggered dynamic BWP switching the signaling of dynamic BWP switching triggered by one TRP needs to be informed to the coordinating TRPs. However, this prior coordination of BWP switching between TRPs may cause latency in dynamic BWP switching.
To make it simple, a UE can always follow the BWP switching signaling from the default TRP which can be configured by higher layer so that it should not respond to other BWP switching signaling from other TRPs.
For PDSCH scheduling for non-ideal backhaul scenarios,
· A UE always follows the dynamic BWP switching signaling from a default TRP. UE may not respond to dynamic BWP switching signaling from other TRPs.
5.1.3. Rate matching
DMRS ports
Given a PDSCH, undoubtedly, the DMRS-based channel estimation plays an extremely important role in the coherent detection. Provided a DMRS pattern, the performance and accuracy of the channel estimation depend on the SINR on the DMRS REs. Therefore, the DMRS absolutely cannot be contaminated. To this end, a PDSCH from a TRP has to rate match around or puncture the constellation symbols on the DMRS REs from another coordinated TRP. In multi-PDCCH based multi-TRP transmission, if all the PDCCHs can be successfully detected, rate matching outperforms puncturing. If the reception of a PDCCH from a TRP fails, not only the corresponding PDSCH will be missed, but also the PDSCH scheduled by another PDCCH which may be successfully detected, cannot be correctly received, due to the UE’s unawareness of the rate match pattern around the DMRS of the missed PDSCH. At least for eMBB service, it is not the rare case. Therefore, it makes more sense for each TRP to puncture the symbols on the DMRS REs of another coordinated TRP. What is different for URLLC service, the aforementioned miss detection of PDCCH is so rare that it is better for a TRP to rate match around rather than directly puncture the DMRS REs of another TRP. Moreover, in order to guarantee the QoS of a URLLC-like service with higher priority, the TRP sending lower-priority service could also rate match its PDSCH (e.g., eMBB) around the overlapped REs with the highly prioritized PDSCH (e.g., URLLC). In a word, we propose a service dependent resource mapping mechanism as follows:
Support service dependent resource mapping mechanism:
· If the two PDSCH have equal service priorities, e.g., eMBB + eMBB, each TRP punctures the symbols on the DMRS REs of another coordinated TRP.
· If two PDSCHs carrying data with different service priorities, e.g., eMBB + URLLC, the TRP transmitting data with lower priority is punctured around the DMRS REs and overlapped PDSCH REs with higher-priority service.
ZP/NZP CSI-RS
For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
Regarding aperiodic NZP CSI-RS, rate matching is not performed for single TRP transmission in Rel. 15. While for multi-TRP transmission, the behavior could be retained. For aperiodic ZP CSI-RS, rate matching is necessary. To this end, the pattern can be dynamically indicated in DCI.
For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
For aperiodic ZP CSI-RS, rate matching should be performed around ZP CSI-RS indicated in the scheduling DCI.
SSB
In multi-TRP transmission, different TRPs transmit different SSB patterns. Given a potential UE for multi-TRP transmission, each of its transmitting TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the transmitting TRPs. To this end, it is different between intra-cell and inter-cell multi-TRP transmission. For intra-cell case, the coordinated TRPs transmit different SSB patterns in a TDM manner but in the same frequency. The combined SSB pattern can be indicated by a combined bitmap, e.g., ssb-PositionsInBurst. In the case of inter-cell case, the coordinated TRPs involved may transmit their separate SSBs in different frequency rasters. Instead of a combined bitmap, two separate bitmaps together with the corresponding frequency information are indispensable to represent the combined SSB pattern.
For multi-TRP transmission, each TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the coordinated TRPs.
rateMatchPattern
In multi-TRP transmission, as discussed above, a component TRP needs to rate match around two categories of patterns, respectively corresponding to its own and another coordinated TRP. For a periodically configured rateMatchPattern, rate matching is carried out according to the indicated pattern. In an aperiodic rateMatchPattern case, the pattern is dynamically indicated by DCI. Thus, extending the bit width of the rate match indicator field or introducing a dedicated field, e.g., rate match indicator2, in DCI is necessary to indicate the rate match pattern of a coordinated TRP. Accordingly, high layer parameters, e.g., rateMatchPatternGroup3 and rateMatchPatternGroup4, should be configured in advance.
Consider to extend the bitwidth of the rate match indicator field in DCI to indicate the rate match pattern of coordinated TRPs.
CSI Report for Multi-TRP
In previous discussion, the following issues are raised
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
One of the focus is whether joint CSI reporting or separate CSI reporting should be used. In our understanding, periodic/semi-persistent CSI reporting are based on higher layer configured resources and they do not suffer from latency constraint. Periodic CSI report may be a long term report and tolerant for some latency. For aperiodic CSI report, separate CSI reporting may be well justified for fast channel acquisition and AMC adjustment. Thus we think both separate CSI reporting and joint CSI reporting should be supported.
[bookmark: _GoBack]Furthermore, ideal backhaul is also one of the use cases for multi-PDCCH based transmission. Joint CSI reporting could be used by the network for scheduling. The joint CSI may also be useful when the same information is needed both for the two TRPs.
[bookmark: _Ref1055775]Joint CSI reporting and separate CSI reporting should both be supported. 
Conclusion
In this contribution, we have the following observation and proposals for multi-TRP transmission.
Observation 1: Channel estimation assumptions affect the performance of baseline SFN+CDD, scheme 2a and scheme 2b.
· SFN+CDD performs better than or similar to Scheme 2a and 2b with MMSE channel estimation with fixed multi-path power spectrum under the provided simulation assumptions;
· SFN+CDD performs worse than Scheme 2a and 2b with MMSE channel estimation with ideal multi-path power spectrum under the provided simulation assumptions.

1. Multi-TRP-based PDSCH repetition for DL URLLC can follow the discussion on PUSCH enhancements for URLLC with specific issues related to multi-TRP-based PDSCH repetition, including
· Time domain number of PDSCH repetitions configuration or indication
· Splitting of a repetition across the slot boundary or DL/UL switching point
· TBS determination when a repetition is split, etc.

· The number of TCI states across PDSCH repetitions is up to 2.
· There is no minimal gap between PDSCH mini-slot/slot groups.
· Support channel estimation interpolation across mini-slots/slot with the same TCI index
· Rel-15 RV sequences can be used for RV sequences for PDSCH repetitions for one TRP, while the RV sequence with an offset can be mapped for the other TRP.
· TCI state pattern for PDSCH repetitions can be configured by higher layer signaling to map 2 TCI states to different repetitions.
Multi-DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
· For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
· UE may feedback a combined HARQ-ACK based on the indicated PUCCH resources in the scheduling DCI.
For transmission scheme indication, a complete and clean solution with minimal signaling modifications satisfying following design targets is highly desired:
· Dynamic scheme indication out of multiple transmission schemes
· Dynamic indication of mini-slot repetition number
· Support of combination of time domain repetition schemes and other schemes
For scheme 2a or 2b FDRA indication, the frequency domain resources are evenly distributed among TRPs with unchanged DCI field size for both FDRA type 0 and type 1.
For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.
Multiple dataScramblingIdentityPDSCH are associated with TRPs one to one in the order of the configured CORESET group indices.
Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.
lte-CRS-ToMatchAround configured with multiple CRS patterns apply to all PDSCHs for both single DCI and multi-DCI.
CORESETs without the configured index implies that the CORESETs belong to one TRP.
For TDMed PUCCH transmission within a slot for separate ACK/NACK, following alternatives for PUCCH resource indication are preferred:
· PUCCH resources can be indicated by the NW to ensure TDM PUCCH resources among M-TRPs 
· Explicitly configured PUCCH resource groups are not needed.
For joint HARQ feedback,
· HARQ-ACK bit multiplexing in a concatenated way by the increasing order of configured higher layer signaling indices of CORESET groups identifying TRPs is preferred.
· The PUCCH resource can be determined by the PRI in the last DCI and/or CCE index of the last DCI. 
· If there are multiple last DCIs on the same symbol, and if CC indices and serving cell indices of the two DCIs are identical, the last DCI is the determined based on the higher layer configured index.
For switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback:
· Joint HARQ-ACK feedback is applied if overlapped/same PUCCH resources or same subslot indices are indicated.
· Separate HARQ-ACK feedback is applied otherwise; 
For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit,
· UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules.
For multi-TRP transmission, independent power controls for different PUCCH transmissions are supported.
Consider following alternatives to avoid higher PDCCH blocking rate when the maximum number of CORESETs per BWP is larger than 3.
· Alt. 1: Keep the existing formula for the first TRP, and define a new set of values for Ap for the second TRP.
· Alt. 2: Use the same formula for all the CORESET regardless of the associated TRP, but increase the modulus operation in the formula from 3 to 5, with two new values for Ap.


Support UE capability to indicate whether the upper limit of BD/CCE could be larger than and  for a CC when actually configured CC is smaller than the maximum number of carriers UE supports.


Support UE capability to indicate the upper limit of BD/CCE  and  per CC, which could larger than what has been supported in Rel-15.
Support explicit configuration of upper-limit of BD/CCE for each CC.
For fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul scenarios, PDSCH with different mapping types, i.e. A + B should be restricted.
PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.
For PDSCH scheduling for non-ideal backhaul scenarios,
· A UE always follows the dynamic BWP switching signaling from a default TRP. UE may not respond to dynamic BWP switching signaling from other TRPs.
Support service dependent resource mapping mechanism:
· If the two PDSCH have equal service priorities, e.g., eMBB + eMBB, each TRP punctures the symbols on the DMRS REs of another coordinated TRP.
· If two PDSCHs carrying data with different service priorities, e.g., eMBB + URLLC, the TRP transmitting data with lower priority is punctured around the DMRS REs and overlapped PDSCH REs with higher-priority service.
For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
For aperiodic ZP CSI-RS, rate matching should be performed around ZP CSI-RS indicated in the scheduling DCI.
For multi-TRP transmission, each TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the coordinated TRPs.
Consider to extend the bitwidth of the rate match indicator field in DCI to indicate the rate match pattern of coordinated TRPs.
Joint CSI reporting and separate CSI reporting should both be supported. 
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