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Introduction
In previous meetings, agreements were achieved as follows:
	Agreement in RAN1#96
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 behaviour for multiple PDCCHs.
Agreement in RAN1#96-Bis
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 in RAN1#96
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 contribution, we address issues on 
· multiple conflicting SFIs commands in group-common DCIs
· PDSCH mapping type restriction
Multiple conflicting SFIs commands in group-common DCIs
With the current agreements, PHY layer differentiation of TRPs by CORESET ID can be supported. As one TRP could be associated with multiple CORESETs, CORESETs can be configured into CORESET groups associated with a TRP. The PDCCHs received from the CORESETs of the same CORESET group correspond to the same TRP. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: _Hlk6318093]However, as mentioned by [3], the received PDCCH may contain group-common control DCI that is typically addressed to a group of UEs. For UEs that do not need to communicate with multiple TRPs, it may only need to receive a single group common DCI. But when an NC-JT UE is connecting to multiple TRPs, it needs to be clarified whether the UE can receive multiple group-common control DCIs. 
[bookmark: _Toc7789730]When an NC-JT UE is connecting to multiple TRPs, it needs to be clarified whether the UE can receive multiple group-common control DCIs.
If this feature is allowed, the related UE behaviour should also be addressed, at least for DCI format 2_0 when a UE is signalled from multiple TRPs.
In Rel-15, DCI format 2_0, if used, is used to signal the slot format information (SFI) to the device. The SFI is transmitted using the regular PDCCH structure and using the SFI-RNTI, common to multiple devices. Since a dynamically scheduled device will know whether the carrier is currently used for uplink transmission or downlink transmission from its scheduling assignment or grant, the group-common SFI signalling is primarily intended for non-scheduled devices. It offers the possibility for the network to overrule periodic transmissions of uplink sounding signals (SRS) or downlink measurements on channel-state information reference signals (CSI-RS) [4]. For example, the following text can be found in TS 38.213:
	TS 38.213 v 15.5.0
If a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible, or the UE detects a DCI format 1_0, DCI format 1_1, or DCI format 0_1 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then
· the UE does not expect to cancel the transmission in symbols from the subset of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format 2_0 or the DCI format 1_0 or the DCI format 1_1 or the DCI format 0_1, after a number of symbols that is smaller than the PUSCH preparation time   for the corresponding PUSCH processing capability [6, TS 38.214]
· the UE cancels the PUCCH, or PUSCH, or PRACH transmission in remaining symbols from the set of symbols and cancels the SRS transmission in remaining symbols from the subset of symbols.


Note that, in Rel-15, receiving multiple conflicting DCI format 2_0 will be treated as an error case. The related text can be found in TS 38.213. 
	TS 38.213 v. 15.5.0
If a PDCCH monitoring periodicity for DCI format 2_0, provided to a UE for the search space set S by monitoringSlotPeriodicityAndOffset, is smaller than a duration of a slot format combination the UE obtains at a PDCCH monitoring occasion for DCI format 2_0 by a corresponding SFI-index field value, and the UE detects more than one DCI formats 2_0 indicating a slot format for a slot, the UE expects each of the more than one DCI formats 2_0 to indicate a same format for the slot.


In Rel-16, if the interference is well managed, it may be beneficial for NW that different TRPs can use different slot formats to adapt to the corresponding traffic burst for different groups of UEs, which allows the network deployment as flexible as possible.
[bookmark: _Toc7789731]If the interference is well managed, it is beneficial for NW using different slot formats from different TRPs, which allows network deployment as flexible as possible.
But then, for a UE configured with multiple TRPs with multiple cells, the UE may or may not be capable of simultaneous transmission and reception, e.g.,
· [bookmark: _Hlk6317072]for half-duplex UE, e.g., TDD UE, it may not be able to handle conflicting slot formats indicated from different TRPs. In this case, UE behaviour shall be further defined when the UE receives multiple conflicting SFI commands in group-common DCIs decoded from multiple CORESETs.
[bookmark: _Toc7789732]For half-duplex UE, UE behaviour shall be defined when receiving multiple conflicting SFIs commands in group-common DCIs from multiple TRPs.
It is noted that a slot format conflict may happen under carrier aggregation operation already in Rel-15. In this sense, if multi-TRP/panel transmission is based on inter-cell TRPs with different Cell IDs, UE behaviour is not entirely clear when the UE receives conflicting slot formats indicated from the TRPs. For this issue, we have the following alternatives:
· Alt #1: reuse Rel-15 of the single TRP case
· Alt #2: FFS on UE behaviour for the multiple TRP case
For Alt #1, the related agreement from the previous meeting is given in the appendix, which captures the Rel-15 UE behaviour when a slot format conflict happens among cells. Note that the reference (Ref) cell is based on the lowest cell ID in the agreement, it may be problematic to directly use in the multiple TRPs case since the inter-cell multiple TRP operation only supports the same frequency on its cells, and a cell with a lower cell ID may not guarantee priority. Therefore, we slightly prefer Alt #2.
[bookmark: _Toc7789733]Slot format conflict is inherently possible since inter-cell multiple TRP scenario is supported. 
[bookmark: _Toc7789746]Support and discuss the scenario of slot format conflict in multi-TRP.
If receiving conflicting group-common control DCIs from multiple TRPs is allowed, and only if UE is not capable of simultaneous transmission and reception, UE behaviour needs to be further specified.
· Opt #1: half-duplex UE is not expected to receive conflicting group-common DCIs.
· Opt #2: FFS on UE behaviour depends on priority rules, e.g., CORESET-ID, cell-ID, slot format, etc.
Note that Opt #1 is somehow against NR design principle to introduce group-common control DCIs for better dynamic scheduling and network loading balance. Therefore, we slightly prefer to Opt #2. 
[bookmark: _Toc7789747]During slot format conflict in the multi-TRP scenario, UE behaviour depends on priority rules, e.g., CORESET-ID, cell-ID, slot format, etc, with details FFS.
PDSCH mapping type restriction
For multi-PDCCH based scheduling, dynamic coordination among participating TRPs might not be feasible since ideal backhaul assumption cannot be guaranteed. Instead, semi-static coordination among the TRPs can be assumed in general. 
In terms of PDSCH resource allocation, most of the companies commented that for NCJT transmission, to balance between UE complexity and NW scheduling flexibility, UE may expect certain configuration restrictions, such as the ones made in Athens meeting i.e., the UE is not expected to assume different DMRS configuration with respect to the 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 motivation here is to ensure orthogonality between DMRS ports from different TRPs and minimize the inter-TRP interference. Per Feature Lead summary [5], our understanding is that such restriction is for PDSCH mapping type A+A from two co-scheduled PDSCHs. 
[bookmark: _Toc7679407][bookmark: _Toc7689532][bookmark: _Toc7789734]DMRS configuration restriction with respect to an 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 is for PDSCH mapping type A+A.
For mini-slot based PDSCH transmission (i.e., mapping type B), corresponding configuration restriction is not considered yet. Supporting PDSCH mapping type B for NCJT transmission benefits PDCCH load balancing. In addition, considering multi-PDCCH based mTRP in various traffic types, like eMBB and URLLC, also suggests the benefit of PDSCH mapping type B. The duration of PDSCH mapping type B is non-slot based and thus, provides more flexibility on PDSCH starting position. Both PDSCH mapping type A+B or B+B shall be further studied on how it impacts the restrictions to be applied in multiple-PDCCH based multi-TRP/panel transmission. 
Proposal 1 [bookmark: _Toc7679471][bookmark: _Toc7689539][bookmark: _Toc7789748]Support PDSCH mapping type B in multiple-PDCCH based multi-TRP/panel.
Proposal 2 [bookmark: _Toc7679472][bookmark: _Toc7689540][bookmark: _Toc7789749]Discuss the following PDSCH overlapping scenarios: 1) mapping type A + mapping type B, 2) mapping type B + mapping type B
[bookmark: _Hlk4658532]The exchange of coordination information such as DMRS configuration of different mapping types among participating TRPs shall be provided or restricted in advance semi-statistically, since most of DMRS parameters is indicated by DCI signalling while ideal backhaul assumption cannot be taken all the time. In that sense, semi-statistically shared DMRS configuration information/restriction between TRPs should be provided so that orthogonality of DMRS-to-DMRS and DMRS-to-data can be kept whenever it is desired. For either PDSCH mapping type A+B or B+B, we think the restriction shall be relatively different compared to mapping type A+A since mini-slot based PDSCH results in a more frequent occurrence of partially overlapped PDSCHs. The time duration of a PDSCH mapping type B can be 2, 4, or 7 and therefore, provide more flexibility on PDSCH location, including the starting symbol and its duration. For coordination purpose, we think one DMRS OFDM symbol (OS) from a first PDSCH is overlapped/coincided with that of a second PDSCH in time domain, while another DMRS OS (if available) from the first PDSCH can be non-overlapped/non-coincided with that of the second PDSCH. Meanwhile, the indicated DMRS REs (whose corresponding OFDM symbol is restricted to either overlap with or without the other DMRS OS) coincided with data from the other participating TRP can be used for channel estimation with m-TRP interference. By doing so, it eases UE implementation on DMRS channel estimation.
Proposal 3 [bookmark: _Toc7679473][bookmark: _Toc7689541][bookmark: _Toc7789750]The following restrictions on partially overlapped PDSCHs should be applied
· [bookmark: _Hlk4655282][bookmark: _Toc7679474][bookmark: _Toc7689542][bookmark: _Toc7789751]For PDSCH mapping type A + mapping type B,
· [bookmark: _Toc7679475][bookmark: _Toc7689543][bookmark: _Toc7789752]constraining overlapped OS between one DMRS OS of PDSCH mapping type A and that of mapping type B in time domain, and;
· [bookmark: _Toc7679476][bookmark: _Toc7689544][bookmark: _Toc7789753]constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.
· [bookmark: _Toc7679477][bookmark: _Toc7689545][bookmark: _Toc7789754]For PDSCH mapping type B+ mapping type B, 
· [bookmark: _Toc7679478][bookmark: _Toc7689546][bookmark: _Toc7789755][bookmark: _Toc7679479]constraining overlapped OS between one DMRS OS of the first PDSCH and that of the second PDSCH in time domain.
· [bookmark: _Toc7689547][bookmark: _Toc7789756]constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.
Conclusion
In this contribution, we have the following observations and proposals.
Observation 1	When an NC-JT UE is connecting to multiple TRPs, it needs to be clarified whether the UE can receive multiple group-common control DCIs.
Observation 2	If the interference is well managed, it is beneficial for NW using different slot formats from different TRPs, which allows network deployment as flexible as possible.
Observation 3	For half-duplex UE, UE behaviour shall be defined when receiving multiple conflicting SFIs commands in group-common DCIs from multiple TRPs.
Observation 4	Slot format conflict is inherently possible since inter-cell multiple TRP scenario is supported.
Observation 5	DMRS configuration restriction with respect to an 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 is for PDSCH mapping type A+A.
Based on the above observations, we then have the following proposals.
Proposal 1	Support and discuss the scenario of slot format conflict in multi-TRP.
Proposal 2	During slot format conflict in the multi-TRP scenario, UE behaviour depends on priority rules, e.g., CORESET-ID, cell-ID, slot format, etc, with details FFS.
Proposal 3	Support PDSCH mapping type B in multiple-PDCCH based multi-TRP/panel.
Proposal 4	Discuss the following PDSCH overlapping scenarios: 1) mapping type A + mapping type B, 2) mapping type B + mapping type B
Proposal 5	The following restrictions on partially overlapped PDSCHs should be applied
· For PDSCH mapping type A + mapping type B,
· constraining overlapped OS between one DMRS OS of PDSCH mapping type A and that of mapping type B in time domain, and;
· constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.
· For PDSCH mapping type B+ mapping type B, 
· constraining overlapped OS between one DMRS OS of the first PDSCH and that of the second PDSCH in time domain.
· constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.
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Appendix
Here we show the UE behaviour for a slot format conflict with multiple serving cells in Rel-15.
	Agreement in RAN1#95
For a UE configured with multiple serving cells in a band or band combination, where the UE is not capable of simultaneous transmission and reception, support a behavior in the following table:
· FFS: other combinations of Semi SFI, RRC and Dynamic 
· FFS: behavior for SSB in RRM measurements 
· FFS: down-select further between Alt1 and Alt2. Down-selection may be performed independently for case 3 and 6. 
· For the agreed behavior introduce a new feature as "mandatory with capability" 
· Note: Sep./Dec. UEs are still able to operate HD TDD CA if network ensures same transmission direction across all the serving cells.
· Reference (Ref) cell is the cell with the lowest cell ID among cells: (i) within the band or band combination and (ii) with conflicting directions, and “Other cell” is any cell within the band or band combination other than the Ref cell.
	No
	Ref cell
	Other cell
	UE behavior
	Note

	1
	Semi SFI D
	Semi SFI U
	Allowed to drop U for inter-band
Error case in intra-band
	Dropping U on other cell
Error case in intra-band

	2
	Semi SFI D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	3
	Semi SFI D
	Dynamic U
	Alt 1: Allowed to drop D for inter-band
Error case in intra-band
	Overriding semi SFI D to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	4
	Semi SFI U
	Semi SFI D
	Allowed to drop D for inter-band
Error case in intra-band
	Dropping D on other cell
Error case in intra-band

	5
	Semi SFI U
	RRC D
	Allowed to drop D 
	Dropping on other cell

	6
	Semi SFI U
	Dynamic D
	Alt 1: Allowed to drop U for inter-band
Error case in intra-band
	Overriding semi SFI U to F on reference cell for the UE

	
	
	
	Alt 2: Error
	Error

	7
	RRC D
	RRC U
	Allowed to drop U 
	Dropping on other cell

	8
	RRC U
	RRC D
	Allowed to drop D
	Dropping on other cell

	9
	Dynamic D
	Dynamic U
	Error
	Error

	10
	Dynamic U
	Dynamic D
	Error
	Error


Note, in above table, the terminology is as follows:  
· Semi SFI D and U: D and U symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated
· Semi SFI F: flexible symbols configured by TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated, , when provided to a UE, or when TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated are not provided to the UE
· RRC D: symbols corresponding to a higher-layer configured  PDCCH, or a PDSCH, or a CSI-RS on semi SFI F of the same cell
· RRC U: symbols corresponding to a higher-layer configured  SRS, or PUCCH, or PUSCH, or PRACH on semi SFI F of the same cell
· Dynamic D and U: symbols scheduled as D and U by DCI formats other than DCI format 2_0 on semi SFI F of the same cell
· Note: there is no intention to change the existing behavior w.r.t. how to update the reference cell



