Page 1
3GPP TSG RAN WG1 Meeting #98b 													             R1-1910668
Chongqing, China, October 14th – 20th, 2019

Source: 	Intel Corporation
Title:	On multi-TRP/multi-panel transmission
Agenda item:	7.2.8.2
Document for:	Discussion and Decision
Introduction
In this contribution we provide our views on multi-TRP/multi-panel operation.
Remaining issues of multi-DCI
CRS pattern rate-matching
	Agreement (RAN1#98)
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.


In order to allow legacy LTE UEs to measure other-cell interference on CRS REs, it is beneficial to treat LTE-CRS as a TRP specific resource. Also, with such an approach, resource utilization for PDSCH is maximized. Therefore, for multi-DCI NC-JT, rate-matching of PDSCH scheduled by TRP-0/TRP-1 should be performed around CRS transmitted from TRP-0/TRP-1 respectively. This is also consistent with LTE Rel-15 feCoMP behavior.
Technically, the same arguments also apply for the case of single-DCI based NC-JT. However, in this case it may lead to a situation where the total number of REs to be processed per layer of a codeword (PDSCH) becomes different and demands new UE behavior. Considering this, it may be reasonable to apply a union of configured CRS patterns for PDSCH rate-matching purposes.
Proposal-1: Consider LTE CRS rate matching for both single and multi-DCI scenarios. Support CRS patterns associated with higher layer index for multi-DCI. Support PDSCH rate-matching based on union of CRS patterns for single DCI. 

UE capability
	Agreement (RAN1#98)
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission: 
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;
· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on    as described in subclause 10 in TS38.213;
·  (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits, [image: cid:image009.png@01D56F03.1A822720]  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times. 
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  [image: cid:image010.png@01D56F03.1A822720] and[image: cid:image021.png@01D56F03.1A822720], are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
· FFS, bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above: 
·  is replaced with , where  is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS , and  is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS  
· The value range of r is [1, 2], and it depends on UE capability.
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0  DL serving cells with multi-DCI based multi-TRP such that A+r∙B>4 
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission
· FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.
· FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.
· Note that how to capture above into the spec can be up to the editor.



In Rel-16 NR, for multi-DCI based multi-TRP operation a UE capability reporting is supported, where the UE can report a value, which indicates the capability of the UE to increase its BD/CCE limits per slot per CC. To this end, the candidate values of  are still under discussion. Additionally, this capability is only applicable to downlink cells configured by the network for multi-DCI based multi-TRP operation. We assume that if higher layer index is configured per CORESET. the downlink cell is identified for multi-DCI multi-TRP operation. 
In a primary downlink cell identified for multi-DCI multi-TRP operation for the purposes of overbooking the BD/CCE limits have to checked 2 or 3 times, for example if r=1.5, then the BD/CCE limits have to be checked for each TRP and also for the CC. 
Additionally, whether the UE reports its capability through an indicated value of  or not, the network should not be limited in its ability to configure multi-TRP operation with the same BD/CCE limits as in Rel-15. In the case when a UE does report its capability through a value of, it should not mandate the network to use this reported capability to increase the BD/CCE limits for multi-TRP operation while sacrificing CA flexibility. 
Therefore, it is beneficial to allow both of the following cases of multi-DCI based multi-TRP operation:
· Case A: BD/CCE limits per slot per CC increased to  times the Rel-15 limits.
· Case B: BD/CCE limits per slot per CC is the same as in Rel-15.



Let us assume  and and 4 CC operation for CA. Let us also assume that the actual number of PDCCH BD/CCE candidates configured on the PCell are , while on each of the 3 SCells they are  per slot.





Now, for case A, assume that the network configures multi-DCI based multi-TRP operation such that and . In this case, the BD/CCE limits per CC per slot are increased to  while total BD/CCE limits is given by . In this case, due to the increased BD/CCE limits, PDCCH candidates are not dropped on the PCell. Consequently, all the SCells cannot be configured with PDCCH candidates up to their individual limits since overbooking is not allowed on SCells and search spaces have to be re-configured.



Now, for case B, the NW configures multi-DCI based multi-TRP operation by using  and , implying no increase in BD/CCE limits per CC compared to Rel-15. In this case PDCCH candidates will be dropped on the PCell according to Rel-15 overbooking rules. Each of the 3 SCells can be configured with PDCCH candidates up to their maximum limits ofand no re-configuration of search spaces are required.
Therefore, each of the cases A and B have their individual merits and should be supported irrespective of UE capability reporting of value. 
Proposal-2: If higher layer index is configured per CORESET for a UE supporting multi-DCI based multi-TRP transmission:
· For a UE not reporting r (i.e., with the same BD/CCE capability as Rel-15 or r=1) multi-DCI multi-TRP operation should not be limited. 
· For a UE reporting , NW should have the ability to use Rel-15 BD/CCE limits per slot per CC (thereby preserving BD/CCE provisioning for CA capability) on a downlink cell configured with multi-DCI multi-TRP operation
· For a PCell (UE reporting ), PDCCH overbooking rules are applied multiple times (per TRP/per CC) 

Inter-cell multi-TRP support

	[image: ]
[bookmark: _Ref21036231]Figure 1: Tightly-synchronous case – downlink received from 2 TRPs with delay << CP (FR2 example)
	[image: ]

[bookmark: _Ref21036240]Figure 2: Non-tightly synchronous case – downlink received from 2 TRPs with delay > CP (FR2 example)



We consider two different cases of inter-cell multi-TRP operation:
Tightly synchronous case: Receive timing difference from the two cells is << CP length (Figure 1)
FR1: This is practically a requirement in FR1 for NC-JT reception as we have agreed in RAN1 (and following LTE principles). If this condition is not satisfied, the degradation from inter-PDSCH interference would be significant. We can generally also assume that the frequency-offset and Doppler-shift differences between the two cells are negligible. This is reasonable because gNB frequency-offset and UE mobility is expected to be very small. In such a scenario, we do not expect a SSB source (Type-C QCL) from a non-serving cell is necessary for TRS reception and processing. This is because a FFT window derived from serving cell timing can be used to receive the TRS from neighbor cell. Subsequently the TRS can be processed in frequency-domain to achieve fine timing synchronization with the neighbor cell. 
FR2: If this condition is satisfied, then following the same principles as in FR1, a UE should be able to receive and process TRS from a neighbor cell without a SSB source (Type-C QCL). 
Non-tightly synchronous case: Receive timing difference from cells is > CP length (Figure 2)
FR1: Multi-TRP reception in non-tightly synchronized scenarios is a challenge in FR1 (such operation is not supported in LTE) and warrants a separate study.
FR2: For certain UE orientations (Figure 3) where almost all the energy from a cell can be received using 1 panel, we have shown in [2] it is possible to receive NC-JT transmissions at least with QPSK/16-QAM. However, in certain other UE orientations (Figure 4) where both UE panels receive comparable energy from a cell, it may be challenging to do so. In order to enable multi-TRP operation in non-tightly synchronized scenarios several enhancements need to be considered
· SSB source (Type-C QCL) from a neighbor cell directly or indirectly for TRS, CSI-RS for beam-management and CSI-RS for CSI
· Mechanisms for beam-management in both scenarios Figure 3 and Figure 4
· UCI transmission with large timing advance differences between the target uplink cells
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[bookmark: _Ref21036723]Figure 3: Almost all the energy from a serving cell is received by 1 UE panel
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[bookmark: _Ref21036737]Figure 4: Both UE panels receive comparable energy from a serving cell



Observation-3: In tightly synchronized scenarios, indication of SSB from non-serving cell is not necessary for supporting inter-cell multi-TRP operation. In non-tightly synchronized scenario, indication of SSB from a non-serving cell is beneficial but not sufficient to enable practical inter-cell multi-TRP operation.
Range of HigherLayerIndexPerCORESET

[image: ]
Figure 5: Shows operation flexibility with values [0, 1] - the limitation is that NC-JT between two non-serving sites & intra-slot HARQ-ACK would require a RRC reconfiguration 
The above example illustrates the consequence of limiting HigherLayerIndexPerCORESET to [0, 1]. Let us assume TRP-1, TRP-2 (located at site-1), TRP-3, TRP-4 (located at site-2), TRP-5 (located at site-3). Let us assume ideal backhaul for co-sited TRPs and non-ideal backhaul across different sites. Let us also assume that 5 CORESETs are configured by RRC with 5 TCI states corresponding to the 5 TRPs. Let us also assume 3 PUCCH resource groups configured with spatialRelationInfo parameters for the 3 sites. Let us assume that TRP-1 is the serving cell. Let us assume that HigherLayerIndexPerCORESET = 0 for the CORESETs associated with TRP-1 and TRP-2, and HigherLayerIndexPerCORESET=1 for the CORESETs associated with TRP-3, TRP-4 and TRP-5.
Then, we can perform NC-JT dynamically from any TRP in the set {TRP-1, TRP-2, TRP-3, TRP-4} with separate HARQ-ACK feedback received at site-1 and site-2 in the same slot. We can also perform NC-JT dynamically from any TRP in the set {TRP-1, TRP-2, TRP-5} with separate HARQ-ACK feedback received at site-1 and site-3 in the same slot. 
The limitation is that we cannot perform NC-JT dynamically from any TRP in the set {TRP-3, TRP-4, TRP-5} with separate intra-slot HARQ-ACK feedback received at site-2 and site-3 without RRC reconfiguration. Actually we can still receive separate HARQ-ACK from this TRP set if we use slot-level TDM. Note also that these are 2 non-serving cell sites.
Based on the above, we think there is not enough justification to increase the range of HigherLayerIndexPerCORESET to more than [0, 1]. Practically, one of the two values can be used for the serving site and another for a non-serving site. 
Proposal-4: HigherLayerIndexPerCORESET range of values = (0, 1) is sufficient
Joint dynamic HARQ-ACK codebook
	Agreement (RAN1#98)
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).



For the case of dynamic HARQ-ACK codebook, two main options are available - DAI is applied per TRP or DAI is applied across TRPs. Note that in the case of separate HARQ-ACK feedback DAI is applied per TRP. Further, if DAI is applied across TRPs, then the NW is required to coordinate DAI information across the TRPs for every mini-slot and CC scheduling which is burdensome.

Proposal-5: Consider DAI application per TRP for joint HARQ-ACK feedback.

Last DCI determination
To determine the PUCCH carrying HARQ-ACK feedback, UE first determines a PUCCH resource set based on a payload size of HARQ-ACK feedback, and subsequently selects the PUCCH resource from the PUCCH resource set according to the PUCCH resource indicator of the last DCI and/or the starting CCE index of the corresponding PDCCH transmission. Note that the last DCI is determined in a frequency first and time second manner, i.e., detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes.

In case two DL DCIs (from TRP-0 and TRP-1) share the same time location within a slot, in order to avoid ambiguity between gNB and UE on the determination of PUCCH resource carrying HARQ-ACK feedback, TRP-id can be used to differentiate which one of the two DCIs is the last DCI. This relieves the NW from coordinating PRIs dynamically.

Proposal-6:  Consider using TRP-id to differentiate which one of the two DCIs is the last DCI if there is ambiguity.
PUCCH resource grouping
A benefit of PUCCH resource grouping is that a NW can indicate a PUCCH resource with full flexibility using a 3-bit PRI in the DCI. This is shown in Figure 6 where a UE is able to identify a PUCCH resource based on PRI and the associated HigherLayerIndexPerCORESET value of the scheduling CORESET.


[bookmark: _Ref7793058]Figure 6: PUCCH resource grouping where each group is dedicated to a TRP. A subset of PUCCH resources in group-0 is TDM with a subset of PUCCH resources in group-1.

Proposal-7:  Consider explicit PUCCH resource grouping for more flexible PUCCH resource management.
CSI multiplexing
UCI multiplexing in Rel-15 follows the following steps:
Step0: CSI multiplexing on PUCCH: According to Rel-15 behaviour, when UE is not configured with multi-CSI-PUCCH-ResourceList, it selects a maximum of two non-overlapping PUCCH resources for CSI reports with the highest priority with at least one short PUCCH selected. In the case of overlapping PUCCH resources and when UE is configured with multi-CSI-PUCCH-ResourceList, a UE multiplexes all CSI reports in up to two non-overlapping PUCCH resources in a slot (assuming that two non-overlapping PUCCH resources are configured by multi-CSI-PUCCH-ResourceList corresponding to two TRPs).
It can be observed that Rel-15 UE behaviour can be retained for CSI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2 (including multi-CSI-PUCCH-ResourceList). If this cannot be ensured by the NW then dropping rules should be specified. 


Step 1: HARQ-ACK/SR/CSI multiplexing on PUCCH: According to Rel-15 UE behaviour, a UE follows an iterative algorithm for multiplexing UCI if a set of timeline conditions are satisfied resulting in up to two non-overlapping PUCCH resources. As in the case of CSI, we have a similar observation here - Rel-15 UE behaviour can be retained for UCI multiplexing if the NW ensures that the PUCCH resources for TRP-1 is non-overlapping with the PUCCH resources for TRP-2. If this cannot be ensured by the NW then dropping rules should be specified.

Step 2: HARQ-ACK/SR/CSI multiplexing on PUCCH/PUSCH: In general for PUSCH transmission, we believe NW should ensure that PUSCH for TRP-1 and TRP-2 are scheduled in a non-overlapping manner and no dropping rules are required. 

In terms of UCI multiplexing on PUSCH, according to Rel-15, if a resulting non-overlapping PUCCH from Step 1 overlaps with one or more PUSCHs and a set of conditions including timeline are satisfied, UCI is multiplexed on an overlapping PUSCH. This is shown in the following figure where the non-overlapping PUCCHs can be assumed to be the output of Step 1. We can observe that if a PUCCH for TRP-1 overlaps with a PUSCH for TRP-2, then certain specification changes are required to preclude UCI multiplexing on PUSCH in such case. If however, the NW ensures that PUCCH resources for TRP-1 is non-overlapping with PUSCH for TRP-2, no specification changes are required to enable UCI multiplexing on PUSCH.



Figure 7: Shows that TDM of PUSCH targeted to TRP-1 and TRP-2 is not sufficient to ensure proper UCI multiplexing on PUSCH. It is also necessary to ensure that PUSCH targeting TRP-1 does not overlap with PUCCH targeting TRP-2 and vice-versa

Proposal-8: For UCI multiplexing introduce the following scheduling restrictions:
· If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.

· If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed

UE processing time
Mapping Type A + Type A: It has been agreed that a UE does not expect different DM-RS configurations with respect to the actual number of FL, additional DMRS and actual symbol locations for NC-JT. This allows mapping Type A + Type A to be handled with small impact on channel estimation and no impact to UE processing.
Mapping Type B + Type A/B: When PDSCH with mapping Type B is considered as one of the co-scheduled PDSCHs, even for the case of perfectly overlapped resource allocation with aligned DM-RS locations, the impact to UE processing time needs to be taken into account since the overlap of the CORESET containing the scheduling DCI with the scheduled Type B PDSCH may not be the same for the two NC-JT PDSCHs. Therefore the processing time might need to be relaxed based on the location of the CORESET containing the scheduling DCI. To this end, to generalize the processing time relaxation, an additional time budget can be added to the PDSCH processing time i.e.

,

where, the value of the additional relaxation  can be determined based on the PDSCH mapping type, duration of PDSCH, the amount of overlap with other PDSCHs and the overlap between PDSCH and scheduling PDCCH in the case of Mapping Type B.

 
[bookmark: _Ref16860444]Figure 8 Processing time relaxation for capability 2 UE for multi-DCI NC-JT with fully overlapped PDSCH transmissions from 2 TRPs and different overlap with scheduling PDCCH of each PDSCH.

An example of this relaxation is shown in Figure 1 where the UE receives two NC-JT PDSCH transmissions of 4 symbol duration which are fully overlapped in frequency and time. The scheduling PDCCHs for each PDSCH are FDM and have different overlaps with the corresponding PDSCH. In this case, the processing time relaxation can made on the basis of the difference between the two overlap durations i.e., 	, where d’ is the overlap duration of the PDSCH with largest overlap and d is the overlap duration of the PDSCH for which the processing time relaxation is being evaluated.
Proposal-9: Consider scheduling restriction for certain NC-JT PDSCH scheduling using mapping Type-B (if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs) 

SP/P ZP CSI-RS rate-matching
One purpose of SP/P ZP CSI-RS is to allow measurement of interference from other cells by a UE. In order to maintain this functionality, SP/P ZP CSI-RS should be treated as a TRP specific resource (similar to CRS). Therefore for multi-DCI NC-JT, rate-matching of PDSCH scheduled by TRP-0/TRP-1 should be performed around SP/P ZP CSI-RS associated with TRP-0/TRP-1 respectively. Note that this issue cannot be resolved efficiently by RateMatchPattern. The resolution of RateMatchPattern is not at a sub-carrier level but at a PRB level (granularity), so it cannot be efficiently used to match CSI-RS pattern.

Proposal-10: Consider SP/P ZP CSI-RS patterns which are associated with a higher layer signalling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
Remaining issues of single DCI
	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
Agreement
For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 
· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.
· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs
Agreement
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS



Antenna port indication table
For single-DCI based NCJT transmission from multi-TRP, there was no consensus to support layers asymmetric layer combinations of 1+3 and 3+1 from the two TRPs. Therefore, for Rel-16 it is enough to enable support for asymmetric layer combinations of 1+2, 2+1 from two TRPs through DM-RS antenna port indication table. Since Rel-15 already supports layer combination of 1+2 through entry supporting ports 0, 1, 2 in the DM-RS port table, there needs to be a provision for additionally supporting layer combination 2+1. To this end, note that as per current agreements, each CDM group is assumed to correspond to a TRP and is associated with a single TCI state. When MAC-CE activates a TCI code-point with two TCI states, the first TCI state can then map to the 1st CDM group (ports 0, 1) and the second TCI state can map to the 2nd CDM group (port 2).  In order to support the alternate layer combination of 1+2 it then suffices to provision for a mechanism to switch the TCI states pointing to these CDM groups instead of adding an additional entry e.g., (ports 0, 2, 3) to the DM-RS antenna port tables. 

In Rel-16 NR, the DM-RS sequence design is CDM group specific by use of the parameter, signaled by a bit in the DCI. This parameter, originally incorporated in Rel-15 DM-RS for the purpose of dynamic point selection, can be used for the purpose of TCI state mapping to specific CDM groups for asymmetric rank support. 



We propose to re-use only the existing entry containing ports 0, 1, 2 for supporting both 1+2 and 2+1 cases. For example, consider the case when the indicated TCI code point has two TCI states {TCI-A, TCI-B}. When layer combination 2+1 is desired, the DCI should indicate  which implies the TCI-A state maps to CDM group 1 (port 0, 1) and the TCI-B state maps to CDM group 2 (port 2). Conversely if layer combination 1+2 is desired, the DCI should indicate  which would imply that the TCI-A state maps to CDM group 2 (port 2) and the TCI-B state maps to CDM group 1 (port 0, 1). This method also ensures that no additional entries in the DM-RS antenna port indication table are required. This is summarized in Table 1. Based on current agreement, the definition of “first indicated CDM-group” can also be defined depending on the signaled value. 

Table 1: Based TCI state mapping to DM-RS CDM groups
	
Value
	TCI Codepoint
{TCI-A, TCI-B}
	First Indicated CDM Group
	CDM Group Mapping

	0
	TCI-A
	1
	CDM Group 1
(port 0, 1)

	
	TCI-B
	
	CDM Group 2
(port 2, 3)

	1
	TCI-A
	2
	CDM Group 2
(port 2, 3)

	
	TCI-B
	
	CDM Group 1
(port 0, 1)



Proposal-11:
· Re-use Rel-15 DM-RS antenna port indication table for Rel-16 single-DCI based multi-TRP support without addition of any new entries.
· 
[bookmark: OLE_LINK14][bookmark: OLE_LINK13]When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, in order to support asymmetric rank indication of 1+2, re-use current DM-RS antenna port indication table entry support rank indication 2+1 using DM-RS ports 0, 1, 2.  Use DCI indicated value of to switch mapping of the two TCI states in the TCI code point to the CDM groups:
· 
When  the first TCI state in the code point maps to CDM group 1 and the second TCI state in the code point maps to CDM group 2.
· 
When  the first TCI state in the code point maps to CDM group 2 and the second TCI state in the code point maps to CDM group 1 effectively supporting the rank combination 1+2. 

UE behavior for one, two, three CDM groups
For the case when a TCI code point containing two TCI states is indicated for DM-RS type 1 and 2, the following options are possible:
1. Indicated DM-RS ports are from one CDM group: In this case, first TCI state in the TCI code point should be mapped to the CDM groups containing the indicated ports.
2. Indicated DM-RS ports are from any two CDM groups: In this case, the first TCI state in the TCI code-point should be mapped to the first CDM group of the indicated ports and the second TCI state from TCI code-point should be mapped to the second CDM group.
3. Indicated DM-RS ports are from three CDM groups for Type 2 DM-RS:  In this case, and implicit mapping rule can be use whereby, the 1st TCI state is mapped to the 1st and 2nd CDM groups and the 2nd TCI state maps to the 3rd CDM group.
Proposal-12: For case of Type 2 DMRS and two activated TCI states, if DM-RS ports from 3 CDM groups are indicated in the DCI, an implicit mapping rule is used wherein the first and second CDM groups correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state of the TCI code point.
Remaining issues for URLLC
TDRA for schemes 3, 4
	Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  
Email discussion output:
PDSCH repetition indication mechanism: 
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 
· Option 1: It is dynamically indicated
· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC
· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 
· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  
· FFS: whether/how X>1 to be supported  
· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 
· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 
· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 2: By high-layer signaling following Rel-15 mechanism 



PDSCH repetition indication for scheme 3:
Regarding scheme 3, it is already agreed that all transmission occasions are of the same length and all transmission occasions occur in the same slot. 
In the following we show that multiple transmission occasions from the same TRP in a slot reduces efficiency and can lead to a loss of in BLER performance. The loss can be attributed to DMRS overhead and coding gain.
	[image: ]
Figure 9: Comparison of 1, 2, 4 repetitions in a slot (TBS=256, RV and TCI mapping in Table 1) 
	[image: ]
Figure 10: Comparison of 1, 2, 4 repetitions in a slot (TBS=356, RV and TCI mapping in Table 1)



[bookmark: _Ref21007657]Table 1: LLS assumptions, 0 dB offset, no blockage, 8 PRB allocation
	Scheme 3
	RV and TCI mapping
	Rep. len
	DMRS/rep
	TBS=256, coderate
	TBS=356, coderate

	1-rep
	0 (TP-1)
	12 OS
	2 OS
	0.13
	0.20

	2-rep
	0 (TP-1), 2 (TP-2)
	6 OS
	1 OS
	0.25
	0.38

	4-rep
	0 (TP-1), 3 (TP-2), 2 (TP-1), 1 (TP-2)
	3 OS
	1 OS
	0.67
	0.95



On the aspect of multiple DL/UL transitions in a slot e.g. DDDDDFUDDDDDFU there could be motivation to allow gaps between transmission occasions. This, however, is not typical and can also be mitigated by using a larger number of PRBs for FDRA or by using FDM schemes 1a/2a/2b. Note that, unlike PUSCH, there is no power constraint in the downlink that can disadvantage a larger FDRA.
Based on the above, we think for scheme 3, supporting 2 transmission occasions from 2 TCI states is sufficient. Also, no gap between the two successive transmission occasions should be the baseline assumption (that minimizes latency). 
Proposal-13: Support 2 transmission occasions from 2 TRPs within a slot. No gap between the two consecutive transmission occasions could be the baseline assumption.
PDSCH repetition indication for scheme 4:
Regarding scheme 4, in order to minimize slot alignment delay which is a major component of end-to-end latency in URLLC it is beneficial to support a TDRA scheme that allows different starting symbol locations in different slots as shown in Figure 6 below.


[bookmark: _Ref21009187]Figure 11: different starting symbols for different repetitions is useful to reduce slot alignment delay

Also, in order to maximize the downlink resource utilization for PDSCH repetition under a latency constraint, it is beneficial to allow up to 2 transmission occasions in a slot in scheme 4 as shown in Figure 7 below: 


[bookmark: _Ref21009645]Figure 12: up to 2 repetitions in a slot is beneficial to maximize downlink resource utilization
Proposal-14: For scheme 4, support different starting symbol locations in each slot. Support up to 2 transmission occasions in each slot. 

Mapping of TCI states to transmission occasions
In terms of mapping TCI states (indicated in the DCI) to repetitions, the expectation is to associate the same number of repetitions to each TCI state. A natural method for mapping the TCI states indicated in the DCI to the transmission occasions can be round-robin. In FR2, a mechanism is needed for the UE to assume a default TCI state for repetitions starting before the beam-switching delay. An example for mapping TCI state to repetitions could be to configure – a) an offset (in terms of the number of repetitions) from where TRP switching starts and b) the number of consecutive repetitions per TRP.
[image: ]
Figure 13: Due to different beam switching time constraints, some configurability is beneficial for mapping TCI states to repetition. In this example a set of 1 or 2 consecutive repetitions are assigned to the same TRP.

Proposal-15: Consider mapping of TCI states to repetitions in a round-robin fashion while defining an offset (in terms of the number of repetitions) from where TCI state switching starts and the number of consecutive repetitions per TCI state.

Hybrid schemes: 1a/2a + 4 
Especially in FR2, operating with 2 simultaneously active panels is power consuming and therefore it makes sense to make full utilization of such panels by extending schemes 1a, 2a with time-domain repetition across slots. Also, FDM scheme 2a have better BLER performance than TDM scheme 3 due to 3-dB power boosting ability (given the same time-frequency allocation [R1-1904313]). The TDRA mechanism developed for scheme 4 can be re-used for schemes 1a, 2a.


Figure 14: TDRA comprising of repetition for scheme 2a
Proposal-16: Consider extending schemes 1a, 2a with slot-level time-domain repetition, possibly reusing TDRA scheme 4  
Conclusions

Proposal-1: Consider LTE CRS rate matching for both single and multi-DCI scenarios. Support CRS patterns associated with higher layer index for multi-DCI. Support PDSCH rate-matching based on union of CRS patterns for single DCI.
Proposal-2: If higher layer index is configured per CORESET for a UE supporting multi-DCI based multi-TRP transmission:
· For a UE not reporting r (i.e., with the same BD/CCE capability as Rel-15 or r=1) multi-DCI multi-TRP operation should not be limited. 
· For a UE reporting , NW should have the ability to use Rel-15 BD/CCE limits per slot per CC (thereby preserving BD/CCE provisioning for CA capability) on a downlink cell configured with multi-DCI multi-TRP operation
· For a PCell (UE reporting ), PDCCH overbooking rules are applied multiple times (per TRP/per CC)

Observation-3: In tightly synchronized scenarios, indication of SSB from non-serving cell is not necessary for supporting inter-cell multi-TRP operation. In non-tightly synchronized scenario, indication of SSB from a non-serving cell is beneficial but not sufficient to enable practical inter-cell multi-TRP operation.
Proposal-4: HigherLayerIndexPerCORESET range of values = (0, 1) is sufficient.
Proposal-5: Consider DAI application per TRP for joint HARQ-ACK feedback.

Proposal-6:  Consider using TRP-id to differentiate which one of the two DCIs is the last DCI if there is ambiguity.

Proposal-7:  Consider explicit PUCCH resource grouping for more flexible PUCCH resource management.
Proposal-8: For UCI multiplexing introduce the following scheduling restrictions:
· If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.

· If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed
Proposal-9: Consider scheduling restriction for certain NC-JT PDSCH scheduling using mapping Type-B (if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs) 
[bookmark: _GoBack]Proposal-10: Consider SP/P ZP CSI-RS patterns which are associated with a higher layer signaling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

Proposal-11:
· Re-use Rel-15 DM-RS antenna port indication table for Rel-16 single-DCI based multi-TRP support without addition of any new entries.
· 
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, in order to support asymmetric rank indication of 1+2, re-use current DM-RS antenna port indication table entry support rank indication 2+1 using DM-RS ports 0, 1, 2.  Use DCI indicated value of to switch mapping of the two TCI states in the TCI code point to the CDM groups:
· 
When  the first TCI state in the code point maps to CDM group 1 and the second TCI state in the code point maps to CDM group 2.
· 
When  the first TCI state in the code point maps to CDM group 2 and the second TCI state in the code point maps to CDM group 1 effectively supporting the rank combination 1+2. 

Proposal-12: For case of Type 2 DMRS and two activated TCI states, if DM-RS ports from 3 CDM groups are indicated in the DCI, an implicit mapping rule is used wherein the first and second CDM groups correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state of the TCI code point.
Proposal-13: Support 2 transmission occasions from 2 TRPs within a slot. No gap between the two consecutive transmission occasions could be the baseline assumption.
Proposal-14: For scheme 4, support different starting symbol locations in each slot. Support up to 2 transmission occasions in each slot. 
Proposal-15: Consider mapping of TCI states to repetitions in a round-robin fashion while defining an offset (in terms of the number of repetitions) from where TCI state switching starts and the number of consecutive repetitions per TCI state.
Proposal-16: Consider extending schemes 1a, 2a with slot-level time-domain repetition, possibly reusing TDRA scheme 4.  
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