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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.

PUSCH/PUCCH for Multi-TRP
Remaining issues on HARQ payload and feedback
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In this subclause we analyze the detailed solutions for separate ACK/NACK feedback and joint ACK/NACK feedback.
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2.1.1. Switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback
In RAN1 #98 meeting [1], following agreements were achieved on switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback.
	Agreement
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 



In the following email discussion on RRC parameters for Rel.16 NR_eMIMO [98-NR-17], there was no consensus to add the new RRC signaling “ACKNACKFeedbackMode”. We think the switching can be implied by the other RRC configurations and it is not necessarily a new one. One possible solution would depend on whether one group of PUCCH resources or two groups of PUCCH resources is configured. If DC framework is applied to multi-TRP with non-ideal backhaul as elaborated in our companion contribution [2], separate PUCCH-Configs configured for each serving cell can be regarded as two groups of PUCCH resources.
Configuring one or two PUCCH resource groups or one or two PUCCH-Configs is related to joint or separated ACK/NACK to some extent. The intention of defining two PUCCH resources is to avoid overlapped PUCCH of two TRPs. However, if they are separately configured, there would be some conflict cases that the specification has to take more efforts to deal with. For example, if the UE is configured with one PUCCH resource group or one PUCCH-Config, while it is also configured with separate HARQ-ACK feedback within a slot, one has to deal with the case that the two indicated PUCCH resources are overlapped. The UE either drops one of the HARQ-ACK feedback, or has to find other PUCCH resource to maintain separate HARQ-ACK feedback, both requiring more specification efforts. If the UE treats this case as joint HARQ-ACK feedback, then the UE can decide joint or separate HARQ-ACK feedback based on whether the PUCCH resources are overlapped or not so that there is no need to configure such RRC parameter. What’s more, joint HARQ-ACK feedback can’t be used for non-ideal backhaul. On the contrary, if a UE is configured with joint HARQ-ACK feedback within a slot, then there is no need to configure two PUCCH resource groups or two PUCCH-Configs for the UE. It should be an error case.
In our understanding, non-ideal backhaul can only employ separate HARQ-ACK, while ideal backhaul can support both joint and separate HARQ-ACK feedback. 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. The network side is responsible to guarantee the separate HARQ-ACK feedback for multi-TRP with non-ideal backhaul. If DC is applied to multi-TRP with non-ideal backhaul, the UE is naturally configured with two separate PUCCH-Configs which can be identified as separate HARQ-ACK feedback.
If single cell framework is used for multi-TRP with ideal-backhaul, then a UE is configured with a single PUCCH-Config, it seems there is no need to introduce the new RRC parameter. Joint or separate HARQ-ACK feedback can be determined by the sub-slot indication even if a single PUCCH group is configured. If different sub-slot indices are indicated by multiple DCIs separate HARQ-ACK feedback is applied; otherwise, joint HARQ-ACK feedback is applied.
There is no need to introduce a new RRC parameter to configure joint or separate HARQ-ACK feedback.
For determining between separate HARQ-ACK feedback and joint HARQ-ACK feedback:
· Joint HARQ-ACK feedback is applied if one PUCCH-Config is configured and same sub-slot indices are indicated.
· Separate HARQ-ACK feedback is applied if multiple PUCCH-Configs are configured, or different sub-slot indices are indicated if one PUCCH-Config is configured.

2.1.2. Separate HARQ feedback on different PUCCH resources
The following agreements were achieved in RAN1 #98 on separate HARQ-ACK feedback.
	Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP
Agreement
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.



Sub-slot configuration introduced in Rel-16 which has been through thorough discussion can be used to determine non-overlapped PUCCH resources for separate HARQ-ACK feedback. The configuration of sub-slot doesn’t prevent usage for eMBB with multi-TRP. In MIMO session, we should try to avoid redundant work of configuring PUCCH resource grouping over resource or resource sets which realize the same function.
For TDMed PUCCH transmission within a slot for separate ACK/NACK, 
· There is no need to configure explicit PUCCH resource grouping over resource or resource sets as separate PUCCH resources can be indicated by different sub-slot indices.

2.1.3. Joint HARQ feedback on the same PUCCH resources
For joint HARQ-ACK feedback, two DAI counting options were reached in RAN1 #98.
	Agreement
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 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)).



We prefer Alt 1 which has the same behavior as CA.
For joint dynamic HARQ-ACK codebook among multi-TRP, support 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.
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.
For joint HARQ feedback, 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.

2.1.4. HARQ overlapping with SR/CSI
As for overlapped multiple UCIs, Rel-15 NR has already defined sophisticated rules to multiplex/drop 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.
First of all, considering multiple types of UCI, we think two PUCCHs per TRP can be supported for a UE to avoid frequent dropping or multiplexing.
Support two PUCCHs per TRP for a UE.

Considering the limited remaining time, we can simply restrict the overlapping among the multiple PUCCH resources. 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. Specifically, UE doesn’t neither expect that a PUCCH for CSI/SR overlaps with more than one PUCCH for HARQ-ACK nor expect a PUCCH for CSI/SR overlaps with PUCCH from another PUCCH-config.
For TDMed PUCCH in a slot,
· UE doesn’t expect a PUCCH for CSI/SR overlap with more than one PUCCH for HARQ-ACK.
· UE doesn’t expect a PUCCH overlap with PUCCH scheduled from another PUCCH-Config.

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.
2.1.5 Overlapping between PUCCH and PUSCH
Considering the limited remaining time, we can also simply restrict the overlapping between the PUCCH and PUSCH as following proposal.
For overlapping between PUCCH and PUSCH
· UE doesn’t expect a PUSCH scheduled from one TRP overlap with any PUSCH/PUCCH scheduled from another TRP except for the case when there is only joint HARQ ACK/NACK feedback within a slot. 

2.1.6 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.

1. PDSCH Transmission
PDSCH repetition schemes for URLLC
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3.1.1. Remaining issues for TDM schemes: scheme 3/4
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The following agreements relating to scheme 3 and 4 were made during RAN1 #98.
	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  

Agreement
For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 
· The supported maximum TBS size is dependent on UE capability 

Agreement
PDSCH repetition indication mechanism: 
· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis
· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC
· 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
· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis
· Option 1: It is dynamically indicated 
· Option 2: By high-layer signaling following Rel-15 mechanism



Following agreements were made during email discussion on the details of PDSCH repetition indication mechanism [98-NR-18].
	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



The most challenging requirement of URLLC that all designed URLLC schemes should try to achieve is to guarantee the target BLER of 10-6 while keep the latency within 1ms. But the multi-TRP schemes except scheme 4 for URLLC restrict the PDSCH transmission occasions within a single slot. It is risky to limit the number of PDSCH transmission occasions or restrict the PDSCH transmission occasions within a single slot as scheme 3 to meet the BLER requirement of URLLC in some cases. For example, when a slot is semi-statically configured or dynamically indicated with DL/UL switching points and thus the DL symbols is limited, the TDRA for a scheduling should within the available DL symbols otherwise it is regarded as an error case in Rel-15. Another reason to introduce more repetitions is that one would not introduce additional very low MCS for the case of small TB size but rather repeat with more transmissions.
Therefore, enhanced DL URLLC for single TRP which is a counterpart to the UL eURLLC, or for multi-TRP to enable PDSCH transmission occasions across slot boundaries to achieve the target BLER may be needed in future releases. The enhancement can be realized by dynamic indication of more number of transmission occasions across slot boundaries as UL eURLLC, or supporting combination of scheme 4 and other schemes. 
Option 1-1 for scheme 3 considers a unified signaling design for both UL and DL and is able to flexibly indicate the number of transmission occasions. In UL eURLLC discussion, it has been agreed to introduce one new DCI format for DL scheduling with configurable sizes for some fields in Rel-16. Proposed options on dynamic indication of the number of repetitions for UL eURLLC includes [3]:
· Jointly coded with SLIV in TDRA table
· A new DCI field (indicating a value from a set of RRC-configured values)
· Reuse RV field, etc.

In summary, a unified signaling design for both UL and DL is preferred at least from following aspects:
· Alignment between DL and UL DCI formats and sizes
· Forward compatibility to the PDSCH transmission occasions across slot boundaries as UL eURLLC

In Option 1-3, the number of PDSCH transmission occasions is deduced by the TDRA indication in DCI. It is not flexible for resource allocation to carry different size of URLLC TBs as the BWP size can be variant. For Option 2 and Option 3, the number of TCI states is used to imply the number of PDSCH transmission occasions. Actually, the number of TCI states relates to all types of multi-TRP schemes and single TRP schemes. For example, scheme 1a/2a has two TCI states but only one transmission occasion, while scheme 4 has two TCI states but the number of transmission occasions can be values other than 2. What’s more, it is well known that frequency resource hopping can achieve additional gain. Thus combination of scheme 2a/2b and scheme 3 or scheme 4 with frequency resource hopping is a potential scheme to be supported. If the number of TCI states is used to indicate the number of transmission occasions there would be no chance to support the combination schemes. Therefore, it is better to decouple the number of TCI states and the number of PDSCH transmission occasions for scheme 3 in order keep a neat signaling.
For scheme 4, dynamic indication for number of transmission occasions for scheme 4 is beneficial to adapt to the variation of UE channel. Option 2 has minimum specification impact, if limited remaining time is considered.
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.
Reuse the dynamic indication mechanism for PUSCH repetition in eURLLC to indicate the number of transmission occasions for scheme 3.
Support dynamic indication of number of transmission occasions for scheme 4.
Support combination of scheme 4 and other schemes.

However, there may have one or two DL/UL switching points in a slot. A nominal transmission occasion should skip the UL symbols and split into two actual transmission occasions. The multiple actual transmission occasions of the each nominal transmission occasion can apply different TCI states, and each actual transmission occasion is mapped with a different RV of the same TB. Mapping different TCI state and RV to each split tries to let different TRPs have opportunities to transmit if there is no DL symbols available for the next nominal transmission occasion(s). This should be applied to both scheme 3 and scheme 4.
For scheme 3 and scheme 4,
· When there is only one switching point, UE transmits on all available resources that are within DL symbols;
· When a nominal transmission occasion is split into multiple actual transmission occasions by DL/UL switching points, each actual transmission occasion of the one nominal transmission occasion apply different TCI states and is mapped with a different RV of the same TB.

Some other remaining issues were raised in the following-up email discussion [97-NR-09] that are needed to be finalized.
	For single-DCI based multi-TRP URLLC schemes 3 & 4, support following design with respect to
· Resource allocation in time domain:
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· 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 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



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.
Allowing channel estimation interpolation across mini-slots/slot with the same TCI index is beneficial for channel estimation accuracy improvement if there is no DL/UL switching point between the two mini-slots/slots.
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.
For scheme 3 and scheme 4,
· There is no minimal gap between PDSCH mini-slot/slot groups.
· Support channel estimation interpolation across mini-slots/slot with the same TCI index if there is no DL/UL switching point between the two mini-slots/slots.
· 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 transmission occasions can be configured by higher layer signaling to map 2 TCI states to different transmission occasions.

3.1.2. Support of PDSCH repetition schemes with multiple PDCCHs
3.2. 
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. 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.

eMBB PDSCH transmission scheduled by single PDCCH
In RAN1 #98 meeting, the following agreements on DMRS port indication was achieved for multi-TRP eMBB transmission scheduled by single PDCCH.
	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



For NCJT transmission based on single-PDCCH multi-TRP, it was agreed to support layer combinations 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1. It was also agreed when 2 TCI states are indicated by a TCI code point, if indicated DMRS ports are from two CDM groups, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the second indicated CDM group. Based on above principles, layer combinations 1+1, 2+1 and 2+2 have been already supported in NR Rel-15 antenna port indication tables. The only remaining issue is how to support layer combination 1+2 for NR Rel-16 antenna port indication tables. Therefore, we propose to add one new antenna port entry {0, 2, 3} to support layer combination 1+2 without changing the ordering of CDM group as in NR Rel-15.
Support adding one new entry {0, 2, 3} to NR Rel-15 antenna port indications tables for multi-TRP transmission.

PDSCH transmission scheduled by multiple PDCCHs
In RAN1 #98 meeting, the following agreements were made for multi-TRP transmission scheduled by multiple PDCCHs.
	Agreement (for both ideal and non-ideal BH)
In case higher layer index per CORESET is configured, 
· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.
Conclusion
For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16.



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#98.
	Agreement
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.



We prefer Alt1 to avoid interference between multiple CRSs and PDSCH for both single DCI and multi-DCI based multi-TRP.
lte-CRS-ToMatchAround configured with multiple CRS patterns apply to all PDSCHs for both single DCI and multi-DCI.

PDCCH Enhancement for Multi-TRP
Remaining issues on BD/CCE upper limit
In RAN1 #98, agreement on TRP differentiation was achieved as follows:
	Agreement
For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.



In the following email discussion
	· 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, ,  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,   and , 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.



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.

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.

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. 
5. 
3 
4 
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1. 
1. 
12. 
[bookmark: _GoBack]In RAN1 #96 meeting [4], 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. 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.
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 proposals for multi-TRP transmission.
1. There is no need to introduce a new RRC parameter to configure joint or separate HARQ-ACK feedback.
For determining between separate HARQ-ACK feedback and joint HARQ-ACK feedback:
· Joint HARQ-ACK feedback is applied if one PUCCH-Config is configured and same sub-slot indices are indicated.
· Separate HARQ-ACK feedback is applied if multiple PUCCH-Configs are configured, or different sub-slot indices are indicated if one PUCCH-Config is configured.
For TDMed PUCCH transmission within a slot for separate ACK/NACK, 
· There is no need to configure explicit PUCCH resource grouping over resource or resource sets as separate PUCCH resources can be indicated by different sub-slot indices.
For joint dynamic HARQ-ACK codebook among multi-TRP, support 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.
For joint HARQ feedback, 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.
Support two PUCCHs per TRP for a UE.
For TDMed PUCCH in a slot,
· UE doesn’t expect a PUCCH for CSI/SR overlap with more than one PUCCH for HARQ-ACK.
· UE doesn’t expect a PUCCH overlap with PUCCH scheduled from another PUCCH-Config.
For overlapping between PUCCH and PUSCH
· UE doesn’t expect a PUSCH scheduled from one TRP overlap with any PUSCH/PUCCH scheduled from another TRP except for the case when there is only joint HARQ ACK/NACK feedback within a slot. 
Reuse the dynamic indication mechanism for PUSCH repetition in eURLLC to indicate the number of transmission occasions for scheme 3.
Support dynamic indication of number of transmission occasions for scheme 4.
Support combination of scheme 4 and other schemes.
For scheme 3 and scheme 4,
· When there is only one switching point, UE transmits on all available resources that are within DL symbols;
· When a nominal transmission occasion is split into multiple actual transmission occasions by DL/UL switching points, each actual transmission occasion of the one nominal transmission occasion apply different TCI states and is mapped with a different RV of the same TB.
For scheme 3 and scheme 4,
· There is no minimal gap between PDSCH mini-slot/slot groups.
· Support channel estimation interpolation across mini-slots/slot with the same TCI index if there is no DL/UL switching point between the two mini-slots/slots.
· 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 transmission occasions can be configured by higher layer signaling to map 2 TCI states to different transmission occasions.
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.
Support adding one new entry {0, 2, 3} to NR Rel-15 antenna port indications tables for multi-TRP transmission.
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.
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.
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.
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.
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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