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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Enhancements to multi-TRP/panel transmission is a key part of the Release 16 WI on NR MIMO enhancement [1]. It covers enhancement to both eMBB and URLLC transmissions from multiple TRPs or multiple panels.  In this contribution, we present our views on multi-TRP transmission for both eMBB and for URLLC in the DL direction. 

Multi-TRP/panel transmissions for eMBB 

 Single DCI-based transmission
DMRS for single-DCI PDSCH transmission

For single-DCI based PDSCH transmission, gNB needs to signal the DMRS ports used by both TRPs, where each TRP uses a CDM group. The following agreements were reached in RAN1#97 and #98:

Ran1#97 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

RAN1#98 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


In the following Table, we list the number of codewords supported for each allowed rank combinations of 1 CW for DMRS type 1 and 2 with 1 and 2 (Table 7.3.1.2.2-1/2/3/4 of 38.212) front-loaded DMRS symbols. It is clear that in all the DMRS tables, support for transmission rank (1+2) is lacking. 

Table 1. Number of DMRS port indication codewords for single-PDCCH/single-PDSCH with 1 CW supported by the Release 15 DMRS indication tables. 
	Transmission ranks from TRP1 and TRP2
	Table 7.3.1.2.2-1: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	Table 7.3.1.2.2-2: Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=2
	Table 7.3.1.2.2-3: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=1
	Table 7.3.1.2.2-4: Antenna port(s) (1000 + DMRS port), dmrs-Type=2, maxLength=2 

	(1+1)
	1
	1
	1
	1

	(1+2)
	0
	0
	0
	0

	(2+1)
	1
	1
	3
	3

	(2+2)
	1
	2
	2
	2



Given the conclusion of not supporting MU-MIMO for multi-TRP PDSCH in R16, there is no need to introduce more than one DMRS port indication for (1+2) for each DM-RS type/configuration. Any DMRS port combination supporting (1+2) is as good as any other. To The following table lists all the (1+2) port combinations for each of the tables. 

[bookmark: _Ref16238447]Table 2. DMRS port indicators for single-PDCCH scheduled multi-TRP PDSCH
	Transmission ranks from TRP1 and TRP2
	dmrs-Type=1, maxLength=1

	dmrs-Type=1, maxLength=2

	dmrs-Type=2, maxLength=1

	dmrs-Type=2, maxLength=2


	(1+2)
	(0;2,3)
	(0;2,3), (5;6,7)
	(0;2,3), (1;4,5), (0;4,2), (1;5,3)
	(0;2,3),(1;4,5), (0;4,2), (1;5,3),
(7;8,9), (5;2,3),
(6;10,11), (11;8,9)





We can see that the DMRS port combination of (0; 2,3) can be used for all DMRS tables. To simplify the design, we propose to add the (0; 2,3) to all the DMRS tables. In all DMRS tables (Table 7.3.1.2.2-1/2/3/4 of 38.212) of R15, there are some values reserved. The first reserved value in R15 table can be used as the new port indication for (0; 2,3). 

Proposal 1: Add the entry (0; 2,3) to Table 7.3.1.2.2-1/2/3/4 of 38.212 using the first reserved value from R15. 

PTRS for single DCI based multi-TRP transmission
PT-RS with single port are defined in Rel-15 for single TRP DL transmission in FR2 for the phase noise estimation. All PDSCH antenna ports share a same crystal oscillator, so the phase noise of different antenna ports are correlated and can be estimated by the single PT-RS ports. However, for the single-DCI (S-DCI) based multi-TRP (M-TRP) DL transmission, one DCI can schedule a PDSCH transmitted by different TRPs where Different TRPs may transmit different spatial layers of the scheduled PDSCH. It is impossible that multiple TRPs share the same crystal oscillator. Sot two ports PT-RS is required to support the S-DCI based M-TRP DL transmission in Rel-16 and each PT-RS antenna port should be associated with one DMRS port.
Based on the current agreement, up to 4 spatial layers with single codeword can be scheduled by a DCI for a PDSCH transmitted from two TRPs. Two CDM groups are also required and are indicated by the ‘antenna port(s)’ field in the DCI.  One simple way is that PT-RS port 0 is associated with the PT-RS antenna port 0 is associated with the lowest indexed DMRS antenna port among the indicated DMRS antenna ports within the first CDM group and PT-RS antenna port 1 is associated with the lowest indexed DMRS antenna port among the indicated DM-RS antenna ports within the second CDM group.
Proposal 2: Two ports PT-RS should be supported for single DCI based multi-TRP transmission in FR2.
Proposal 3: PT-RS port 0 is associated with the PT-RS antenna port 0 is associated with the lowest indexed DMRS antenna port among the indicated DMRS antenna ports within the first CDM group and PT-RS antenna port 1 is associated with the lowest indexed DMRS antenna port among the indicated DM-RS antenna ports within the second CDM group.


Multi-DCI based transmission
Higher layer CORESET index
As agreed in RAN1 #97, a higher layer signaling index per CORESET can be used to generate separated ACK/NACK codebook. The index is used to distinguish HARQ-ACK for different TRPs. When configured, this index can be used to generate joint semi-static HARQ-ACK, and to determine which dataScramblingIdentityPDSCH is use for PDSCHs scheduled and transmitted from different TRPs. For multi-DCI scheduled multi-PDSCH, different PDSCHs sent from different TRPs may have different RRC configuration parameters, including at least the following:

· Data scrambling ID (dataScramblingIdentityPDSCH)
· DMRS-configuration (dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB)
· tci-State
· RBG-size
· MCS-table 
· PRB-bundling

It has been agreed that the parameter dataScramblingIdentityPDSCH can be associated with the higher layer signalling index per CORESET (if configured).
RAN1#98 Agreement
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

It makes sense to apply the higher layer index per CORESET to the other RRC configured parameters. Multiple instances of the same RRC parameters can be included in the PDSCH RRC configuration for the UE. Association between these RRC parameters and the higher layer CORESET index is required in order for the UE to know which parameter to use when receiving a PDSCH scheduled by a DCI Format 1_1 transmitted via PDCCH over a given CORESET. One way to establish one-to-one relationship between the RRC parameters and the higher layer CORESET indices through RRC configuration. This also makes the higher layer COREST index mandatory, at least for the multi-DCI multi-PDSCH case.  We propose the following:
Proposal 4: The higher layer CORESET index shall be configured for multi-DCI multi-PDSCH multi-TRP transmission.
Proposal 5: Establish an one-to-one relationship between the higher layer CORESET indices and the PDSCH RRC parameters for multi-TRP through RRC configuration. 


PUCCH for separate ACK/NACK feedback to multi TRP

The RAN1#98 agreements concerning PUCCH resource configuration and transmission are as follows: 

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.

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

Considering the CSI report, a PUCCH resource is configured for a CSI report, and it only needs to follow the indicator in the UE side. However, the PUCCH resource carrying CSI may overlap with a PUCCH resource carrying HARQ-ACK. It needs to be determined whether the CSI and the HARQ-ACK can be multiplexed in a same PUCCH resource in on the UE side. Given HARQ-ACK can be distinguished by a higher layer signaling index, CSI should also be distinguishable for UCI multiplexing. Therefore, we proposal that a higher layer signaling index should be configured for CSI report to distinguish which TRP the report is for.
Proposal  6: A higher layer signaling index should be configured in CSI report.

During the meeting RAN #98, two options about PUCCH configuration are proposed for down selection.

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.

Before we discuss which option should be selected, we first analysis how PUCCH resource carry UCI in NR R15 and how UCI should be transmitted in M-DCI NCJT transmission. 
First, a UE needs to know which PUCCH resource it can transmit the UCI in as well as which TRP a UCI is for in order to transmit the UCI in the PUCCH resource to the correct TRP. For HARQ-ACK transmission, it is agreed that a higher layer signaling is configured to enable UE to distinguish the TRP it is associated with. For CSI transmission, as we propose early, a higher layer signaling is also needed to be configured to enable UE to distinguish the TRP it is associated with. Therefore, UE can know exactly the TRP which each UCI is associated with. 
Second, a UE should determine a PUCCH resource to carry the corresponding UCI. For a PUCCH resource carrying HARQ-ACK corresponding to PDSCH scheduled by PDCCH, the PUCCH resource is determined by the payload sizes of the HARQ-ACK and the PUCCH resource indicator in the corresponding DCI. For a PUCCH resource carrying HARQ-ACK corresponding to SPS PDSCH or carrying CSI, the PUCCH resource is configured by high layer. Therefore, the transmission of only HARQ-ACK corresponding to PDSCH scheduled by PDCCH, only HARQ-ACK corresponding to SPS PDSCH, or only CSI, the PUCCH resource is determined by the gNB. A UE just needs to follow the gNB’s direction. However, if multiple UCIs are transmitted in a same slot, multiple UCIs should be multiplexed and PUCCH resource reselection is required. Similarly to NR R15, if multi-CSI-PUCCH resource lists are configured, all the CSI corresponding to a same TRP should be multiplexed in a PUCCH resource which is determined by the payload size of all CSIs. However, if the UE cannot know which TRP the PUCCH resources in the multi-CSI-PUCCH resource lists are for, it may select a PUCCH resource transmitted to a wrong TRP. Therefore, it is necessary for the UE to know which TRP the PUCCH resource configured in the multi-CSI-PUCCCH resource list corresponds to. For this case, an explicit configuration PUCCH grouping over PUCCH resources is very necessary in multiple DCI based multiple TRPs case. After this configuration, one PUCCH resource group can be associated with a TRP. Therefore, once an explicit configuration of PUCCH resource group is configured, only the resources belong to a PUCCH resource group associated with targeted TRP can be selected in the multi-CSI-PUCCH resource lists in UE side. It won’t select a PUCCH resource targeting a wrong TRP anymore. Besides, explicit configuration PUCCH grouping is also very helpful to the PUCCH resource indicating of HARQ ACK transmission or the PUCCH resource configuration of CSI report since it will simplify the gNB’s scheduling or configuration. Based the analysis, we proposal that:
Proposal 7: Support configuring explicit PUCCH resource grouping over resource or resource sets.

For multiple TRPs connected with backhaul with long latency, the ACK/NACK for different TRPs should be transmitted to the respective TRP separately. Supporting TDMed PUCCH transmission for separated ACK/NACK to different TPRs has already been agreed to in RAN1 #96B. Three alternatives for PUCCH resource configurations were proposed. Both Alt 1 and Alt 2 propose that the PUCCH resource carrying ACK/NACK for different TRPs should be configured as TDM. It can ensure that the ACK/NACK to different TRPs can always be transmitted if they are scheduled to be transmitted in a same slot, and simplify the UE’s behavior since it only needs to follow TRP’s scheduling without PUCCH resource reselection as in the overlapping cases. In NR R15 specification, one short PUCCH resource can be occupy at most 2 OFDM symbols, and a long PUCCH resource can occupy no less than 4 OFDM symbols. In some cases, a UE should use a long type PUCCH resource to transmit ACK/NACK where the long type PUCCH may occupy 7 or more than 7 symbols to ensure the PUCCH’s coverage. Besides, the ACK/NACK transmission corresponds to scheduled PDSCH is dynamic and one TRP is not aware the scheduling of the other TRP, which prevents coordination of ACK/NACK transmission for multiple TRPs with non-ideal backhaul. Therefore, if a PUCCH resource with more than 7 symbols is configured for one TRP’s ACK/NACK transmission, then all the PUCCH resources with no less than 7 symbols can’t be configured for another TRP’s ACK/NACK transmission. According to the analysis, a UE can’t be configured with PUCCH resource(s) for ACK/NACK transmission with more than 7 symbols for both of TRPs if using Alt1 and Alt2’s configuration. This severely limits the TRP’s scheduling and use case if applying Alt1 and Alt2. On the other side, Alt3 allows the PUCCH resources configured for different TRPs to overlap which can cover all the use cases and don’t limit the TRP’s scheduling. Therefore, we proposal that overlapping of PUCCH resource should be allowed for multiple TRPs.
Proposal 8: Support overlapped PUCCH resource configuration among multiple TRPs.

UCI multiplexing in multiple TRPs

To accommodate at least separate feedback to the TRPs, UCIs should be multiplexed per TRP first. If the NR R15 specification is reused directly, at most 2 PUCCH resources will be determined per TRP. There are up to 4 PUCCH resources determined for two TRPs on the UE side. Potential overlapping of PUCCH resources corresponding to different TRPs may result in the dropping of UCIs. Because the HARQ-ACK is very important to the network throughput, how to ensure the HARQ-ACK transmission corresponding to both TRPs should be studied. Therefore it is necessary to simplify the HARQ-ACK multiplexing with other UCIs. For example, just one PUCCH resource is determined to carry all HARQ-ACK and UCI that correspond to a same TRP. In order to improve the probability of HARQ-ACK transmission, it is desirable that PUCCH resources can be found to carry all HARQ-ACK transmissions for both TRPs. By introducing candidate PUCCH resources for HARQ-ACK transmission, we can improve the likelihood that the HARQ-ACK for both TRPs are transmitted. 

In Fig 1, PUCCH resource 1 is determined to carry all the HARQ-ACK and other UCIs corresponding to TRP 1, and PUCCH resource 3 is a candidate PUCCH resource to carry only HARQ-ACK corresponding to TRP 1. Similarly, PUCCH resource 2 is determined to carry all HARQ-ACK and other UCIs corresponding to TRP 2, and PUCCH resource 4 is a candidate PUCCH resource to carry only HARQ-ACK corresponding to TRP 2. This leads to 4 PUCCH resource pairs which is composed of 2 PUCCH resources corresponding to different TRPs. A UE will first determine if there is any non-overlapping PUCCH resource pair. If yes, then UE will select a PUCCH resource pair out of all PUCCH resource pair non-overlapping for transmission. The selecting can be up to UE’s implementation or other predefined rule. Therefore, all the HARQ-ACK corresponding to both TRPs can be transmitted which is very beneficial to the network throughput. If no non-overlapping PUCCH resource pair can be found, UE should select one PUCCH resource out of PUCCH resource 1 and PUCCH resource 2 to be transmitted. According to the above analysis, we proposal that:
Proposal 9: UCI should be multiplexed per TRP first.
Proposal 10: UCI multiplexing should be simplified to improve the probability of HARQ-ACK transmission.

PUCCH resource 1 (HARQ-ACK and other UCIs)
PUCCH resource 2 (HARQ-ACK and other UCIs)
PUCCH resource 3 (HARQ-ACK only)
PUCCH resource 4 (HARQ-ACK only)
TRP 1
TRP 2
PUCCH resource pair 1 1
PUCCH resource pair 4 1
PUCCH resource pair 2 1P
PUCCH resource pair 3 1

Fig 1 Illustration of PUCCH resource determination in UE side


Joint ACK/NACK feedback to multi TRPs with ideal backhauls

The following agreements were reached on joint HARQ-HACK codebook generation:

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)).

In Rel-15 ACK/NACK dynamic codebook, the PDCCH monitoring occasions are iterated, where for each PDCCH monitoring occasion the ACK/NACK bits corresponding to all the CC’s of a TRP are concatenated in increasing order. To maintain maximal compatibility with Rel-15, it is best that the HARQ-ACK bits of Rel-15is reused for individual TRP, and the codebook of different TRPs are concatenated by increasing order of TRPs following the higher layer signaling indices of the CORESETs assigned to the TRPs. The definition of monitored PDCCH occasion of Rel-15 can still apply. In DCI format 1_1, gNB should update the DAI value separately for different TRPs in order to prevent confusion. The DAI value of the TRP with the higher layer configured signaling index of the CORESETs is used by the UE to construct the HARQ-ACK codebook of the corresponding TRP.  This has minimal standard impact and leads to minimal change to the UE and the gNB. So we have the following proposal:
Proposal 11: For HARQ-ACK bit multiplexing, HARQ-ACK bits from different TRPs as identified by the higher layer configured CORESET indices are concatenated in increasing order.
Proposal 12: Alt.2 should be supported. 

For joint ACK/NACK feedback, the UE will only feedback a HARQ-ACK codebook in a slot using the PUCCH resource indicated by the last received DCI. A UE may receive two DCIs in a slot for M-DCI based M-TRP transmission, and the last DCIs transmitted by two TRPs may be received in the same slot. Based on the assumption that those two DCIs transmitted from different CORESETs associated with different TRPs, the last DCI for the PUCCH resource determination can be determined by the following rule:
Proposal 13: If two last DCIs transmitted from two TRPs are received in a same slot, the UE will take the DCI transmitted from the CORESET with lower CORESET-ID as the last DCI for the PUCCH resource determination for ACK/NACK feedback. 

SR transmission
SR is transmitted in dedicated PUCCH resources which is configured by high layers. Considering the utilization of UL resource and power controlling of PUCCH resource, practically each PUCCH resource can only be received by one TRP when multiple TRPs are deployed in a cell. Therefore, one PUCCH resource is associated with one TRP. As we mentioned before, only UCIs associated with a same TRP can be multiplexed together. UCI contains HARQ-ACK, CSI and SR. HARQ-ACK and CSI must be feedback to the corresponding TRP in the case where the backhaul of TRPs has a large time delay. However, SR is a UL scheduling request, it doesn’t need to be received by a specified TRP since both TRPs can schedule UL resource for a UE. Therefore a UE can send a SR to any of the TRPs, even every PUCCH resource configured for SR transmission is associated with a specified TRP. Considering that the SR transmission is configured by RRC, both TRPs can know in which slot there may be a SR transmission. It is feasible that the SR can be multiplexed to a PUCCH resource which is associated with a different TRP. Considering the overlapping of PUCCH resources associated with different TRPs in a UE side, it can increase the probability of SR transmission if SR transmission is not bundled with the TRP which the PUCCH resource configured for SR transmission is associated with. Base on the analysis above, we proposal that:
Proposal 14: SR transmission is not necessarily transmitted to a specified TRP, it can be multiplexed with other UCIs and transmitted to any TRP.

BWP operation for multi-DCI based multi-TRP transmission
A UE can only transmit or receive in a single BWP. BWP switching is supported in Rel-15 based on DCI format 0_1/1_1 or higher layer configured timer. Two BWP switching indications can be received by one UE in a slot for multi-DCI based multi-TRP transmission, the corresponding UE behavior should be defined. For timer-based BWP switching, UE behaviour may also different if different DCIs are received from different TRPs.
For the DCI based BWP switching, the BWP switching command may be firstly coordinated among TRPs and the UE does not expect to receive multiple DCIs in the same slot indicating different DL or UL BWP changes. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]If a UE detects two DCIs indicating a same active DL BWP change in a same slot, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the DCI that indicates a DL BWP change in a scheduling cell until the beginning of a slot indicated by the smaller slot offset value of the time domain resource assignment fields in the two DCI as illustrated in Figure 1.


[bookmark: _Ref19022624]Figure 1 Multi-DCI based BWP switching with ideal coordination

Proposal 15: The UE does not expect to receive multiple DCIs in the same slot indicating different DL or UL BWP changes.
Proposal 16: If a UE detects two DCIs indicating a same active DL BWP change in a same slot, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the DCI until the beginning of a slot indicated by the smaller slot offset value of the time domain resource assignment fields in the two DCI.

[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For timer based BWP activation/deactivation in Rel-15, and a timer value is configured by the higher layer parameter bwp-InactivityTimer and the timer is running, the UE decrements the timer at the end of a subframe for FR1 or at the end of a half subframe for FR2 if for FR2 if the UE does not detect a DCI format 1_1 for paired spectrum or if the UE does not detect a DCI format 1_1 or DCI format 0_1 for unpaired spectrum during the interval. The UE switches to the default DL BWP from an active DL BWP when the timer expires. 
For the M-DCI based M-TRP DL transmission, one question is when the UE will restart the timer. One option is that the UE will restart the timer upon detect a DCI format 1_1 transmitted from any TRP and another option is that the UE only restart the timer upon detect a DCI format 1_1 transmitted from a specify TRP. And we think which option should be employed can be configured by the network, so we have the following proposal: 
Proposal 17: The network can configure the UE to restart the timer upon detect a DCI format 1_1 transmitted from any TRP or a specify TRP during a subframe in FR1 or a half subframe in FR2.

[bookmark: _GoBack]For the option that the UE only restart the timer upon detect a DCI format 1_1 transmitted from a specify TRP, the index configured for each CORESET can be used for TRP distinguishing. So we have the following proposal:
Proposal 18: The UE can only restart the timer upon detect a DCI format 1_1 transmitted from a CORESET configured with a lower index value.

Rate matching for multi-DCI based multi-PDSCH transmission

In RAN1#98 meeting, two options for CRS rate matching were proposed and ready for down selection: 

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.

Because CRS is from LTE system occupying the same bandwidth as NR, CRS is transmitted independently of the NR PDSCH transmission, regardless of the NR TRP transmitting the PDCCH and the PDSCH. PDSCH transmitted from different TRPs are affected by LTE CRS in the same REs. The NR PDSCH should rate match around LTE CRS. The same CRS pattern can be configured and apply to all PDSCH transmitted from multiple TRPs. We therefore support Alt1.

Proposal 19: Support Alt 1 for CRS pattern configuration (configured CRS patterns for all PDSCHs transmitted from multiple TRPs).

Multi-TRP/panel transmission for URLLC 
 Beam Switching Delays for Schemes 3 and 4
Multi-TRP transmissions are expected to be beneficial when the UE has similar received signal conditions from the different TRPs. Thus, large differences in pathloss between two TRPs which can cause distortions due to the response time of the AGC circuit when switching TRPs are not likely and can be avoided by proper scheduling and gNB implementation. Thus, no restriction on minimal gap needed between transmission occasions is needed. 
Proposal 20: No minimal gap restriction between PDSCH mini-slot/slot groups is needed. 

In FR2, beam switching delay is needed in case the PDCCH scheduling the PDSCH indicates a TCI state other than that used for PDCCH for reception of the PDSCH. This beam switch delay in Rel-15 is as small as 7 symbols for 60 KHz and 14 symbols for 120 KHz from the point of receiving the last symbol of the single PDCCH to the point of receiving the first symbol of the PDSCH. Shortening the beam switch delay should be supported in Rel-16 for a UE supporting URLLC.
Proposal 21: For single-DCI based M-TRP URLLC schemes 3 & 4, study the feasibility of shortening 
the beam switch delay relative to what is supported in Rel-15.

Moreover, to account for the beam switch delay (timeDurationForQCL), transmission occasions in the same slot as the PDCCH which overlap with beam switch time can use the same TCI state/QCL assumption as CORESET used for PDCCH. For transmission occasions in slot other than the slot with PDCCH that overlap with the beam switch time, the Rel-15 behavior of PDSCH DM-RS ports QCL with RS of CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot is used. 
Proposal 22: To account for the beam switch delay in FR2, transmission occasions in the same slot 
as the PDCCH which overlap with beam switch time use the TCI state/QCL assumption as 
CORESET used for PDCCH. For transmission occasions in slot other than the slot with PDCCH 
that overlap with the beam switch time, the Rel-15 behavior of lowest CORESET-ID in the slot is re-
used. 
Remaining Issues on Time-Domain Resource Allocation for Schemes 3 and 4
Regarding the number of repetitions, when using PDSCH mapping type B and with minislot length L=2, the maximum possible number of repetitions within a slot is 7. For L = 4, you cannot have more than 3 repetitions. However it was agreed that for single-DCI based M-TRP URLLC scheme 3 & 4, the maximum number of TCI states is 2. With this limitation on the number of TCI states, having two transmission occasions per slot for scheme 3, one from each TRP, is sufficient. 
Proposal 23: For scheme 3, the maximum number of transmission occasions is 2.  

With the maximum number of repetitions restricted to 2 for scheme 3, the UE can dynamically determine the actual number of transmitted repetitions via the number of TCI states indicated in the TCI codepoint of the scheduling DCI. 
Proposal 24: (Option 2) For the indication of  the number of transmission occasions for scheme 3, 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.

To support multiple transmission occasions within a single slot for scheme 3, no change is needed in the signaling of the time domain resources inside the DCI. In FR1, the two repetitions can be send back to back, and therefore indicating the start and duration of the first transmission in the DCI is sufficient for the UE to determine the symbols of the second transmission occasion. In FR2, restrictions regarding gap for beam switching delays depending on subcarrier spacing may be needed, so a fixed/configurable offset can be used between the two transmission occasions, with no need to change the TD-RA field.
Proposal 25: For scheme 3, 
· No change is needed in the signaling of the time domain resources. 
· Use a fixed offset between the two transmission occasions within a slot
· For FR1, the offset is zero
· For FR2, the offset is a function of the subcarrier spacing

As for indicating the number of transmission occasions for scheme 4, at this stage, we do not support modifying the TD-RA field to schedule resources across the slot boundary. We instead propose using higher layer signalling to achieve this, similar to that of Release 15 slot aggregation scheme, while using a different parameter than the pdsch-AggregationFactor. 
Proposal 26: The indication of  the number of transmission occasions for scheme 4 is done by high-
layer signalling following Rel-15 mechanism.

Moreover for scheme 4, the indicated TCI states are cyclically mapped to the transmission occasions in the order of indication. Thus, for N indicated TCI states, the TCI state for the nth transmission occasion is given by  .  
Proposal 27: Map indicated TCI states cyclically to the transmission occasions.  For N indicated 
TCI states, the TCI state for the nth transmission occasion is n mod N

Finally, we note that typical use cases of scheme 4, are URLLC transmissions without very tight latency requirements and with relatively large packet sizes. Scheme 4 transmission occasions should have more than 7 symbols of a slot. Mini-slot transmissions (2, 4, 7 symbol duration) are not suitable for scheme 4 because of the large symbol gap incurred between with the various transmission occasions across slots. In this case, scheme 3 would be more suitable to use where we have minislot transmissions within a slot and HARQ retransmissions across slots.   
Proposal 28: Support dynamic switching between scheme 3 and 4 based on the duration of 
the PDSCH transmssion. If the duration is greater than 7 symbols, it is identified as scheme 4, otherwise it is scheme 3. 

Redundancy Version Sequences for Schemes 3 and 4
In Release 15, there is one base RV sequence {0, 2, 3, 1}, and the 2-bit RV id (rvid ) field in the DCI indicates the starting RV value. In this case every second retransmission is self-decodable under typical scenarios, and this RV sequence can achieve high soft combining gain when each repetition experiences similar channel quality (from a single TRP). For the case of two TRP transmissions, RV sequence design should take into account the possibility of blockage of one TRP. 
A similar mechanism can still be adopted for M-TRP URLLC schemes 3 and 4. Consecutive transmission occasions (with TCI state cycling) use different RVs according to the base RV sequence and starting RV index (rvid ) indicated in DCI. For scheme 3, this is sufficient since we assume only two repetitions within a slot and the first TRP (from which the DCI is sent) applies rvid  (e.g., RV0 or RV3 to the first transmission) on the first transmission occasion, and the second TRP applies the next RV in the base RV sequence {0, 2, 3, 1} following rvid. For scheme 4, when the number of repetitions exceeds 4 (number of transmission occasions is less or equal to 8), successive transmissions from the same TRP should use different RVs to ensure second TRP can use RV0 / RV3 which include systematic bits. One example to achieve this is for every 4th transmission occasion boundary (starting from n=4; first transmission occasion is n=0 and 2 TRP/TCI-states), update the starting RV index to rvid .  
Proposal 29: For single-DCI based M-TRP URLLC scheme 3 and 4, reuse Rel-15 base RVsequence and map consecutive transmission occasions (with TCI state cycling) to use different RVs 
according starting RV index indicated in DCI. Successive transmissions from the same TRP should 
use different RVs. 

For scheme 3, if the UE is configured with pdsch-AggregationFactor, the same symbol allocation indicated by the DCI, will be applied across the pdsch-AggregationFactor consecutive slots. Given the above RV sequence mapping design, we can readily combine schemes 3 with Rel-15 slot aggregation mechanism. According to proposal 29, the first TRP uses table 5.1.2.1-2 in 38.214 to determine the redundancy version for its nth transmission occasion (in the nth slot of the pdsch-AggregationFactor consecutive slots) whereas the second TRP uses the next RV in the base RV sequence {0, 2, 3, 1}.  
Table 5.1.2.1-2: Applied redundancy version when pdsch-AggregationFactor is present
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to nth transmission occasion

	
	n mod 4 = 0
	n mod 4 = 1
	n mod 4 = 2
	n mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



Interpolation of Channel Estimation for Schemes 3 and 4
In release 15 NR, inter-slot interpolation of the channel estimates in PDSCH slot aggregation is not allowed due to potential change in antenna virtualization or precoding across slots (In section 4.4.1 of TS38.211, “For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in clause 5.1.2.3 of [6, TS 38.214]”). For similar reason, for schemes 3 and 4, channel estimation interpolation across slots with the same TCI index should not be allowed. 

Proposal 30: UE shall not assume that the channel over which a PDSCH symbol on one antenna port 
is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port 
is conveyed if the PDSCH symbol and the DM-RS symbol of the scheduled PDSCH resource are in 
different slots with the same TCI index. 

Conclusion
We have discussed multi-TRP/multi-panel DL transmission for both eMBB and URLLC. Our proposals are summarized below:
Proposal 1: Add the entry (0; 2,3) to Table 7.3.1.2.2-1/2/3/4 of 38.212 using the first reserved value from R15. 
Proposal 2: Two ports PT-RS should be supported for single DCI based multi-TRP transmission in FR2.
Proposal 3: PT-RS port 0 is associated with the PT-RS antenna port 0 is associated with the lowest indexed DMRS antenna port among the indicated DMRS antenna ports within the first CDM group and PT-RS antenna port 1 is associated with the lowest indexed DMRS antenna port among the indicated DM-RS antenna ports within the second CDM group.
Proposal 4: The higher layer CORESET index shall be configured for multi-DCI multi-PDSCH multi-TRP transmission.
Proposal 5: Establish an one-to-one relationship between the higher layer CORESET indices and the PDSCH RRC parameters for multi-TRP through RRC configuration. 
Proposal  6: A higher layer signaling index should be configured in CSI report.
Proposal 7: Support configuring explicit PUCCH resource grouping over resource or resource sets.
Proposal 8: Support overlapped PUCCH resource configuration among multiple TRPs.
Proposal 9: UCI should be multiplexed per TRP first.
Proposal 10: UCI multiplexing should be simplified to improve the probability of HARQ-ACK transmission.
Proposal 11: For HARQ-ACK bit multiplexing, HARQ-ACK bits from different TRPs as identified by the higher layer configured CORESET indices are concatenated in increasing order.
Proposal 12: Alt.2 should be supported. 
Proposal 13: If two last DCIs transmitted from two TRPs are received in a same slot, the UE will take the DCI transmitted from the CORESET with lower CORESET-ID as the last DCI for the PUCCH resource determination for ACK/NACK feedback. 
Proposal 14: SR transmission is not necessarily transmitted to a specified TRP, it can be multiplexed with other UCIs and transmitted to any TRP.
Proposal 15: The UE does not expect to receive multiple DCIs in the same slot indicating different DL or UL BWP changes.
Proposal 16: If a UE detects two DCIs indicating a same active DL BWP change in a same slot, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the DCI until the beginning of a slot indicated by the smaller slot offset value of the time domain resource assignment fields in the two DCI.
Proposal 17: The network can configure the UE to restart the timer upon detect a DCI format 1_1 transmitted from any TRP or a specify TRP during a subframe in FR1 or a half subframe in FR2.
Proposal 18: The UE can only restart the timer upon detect a DCI format 1_1 transmitted from a CORESET configured with a lower index value.
Proposal 19: Support Alt 1 for CRS pattern configuration (configured CRS patterns for all PDSCHs transmitted from multiple TRPs).
Proposal 20: No minimal gap restriction between PDSCH mini-slot/slot groups is needed. 

Proposal 21: For single-DCI based M-TRP URLLC schemes 3 & 4, study the feasibility of shortening 
the beam switch delay relative to what is supported in Rel-15.

Proposal 22: To account for the beam switch delay in FR2, transmission occasions in the same slot 
as the PDCCH which overlap with beam switch time use the TCI state/QCL assumption as 
CORESET used for PDCCH. For transmission occasions in slot other than the slot with PDCCH 
that overlap with the beam switch time, the Rel-15 behavior of lowest CORESET-ID in the slot is re-
used. 

Proposal 23: For scheme 3, the maximum number of transmission occasions is 2.  

Proposal 24: (Option 2) For the indication of  the number of transmission occasions for scheme 3, 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.

Proposal 25: For scheme 3, 
· No change is needed in the signaling of the time domain resources. 
· Use a fixed offset between the two transmission occasions within a slot
· For FR1, the offset is zero
· For FR2, the offset is a function of the subcarrier spacing

Proposal 26: The indication of  the number of transmission occasions for scheme 4 is done by high-
layer signalling following Rel-15 mechanism.

Proposal 27: Map indicated TCI states cyclically to the transmission occasions.  For N indicated 
TCI states, the TCI state for the nth transmission occasion is n mod N

Proposal 28: Support dynamic switching between scheme 3 and 4 based on the duration of the 
PDSCH transmssion. If the duration is greater than 7 symbols, it is identified as scheme 4, otherwise
it is scheme 3. 

Proposal 29: For single-DCI based M-TRP URLLC scheme 3 and 4, reuse Rel-15 base RV 
sequence and map consecutive transmission occasions (with TCI state cycling) to use different RVs 
according starting RV index indicated in DCI. Successive transmissions from the same TRP should 
use different RVs. 

Proposal 30: UE shall not assume that the channel over which a PDSCH symbol on one antenna port 
is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port 
is conveyed if the PDSCH symbol and the DM-RS symbol of the scheduled PDSCH resource are in 
different slots with the same TCI index. 
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