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Introduction
[bookmark: _Ref494215420]The following agreements on multi-TRP/panel for eMBB have been achieved in RAN1 #AH_1901 meeting [1]:
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3

Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs

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, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching

Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact

In this contribution, we will present our opinions about enhancements on multi-TRP/panel transmission, including multiple-PDCCH and single-PDCCH based transmission, otherwise, CSI enhancement for NC-JT is also discussed.
Discussion
Multiple-PDCCH based design
In our understanding, multiple-PDCCH is typically configured in non-ideal backhaul scenario. Therefore, unless otherwise stated, in this section we will focus on the discussion on multiple-PDCCH design for non-ideal backhaul scenario.
According to the agreements from the last meeting, the upper limit X of the total number of CWs in scheduled PDSCHs for multiple-PDCCH based multi-TRP/panel transmission has not reached a final conclusion, and the FFS part is whether to support X=3. In terms of UE implementation complexity, supporting 3 CWs (NC-JT with max. 3 cooperative TRPs) will increase the BD/CCE complexity, so the total number of CWs being up to 3 should be excluded in RAN1 #96 meeting.
Proposal 1: X=3 should not be supported.
In the case of joint ACK/NACK payload, multiple TRPs need to coordinate the PUCCH resource index information over the backhaul. Furthermore, the multiple TRPs may need to coordinate the received ACK/NACK information bits to form a joint decoding/detection result after the reception of PUCCH. Otherwise, gNB may not be able to identify which PDSCH the ACK/NACK bits are corresponding to. Considering the delay between TRPs, it may not be possible for TRPs to share the information opportunely. Therefore, joint ACK/NACK payload for multiple-PDCCH case should not be supported.
Proposal 2: Joint ACK/NACK payload for multiple-PDCCH case should not be supported.
In Rel-15 specification, the maximum number of 16 HARQ processes per cell is supported by the UE for downlink transmission, and the UE maximum soft buffer size for a single serving cell can be calculated as followed:

For multi-TRP transmission in Rel-16, if the maximum number of HARQ processes for a UE in a single serving cell remains the same, there will be some problems:
· Different from the current DCI format in Rel-15, which contains 4 bits to indicate the HARQ process ID, only 8 HARQ processes are needed for each link.
· Different from the UE maximum soft buffer in Rel-15, the UE maximum soft buffer size for multi-TRP transmission per cell is:

Based on the analysis, half of the UE soft buffer to be unoccupied, resulting in unnecessary waste. In order to maintain consistency with the maximum buffer size of the UE in Rel-15, a UE maximum number of HARQ processes should be 32 for NC-JT.
Proposal 3: A UE maximum number of HARQ processes should be 32 for NC-JT, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB, the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs.
the UE may be scheduled witCCH based multi-TRP/panel transmission and each PDCCH schedules on PDSCH, at least for eMBB with non There are three alternatives about PDSCH resource allocation from last meeting, where Alt 2 supports that UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain.
In our opinion, if the partially overlapped PDSCH at time and frequency domain is allowed, the interference from TRP2 on DMRS from TRP1 in overlapped RB is different from in non-overlapped RB, which means that UE needs to estimate the interference separately for overlapped part and non-overlapped part, and the UE complexity will be increased and more channel estimation issues will be introduced. Thus, we prefer Alt. 2.
Proposal 4: Support Alt.2: UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain.
For multiple-PDCCH based multi-TRP/panel transmission, at least for eMBB, following RRC configuration alternatives can be used to differentiate multiple PDCCH/PDSCH pairs from different TRPs:
· Alt 1: support multiple “PDCCH-config” per serving cell so that CORESETs/search space sets in each “PDCCH-config” correspond to one TRP 
· Alt 2: each CORESET in the “PDCCH-config” corresponds to one TRP
· Alt 3: each CORESET in the “PDCCH-config” corresponds to multiple TRPs with multiple TCI states
In Rel-15 specification, one TCI state is configured per CORESET. For Rel-16, in our opinion, the principle should be kept the same. Thus, different TRPs should be configured with different CORESETs. However, considering at most 3 CORESETs can be configured for a TRP per BWP in Rel-15, the extension is necessary, e.g., up to 4 or 6 CORESETs can be configured for each TRP per BWP for multi-TRP case.
Proposal 5: Support different CORESET configuration for different TRPs and each CORESET in the “PDCCH-config” corresponds to one TRP.
In Rel-15, PDSCH is scrambled by a pseudo-random sequence to achieve interference randomization to avoid persistent interference. The scrambling sequence is initiated differently when two CWs are scheduled. For multiple-PDCCH case, if following the Rel-15 specification, the scrambling sequences for PDSCHs from different TRPs in the same serving cell are the same for a UE. Thus, enhancement on PDSCH scrambling is necessary. When designing PDSCH scrambling sequences for TRP, two things need to be solved: the first thing is how each TRP knows its own scrambling sequence, and the second thing is how UE knows the scrambling sequence per TRP/PDSCH. One direct method is relying on NW semi-static configuration, but it would bring RAN2 spec impact. 
Observation 1: Enhancement on PDSCH scrambling for multiple-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.
Single-PDCCH based design
The link quality from different TRPs may be quite different, thus the corresponding MCS should be dedicatedly configured. Otherwise, it may cause some performance loss. In order to ensure the system performance of NC-JT, with different MCS configuration for each link, different TRPs should transmit different CWs. That is to say, two CWs are essential for NC-JT transmission for single PDCCH case.
Proposal 6: For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP, with the number of 2 CWs in scheduled PDSCH.
However, it is known that only 1 CW can be scheduled for a given UE if the number of total number of MIMO layers is no more than 4 in R15. Thus, enhancement on CW to layer mapping is needed to support 2 CWs scheduling when the number of layers is no more than 4.
Proposal 7: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
Comparing with single-PDCCH based single-TRP transmission, the main difference for single-PDCCH based NC-JT is that the two scheduled CWs are transmitted from two TRPs. For downlink NC-JT scheduling, we can consider using DCI format 1_1 as starting point of DCI design. Some necessary enhancements should be studied to meet the trade-off between flexibility and simplicity.
For time and frequency resource allocation, in order to support partial/non-overlapping resources for each TRP, we need to duplicate the corresponding fields. However, this approach will increase the DCI size too much, and the performance gain is not clear considering single-PDCCH based scheduling. Similar to LTE CoMP, for single-PDCCH based NC-JT, only full overlapping resource allocation should be supported. In addition, there’s no need to support different VRB-to-PRB mapping or PRB bundling size for each TRP.
For rate matching, several companies have already proposed to study potential enhancements. From our view, it’s reasonable to indicate different rate matching resources for each TRP. For example, if NZP CSI-RS is configured to be transmitted from one TRP, it’s not necessary for the CW from another TRP to rate match around it. The same consideration can be applied to other rate matching resources. 
For DMRS port indication, we can consider using the agreement made during Rel-15 discussion as starting point, which two groups of DMRS ports are scheduled for the PDSCH, each group corresponds to one TRP. 
For CBG based re-transmission, it’s straightforward to reuse the CBGTI field. The first half bits of CBGTI indicates CBGs transmitted from the first TRP, and the other bits indicates CBGs transmitted from another TRP. On the other hand, for CBGFI, there would be the case that only the CW from one TRP is corrupted, so we can consider using independent CBGFI bit for each TRP.
Proposal 8: For single-PDCCH based NC-JT, the following aspects should be considered for PDCCH enhancement:
· Rate matching indication enhancement
· DMRS port indication enhancement
· CBG-based retransmission enhancement

Discussion on CSI enhancement for NC-JT
For NC-JT, two sets of CSI for two links should be calculated and reported, and inter-layer interference should be considered when calculating the CSI parameter sets. Based on R15 CSI framework, one natural question to support NC-JT is how to configure CSI related information to realize CSI measurement and reporting:
· Option 1: A UE is configured with one CSI reporting setting which reports joint CSI for the two TRPs, and only one CSI resource setting for channel measurement is linked.
· Option 2: A UE is configured with two CSI reporting settings each respectively reports CSI of corresponding TRP, and each links to one CSI resource setting for channel measurement.
With regarding to option 1, to achieve the calculation of two sets of CSI, it should support different QCL configuration for different port groups of one NZP CSI-RS resource, or two NZP CSI-RS resources configuration in one resource setting for channel measurement. On the other hand, option 2 inherits R15 configuration structure. However, for non-ideal backhaul case, dynamic coordination between TRPs is hard to be achieved. Therefore, option 1 is more applicable for ideal backhaul case while option 2 could be for non-ideal backhaul case. 
Proposal 9: Support separate CSI configuration for different backhaul cases.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In Rel-15, a CSI report is comprised of two parts when Type I and Type II CSI feedback on PUSCH or Type I CSI sub-band reporting on PUCCH formats 3, or 4. CSI Part 1 with fixed payload shall be transmitted before CSI Part 2. When a CSI report comprises two parts, the UE may omit a portion of the CSI Part 2 at some specific scenarios, and the omission of Part 2 is according to the priority order that begins with the lowest priority level. The two-part UCI in Rel-15 can be extended for NC-JT for joint UCI design. CSI Part 1 with fixed payload is always prioritized, and comprises partial CSI of N TRPs. CSI Part 2 with variable payload contains the remaining CSI of N TRPs. A new design of CSI composition and CSI Part 2 omission priority should be considered. For multiple CSI reports for multi-TRP, the rules for CSI composition and omission can follow Rel-15.
Proposal 10: A new design of CSI composition and CSI Part 2 omission priority should be considered for joint UCI design.
In addition, how to support dynamic DPS and NC-JT for CSI report should also be discussed. For one CSI report, the solution in LTE could be reused. For independent CSI report for different TRPs, there exists many solutions, e.g., introducing one flag in report representing the report is valid or invalid, or depending on the value of RI, where RI = 0 denotes the report invalid, otherwise valid. More discussions are needed before making final decision.

Conclusion
In this contribution, we provide our opinions on enhancements on multi-TRP/panel transmission. Based on the discussion, we have the following observation and proposals:
Observation 1: Enhancement on PDSCH scrambling for multi-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.

Proposal 1: X=3 should not be supported.
Proposal 2: Joint ACK/NACK payload for multiple-PDCCH case should not be supported.
Proposal 3: A UE maximum number of HARQ processes should be 32 for NC-JT, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
Proposal 4: Support Alt.2: UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain.
Proposal 5: Support different CORESET configuration for different TRPs and each CORESET in the “PDCCH-config” corresponds to one TRP.
Proposal 6: For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP, with the number of 2 CWs in scheduled PDSCH.
Proposal 7: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
[bookmark: _GoBack]Proposal 8: For single-PDCCH based NC-JT, the following aspects should be considered for PDCCH enhancement:
· Rate matching indication enhancement
· DMRS port indication enhancement
· CBG-based retransmission enhancement
Proposal 9: Support separate CSI configuration for different backhaul cases.
Proposal 10: A new design of CSI composition and CSI Part 2 omission priority should be considered for single UCI design.
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