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Introduction
[bookmark: _Ref494215420]RAN#80 has agreed to study enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul as follows [1]:
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
In this paper, we will present our opinions about enhancement on PDCCH/PDSCH/UCI design, CW-to-layer mapping, RS enhancement, HARQ for supporting NC-JT transmission.

Discussion

Discussion on PDCCH design for NC-JT
In the last RAN1 meeting [2], three schemes on eMBB PDCCH are provided to down-select:
· Alt0: Support only single PDCCH design
· Alt1: Support only multiple PDCCH design
· Alt2: Support both multiple PDCCH and single PDCCH design
Single PDCCH design can reduce the signal overhead, but the system permance is limited in non-ideal backhaul scenairo. On the contrary, multiple PDCCH design will increase the overhead and blind detection complexity, but it can provide more flexibility, especially, there is a certain gain compared with single PDCCH in non-ideal backhaul scenario.
From the above, in our opinion both multiple PDCCH and single PDCCH design should be supported,
in order to satisfy different scenarios requirements.
Proposal 1: Support both multiple PDCCH and single PDCCH design.
If  multiple PDCCH transmission is adopted for NC-JT, where multiple NR-PDCCHs each scheduling a respective NR-PDSCH and each NR-PDSCH is transmitted from a separate TRP will be like Figure 1, PDCCH detection complexity will be increased accordingly.
[image: ]
Figure 1. Multiple NR-PDCCHs schedule multiple NR-PDSCHs
 Several methods have been investigated to reduce PDCCH detection complexity:
· Alt1: Restrict the number of PDCCH /aggregation level/available DCI format
Some companies suggested this method in the early stage of R15 discussion and intended to restrict the number of detection. Although it will bring less impact to current specs, this method is less flexible and the blind decoding time may not reduce significantly.
· Alt2: Implicit indicate the relationship between two PDCCHs
This method can apply two PDCCHs with a fixed relation in resource allocation. For example, PDCCH2 is always in the next candidate position of PDCCH1 with the same CORESET ID & aggregation level. Therefore, this method can reduce the detection complexity well and do has less impact to the current specs. However, it is much less flexible. In addition, generally, PDCCH1 and PDCCH2 have different QCL indications, which makes it even harder to be scheduled as this method.
· Alt3: 2-level DCI 
In RAN1#88bis[5], there has been one agreement on 2-level DCI in LTE sTTI, where the first level DCI could indicate aggregation level, candidates and PRB set of the second level DCI. In this way, UE should only blindly detect the first level DCI, and the configuration of both the two DCIs could be flexible. Upon on this, in our opinion the design principle of 2-level DCI could be leveraged for multiple PDCCHs case for NR NC-JT to reduce the complexity.
Proposal 2: Support 2-level DCI for NC-JT to reduce the blind detection complexity.

Discussion on UCI design for NC-JT
In the case of ideal backhaul which corresponds to a very low latency scenario, it can be assumed that the coordinating TRPs are able to communicate with zero latency, a single UCI (e.g. ACK/NACK, CSI feedback) for all coordinating TRPs can be transmitted in the UL resource of one TRP. 
In the case of non-ideal backhaul, sharing UCI within the set of coordinating TRPs may not be possible because of the large delay between TRPs. It is natural to consider that multiple UCIs are respectively transmitted in the UL resources associated with the coordinating TRPs. 
Multi-TRP techniques and solutions specified in Rel-16 should be applicable for both ideal backhual and non-ideal backhual scenarios, so both single UCI and multiple UCI design should be supported.
Proposal 3：Support both multiple UCI and single UCI design.

Discussion on CW to layer mapping for NC-JT
The two links from different TRPs may be of potentially great difference, and the corresponding MCS should be dedicatedly configured, otherwise, there may have some performance loss. Thus to ensure the system performance of NC-JT, different links should transmit different CWs, that is to say, two CWs are essential for 2 NC-JT transmission for both single PDCCH and multiple PDCCH case.
Observation 1: For NC-JT transmission, 2 CWs should be essential for one UE.
However, it is known that only 1 CW can be scheduled for a given UE if the number of total layers is no more than 4 in R15. Thus, for this case enhancement on CW to layer mapping is needed to achieve more than 2 CWs mapping.
Proposal 4: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.  
Enhancement on RS for NC-JT
Current specification only supports up to two RS sources with different QCL types in one TCI state. For NC-JT, different data layers are transmitted from different TRPs. Especially for single PDCCH case, present QCL indication by way of TCI state could not work well. One apparent question is how to indication QCL for multiple groups of RS ports. One way is to multiple groups of RS ports share one TCI state. For example, one TCI state includes {DL Reference RS1|QCL_type1, DL Reference RS2|QCL_type4, DL Reference RS3|QCL_type1, DL Reference RS4|QCL_type4}, where {DL Reference RS1|QCL_type1, DL Reference RS2|QCL_type4} is associated with the first port group and { DL Reference RS3|QCL_type1, DL Reference RS4|QCL_type4} with the second port group of a target RS resource. Another way is to inherit R15 TCI sate content with multiple TCI states configured.
Observation 2: QCL indication for multiple groups of RS ports:
· Alt1: Multiple groups of RS ports are associated with a single TCI state
· RSs among different group are not QCLed with other QCL parameters indicated in the TCI state
· Alt2: Each group of RS ports is associated with a respective TCI state
Multiple TCI states configuration will bring more overhead. In addition, alt.1 could realize the unified design for single PDCCH case and multiple PDCCH case.
Proposal 5: Extending R15 TCI state to support multiple groups of RS ports associated with a single TCI state.

Discussion on HARQ for NC-JT
From the previous agreements, we can know that the maximum number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier. The maximum number of 16 HARQ processes per cell is supported by the UE for downlink transmission in Rel-15, if the PDSCH is mapped to 8 layers, then the UE maximum soft buffer size for a single serving cell can be calculated as followed:

In Rel-16 for multi-TRP transmission, if the maximum number of 16 HARQ processes for a UE in a single serving cell remain the same, there will be some problems:
· Only 8 HARQ processes is needed for each link, which is different from the current DCI through 4bit to indicate the HARQ process ID.
· The maximum UE soft buffer size for multi-TRP transmission per cell is:

This will cause 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 32 HARQ processes should be supported for NC-JT.
Proposal 6: A UE maximum number of 32 HARQ processes should be supported for NC-JT, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
There is only one HARQ entity for a serving cell in Rel-15[6], so we have to consider whether to increase the number of HARQ entities for multiple TRP transmission. If the number of UE HARQ entities can be configured, UE will receive different PDSCHs in a separate HARQ entities from an independent link to ensure more flexibility. What’s more, the UE needs to identify the two CWs from different TRPs, many methods can be adopted such as DMRS port groups or location of NR-PDCCH blind detection.
Observation 3: The number of HARQ entities need to be reconfigured for NC-JT.


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: For NC-JT transmission, 2 CWs should be essential for one UE.
Observation 2: QCL indication for multiple groups of RS ports:
· Alt1: Multiple groups of RS ports are associated with a single TCI state
· RSs among different group are not QCLed with other QCL parameters indicated in the TCI state
· Alt2: Each group of RS ports is associated with a respective TCI state
Observation 3: The number of HARQ entities need to be reconfigured for NC-JT.

Proposal 1: Support both multiple PDCCH and single PDCCH design.
Proposal 2: Support 2-level DCI for NC-JT to reduce the blind detection complexity.
Proposal 3：Support both multiple UCI and single UCI design.
Proposal 4: Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.
[bookmark: _GoBack]Proposal 5: Extending R15 TCI state to support multiple groups of RS ports associated with a single TCI state.
Proposal 6: A UE maximum number of 32 HARQ processes should be supported for NC-JT, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.
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