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Introduction
 In the RAN1 NR AH #2 meeting, there were the following agreements on multiple panels and multiple TRPs transmission [1]: 
 (
Agreements:
The maximum supported number of 
unicast
 and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
FFS in case of two or more bandwidth parts for the component carrier
FFS the max number of corresponding NR-PDCCHs
Agreements
:
Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
Include in
 the LS the following content 
RAN1 agreement from RAN1#89
RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
RAN1 thinks that the above agreement may have impact on RAN2 specification
Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic
)
Based on the above agreements, we present our consideration on multi-TRP and multi-panel based transmissions.
PDCCH configuration and reception  
 For DL multi-panel or multi-TRP transmission, generally it is assumed that each panel or each TRP would have specific channel property, where different QCL properties should be considered, otherwise, it will be covered by single point transmission. Based on previous discussion, the non-coherent JT will be supported by two ways, one is one PDSCH from multiple TRPs, and another is the multiple PDSCHs from the multiple TRPs. For PDCCH configuration, if using one NR-PDCCH scheduling different layers from different TRP, from UE prospective, UE will only monitor one NR-PDCCH. Hence, at least one CORESET will be configured for this UE. Since the configured multiple TRP sets may not be limited to one, the simultaneously monitored PDCCH CORESETs could be more than one, but the expected PDCCH number is only one.  In another use case, if allowing multiple PDCCHs to schedule multiple PDSCH, based on last meeting agreement, UE is only expecting to receive two PDSCHs simultaneously at most in order to keep limited complexity. Consequently, the expected PDCCH number for UE detection will be two at most. Considering the PDCCH may come from any TRP within the configured multi-TRP transmission set, actual configured PDCCH CORESETs will be more than two, but only two of total corresponding PDCCHs are transmitted simultaneously.  
In case of exact PDCCH occasion configuration, it will be related to PDCCH blind detection capability. If total search BD number is fixed, more PDCCH CORESET configuration will cause less PDCCH search opportunities in one CORESET. Then the maximum configured CORESET number should be set to one reasonable level.
Proposal 1: In multi-TRP transmission, UE is not expected to receive more than two PDCCHs for scheduling unicast PDSCH.  
Proposal 2: The maximum configured CORESET number can be two or more than two by taking into account UE blind detection capability. 
When one TRP/panel is associated with one specific QCL configuration, then CSI-RS, DMRS and PDCCH from this TRP/panel can be linked to one specific QCL. Regarding the PDCCH CORESET configuration, normally one CORESET can be mapping to one separate TRP/panel and schedule one PDSCH from this TRP/panel, however, considering SINR change and scheduling flexibility, it should allow one PDCCH is scheduling one PDSCH from a different TRP. From the UE prospective, after obtaining PDCCH information, UE will demodulate one indicated PDSCH from one certain TRP. In this context, the QCL association of PDCCH and PDSCH can be different, and instant PDSCH will be from one TRP or multiple TRPs relying on DMRS port QCL indication. Since one TRP transmission could be served as one fallback scheme, single TRP transmission, like as dynamic point selection, should be supported through DCI indication, in other words, the dynamic switching between NC-JT and DPS should be enabled by QCL indication of DMRS ports. The related CSI feedback to support this switching is discussed in our companion contribution [2].
Proposal 3: Allow same or different QCL configurations between PDCCH and scheduled PDSCH to enable flexible scheduling. 
Proposal 4: Support flexible TRP(s) selection via the configuration of QCL parameters of DMRS port group. 
Another relevant issue is how to configure multiple DCIs about signaling content in case of multiple PDCCH transmission simultaneously. In general, the straightforward solution is to configure independent DL grant for each PDSCH, and another alternative to set up some associations to two companioned PDCCHs. Possible associations may include resource allocation of PDSCH, the dependent PDCCH detection and etc. However, for non-ideal backhaul case, independent resource allocation is beneficial to multiple TRP scheduling. Though optimization design for these two companioned PDCCH may save the signaling overhead or reduce blind detection number, error propagation of PDCCH detection is one problem. Moreover, detection latency will be increased since one PDCCH detection or PDSCH detection is relying on another PDCCH. Hence, in this stage, we don’t see the strong reason to support coherent DCI indication in multiple PDCCH transmission. 
Proposal 5: When a UE is expected to decode two PDCCHs, configuration of blind decoding for each PDCCH and DCI content should be independent. .

HARQ configuration 
In conventional signal TRP transmission, one single HARQ process is sufficient to enable HARQ (re)transmission But when come to multiple TRP case, each TRP can be connected with ideal or non-ideal backhaul, even with different cell ID, based on these scenarios consideration, separate HARQ configuration would be desired for different PDSCH. Separate HARQ management and scheduling are beneficial for non-ideal backhaul case, since additional delay will degrade system performance. Therefore, herein consider two possible approaches to implement this management. One is defining two HARQ entities in the MAC layer, and another is to maintian a single HARQ entity at the MAC but increasing HARQ process ID to two to indicate two different PDSCH.  For two HARQ entities case, UE needs to know one PDSCH is associated with which entity, while for each HARQ entity, only independent HARQ ID is needed. Some specific techniques can be considered, for example, using RNTI to differentiate it. For HARQ process ID extension, one simple way is to add bit number to indicate HARQ process ID. For example, from 3 bit increased to 4 bits if taking LTE mechanism as the starting point. Furthermore, it could divide total processes into two halves, the first half is corresponding to the first PDCCH, and the second half is corresponding to the second PDSCH.   
Proposal 6: Need to determine HARQ entity number for multiple PDSCH transmission before making detailed HARQ indication.
Codeword and DMRS port configuration 
When NC-JT is applied, multiple TRPs will send the data stream simultaneously, but the maximum PDSCHs should not exceed 2, and DMRS ports from different TRP may have different QCL configuration. In the following, we have separate discussion for one PDSCH and multiple PDSCHs.  
· One single PDSCH from the multiple TRPs
For one PDSCH from multiple TRPs, the total layer number shouldn’t exceed 8, and also with the maximum 2 codeword. Since no limitation on layer number and TRP selection, it is possible to assign multiple TRPs to transmit different layers, where one DMRS port group is corresponding to one TRP. Meanwhile, each DMRS port group is configured with one specific QCL indication. In order to help data demodulation, DMRS port group configuration should be informed in DCI. In this sense, network needs to define maximum allowable DMRS groups with different QCL parameters. For the port number of each DMRS group, considering diverse antenna configuration and varied channel condition, it is not necessary to limit the antenna port number in each DMRS group with even port mapping, just control the total port number. For CW to layer mapping, since only one PDSCH is configured in this case, naturally, it will follow mapping rule of single TRP transmission. It should be noted that DMRS ports with different QCL configuration may have troubles when co-existing in one orthogonal CDM group, then some restriction on DMRS port mapping should be considered to avoid this issue. 
· Multiple PDSCHs from different TRPs
When multiple PDSCHs are from the multiple TRPs, it is agreed that one PDSCH is associated with one TRP, then it is straightforward to within one PDSCH, one or two codewords has same QCL configuration. According to last meeting agreement, here we only consider two PDSCH scheduling.  In case of codeword to layer mapping, there are two related questions: 1) how many codewords are allowed for each PDSCH since total layer number of two PDSCHs is less or equal to 8? 2) how to make the layer mapping for each PDSCH? Since each PDSCH is coming only from one TRP for two PDSCH transmissions, it will not show any difference compared to single TRP transmission, then the CW to layer mapping should follow single TRP for each PDSCH. For codeword number, it is related to ACK/NAK bit number and processing complexity. Furthermore, it is also related to HARQ entity number. Considering one codeword at most can be mapping to 4 layers, one codeword per PDSCH is one reasonable choose. One main argument is that when one TRP can transmit more than 4 layers with acceptable performance, it is not necessary to support additional TRP to involve NC-JT transmission. After all, two TRPs transmission would be more complicated while the performance gain in higher rank transmission is unclear. Hence, we prefer one codeword per PDSCH when two PDSCHs are transmitted simutaneously. 
Proposal 7: The maximum number of DMRS port group associated with multiple TRP transmission set needs to be defined to facilitate the signaling indication for one PDSCH transmission from multiple TRPs. 
Proposal 8:  Support the following codeword to layer mapping rule:
· CW to layer mapping for one PDSCH transmission is following the mapping rule of single TRP.
· CW to layer mapping for multiple PDSCHs transmission is to limit one codeword per PDSCH. 
Proposal 9:  Allow unequal port size for each DMRS group. 

PUCCH transmission 
For PUCCH transmission in multiple TRP case, one concern is if need to treat backhaul latency impact. Considering ACK/NAK is sensitive to latency, since HARQ process is independent as aforementioned, independent ACK/NAK reporting should be enabled. For CSI reporting, generally it is not so urgent, and then combined reporting including multiple report instances targeting different TRP can be considered. Actually independent PUCCH reporting needs multiple PUCCH resource configurations, which is a bit complicated.  
Proposal 10: Independent PUCCH reporting can be considered for urgent information feedback, e.g ACK/NAK feedback.   
Conclusions
In this contribution, we analyzed the control channel related configured for multiple panel and multiple TRP transmission, and further provided our preferred views on the specific technical aspects. In sum, we propose:
Proposal 1: In multi-TRP transmission, UE is not expected to receive more than two PDCCHs for scheduling unicast PDSCH.  
Proposal 2: The maximum configured CORESET number can be two or more than two by taking into account UE blind detection capability. 
Proposal 3: Allow same or different QCL configurations between PDCCH and scheduled PDSCH to enable flexible scheduling. 
Proposal 4: Support flexible TRP(s) selection via the configuration of QCL parameters of DMRS port group. 
Proposal 5: When a UE is expected to decode two PDCCHs, configuration of blind decoding for each PDCCH and DCI content should be independent. .
Proposal 6: Need to determine HARQ entity number for multiple PDSCH transmission before making detailed HARQ indication.
Proposal 7: The maximum number of DMRS port group associated with multiple TRP transmission set needs to be defined to facilitate the signaling indication for one PDSCH transmission from multiple TRPs. 
Proposal 8:  Support the following codeword to layer mapping rule:
· CW to layer mapping for one PDSCH transmission is following the mapping rule of single TRP.
· CW to layer mapping for multiple PDSCHs transmission is to limit one codeword per PDSCH. 
Proposal 9:  Allow unequal port size for each DMRS group. 
Proposal 10: Independent PUCCH reporting can be considered for urgent information feedback, e.g ACK/NAK feedback.   
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