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Introduction
In RAN1#90 meeting, the following agreements on the DL transmission with multiple TRPs are achieved [1]:
· The maximum supported 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
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
In this contribution, the detailed designs on the coordination transmission for both DL and UL, e.g., maximum number of supported CWs, control signalling, CSI calculation and feedback, etc are elaborated. 
Discussion on joint transmission for DL
· Remaining issues on single NR-PDCCH based joint transmission
Based on the progress in both LTE and NR, solid study has been done for single PDCCH based joint transmission. For enhancing the performance of this scheme, the following open issues are discussed.
Control signaling on resource allocation
Comparing with LTE, more flexible DL/UL grant can be supported via either single or multiple PDCCHs for multiple TRPs transmission. In order to minimize the type and size of DCI, and reduce the complexity for UE decoding, the use of single or multiple DCIs can be determined according to several factors, e.g., backhaul condition, RA schemes and UE capability. For example, if ideal backhaul is used among TRPs, the scheme with single PDCCH can be considered. Since ideal backhaul is assumed, resource allocation can be dynamically coordinated to support only fully overlapping and non-overlapping cases. The RA design for multi-TRP transmission with single PDCCH should support fully overlapping non-coherent JT and non-overlapping frequency selective DPS. Performance benefits of supporting non-overlapping scheme have been observed in [2].  		
CSI calculation and feedback
Interference among data streams happens in NCJT case (i.e., different layers or PDSCHs from corresponding TRPs scheduled by single or two DCI (s), respectively). Similar as LTE, for enhancing the performance in this case, CSI calculation with different interference hypotheses should be introduced in NR. More specifically, as shown in Figure 2, it can be observed that for the resource configuration, CSI-RS and IMR belong to different TRPs can be triggered from same CSI-RS setting. The CSI-RS configured for another TRP can be used for the interference measurement together with IMR. For the feedback of calculated CSI, in case of single PDCCH, similar to LTE, aperiodic feedback via single PUSCH can be considered. Moreover, if UE capability is limited, relaxation on time offset between CSI triggering and CSI reporting can be considered when the aperiodic CSI trigger is associated with multiple CSIs. 
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[bookmark: _Ref492750970]Figure 2 CSI calculation for NCJT
· Joint transmission with multiple NR-PDCCHs 
The multiple NR-PDCCHs approach requires less coordination between multiple TRPs as scheduling information of each TRP can be delivered to the UE independently via multiple PDCCHs. This has the benefit on supporting multi-TRP transmission with non-ideal backhaul. In order to support non-ideal backhaul, multiple NR-PUCCH/PUSCHs seem to be necessary as well especially for multi-panel scenarios.  However, this together with multiple NR-PDCCHs potentially requires substantial standardization effort to make sure the benefit of multiple NR-PDCCHs approach can be sufficiently exploited.  There are still quite a lot of open issues such as how UEs detect multiple NR-PDCCHs, how UEs report multiple CSIs (e.g. whether to report CSIs on multi-PUCCH/PUSCH), how rate-matching is done in multiple PDSCHs, etc.  We discuss some of the issues below.
CSI calculation and CSI feedback
As discussed before, mutual interference between two PDSCHs should be considered in the CSI calculation. More specifically, in this case, whether single or multiple CSI-RS setting(s) are used depending on the high layer structure, e.g., two RS setting in RRC under dual-connectivity framework. Moreover, considering the less coordination between two TRPs, it’s better to feedback the CSI to corresponding TRP directly. In this case, multiple reporting settings which are associated different RSs pairs can be used for CSI calculation. The corresponding feedback via multiple PUCCH/PUSCH(s) is preferred. 
Besides, as discussed before, independent scheduling is supported, which may lead to partial overlapping of RA. In this case, different interference will be experienced for same CW within one PDSCH, the corresponding enhancement, e.g., multiple CQIs feedback should be further considered.
Control signaling detection
Based on current agreement, one or more CORESETs should be monitored by UE for the reception of control information. A search space is associated with a single control resource set. In order to support the multiple DCIs case, the simplest way is to configure the CORESET for each PDCCH independently. For reducing the UE complexity, the maximum number of DCIs for blind detection should be adaptive at UE side based on different transmission mode, e.g., single or multiple PDCCH(s). 
Higher layer structure
From higher layer perspective, significant impacts are expected for the multiple NR-PDCCHs case, if non-ideal backhaul is assumed. More specifically, if the TRPs (transmitting the multiple PDCCHs) connected via non-ideal backhaul are characterized by different cell IDs then the higher layer impact would probably be minimal or limited: different TRPs would likely simply be seen as different cells, each one transmitting a single NR-PDCCH. But if the TRPs (transmitting the multiple PDCCHs) connected via non-ideal backhaul are characterized by the same cell IDs, some problems would arise. For instance, it’s not clear whether all the TRPs would transmit the same NR-PSS/SSS. If yes, which sync signal(s) should be considered by an idle/connected UE? And then, is a L3 mobility procedure needed among TRPs of the same cell? Based on which RRC measurements? Furthermore, supporting multiple TRPs connected via non-ideal backhaul in the same cell would imply having multiple MAC entities in the same cell, leading to a major re-design of the higher layer architecture assumed so far.
According to the above analysis, it’s better to implement the multiple DCIs transmission for the case that different cell IDs are shared for each TRPs. Under this situation, dual connectivity structure can be easily reused.
Maximum number of supported CWs
Based on the agreement mentioned before, the maximum number of supported CWs is assumed to be 2 as a working assumption for multiple DCI case. According to the discussion, two main arguments are proposed by the proponents. One of them is lower UE complexity. However, the required UE capability for reception of more than two CWs is similar to CA or DC.  If CA/DC framework is used, the UE capability can be defined per CC.  It’s up to UE implementation whether to support high order MIMO in co-channel case.  It should not require the UE to perform complicated joint processing of multi-TRP transmission.   As least in Rel-15, the operation of co-channel case should be done just like non-co-channel DC transmission.   This would reduce the standardization complexity and UE complexity for extra joint processing.
Another argument is that under NCJT case, the rank of each PDSCH is rarely larger than four. Moreover, even there is such case, the transmission should be fallback to single TRP since only negligible data can be observed from coordinated TRP due to the significant interference. However, according to our system simulation results shown in Figure 2, which are obtained based on the assumption listed in Table 1, it can be found that, for PDSCH from serving cell, rank>4 can be frequently observed. 

[bookmark: _Ref492919756]Figure 2 Illustration of rank distribution for each PDSCH received by UEs in NCJT
Meanwhile, as the statistics shown in Figure 3, it can be found that even rank of one PDSCH from one TRP is larger than four, two or more layers can also be supported in another PDSCH from another TRP for more than 30% of UEs. It demonstrates that both high data rate can be achieved from two TRPs. 
Based the above observations, it’s better to support the flexibility to exploit optimized transmission for each PDSCH, and up to four CWs should be supported for the transmission with two DCIs.
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Figure 3 Illustration of RANK distribution of one PDSCH when RANK of another PDSCH > 4

Proposal 1: Both fully-overlapping and non-overlapping RAs should be supported for NCJT with single PDSCH/PDCCH transmission.
Proposal 2: In DL transmission with both single and multiple PDCCH/PDSCHs, CSI calculation with different interference hypotheses should be supported.
Proposal 3: More than a total of 2 CWs over the scheduled NR-PDSCHs is supported.
Discussion on joint reception for UL
Similar to DL, UL transmission operation as shown in Figure 2 can be used to increase uplink performance. It can be observed that, in which there can be multiple links between UE to each TRP or different panel belong to single TRP. Similar to DL, single or multiple PUSCH/PUCCH can be transmitted in different link.


[bookmark: _Ref492801160]Figure 2 Illustration of joint transmission for UL
· Maximum number of PUCCH/PUSCH
Considering the influence on UE capability and UL grant, maximum number of supported PUCCH/PUSCH should be limited to two in NR. More specifically, the usage of multiple PUCCH/PUSCH can only be considered once the transmission of multiple PDCCHs is supported in DL. Otherwise, the design of multiple UL grant within single PDCCH will increase the potential DCI format as well as UE complexity.
· Multiple-TAs
In order to support coordinated UL transmission, proper TA should be handled for each link between UE and TRP or multiple panels belong to single TRPs. Considering the realistic channel properties, this issue can be treated in separated discussion:
·  Multiple link between UE and multiple panels belong to single TRP:
In this case, all panels are co-located with each other, the time different between each UL mainly come from propagation delay between each path. Under this situation, single TA is enough for the UL transmission since the slightly difference can be handled by CP.
· Multiple link between UE and multiple TRP:
In this case, since all TRP are located in different place, significant delay can be observed between two UL. Under this situation, multiple TAs should be assigned.  Furthermore, considering the backhaul condition between two TRPs, this kind of implementation mainly occurs once multiple PUCCH/PUSCH is supported. As discussed above, DC framework can be considered for supporting both multiple PDCCH and PUCCH transmission, similar to LTE, independently TA adjustment will be considered for each link.
Proposal 4: The maximum supported number of PUCCH/PUSCH should be limited to 2. Each of the PUCCH/PUSCH should be scheduled by corresponding PDCCH. 

With the above analysis, there are still quite a lot of open issues for multi-TRP transmission with multiple NR-PDCCHs in both L1 and higher layer perspectives.  In addition, it is important to design a good forward compatible framework so that it can be extended to more NR-PDCCHs in the future as it has been agreed to only support two NR-PDCCHs and two NR-PDSCHs so far. It is challenging to ensure a good design of supporting multi-TRP transmission using multi-NR-PDCCHs within very tight schedule.  Therefore, we have the following proposal.
 Proposal 5: Given current NR time frame and status of progress, consider deprioritizing the feature of Multi-TRP transmission using multiple NR-PDCCHs in Rel-15.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides further details on supporting multi-TRP transmission with following proposals: 
Proposal 1: Both fully-overlapping and non-overlapping RAs should be supported for NCJT with single PDSCH/PDCCH transmission.
Proposal 2: In the DL transmission with both single and multiple PDCCH/PDSCHs, CSI calculation with different interference hypotheses should be supported.
Proposal 3: More than a total of 2 CWs over the scheduled NR-PDSCHs is supported.
Proposal 4: The maximum supported number of PUCCH/PUSCH should be limited to 2. And each of the PUCCH/PUSCH should be scheduled by corresponding PDCCH. 
Proposal 5: Given current NR time frame and status of progress, consider deprioritizing the feature of Multi-TRP transmission using multiple NR-PDCCHs in Rel-15.
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