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Introduction
As part of Rel-16 MIMO enhancement [1], Non-Coherent Joint-Transmission (NCJT) is one of the design targets for multi-TRP/panel operation enhancement

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· 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
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)




NCJT transmission is beneficial, especially for the UEs in the overlapping coverage of two TRPs. With NCJT, UE can enjoy higher PDSCH reliability via multi-TRP diversity. More importantly, NCJT also allows the UE to receive two PDSCH simultaneously, with each PDSCH independently from different TRP. This operation is useful especially when single TRP cannot schedule enough number of layers to fully exploit the UE Rx capability. Similarly, UL NCJT allows the UE to either transmit two independent PUSCHs to two TRPs in order to increase UE UL throughput, or selectively point UL transmission to the best TRP in order to improve reliability 

In RAN1 #94bis meeting, further progress has been made regarding to the NCJT design with the following agreement [2]

	Agreement
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC



In the contribution, we consider the PDCCH design for NCJT in the following areas
1. DL DCI PDCCH design for NCJT
2. UL DCI PDCCH design for NCJT
3. Management of NCJT operation
DL DCI PDCCH Design for NCJT
We first consider the scenario where UE receives two PDSCHs, one PDSCH from each TRP. We need to consider the DL DCI PDCCH design considering multiple factors, including the backhaul capability, DCI overhead, etc.

Generally speaking, there are three different ways of designing DL DCI to schedules two independent PDSCH scheduling

1. Single DCI design: Single DCI schedules both PDSCHs
2. Two stage DCI design: First/Main DCI only contains partial information of the scheduling while the second/additional DCI provides the full scheduling information of both streams
3. Two independent DCI design: Two DCIs schedule PDSCH transmission independently, i.e. DCI1 schedules PDSCH from TRP1, DCI2 schedules PDSCH from TRP2 
 
DCI design needs to consider the backhaul capability, i.e. whether scheduling decision of two TRPs can be available in one point, i.e. one TRP, which transmits DCI. Only two independent DCI design can support non-idea backhaul, while both single DCI and two stage DCI design require ideal backhaul.

Observation 1: Only two independent DCI design can support non-idea backhaul, while both single DCI and two stage DCI design require ideal backhaul.

In terms of the actual DCI content design, we have the following considerations. First of all, the DCI content for two PDSCHs scheduling most likely share some common information, such as carrier indicator, BWP indicator, etc. Furthermore, if NCJT is to utilize the spatial reuse of the same frequency in order to improve UE data rate, other contents of DCI can also be the same for different PDSCH, such as frequency domain, time domain resource assignment, VRB-to-PRB mapping, PRB bundling size indicator and rating matching indicator, etc. Therefore, we have the following proposal 

Proposal 1: To support NR DL NCJT, DCI content can be further optimized or compressed by exploiting the common scheduling content for two PDSCHs

Secondly, for single DCI design, it is possible to reuse the existing DCI format as much as possible by exploiting the MIMO layers design. Current Rel-15 NR supports maximum of 8 layers MIMO per UE, and the layer to CW mapping is single CW for 1-4 layers and 2 CW for 5-8 layers. There are a few options to accommodate the NCJT scheduling based on the current MIMO frame work.

1. DCI, MAC-CE or RRC to indicate the layers that are mapped to different PDSCH from different TRP
2. DCI, MAC-CE or RRC to indicate the CW mapping to different PDSCH from different TRP
3. For CW to TRP mapping, to allow more flexible layers mapping to TRP, NR can consider relaxing the layers to CW mapping restriction

Proposal 2: For single DCI design, considering reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping

Thirdly, for two stage or two DCI design, reducing the UE DCI decoding complexity is very important. It is beneficial to include the assistance scheduling information in one DCI to help UE decoding the other DCI. The assistance can include but not limited to the following

· The existence of the other DCI
· The time/frequency domain configuration of the second DCI

The concept is illustrated as below in Figure 1
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Figure 1 One DCI to aid the second DCI decoding
Proposal 3: For two-stage, or two DCI design, considering to introduce assistance field in one DCI to aid the decoding of the other DCI, such as existence of the second DCI and resource allocation of the second DCI

Fourthly, we also need to consider the CORESET configuration of the DCI in order to reduce the UE DCI detection complexity. Consider the scenario when UE is expecting two DCIs for NJCT, UE may have to exhaust all the DCI decoding hypothesis in order to determine if NCJT scheduling exists or not. However, if there is fixed relationship between two DCIs, UE could save power at the expense of reduced NW scheduling flexibility. There are a few options

· Single CORESET design with fixed time relationship between two DCIs
· Single CORESET design with fixed frequency relationship between two DCIs
· Two CORESETs design with each DCI in one CORESET with fixed time/frequency relationship. This allows the NW to activate and deactivate NCJT dynamically via CORESET configuration.

The concept is illustrated as below in Figure 2
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Figure 2 Fixed time/frequency relationship between two DCIs for UE complexity saving
Proposal 4: For two-stage, or two DCI design, considering to introduce fixed time/frequency relationship between two DCIs, and/or independent CORESET configuration, to reduce UE complexity

Last but not the least, it is also important to consider the scenario when UE is only capable of receiving one PDSCH due to either hardware limitation or other issues such as UE power consumption, thermal limitation etc. Even in this case when UE only support single PDSCH decoding, NCJT can still provide performance benefit by dynamic TRP pointing. There are a few things to consider

· The TRP index or extended HARQ processing ID can be signaled in the DCI. This is very useful for dynamic single/dual streams switching and cross TRP retransmission
· For designs that require two DCI, certain reservation field such as reserved MCS/RV/NDI etc. can be used to signal that the corresponding PDSCH is disabled.

Proposal 5: NR to consider PDCCH design to support dynamic TRP pointing, including but not limited to, assistance information in DCI for TRP indication and TRP disabling via reserved DCI field
UL DCI PDCCH Design for NCJT
UL NCJT also requires the gNB to schedule two PUSCH or schedule one PUSCH for dynamic TRP pointing. Therefore, all the above DCI discussion for DL NCJT largely applies for UL NCJT design. In this section, we consider design that is especially important for FR2.

Current Rel-15 has certain discrepancy in terms of the beam configuration for PUSCH/PDSCH. PDSCH beam is indicated via TCI while PUSCH beam is indicated via SRI. It is possible that SRI can be QCL’ed to CSI-RS or SSB. However, it is still preferable to have clean design by introducing TCI in UL DCI to indicate the Tx beam for UEs with beam correspondence.

Proposal 6: NR to consider to introduce TCI in UL DCI to configure UL beam for UEs with beam correspondence

For FR2, transmission/reception of two PDSCH to/from two different TRP may require UE to apply different Tx/Rx beam. Therefore, it is nature for NR to introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT

Proposal 7: NR to consider to introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT 
Management of NCJT Operation
Even though NCJT can potentially improve UE performance such as throughput and reliability, it also introduces constrains at both the UE and NW side

· NCJT requires UE to monitor multiple DCI and decode multiple PDSCH simultaneously which increase the UE complexity and power consumption
· NCJT may require UE to support multiple bean simultaneously in FR2 subject to UE hardware limitation and power consumption
· NCJT can potentially complicates the gNB scheduling and demand higher backhaul requirement.

Based on the above discussion, it is reasonable for UE to request activation and deactivation of NCJT due to various reason such as (1) UE uplink buffer is lower or higher than a threshold for certain period of time (2) UE battery status and/or thermal status, etc.

Proposal 8: NR to consider to allow UE to request activation and deactivation of NCJT

Similar consideration also applies for NW, it is also reasonable for NW to activate and deactivate NCJT dynamically which can be done via RRC/MAC-CE/DCI. The NCJT configuration can be independent for each BWP considering that some BWP may target low date rate, low power consumption operation, while some BWP may target high data rate, high power consumption operation.

Proposal 9: NR to consider to allow NW to activate and deactivate NCJT operation, preferably independently for each BWP

NCJT is most useful when two TRPs are close in signal quality, while NCJT becomes useless when one TRP is significantly weaker than the other TRP. Therefore, it is necessary to introduce measurement report to support adaptive NCJT operation as illustrated in Figure 3
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Figure 3 Mobility report for adaptive NCJT operation
Measurement can be done at L3 or L1. The measurement can include but not limited to the following,

· When two TRP measurement difference is within a threshold (hysteresis) for certain period of time (Time to Trigger)
· When two TRP measurement difference exceeds a threshold (hysteresis) for certain period of time (Time to Trigger)
· UE buffer is lower or higher than a threshold for certain period of time

Proposal 10: NR to consider to introduce measurement report to support adaptive NCJT operation 
Views on Issues Raised in RAN1 #94bis
As discussed in Section 2. DCI design needs to support different backhaul capability, i.e. whether scheduling decision of two TRPs can be available in one of the TRP or a central unit that transmits DCI. Clearly, only two independent DCI design can support non-idea backhaul. Therefore, NR Rel-16 needs to support multiple DCI design for NCJT, it can be FFS whether single DCI design shall be supported for NCJT.

Proposal 11: NR Rel-16 NCJT needs to support at least multiple PDCCH design, single PDCCH design is FFS

Conclusion
In this contribution, we discuss the control channel design for NCJT including the following areas

1. DL DCI PDCCH design for NCJT
2. UL DCI PDCCH design for NCJT
3. Management of NCJT operation

We have the following observations

Observation 1: Only two independent DCI design can support non-idea backhaul, while both single DCI and two stage DCI design require ideal backhaul.


We have the following proposals

Proposal 1: To support NR DL NCJT, DCI content can be further optimized or compressed by exploiting the common scheduling content for two PDSCHs

Proposal 2: For single DCI design, considering reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping

Proposal 3: For two-stage, or two DCI design, considering to introduce assistance field in one DCI to aid the decoding of the other DCI, such as existence of the second DCI and resource allocation of the second DCI

Proposal 4: For two-stage, or two DCI design, considering to introduce fixed time/frequency relationship between two DCIs, and/or independent CORESET configuration, to reduce UE complexity

Proposal 5: NR to consider PDCCH design to support dynamic TRP pointing, including but not limited to, assistance information in DCI for TRP indication and TRP disabling via reserved DCI field

Proposal 6: NR to consider to introduce TCI in UL DCI to configure UL beam for UEs with beam correspondence

Proposal 7: NR to consider to introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT 

Proposal 8: NR to consider to allow UE to request activation and deactivation of NCJT

Proposal 9: NR to consider to allow NW to activate and deactivate NCJT operation, preferably independently for each BWP

Proposal 10: NR to consider to introduce measurement report to support adaptive NCJT operation

Proposal 11: NR Rel-16 NCJT needs to support at least multiple PDCCH design, single PDCCH design is FFS
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