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Introduction
In RAN1#96 meeting, one agreement was achieved on single PDCCH design for multi-TRP and multi-panel as follows [1]
Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
In our companion contribution [2], we provide our views on DMRS and PTRS enhancements which have higher priority for single PDCCH design. In this contribution, we provide our views on some other enhancements for single PDCCH design including rate matching, CW mapping, TCI on CSI-RS, CSI measurement. If time is not allowed in Rel-16, we think these enhancements can be further considered in Rel-17.
Discussion
Single PDCCH design for multi-TRP/panel transmission had been discussed for very long time in Rel-15, and some agreements were achieved as listed in section 6. The main enhancements were on TCI, DMRS port indication, PTRS port, TCI configuration on CSI-RS, CSI measurement, etc. Since the scenarios of Rel-16 are exactly the same as Rel-15, many of previous agreements can be completely reused for Rel-16.
Rate matching
In LTE, rate matching resources and QCL assumption information are jointly indicated to UE for PDSCH transmission by so called PQI. This solution is flexible enough to support both single TRP transmission and CoMP, e.g. DPS, JT. 
In NR Rel-15 for PDSCH resource mapping, RRC configured rate matching resources include RB symbol level granularity and RE level granularity, e.g. some ZP CSI-RS resource sets. This method can efficiently avoid severe interference between PDSCH and some other signals especially for traditional single TRP transmission. However, it may not be flexible enough for DPS and multi-TRP transmission. 
Taking DPS as an example which is shown in Figure 2-1, if rate matching resources, e.g. periodic ZP CSI-RS resource sets are different between TRP 0 and TRP 1, RRC configured ZP CSI-RS resource set for TRP 0 is no longer suitable for PDSCH transmitted from TRP1 in slot 1. Based current Rel-15 specification, if the periodic ZP CSI-RS resource set for TRP 0 is configured, the UE should always do rate matching around this ZP CSI-RS resource set even if its PDSCH is transmitted from TRP 1 in slot 1.
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Figure 2-1 For DPS, rate matching resources for TRP 0 is not suitable for TRP 1
Therefore, rate matching enhancement should be supported for DPS and multi-TRP transmission. One straightforward way is to reuse LTE based solution which jointly informs rate matching resources and QCL assumption. However, it will cause very complicated standard design since the number of TCI states (maximum 128) is much more than LTE. So some other solutions should be considered for less standard effort. 
Proposal 1: Rate matching enhancement should be supported.
Codeword mapping 
Currently, only one TB is used when the total layers are not more than 4 for single TRP/panel transmission. However, it is not suitable for multi-TRP transmission because of the variance of the channel conditions from different TRPs. As shown in Figure 2-2, we provide CDF of SINR difference between the main serving TRP and the coordinated TRP to UEs which are scheduled as the NCJT scheme. Although the large scale RSRP may has no much difference between two coordinated TRPs for NCJT UEs, the range of short term SINR difference is large because of channel fast fading.
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Figure 2-2 CDF of SINR difference for NCJT UEs
In this case, different CWs from multiple TRPs should be considered even when the total layers are less than 4. For instance, one and one layer corresponding to CW0 and CW1 respectively can be transmitted from two TRPs. In this case, CWs can be configured with independent MCS values, the scheduling flexibility will be increased.   
In order to verify the benefit of the flexible CW mapping, we provide some LLS results as shown in Figure 2-3 (a) (b) (c) and (d), wherein the SNR difference between the two coordinated TRP are -3dB, -4dB, -5dB and -6dB which are typical candidates. In the simulation, we assume single layer transmission from both two coordinated TRPs. MCS adaption is used. 
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Figure 2-3 (a)                           Figure 2-3 (b)
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Figure 2-3(c)                              Figure 2-3 (d)
From results, it is observed that obvious gain can be achieved based on two CW mapping at high SINR region which is typical SNR range where NCJT can achieve gain.
Proposal 2: For single PDCCH design, more flexible CW mapping should be supported for multi-TRP/panel transmission.
CSI-RS 
In Rel-15, it was agreed that CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions as described in Agreements#2 in Appendix. However, it was not captured in the phase I specifications because of scope reducing in RAN#76 meeting.
For CSI based on type II port selection codebook or non-PMI feedback, only one periodic/semi-persistent CSI-RS resource can be configured within a CSI-RS resource setting or only one aperiodic CSI-RS resource can be triggered within a CSI-RS resource setting. Further, the CSI-RS resource can be configured with one TCI state which only includes one QCL RS set. This design has no issue for single TRP/panel transmission.
However, for multi-TRP/panel transmission, it is too restrictive since gNB can transmit multiple beams simultaneously. In order to derive more accurate CSI for multi-beam transmission based on one CSI-RS resource, it is better to support more than one beams for one CSI-RS resource which is used for CSI based on port selection codebook or non-PMI feedback. In other words, multiple RRC configured TCI states can be configured to one CSI-RS resource and the same TCI framework for multi-TRP/panel PDSCH for single PDCCH design can be reused. In this case, CSI-RS ports within a CSI-RS resource can have more than 1 QCL assumptions. 
Proposal 3：Support multiple TCI states for one CSI-RS resource.
CSI 
For multi-panel and multi-TRP transmission based on single PDCCH design, orthogonal DMRS ports are used for two coordinated TRPs. For accurate CSI feedback, it is better to feedback the interference between two TRPs without significant increasing of CSI feedback overhead. Then, one CSI-RS resource can be configured with multiple TCI states where each corresponds to one beam. In this case, the combined CQI can be considered to achieve accurate interference estimation and save CSI feedback overhead. In order to get flexibility, independent RI and PMI may still be needed for multi-TRP/panel scenarios.
Proposal 4: Multiple RI, PMI can be fed back for one CSI reporting.
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our views to enhance single PDCCH design for multiple TRP/panel transmission. 
Proposal 1: Rate matching enhancement should be supported.
Proposal 2: For single PDCCH design, more flexible CW mapping should be supported for multi-TRP/panel transmission.
Proposal 3：Support multiple TCI states for one CSI-RS resource.
Proposal 4: Multiple RI, PMI can be fed back for one CSI reporting.
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Simulation assumptions 
	Parameters
	

	Carrier frequency for evaluation
	4GHz

	Channel model
	CDL-C (delay spread: 300ns)  as in 38.901

	UE speed
	3 km/h for power distribution and Rel-15 enabled use case;

	BS antenna configuration
	2 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 1, 2, 1, 1; 1, 2)

	UE antenna configuration
	4 Rx antenna ports

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

	Channel estimation
	Practical

	Receiver type
	MMSE
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Appendix: 
In NR phase I, there were some discussions and agreements on multiple TRP/panel/beam transmission. However, those agreements are not captured in Rel-15 specifications because of scope reducing in RAN#76 meeting. In RAN1#93 meeting, it was agreed that Rel-15 agreements of supporting multi-TRPs/panels/beams related to e.g. DMRS/PTRS/TCI states can be a starting point for future discussions. 
Here, we list previous agreements to make discussion clearer.
· For PDCCH
Agreements#1 in RAN1#89:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For CSI-RS
Agreements#2 in RAN1#89:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
· For DMRS
Agreements#3 in NR adhoc#2 in June 2017:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management
Agreements#4 in RAN1#90:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
· For PTRS
[bookmark: _Hlk498351071]Agreements#5 in RAN1#91:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreements#6 in RAN1#91
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
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