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Introduction
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. In RAN#80 meeting, NR phase II WI was agreed, and multiple TRP/panel/beam transmission including requirements for uRLLC which was added in RAN#81 meeting will be specified [1]. 
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
Agreements#2 in RAN1#89:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
Agreements#3 in RAN1#90:
· 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
· For CSI-RS
Agreements#4 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#5 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#6 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#7 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#8 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
 In this contribution, we provide our views for multiple-TRP/panel/beam transmission.
Discussion
Rel-15 agreements related to multi-TRP transmission
As described in the agreements#1 in the section 1 for DL multi-TRP transmission, the two cases were introduced. 
Case 1 is for multi-TRP transmission with ideal backhaul, or for multi-panel transmission from the same TRP. Single PDCCH schedules single PDSCH with multiple DMRS groups which are transmitted from multiple TRPs or panels. In this case, TCI configured for PDSCH should have two RS sets corresponding to multiple different QCL assumptions corresponding to different TRP/panel. 
Case 2 is for multi-TRP transmission without ideal backhaul, multiple independent PDCCHs each scheduling one respective PDSCH were agreed, where each PDSCH and corresponding PDCCH are transmitted from a separate TRP. Separate scheduling of multiple TRP doesn’t need dynamic communication and more suitable for scenarios with non-ideal backhaul. 
Case 1 does not require UE to monitor multiple PDCCHs and is feasible for ideal backhaul or multi-panel scenarios while Case 2 provides flexibility to support multi-TRP without ideal backhaul.  Since both above two cases were agreed and still reasonable to support for different scenarios in NR phase II, we propose to confirm them.
Proposal 1: Confirm support of the following two cases:
· Case 1: Single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs/panels.
· Case 2: Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP 
Because of limited discussion time and UE complexity considered in NR phase I, maximum two TRP coordination was agreed, and hence two DMRS groups, two PTRS ports were captured in the specification for a while. Significant time was spent on the discussion in Rel-15. To avoid redundant discussion and wasting the effort in the past, it is more desirable to continue the discussion for enhancements based on the agreements made in Rel-15. So we propose to make all the related Rel-15 agreements as working assumptions for NR Phase 2 enhancements.  
Proposal 2: Rel-15 agreements related to multi-TPR/panels are working assumptions for Rel-16 enhancements. 
Potential enhancements
Based on Rel-15 agreements as working assumptions, the following potential enhancements can be studied and supported for case 1 and case 2 separately.
Case 1: Single PDCCH schedules single PDSCH 
· TCI 
At least two DMRS groups should be defined and can be configured with independent QCL parameters. In other words, one TCI state can include more than 1 QCL RS sets as described in agreements#6 in the section 1. For single TRP/panel scheduling, the TCI indicated by DCI should only include one QCL RS set which is the same as NR phase I. For multi-TRP/panel scheduling, the indicated TCI should include multiple QCL RS sets where each one is used for one DMRS group transmitted from one TRP or panel. So the number of DMRS groups should be the same as the number of QCL RS sets contained in the indicated TCI. 
Proposal 3: One TCI state can include one or more QCL RS sets, and each QCL RS set corresponds to one DMRS group.
· DMRS indication 
As discussed in NR phase I, the inaccurate interference measurement will be caused if the DMRS ports of MU-users are allocated on the same CDM group. That’s because DMRS ports from different TRP may not be very synchronized and OCC demodulation may be impacted. So it is better to map DMRS ports from different TRPs/panels on different CDM groups. In other words, when the TCI indicated by DCI includes more than one QCL RS sets, a new DMRS port indication table should be introduced where DMRS port mapping is different from the single TRP/panel scheduling; when the indicated TCI only includes one QCL RS set, the current DMRS port indication table is used. Since the DMRS table selection depends on the number of RS sets in TCI which is informed by DCI, DMRS table selection will be dynamic. Then, dynamic selection between single TRP/panel and multi-TRP/panel transmission can be supported.
Proposal 4: A new DMRS port indication table should be introduced when the indicated TCI state includes more than one QCL RS set.
· 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. In this case, different CWs from multiple TRPs should be considered even when the total layers are less than 4. For instance, one and three layers 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 compare the performance between single CW case and two CW case for multi-TRP non-coherent JT transmission, we provide our simulation results as shown in Table 1 and Table 2 for for about RU = 20% and 50% respectively. We use indoor hotspot scenario as described in Appendix since this is the typical use case for JT in LTE FeCoMP as well. In the simulation, the baseline is DPS transmission scheme. For all three cases, the total number of layers is not more than four for one UE. In the single CW case, only one CW and one combined MCS is used for all layers from the two coordinating TRPs. In the two CW case, two CWs have independent MCS for the two coordinating TRPs.
Based on the simulation results, obvious gain can be found for both single CW case and two CW case compared with the single TRP transmission. Since two CW case supports flexible CW mapping, i.e. support 2 CWs with separate MCS configuration, its performance is much better than the single CW case. This is especially the case for medium load when inter-TRP interference varies more which makes link adaptation of single CW worse.  
Observation 1: Obvious gains by non-coherent JT is achieved compared with dynamic DPS. More flexible CW mapping can introduce further performance gain.

Table 1 Single TRP vs. Non-coherent JT at RU=20%
	
	RU
	Mean
	5%
	50%
	95%

	DPS
	20.14%
	46.44
	15.33
	49.96
	65.10

	Non-coherent JT with single CW
	25.31%
	58.88
(26.79%)
	18.56
(20.98%)
	58.54
(17.18%)
	119.25
(83.17%)

	Non-coherent JT with two CWs
	23.55%
	60.47
(30.22%)
	20.13
(31.19%)
	60.29
(20.68%)
	118.28
(81.67%)



Table 2 Single TRP vs. Non-coherent JT at RU=50%
	
	RU
	Mean
	5%
	50%
	95%

	[bookmark: OLE_LINK1]DPS
	49.80%
	27.6716
	4.3492
	22.9566
	65.1059

	Non-coherent JT with single CW
	64.10%
	30.0915
(8.75%)
	5.2106
(19.81%)
	24.1777
(5.32%)
	65.1059
(0.00%)

	Non-coherent JT with two CWs
	52.70%
	35.1496
(27.02%)
	7.399
(70.12%)
	30.2889
(31.94%)
	73.8481
(13.43%)


    
Proposal 5: More flexible CW mapping should be supported for multi-TRP/panel transmission. 
· PTRS 
As shown in agreements#7 and #8 in the Section 1, the maximum number of PTRS ports should be the same as the number of indicated DMRS port groups. For multi-TRP transmission, the number of PTRS ports is the same as the number of the DMRS port groups since different TRPs cannot share the same oscillator. For multi-panel transmission, multiple DMRS port groups can share the same PTRS port if they share the same oscillator. Since the number of DMRS groups is the same as the number of QCL RS sets which is indicated by TCI, the number of transmitted PTRS ports should be finally indicated by TCI.
· CSI-RS 
Currently, 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 which only includes one QCL RS set. For the case of 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, the configured TCI can include more than one QCL RS sets.
Proposal 6: For one CSI-RS resource which is used for CSI based on type II port selection codebook or non-PMI feedback, support more than one QCL RS sets contained in the configured TCI for the CSI-RS resource.
· CSI 
For multi-panel transmission, one CSI-RS resource can be configured a TCI with multiple QCL RS sets 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 scenarios.
Case 2: Multiple PDCCHs each scheduling a respective PDSCH
The main use case is for multi-TRP transmission without ideal backhaul, but can also be used for ideal backhaul case. 
· DL control 
For multiple TRPs without ideal backhaul, it is better to support independent physical layer scheduling since no dynamic coordination between those TRPs. Therefore, more than one PDCCH-config can be considered and each one is for one TRP. In order to avoid serious interference among PDCCHs of the coordinated TRPs, orthogonal time/frequency resources can be ensured by the semi-static coordination of those TRPs for PDCCH from different TRPs.  
Proposal 7: More than one PDCCH-config should be introduced.
· UL control
Based on the current NR UL control design, only one UL channel carrying CSI and A/N can be transmitted at a given time. If multiple UL channels with CSI and A/N are scheduled at the same time, all CSI and A/N are combined, and fed back by one PUSCH or PUCCH. For multiple TRP scheduling, since there is no dynamic coordination among those TRPs, CSI and A/N feedback should not be scheduled at the same time if no enhancement is introduced to the current UL control design (may be outside MIMO enhancement scope). Or else, the combined CSI and A/N cannot be detected by any of coordinating TRPs.
· PDSCH configuration
Since different TRPs may have different cell ID, PDSCH configurations from coordinating TRPs can be independent in order to get most flexibility, e.g. PDSCH scrambling ID, rate matching pattern, PRB bundling size, MCS table and so on. Because all of those parameters are configured in higher layer parameter PDSCH-config, we propose to introduce more than one PDSCH-config.
Proposal 8: More than one PDSCH-config should be introduced.
Multi-TRP/panel transmission for uRLLC 
For non-ideal backhaul, since there is no dynamic coordination among multiple TRPs, it is hard to guarantee transmitting the same PDSCH in physical layer. Higher layer data combination is more suitable, e.g. the same PDCP transmission from two TRPs. However, this may not have RAN1 standard impact. 
In contrast, it is easy to transmit the same TB from two different TRPs for multi-TRP transmission with ideal backhaul as shown in Figure 2.2.3. In this case, single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs/panels. For multi-slot cases, PDSCH repetition in time domain can be extended to support multiple QCL assumptions for transmission from different TRPs in multiple slots.  In order to get soft combination, different RVs can be configured for those repeated TBs.  In order to get most flexibility, it is better to support dynamic selection between repetition and non-repetition for multi-TRP transmission.
Proposal 9: At least support repetition of TBs in the case of ideal backhaul among multiple TRPs. 
[image: ]
Figure 2.2.3 The repetition of TBs from two TRPs
Multiple level DCI
Since NR is more flexible than LTE, it needs more DCI overhead to indicate the new dynamic scheduling information, such as BWP ID, TCI, Time domain resource assignment, PRB bundling size indicator, PUCCH resource indicator , CBG transmission information. So much DCI overhead may cause low PDCCH reliability. In order to reduce DCI overhead, multi-level DCI with some dependency between different levels can be supported. For instance, two-level DCI where the first level DCI is used to inform UE some information which is relatively invariant, and the second level DCI is used to inform the remaining scheduling information. For multi-TRP transmission, the first level DCI is to carrier the scheduling information of the first CW from the first TRP, and the second level DCI is to carry the scheduling information of the second CW from the second TRP. If it is a single TRP transmission at a given slot, the second DCI will not be transmitted, and the DCI overhead can be potentially saved. Furthermore, the first DCI can be used to indicate the possible position, aggregation level of the second DCI, then the UE complexity can be potentially reduced.  While this can be considered for multi-TRP, it is not clear whether the general framework to support multi-level DCI should be studied/specified in MIMO WI. This should be clarified.
Proposal 10: Multi-level DCI with some dependency between different levels can be considered for multi-TRP transmission.  
UL Multi-panel transmission 
For UL codebook based transmission, only single analog beam is used for a given time transmission. Two SRS resources can be configured within one SRS resource set for codebook based transmission, and those two SRS resources can be configured with different spationrelationinfo. SRI is used to select one resource for one PUSCH transmission. If UE has more than one panels e.g. 2, PUSCH can be transmitted from the two panels simultaneously. Similar with DL, non-coherent JT between two panels can be supported. As shown in Figure 2.5, for two panels UL transmission, SRI indicated by DCI can correspond to two SRS resources. Since more antenna ports are used for one PUSCH transmission, UL performance will be increased. For multi-TRP scenarios, transmission from multiple UE panels can be received by multiple TPRs. Multiple codewords on PUSCH should be also supported in such cases.
[image: ]
(a) each panel with 2 ports                          (b) each panel with 4 ports
Figure 2.5 Two panels UL transmission
[bookmark: _GoBack]Proposal 11: Support multiple panel/beam transmission for codebook based PUSCH transmission.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance multiple TRP/panel/beam transmission for both DL and UL. 
Proposal 1: Confirm support of the following two cases:
· Case 1: Single PDCCH schedules single PDSCH where separate layers are transmitted from separate TRPs/panels.
· Case 2: Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP 
Proposal 2: Rel-15 agreements related to multi-TPR/panels are working assumptions for Rel-16 enhancements.
Proposal 3: One TCI state can include one or more QCL RS sets, and each QCL RS set corresponds to one DMRS group.
Proposal 4: A new DMRS port indication table should be introduced when the indicated TCI state includes more than one QCL RS set.
Proposal 5: More flexible CW mapping should be supported for multi-TRP/panel transmission. 
Proposal 6: For one CSI-RS resource which is used for CSI based on type II port selection codebook or non-PMI feedback, support more than one QCL RS sets contained in the configured TCI for the CSI-RS resource.
Proposal 7: More than one PDCCH-config should be introduced.
Proposal 8: More than one PDSCH-config should be introduced.
Proposal 9: At least support repetition of TBs in the case of ideal backhaul among multiple TRPs. 
Proposal 10: Multi-level DCI with some dependency between different levels can be considered for multi-TRP transmission.  
Proposal 11: Support multiple panel/beam transmission for codebook based PUSCH transmission.
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Appendix 
Table 2 Proposed simulation assumptions for DL multi-TRP/panel transmission
	Parameters
	Values

	Layout
	Indoor hotspot
12TRPs per 120m x 50m

	Inter-BS distance
	20m

	Carrier frequency 
	3.5GHz

	Simulation bandwidth
	10MHz

	Channel model
	5GCM

	BS Tx power 
	21dBm

	BS antenna configuration
	(M,N,P,Mg,Ng)=(1,1,2,1,1);

	BS antenna height 
	3m

	UE antenna configurations 
	(M,N,P,Mg,Ng)=(1,2,2,1,1);

	UE antenna height
	1.5m

	UE receiver noise figure
	9dB

	UE receiver
	SIC receiver 

	Traffic model
	FTP traffic model 1

	UE distribution
	100% Indoor, 3km/h

	Scheduler
	PF

	HARQ scheme
	CC with up to 4 retransmissions

	CSI feedback
	Type I codebook, 5 slots period
Multiple CSI feedback with or without interference between two coordinating TRPs
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