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1
Introduction
In RAN1 #89 meeting, the following agreements were made on control channel for multi-TRP transmission [1][2][3].

Agreements-1[1]

 REF _Ref481676780 \r \h 
[2]:
· 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[1]

 REF _Ref483930588 \r \h 
[3]:
· 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

In this contribution, we address implementation details of downlink NC-JT from multiple TRPs, discuss the potential NR PDCCH reception schemes from the perspectives of enhancing the NCJT performance as well as reducing the UE PDCCH detection complexity.
2. 
Multi-PDCCHs/PDSCHs Transmission Scheme
Based on the agreement in RAN1 #89 noted above, NR supports the transmission of multiple PDCCHs where each NR-PDCCH schedules an NR-PDSCH transmitted from a separate TRP. Therefore, the UE must be capable of receiving the NR-PDCCHs and NR-PDSCHs from multiple TRPs. To evaluate the benefits of multi-PDCCH/PDSCH transmission, we consider the use of multiple panels at the UE. Each UE panel can be assumed to have a different orientation, which implies that the best TRP may be different for each UE panel. It is therefore assumed that each UE panel determines its best TRP based on measurements and feeds back the information to the network based on which the network determines which TRP(s) are used for PDCCH/PDSCH transmission. With this UE architecture, two different transmission schemes can be considered as discussed below.
2.1 
Best user panel selection scheme
In the first scheme, it is assumed that the UE can receive on only a single panel from among its Np panels. Therefore, the network selects the TRP from which to transmit a single NR-PDSCH based on the best of the Np links to the UE. The maximum number of transmission layers is limited by the number of antenna ports per panel. The benefit of this scheme is the ability to select the best among Np links that are available by virtue of multiple panels with different orientations rather than be limited to a single link corresponding to a single panel. Figure 1 illustrates the operation of UEs with 2 panels where the stronger of the links to the two panels is selected for NR-PDSCH transmission to each UE.

[image: image1]
Figure 1: Transmission to UE with multiple panels.
For this scheme, only a single NR-PDCCH is needed to schedule the single NR-PDSCH that is transmitted. If the best panel (and hence the TRP that is transmitting to the panel) is already known to the UE, the UE needs to be able to monitor a single NR-PDCCH.

Figure 2 shows the distribution of the geometry, assuming UEs with 4 panels, for the four links measured by each UE at each of its panels, sorted by the strengths of the links. Thus, the “Best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the best link is measured, the “Second best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the second-best link is measured, and so on. Also shown in the figure is the CDF of the geometry assuming all UEs have a single randomly oriented panel (“Single panel” curve). It is evident from the figure that the ability to select the best among the 4 panels for the 4-panel UE is beneficial relative to having a single panel. Furthermore, the best panel and second-best panel geometries for 4-panel UEs are better than the geometry for single-panel UEs with random orientation.
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Figure 2: Geometry distribution for the best link on each UE panel with 4 panels.
2.2 Multi-PDCCHs/PDSCHs NCJT scheme
In this scheme, it is assumed that the UE can simultaneously receive an NR-PDSCH on each of its Np panels. Thus, the maximum number of NR-PDSCHs that are transmitted (from the best TRP corresponding to each UE panel) is Np. Each NR-PDSCH corresponds to different transmission layers of the NCJT transmission and is separately decoded at the receiver. Furthermore, the maximum number of transmission layers is the product of the number of UE panels and the number of antenna ports per panel. The total throughput at the UE is then the aggregate of the throughputs received through the different panels.
In the high frequency bands (above 6 GHz), UE antennas are likely to be directional. Furthermore, with a hybrid array architecture, the UE single-panel antenna array would use a single analog beam for reception. This makes NCJT with a single UE panel less feasible since the UE is unlikely to see multiple good links within the beam. In this case, the potential benefit of a multi-panel UE (with the same total number of receive antenna ports as a single-panel UE) is that each panel can receive using a separate beam and cross-talk between the NCJT transmissions from different TRPs is expected to be low due to the different orientations of the UE panels.
The multiple NR-PDSCHs are separately scheduled with the corresponding number of NR-PDCCHs. Therefore, it can be assumed that the UE monitors multiple NR-PDCCHs from the best TRP corresponding to each UE panel. Again, cross-talk between the NR-PDCCHs is expected to be reduced by the different orientations of the UE panels.
The maximum number of NR-PDSCHs that will be supported is under consideration and, based on the agreement in RAN1 #89, will be down-selected from {2,3,4}. Clearly, both the network complexity and the UE complexity for being able to support a larger number of NR-PDCCHs/PDSCHs with multi-TRP transmission is higher. Therefore, the potential gains must be carefully considered.
2.3 Performance gain comparison
The performance of the two transmissions schemes discussed above is evaluated through simulations at 30 GHz. The simulation assumptions are listed in Table 1 in the Appendix. The UE throughput gain for each NR-PDSCH transmission scheme for the scenario when UEs have multiple (2/3/4) panels (each with 2 antenna ports) relative to the baseline scenario where the UEs are able to receive only a single NR-PDSCH with a single panel (with 2 antenna ports) is provided. Results are provided for both light and medium load cases (RU ~50% and 70% for the baseline case). 
[image: image3.png]Gain (%) relative to single-panel UE

250

200

150

100

50

Cell-Edge UE Throughput gain
T

Il Best panel selection, light load

[l Multipanel transmission, light load
[TIBest panel selection, medium load

[ IMultipanel transmission, medium load

2 Panels per UE

3 Panels per UE

4 Panels per UE





Figure 3: Cell-edge UE throughput gain with multi-TRP transmission and multi-panel UEs relative to the baseline.
The cell-edge UE throughput gain is shown in Figure 3. It is seen that NCJT scheme yields higher gain than the best UE panel selection scheme in all cases; however, the best UE panel selection scheme provides a gain exceeding 50% even with 2 UE panels. The gains are higher at light load than at medium load. For the best UE panel selection scheme, 2 panels provide a significant advantage relative to baseline, whereas further increase in the number of UE panels yields diminishing returns. On the other hand, for the NCJT scheme, the gain continues to improve even with 3 and 4 panels at light loads; the gain increase is significantly curtailed beyond 2 UE panels at medium loads, however. In particular, the cell-edge UE throughput gain with 4 UE panels at light load is ~230%.

The mean UE throughput gain for the two transmission schemes is shown in Figure 4. The trends are broadly similar to those for cell-edge UE throughput. Here, too, the gain for the best UE panel selection scheme does not significantly improve beyond 2 UE panels, whereas a small further improvement is observed for the NCJT scheme. The mean UE throughput gain with 4 UE panels at light load exceeds 70%. The magnitude of the mean UE throughput gain is less than the magnitude of the cell-edge UE throughput gain in each case.
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Figure 4: Mean UE throughput gain with multi-TRP transmission and multi-panel UEs relative to the baseline.
Based on the above discussion, the following observations can be made:
Observation 1: The NCJT transmission scheme yields much higher UE throughput gain over the baseline than the best UE panel selection scheme.
Observation 2: The UE throughput gain over the baseline for both the NCJT transmission scheme and the best UE panel selection scheme reduces with increasing load.

Observation 3: The best UE panel selection transmission scheme exhibits diminishing gains for more than 2 UE panels.

Observation 4: The NCJT transmission scheme exhibits significantly improving UE throughput gains even with up to 4 UE panels in most cases.

As noted earlier, the benefit of supporting a large number of NR-PDSCHs for the NCJT scheme must be weighed against the cost. The results presented above indicate that the incremental gain going from supporting 2 NR-PDSCHs to 3 NR-PDSCHs is quite significant, whereas the incremental gain going from supporting 3 NR-PDSCHs to 4 NR-PDSCHs is relatively small in some cases. Therefore, we have the following proposal.
Proposal 1: At least three PDCCHs/PDSCHs should be supported in NR in the high frequency bands. 
2.4 Potential Signalling for Number of PDCCHs Indication
As discussed above, multiple, separate PDCCHs will be transmitted from multiple, separate TRP to a given user, and each PDCCH should be successfully decoded before decoding the related PDSCH. Traditionally, a user uses a low-complexity receiver to decode a single PDCCH in order to reduce the PDCCH decoding time. But for multiple-PDCCH decoding, a more advanced receiver is expected to be used at the user side in order to accelerate the decoding speed as well as to compress the mutual interference among multiple PDCCH. As the blind decoding algorithm is used for PDCCH decoding, prior information of the maximum number of PDCCH will be useful to reduce the PDCCH space searching time. The information of maximum number of PDCCHs can be configured to a user by explicit signals in advance, such as using RRC to indicate this information.
In order to further shorten the multi-PDCCH decoding time, a fast indicating scheme to inform the actual number of PDCCHs in real transmission should also be considered. This scheme has some advantages:
a) Fast match to user transmission scenario. If the user’s environment was changed, a subset PDCCHs/PDSCHs will be transmitted from multi-TRPs. If the user gets an indication of the actual PDCCH number on time, the user can shorten the PDCCH searching and decoding time and accelerate the speed both of PDCCH decoding and PDSCH decoding.

b) Some downlink signalling, such as DCI can be used to indicate this information in the fast indication scheme.

Furthermore, explicit signalling can help the user to implement channel measurement and CSI feedback more efficiently. RRC, MAC CE or DCI can be used to indicate the number of PDCCHs/PDSCHs in downlink transmission according to the different requirements from the perspective of fast response and low system overhead.
Proposal 2:  Explicit signalling of the maximum number of NR-PDCCHs/PDSCHs should be considered in order to support efficient reception of multi-PDCCHs/PDSCHs. 
3
Conclusion
The contribution is concluded by summarizing observations and proposals for maximum number of PDCCHs/PSDCH/ in multiple TRP NCJT transmission:
Observation 1: The NCJT transmission scheme yields much higher UE throughput gain over the baseline than the best UE panel selection scheme.
Observation 2: The UE throughput gain over the baseline for both the NCJT transmission scheme and the best UE panel selection scheme reduces with increasing load.

Observation 3: The best UE panel selection transmission scheme exhibits diminishing gains for more than 2 UE panels.

Observation 4: The NCJT transmission scheme exhibits significantly improving UE throughput gains even with up to 4 UE panels in most cases.

Proposal 1: At least three PDCCHs/PDSCHs should be supported in NR in the high frequency bands.
Proposal 2: Explicit signalling of the maximum number of NR-PDCCHs/PDSCHs should be considered in order to support efficient reception of multi-PDCCHs/PDSCHs.
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Appendix

All simulation assumptions and parameter settings is summarized in Table 1. 
Table 1 Simulation assumptions

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	100 MHz

	Subcarrier Spacing
	60 kHz

	Channel Model
	NR-UMa in 38.901

	TXRU mapping to antenna elements
	One TXRU per polarization

	TXRU mapping weights
	2D aggregation with DFT weights 

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	PF 

	Traffic Model
	FTP traffic

	BS antenna element radiation pattern
	According to 38.901

	UE antenna element radiation pattern
	Directional

	ISD
	200m

	BS Tx power
	43 dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,16,2,1,1)

(dH,dV) = (0.5, 0.8)λ 

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1); 1, 2, 3 or 4 panels per UE

Notes: the polarization angles are 0 and 90

	BS antenna height
	25m

	UE antenna height
	Same as in 38.901

	Noise figure for BS
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	20% Outdoor: 3 km/h
80% Indoor: 3 km/h


TRP1





TRP2





TRP3





UE1





UE2








[image: image5.png]A



