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1 Introduction
In RAN#85 the following agreement was made with respect to quasi co-location (QCL) and measurement assumptions for antenna ports in NR [1]:

	Agreements:
· Study necessity of QCL and measurement assumptions for antenna ports in NR


In this contribution we provide our views on the quasi co-location and measurement assumptions that should be considered for NR to support various DL transmission schemes while provide reasonable implementation complexity at the UE.
2 Overview of QCL in LTE
In LTE the antenna port is used for transmission of a physical channel or signal, where an antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. In addition to support QCL of the antenna ports is defined as follows:
Two antenna ports are said to be quasi co-located (QCL) if the large-scale properties of the channel over which a symbol on one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is conveyed. 
The large-scale properties for LTE include one or more of
· Average delay
· Delay spread
· Doppler shift
· Doppler spread
· Average gain
The large-scale properties can be used to parametrize the channel estimator, compensate possible time and frequency errors when deriving CSI feedback or when performing demodulation. For example, if the QCL is established for the two antenna ports wrt to average delay and Doppler shift the average timing and frequency offsets estimated on one antenna ports can be reused or assumed the same for another antenna port that could simplify UE implementation. For example, in LTE all DM-RS antenna ports are assumed by the UE to be QCL-ed wrt to all parameters that makes UE implementation simpler wrt to possible time and frequency offset estimation and compensation, however, as discussed in the next section this assumption is not always desirable as it limits the possible transmission scenarios that could be beneficial for NR.
3 Transmission scenarios and QCL for DM-RS antenna ports
Figure 1 illustrates the envisioned DL MIMO transmission scenarios that should be supported by NR. 

	Single-Point SM SU-MIMO
	Single-Point Higher order SM SU-MIMO
	Single-Point Diversity SU-MIMO
	Single-Point MU-MIMO
	Multi-Point Higher order SM SU-MIMO
	Multi-Point Diversity SU-MIMO
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Figure 1: Envisioned DL transmission scenarios for NR MIMO

It can be seen that the desirable assignment of the transmitted DM-RS antenna ports to different beams or TRPs is relatively flexible. In this case the possible QCL assumption for all DM-RS antenna ports used in LTE for the may preclude some transmission scenarios or would impose stringent requirements for the NW synchronization or NW deployment configuration. More specifically, for the deployment below 6GHz to increase the maximum number of transmitted layers to the UE in the downlink, the “Multi-Point Higher order SM SU-MIMO” scenario can be used. In this case due to non-coherent transmission of the DM-RS antenna port from different TRPs the antenna ports may have different time and frequency offsets that should be compensated independently. Similar for the deployment above 6GHz the higher transmission rank can be supported by “Single-Point Higher order SM SU-MIMO”, where each beam is transmitted by different antenna panels. Due to different RF and propagation environment corresponding to each beam, the time and frequency offsets at the UE for the received DM-RS antenna ports could be different. 

In order to facilitate the transmission scenarios above, more loose assumptions (comparing to LTE) for DM-RS antenna ports of NR should be considered. On the other hand, the fully flexible assumptions for DM-RS antenna ports may significantly increase the complexity of the UE due to the need to estimate the possible timing and frequency offsets in every PRBs of the resource allocation and per each DM-RS antenna port. Therefore, some reasonable restrictions should be considered. More specifically considering the beam based transmission scenario in Figure 1, the DM-RS antenna ports corresponding to the two polarization of the same beam may be considered as QCL-ed. In this case the time and frequency offset estimated on one DM-RS antenna port of one polarization can be assumed the same as on another DM-RS antenna port. Moreover, the DM-RS antenna port transmitted on multiple PRBs may be also assumed as QCL-ed to facilitate joint estimation of the time and frequency offsets across multiple PRBs. Summarizing discussion above the following proposal can be made for QCL of DM-RS antenna ports.
Proposal:

· To support flexible DL transmission scenarios in NR the DM-RS antenna ports should not be QCL-ed with each other
· In order to limit complexity at the UE the following QCL assumption should be considered for DM-RS antenna ports
· DM-RS antenna port transmitted across PRBs within the resource allocation may be assumed as QCL-ed
· DM-RS antenna port pairs corresponding to the same beam but different polarizations may be assumed as QCL-ed
4 Performance results
In this section we demonstrate the performance benefits of more loose QCL assumption of DM-RS antenna ports for below 6GHz deployment. For evaluation the indoor deployment scenario was considered. According to this scenario, the UEs are dropped uniformly within a single floor building with eight small cells located at the ceiling of the floor. The floor plan of the evaluated scenario is depicted in Figure 2, where the black points correspond to the deployed indoor small cells. The UE may receive DM-RS antenna ports not only from the serving TRP but also from the neighbouring TRP without joint pre-coding according to “Multi-Point Higher order SM SU-MIMO” transmission scenario provided in Figure 1.
In the simulations, each small cell was equipped with two antennas (CSI-RS antenna ports) arranged into one cross-polarized (X-Pol) antenna groups with ±45° polarization slants in each group. Each UE was equipped with four receive antennas arranged into two X-Pol configurations with 0° and 90° polarization slants. Therefore, the UE was able to receive up to four MIMO layers.


[image: image7.emf]
Figure 2: Illustration of deployment scenario used in the evaluations
Non-full buffer traffic model was considered for the evaluation with file size of 0.5Mbytes. The packet arrival rate was selected in such way to achieve different RU. 
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Figure 3: Packet throughput distribution for different traffic loading

Figure 3 shows CDF for user throughput corresponding to packet arrival rates of 5, 10, 15 and 20 packets per second. The detailed comparison of the throughput performance corresponding to the 5%, 50% and 95%-tile points of the CDFs is summarized in Tables 1, 2 and 3 respectively for different packet arrival rates. It can be seen from Figure 3 that for two antenna port case for low and medium traffic loading factors the transmission of DM-RS antenna ports from different TRP without joint precoding improves the performance, especially for the high-throughput UEs corresponding to the 95%-tile of the user CDF distribution. 
Table 1: Summary of packet throughput results for λ = 5 s-1
[image: image12.emf]Scenario RU, %

single point 28.47 (100%) 58.47 (100%) 58.99 (100%) 52.83 (100%) 5

multi-point 33.63 (118%) 97.54 (167%) 99.63 (169%) 77.57 (147%) 6

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 2: Summary of packet throughput results for λ = 10 s-1
[image: image13.emf]Scenario RU, %

single point 19.53 (100%) 54.81 (100%) 58.99 (100%) 46.82 (100%) 13

multi-point 20.75 (106%) 58.66 (107%) 99.39 (168%) 63.92 (137%) 15

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 3: Summary of packet throughput results for λ = 15 s-1
[image: image14.emf]Scenario RU, %

single point 11.97 (100%) 40.24 (100%) 58.91 (100%) 39.15 (100%) 22

multi-point 12.14 (101%) 44.62 (111%) 98.99 (168%) 49.87 (127%) 23

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


Table 4: Summary of packet throughput results for λ = 20 s-1
[image: image15.emf]Scenario RU, %

single point 6.27 (100%) 27.76 (100%) 58.74 (100%) 30.65 (100%) 42

multi-point 6.65 (106%) 28.65 (103%) 98 (167%) 36.15 (118%) 38

5%-tile UPT, Mpbs 50%-tile UPT, Mpbs 95%-tile UPT, Mpbs Avg UPT, Mpbs


5 Summary

In this contribution we provide our views on the quasi co-location and measurement assumptions that should be considered for NR to support various DL transmission schemes while provide reasonable implementation complexity at the UE. The following proposal was made:

· To support flexible DL transmission scenarios in NR the DM-RS antenna ports should not be QCL-ed with each other
· In order to limit complexity at the UE the following QCL assumption should be considered for DM-RS antenna ports
· DM-RS antenna port transmitted across PRBs within the resource allocation may be assumed as QCL-ed
· DM-RS antenna port pairs corresponding to the same beam but different polarizations may be assumed as QCL-ed
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Appendix
	Parameter
	Value

	Deployment
	Indoor

	Traffic model
	FTP Model-1

	Packet size
	0.5 MB

	Bandwidth
	10 MHz

	Carrier frequency
	3.5 GHz

	Channel model
	ITU InH

	Small cell antenna configuration
	2TX, X-Pol, ±45°

	UE antenna configuration
	4RX, X-Pol, 0° and 90°

	UE receiver type
	MMSE-IRC

	Outer loop link adaptation target PER
	10%

	CSI codebook
	LTE Rel-8

	Feedback periodicity
	5 ms

	Feedback granulariy
	5 PRB in subband

	CQI granularity
	Wideband CQI

	Max coordinating set size (Mmax)
	2 transmission points

	CoMP threshold
	10 dB
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