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1 Introduction

After RAN1#70bis in San Diego, a number of outstanding issues for AP QCL remain. The Chairman notes [1] capture the agreements and outstanding issues as follows:

Agreement:

· For TM1-9, 

· Behaviour A

· Inform RAN2 that RAN1 is also discussing whether additional RRC signalling might be needed in TM10 to control the quasi-co-location behaviour; RAN1 needs to study further until RAN1#71 to make this decision. 

· include in LS to RAN2 with RRC parameters

Focus RAN1 study on whether DMRS-based demodulation performance is adequate under the assumption of DMRS-CSIRS QCL, for at least frequency offset. 
This contribution aims at concluding the open issues for antenna ports quasi co-location. In particular, the following issues are to be further discussed:

· CSI-RS / CRS quasi co-location 
· Association of quasi co-location behaviours to TM10
2 CSI-RS / CRS Quasi Co-location
QCL of DMRS and CSI-RS was agreed in RAN1#69bis in order to assist and improve DMRS channel estimation. At the time of discussion, most results were focusing on PDP estimation while simulations focusing on frequency offset estimation were not available [2-5]. It is observed [6] that PDP (i.e., delay spread and average delay) can be effectively estimated by jointly analyzing DMRS and CSI-RS, as provided by the agreement [7] in TM10 Behaviour B.

Some companies later proposed to extend QCL of DMRS to a (possibly configurable) CRS resource [8]. Considering that PDP accuracy for DMRS can already be granted for DMRS by jointly exploiting DMRS and CSI-RS, we believe that the current discussion should solely focus on possible QCL of “Doppler shift” and “Doppler spread”, which have not been sufficiently studied in previous meetings.

Two RAN1 standardization options are studied in the following. Note that for forward compatibility with NCT, B2 is preferably formulated in terms of QCL with PSS/SSS instead of CRS. 

Observation:

· Possible additional QCL assumptions for DMRS and CSI-RS should be limited to at most “Doppler shift” and “Doppler spread”
B1: QCL DMRS with CSI-RS (existing RAN1 agreement)

First, the sensitivity of PDSCH throughput to uncompensated static frequency shift is studied in Figure 1. It is noted that errors above 100 Hz affects only performance above 5 dB SNR, while PDSCH is quite insensitive to large estimation errors at low SNR. Simulation details are provided in the Appendix.

[image: image1.emf]0 0.2 0.4 0.6 0.8 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

3

x 10

6 SNR (dB)

Throughput (bps)

EPA 

 

 

QPSK, Frequency Error (Hz) = 0

QPSK, Frequency Error (Hz) = 100

QPSK, Frequency Error (Hz) = 200

16QAM, Frequency Error (Hz) = 0

16QAM, Frequency Error (Hz) = 100

16QAM, Frequency Error (Hz) = 200

64QAM, Frequency Error (Hz) = 0

64QAM, Frequency Error (Hz) = 100

64QAM, Frequency Error (Hz) = 200

-5 0 5 10 15 20 25 30

0

0.5

1

1.5

2

2.5

x 10

7

SNR (dB)

Throughput (bps)

EPA 

 

 

QPSK, Frequency Error (Hz) = 0

QPSK, Frequency Error (Hz) = 100

QPSK, Frequency Error (Hz) = 200

16QAM, Frequency Error (Hz) = 0

16QAM, Frequency Error (Hz) = 100

16QAM, Frequency Error (Hz) = 200

64QAM, Frequency Error (Hz) = 0

64QAM, Frequency Error (Hz) = 100

64QAM, Frequency Error (Hz) = 200


Figure 1: PDSCH performance for {6,50} PRBs and various (static) uncompensated frequency errors
Observation:

· PDSCH performance is sensitive to uncompensated frequency offset only in the medium-high SNR region
The performance of CSI-RS estimation is studied in Figure 2, for 5 Hz Doppler spread (simulation details in Appendix).
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Figure 2: RMS Frequency error for CSI-RS based frequency tracking (DMRS not exploited), 5Hz Doppler spread for respectively EPA and ETU channels. CSI-RS periodicity is 5ms.
Results with 50 Hz Doppler spread are provided in Figure 3.
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Figure 3: RMS Frequency error for CSI-RS based frequency tracking (DMRS not exploited), 50Hz Doppler spread for respectively EPA and ETU channels. CSI-RS periodicity is 5ms.
It can be concluded from Figure 2 and Figure 3 that CSI-RS provides reliable frequency tracking within the [-90; +90] Hz range even when Doppler spread assumes significant values (up to, e.g., 50 Hz). Since CSI-RS are transmitted every 5ms, alias occurs beyond the +/-100Hz limit.
Observation:

· Simple tracking based on CSI-RS is accurate  within [-90;+90] Hz for 5ms CSI-RS periodicity
Alias associated to CSI-RS based tracking can be resolved by exploiting DMRS, which are more closely spaced in time domain as compared to CSI-RS. In other words, for the same BW and processing gain DMRS provide a less accurate frequency tracking than CSI-RS, but DMRS do not suffer from aliasing every 200Hz (DMRS alias occurs at 2kHz periods). In Figure 4 we provide performance results for a joint estimation algorithm based on CSI-RS fine frequency tracking and DMRS based alias resolution. The plots are for a true frequency shift of +100Hz and 5dB SNR, 3 PRBs PDSCH.
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Figure 4: CDF of Frequency error for joint CSI-RS+DMRS based frequency, +100Hz Doppler shift, {5,50} Hz Doppler spread, {EPA, ETU}, 5dB SNR, 3 PDSCH PRBs. CSI-RS periodicity is 5ms.
Interestingly, it can be inferred from Figure 4 that the joint estimator is effectively able to resolve the alias even for a rather low SNR value where PDSCH sensitivity to frequency tracking errors is low (Figure 1) and for as low as 3 scheduled PDSCH PRBs. The analysis has been conducted for a maximum range of [-200;+200] Hz, showing similar performance over most of the frequency range.
Observation:

· Joint CSI-RS+DMRS frequency is accurate at least for [-200;+200] Hz Doppler shift with CSI-RS periodicity 5ms.
B2: QCL DMRS with CSI-RS. In addition, CSI-RS is QCL with a configurable PSS/SSS wrt {“Doppler shift”} 
QCL with PSS/SSS (or, equivalently, CRS) is potentially beneficial only if the QCL resource belongs to a non-serving cell characterized by significantly large frequency shift, such that simple CSI-RS based estimation might be aliased. We do not see clear benefit associated to QCL of DMRS with serving cell’s PSS/SSS, since this would limit deployment flexibility exactly as with CSI-RS only frequency tracking. 
Differently from CSI-RS where muting is available, CRS for non-serving cells may be characterized by very low SINR. Therefore, the estimation accuracy of CRS based tracking is studied in Figure 5 and Figure 6. 
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Figure 5: RMS Frequency error for CRS based frequency tracking; 5Hz Doppler spread for respectively EPA and ETU channels. Estimation is “optimistically” performed over 6PRBs and 5 subframes.
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Figure 6: RMS Frequency error for CRS based frequency tracking; 50Hz Doppler spread for respectively EPA and ETU channels. Estimation is “optimistically” performed over 6PRBs and 5 subframes.

Even under the quite optimistic assumptions in Figure 5 and Figure 6, CRS based estimation appears inaccurate at the low SNR values associated to non serving cells. On the other hand, CRS-based QCL does not implicitly require stringent CSI-RS periodicity, which may be seen as a potential advantage for Behaviour B2.
Observation:

· CRS based frequency tracking is inaccurate below 0dB SNR

· CRS are not suitable for frequency tracking of non-serving cells
2.1 Way Forward on DMRS QCL

The results in Section 2 do not seem to justify the revision of the existing agreement B1 in favour of a new behaviour B2. The lack of accuracy in frequency tracking for non serving cell limits the performance of B2, offsetting the expected performance advantage. The only remaining advantage of B2 seems the possibility to handle a larger frequency shift range as compared to B1 (at least without assuming joint CSI-RS+DMRS tracking in B1). Therefore, our preference is to confirm behaviour B1. Should RAN1 anyway opt for B2, an LS should be sent to RAN4 to inform that RAN1 expects Doppler shift to be tracked by the UEs over a wide range of frequency offsets wrt serving cell (e.g., [-200; +200] Hz).

Proposal:

· Confirm Behaviour B1
· Should RAN1 anyway opt for Behaviour B2, a LS should be sent to RAN4 informing that RAN1 expects Doppler shift to be tracked by the UEs over a wide range of frequency offsets wrt serving cell (e.g., [-200; +200] Hz)
In addition, it is observed here that QCL assumptions should be revisited for NCT due to the new RS structure associated to NCT.
Proposal:

· Revisit QCL assumptions when discussing NCT

3 Association of PDSCH DMRS quasi co-location behaviours to TMs

For TM1-9 it is agreed to confirm the default PDSCH DMRS behaviour (A) with respect to AP QCL.

For TM10, both the default quasi co-located behaviour (A) and the “second behaviour” should be supported. When configured, TM10 may assumed by default behaviour A, and switch to Behaviour B by RRC indication. Since Behaviour B is the main tool for CoMP support, it is proposed to send a LS to RAN4 emphasizing that testing efforts should focus on Behaviour B.
Table 1: Summary of supported behaviours

	
	Supported behaviours (as defined in [9])

	
	Default (A)
	Behaviour B

	TM1-9
	X
	

	TM10
	X (default)
	X


For clarification purpose, it is observed here that the assumption of Behaviour A as the default UE behaviour is limited to Rel-11 UEs. As clearly stated in [10], we confirm RAN1’s understanding that legacy UEs are expected to implement non co-location of different RS ports.

Proposal

· Support PDSCH DMRS Behaviours to TM mapping as in Table 1
· TM10 supports both Behaviour A and Behaviour B
· Signalling of the desired behaviours is by RRC messages

· Send a LS to RAN4 emphasizing that testing efforts should focus on Behaviour B
4 Clarification about Non Co-Location of  Noise + Interference

For both Behaviour A and B, Channel gain shall not be assumed as QCL between different RS types. Similarly, noise + interference covariance associated to APs of different types may take significantly different values due to, e.g., different interference patterns, different spatial processing associated to the interfering signals and different transmit power associated to the interfering signals. Consider, e.g., the case of non-shifted CRS which typically experience significantly larger interference than, e.g., DMRS and CSI-RS. If a UE would erroneously apply the estimated interference level for CRS to other RS types, it would perform excessive filtering in frequency and/or time domain, resulting in channel distortion for DMRS and/or CSI-RS. This is a clearly unfortunate behaviour that would limit peak performance for DMRS based TMs.
Our understanding is that RAN1 has implicitly assumed that UE shall adopt RS-specific noise+interference covariance estimates, which is also reflected by the choice of non QCL channel gain between different RS types. However, in order to prevent incorrect UE behaviours, it is proposed here to inform RAN4 about the above issue in order to define corresponding functional tests.

Proposal

· Send a LS to RAN4 clarifying that RAN1’s understanding is that UEs shall not assume the same noise + interference levels for different RS types

· Recommend RAN4 to define corresponding functional tests

5 Conclusions

This contribution aims at concluding the remaining outstanding issues for ports quasi co-location. The following is observed and proposed:
Observations:
· Possible additional QCL assumptions for DMRS and CSI-RS should be limited to at most “Doppler shift” and “Doppler spread”
· PDSCH performance is sensitive to uncompensated frequency offset only in the medium-high SNR region
· Simple tracking based on CSI-RS is accurate  within [-90;+90] Hz for 5ms CSI-RS periodicity
· Joint CSI-RS+DMRS frequency is accurate at least for [-200;+200] Hz Doppler shift for 5ms CSI-RS periodicity
· CRS based frequency tracking is inaccurate below 0dB SNR

· CRS are not suitable for frequency tracking of non-serving cells
Proposal:

· Confirm Behaviour B1
· Should RAN1 anyway opt for Behaviour B2, a LS should be sent to RAN4 informing that RAN1 expects Doppler shift to be tracked by the UEs over a wide range of frequency offsets wrt serving cell (e.g., [-200; +200] Hz
· Revisit QCL assumptions when discussing NCT

· Support PDSCH DMRS Behaviours to TM mapping as in Table 1
· TM10 supports both Behaviour A and Behaviour B

· Signalling of the desired behaviours is by RRC messages

· Send a LS to RAN4 emphasizing that testing efforts should focus on Behaviour B
· Send a LS to RAN4 clarifying that RAN1’s understanding is that UEs shall not assume the same noise + interference levels for different RS types

· Recommend RAN4 to define corresponding functional tests
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Appendix: Simulation Parameters

PDSCH Throughput simulation:
	UE speed
	5 km/h

	Carrier frequency
	2 GHz

	System BW
	10 MHz

	PDSCH Resource allocation:
	6, 50 PRBs

	MCS
	{64QAM with coding rate 0.75; 
16QAM with coding rate 0.5; 
QPSK with coding rate 0.33}

	Rank
	1

	Antenna configuration:
	2x2


Frequency estimation simulations:

	Antenna config
	2x2

	Doppler spread
	{5; 50} Hz

	System BW
	6 PRBs

	CRS-based estimator
	5 subframes in time, 6 PRBs in frequency domain, port 0 + port 1

	CSI-based estimator
	2 CSI-RS symbols, 10 PRBs

	Joint CSI-RS+DMRS estimator:
	2 CSI-RS symbols, 10 PRBs + 3 PDSCH PRBs (only 1 PDSCH subframe exploited)

	CSI-RS periodicity
	5 ms





























