[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #89                                                                           R1-1707134	
Hangzhou, P.R. China, 15th –19th May 2017

Source:	ZTE
Title:	QCL/QCB design for NR MIMO
Agenda Item:	7.1.2.4.5
Document for: 	Discussion and Decision
Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN1 NR ad-hoc meeting, the following agreements are achieved [1]:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· Partial	QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports 
· FFS: information other than QCL

Meanwhile, the following agreements are also made in RAN1#88 [2]:
· Indication of QCL assumption associated with subset of QCL parameters between the antenna ports of two RS resources is supported based on following alternatives, and RAN1 will down select it
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined
And the following working assumption has also been confirmed in RAN1#88bis:
· Confirm the following working assumption:
Working assumption:
· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.
· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).
· Support UE reporting for related information, if necessary.

In light of the above progresses, further discussions on the QCL/QCB assumption including UE reporting, QCL types and configuration are elaborated. Moreover, the QCL among the RSs for UL/DL are also discussed.
Discussion on QCL/QCB 
Considering the application of hybrid beamforming, especially at high frequencies, the experienced channel properties for each RS are mainly characterized by the beam properties and antenna RF condition at both Tx and Rx sides. The value of each detected channel parameters would be changed due to the variation of one of these factors, e.g. the average gain, structure of antenna or Tx/Rx beam. For dealing with more complex situation comparing with current LTE, the comprehensive design of the corresponding parameters, assumptions and association mechanism for QCL should be considered in NR for both DL and UL.
Spatial parameters
As shown in the aforementioned agreement, the spatial parameter will be introduced to describe the spatial channel properties of RS antenna ports observed at receiver. In order to well reflect the received power distribution in angular domain, the angle of arrival can be considered in the QCL parameters set. Additionally, it can be coupled with the beam direction in receiver and obtained via the beam training or other sounding procedures. 

Moreover, it has been agreed that NR supports beam management with and without beam-related indication. Therefore, there are cases with and without spatial QCL parameter e.g. angle of arrival.  In the implementation, the QCL/QCB indication without/with the spatial parameter could be adopted to assist the beam-based transmission and reception of the reference signals (i.e., RS1 and RS2) in the following example:
· Case 1 (QCL without spatial parameter):  if RS1 and RS2 are assumed to be QCLed w.r.t all parameters except for the angle of arrival.  In multiple-beam operation scenario, this kind of indication would be adopted before the spatial parameter information is fed back by UE.  More specifically, when the first-level RS (e.g., CSI-RS, SS) are used for the initial Tx/Rx beam training, the QCL assumption without consideration of the spatial parameter would be used.  
· Case 2 (QCL with spatial parameter): if the RS1 and RS2 are assumed to be QCLed w.r.t parameters including angle of arrival, which means that same Rx beam should be used for the reception of RS1 and RS2. This kind of indication is used after the spatial parameter information is known in TRP side from UE feedback. For example, multiple beamformed CSI-RSs, which are used for obtaining the channel state information based on the selected beam pair(s), could be assumed to be QCLed with each other as well as the previous CSI-RS for beam training. 

Moreover, this kind of QCL indication after considering spatial parameters can also be extended among DM-RS and others RSs for the reception of DL data.

Observation 1: The performance of QCL association among RSs w.r.t spatial parameter will be enhanced with introducing the feedback from UE side.
Proposal 1: Angle of arrival should be captured in the QCL parameters set to describe the spatial channel properties of the RS antenna ports observed at the receiver.

[bookmark: _Ref477874825]QCL/QCB assumptions
Since many factors contribute to the experienced channel properties as the aforementioned, the more comprehensive QCL assumption among different or same RS should be supported in NR for both DL and UL.

For examples, in current LTE, all the DMRS ports for DL are assumed to be QCLed w.r.t average gain, average delay, delay spread, Doppler shift and spread in non-coordinated case, and no QCL indication is considered for UL. However, after considering the influence of beam and RF imperfection, the current assumption would not be valid as shown in Figure 1. It can be easily observed that the average gain at UE sides is significantly different between beams at receiver side (e.g., multiple panels with different orientation are implemented at UE) even when the similar Tx beam are adopted at TRP side. It demonstrates that the channel properties for DL cannot be solely predicted based on the configurations at TRP side, and the feedback information from UE should be considered to assist the DL QCL/QCB determination by TRP. Moreover, if multiple-panels/beams based transmission is also supported for UL, QCLs among DM-RS or between DM-RS and SRS, which correspond to different panels/beams should also be introduced in similar manner to DL.

Additionally, as illustrated in Figure 2, since phase noise for each DMRS port would be different when the different oscillators are adopted at Tx side, the mismatch of QCL association between DMRS and PTRS ports will result in significant performance degradation for DL, and similar phenomena can also be anticipated for UL. In the ideal case, the phase noise for each DMRS port is fully compensated via the consideration of the difference in each panel. However, in the mismatched case, the over/under estimation of the phase error are introduced when the DMRSs are assumed QCLed w.r.t all parameters and adopting the same phase compensation.  More details about the simulation can be found in Table 2.
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[bookmark: _Ref470521312]Figure 1 Comparison of the average gain among beams at Rx side
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[bookmark: _Ref470522868]Figure 2 Performance evaluation with the consideration of RF imperfection

Observation 2: The experienced channel properties in NR would be influenced by adoption of beamforming and RF imperfection.
Observation 3: The incorrect QCL assumption would result in significant performance loss.
Potential solutions
Based on the above analysis, the various combinations of factors in the application of multiple-beam/panel operation would lead to the various experienced channel condition. In this situation, flexible mechanisms for the configuration/update of the QCL/QCB assumption as well as associations should be introduced. 
UE-assisted QCL/QCB association 
Since the quasi-omni directional antennas are usually assumed for below 6 GHz in legacy system, the variation of experienced channel among different RSs is mainly determined by different locations or implementation of antenna ports at TRP side. Consequently, TRP only determines QCL association among different DL RS ports. Considering the aforementioned observations, the UE-assisted QCL/QCB association is proposed.

In this way, the feedback of the channel measurement results from UE could be used to determine the QCL/QCB association based on the following principles:
· E.g., according to Rx antenna structure
· E.g., according to Rx beam direction
· E.g., according to channel reciprocity
· E.g., according to measured CSI
· E.g., according to delay

Moreover, one implementation case of this approach could be done as shown in Figure 3. When the cell specific beam training is initialized, the TRP can first assign the QCL relationship (e.g., QCL without spatial parameter) for the RS that are used for beam measurement procedures. After the beam measurement at UE side, the QCB association according to the measurement would be reported to TRP side by UE.  Then the TRP can update the QCL association according to the feedback (e.g., QCL with spatial parameter). 
Furthermore, since it has been agreed that the antennas ports transmitted on different CCs can’t be assumed to be QCL-ed by default [3], the feedback information from UE side is more critical to configure the proper QCL relationship among RSs when multiples CCs are adopted. It is hard for the network to determine whether the ports across two CCs can be QCL’ed.  With UE feedback, QCL relationship can be established which is beneficial to reduce complexity and overhead of CSI feedback and channel tracking.
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[bookmark: _Ref471459120]Figure 3 Illustration of the UE-assisted QCL association

Proposal 2: UE-assisted QCL association w.r.t. at least the spatial QCL parameter is supported by UE feedback.
Configurable sets of the QCL assumptions
As mentioned in Section 1, the three alternatives are proposed for determine the subset of the QCL parameters between antenna port of two RS sources:
· Alt. 1: Which of the subset of QCL parameters are configured by gNB
· Alt. 2: Which of QCL type is configured by gNB where multiple QCL types are pre-defined
· Alt. 3: QCL types are pre-defined

According to our analysis in section 2.2, the experienced channel properties of RS are easily influenced by several factors, and it will result in the various QCL assumptions between two RSs. Meanwhile, the functionality of the certain RS resource (ports) will be dynamically changed according to the configuration, e.g., the CSI-RS will be used for both beam management and CSI acquisition [4]. Consequently, the pre-defined QCL type as proposed in Alt 3 is not suitable for the implementation of QCL in NR. 




Furthermore, based on the method proposed by Alt1, the maximum flexibility of the QCL assumption can be ensured. For examples, total  (i.e.,) parameter sets should be considered mathematically, if interested channel parameters are included. Here, represents the number of grouped parameters. More specifically, these combinations could be further narrowed down according to constraints in practices e.g. antenna location or boresight, PA or oscillators related RF configuration and how well the panels are calibrated. Since the information may not be known at TRP side firstly, the content of the parameter can be configured step by step according to the obtained information. Here each step refers to the dedicated procedures for the link establishing or data transmission, e.g., PRACH, beam training. 
Moreover, the following candidates of configurable QCL parameters set shown in Table 1 can be considered as an example for the gNB configured QCL/QCB assumption among certain RS ports.  The listed types (i.e. grouping of QCL parameters) are defined as the special cases according to potential RSs functionalities. The DL signalling, e.g., RRC/MAC CE or DCI can be used to indicate the suitable QCL assumption for different RS types in either semi-persistent or dynamic way. 
[bookmark: _Ref470536671]Table 1 Typical subset of QCL parameters for the QCL assumptions
	Types of QCL
	QCL parameters
	(reference RS, targeted RS)
	Application case

	Type 1 or 1’
	[2] or [2][6]
	(SS,SS)
(SS,CSI-RS)
	1. Two SSs transmitted from the same TRP with different beam.
2. In the scenario with multiple TRP similar to LTE CoMP scenario 4, the SS is used as the reference of CSI-RS (from different TRP) for synchronization.

	Type 2 or 2’
	[2][4]  or [2][4][6]
	(SS,CSI-RS)
	1. The SS is used as the reference of CSI-RS for synchronization when the CSI-RS is transmitted from the same TRP as the SS.

	Type 3 or 3’
	[1][2] or [1][2][6]
	(CSI-RS,DM-RS)
(CSI-RS,CSI-RS)
(PTRS, DM-RS)
	1. CSI-RS for channel tracking is used as the reference of DM-RS for frequency tracking
2. CSI-RS for channel tracking is used as the reference of CSI-RS for frequency tracking
3. Different Tx beams on PTRS and DMRS share the same RF.

	Type 4 or 4’
	[1-4] or [1-4][6]
	(CSI-RS,DM-RS)
(CSI-RS,CSI-RS)
(SS,CSI-RS)
	1. CSI-RS for channel tracking is used as the reference of DM-RS for frequency and time tracking when similar beam is transmitted.
2. The second CSI-RS for CSI acquisition shares the same beam as beam management RS including SS and CSI-RS.

	Type 5 or 5’
	[1-5] or [1-6]
	(DM-RS,DM-RS)
(CSI-RS,CSI-RS)
(DM-RS, PTRS)
	1. DM-RS ports belonging to the same DMRS port group
2. CSI-RS ports with the same beam.
3. PTRS port and DMRS port share the same beam

	Type 6
	[6]
	(CSI-RS, SRS)
(CSI-RS, CSI-RS)
	1. When beam correspondence is held, the angle of departure of the beam used on UL SRS is in the reciprocal direction as the angle of arrival observed from DL CSI-RS, i.e., it is spatially QCL’ed with the reciprocal channel of the reference.
2. Two CSI-RS beams from different TRPs fall into similar angle of arrival.

	Notes:
1. QCL parameters: [1]Doppler spread, [2] Doppler shift, [3] delay spread [4]average delay, [5] average gain, [6] Spatial parameter
2. [6] can be added to all typical QCL parameter sets when analog receive beam is considered.




Proposal 3: The approach as proposed in alt 1 should be supported in NR for the gNB to configure QCL parameters among RSs.
Proposal 4: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
Multiple-stages configuration for the QCL among RS ports
Based on the above analysis, the multiple-stages (e.g., three stages with combination of RRC, MAC CE and DCI signalling) configurations of the QCL/QCB among various combinations of RSs ports are proposed for each RS port. Moreover, the detailed implementation for the first DMRS port is taken as an example that is demonstrated in Figure 4. It can be observed that:

1. The potential QCL relationships for the first DMRS port are configured as a pool via RRC signalling. For example, when the multiple-TRP transmission is considered, the QCL relationship between the first DMRS and the z-th DMRS ports should be specifically considered as well as the relationship with x-th CSI-RS. 
2. The selection of potential combination for the first DMRS port could be conducted through activation and de-activation operation via MAC CE signalling. 
3. The indication of QCL relationship between DMRS and CSI-RS would be finally indicated to the UE via DCI signalling. 

Based on this mechanism, the update including the re-selection and re-configuration of the QCL association among ports could be efficiently conducted. And the accuracy of the channel estimation for data and control could be ensured when transmission mode or channel condition is dynamically changed. Moreover, according to this approach, QCL association among RSs (e.g., SRS, DM-RS) for UL only, or between RS for DL and UL (e,g., CSI-RS, SRS), can also be configured by gNB.
 


 
[bookmark: _Ref470541228]Figure 4 Illustration of the QCL configuration for the first DMRS port with multiple-stages
Proposal 5: Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL.
Conclusion 
In this contribution, the corresponding analysis related to QCL/QCB issues in NR has been conducted with the following observations and proposals:

Observation 1: The performance of QCL association among RSs w.r.t spatial parameter will be enhanced with introducing the feedback from UE side.
Observation 2: The experienced channel properties in NR would be influenced by adoption of beamforming and RF imperfection.
Observation 3: The incorrect QCL assumption would result in significant performance loss.

Proposal 1: Angle of arrival should be captured in the QCL parameters set to describe the spatial channel properties of the RS antenna ports observed at the receiver.
Proposal 2: UE-assisted QCL association w.r.t. at least the spatial QCL parameter is supported by UE feedback.
Proposal 3: The approach as proposed in alt 1 should be supported in NR for the gNB to configure QCL parameters among RSs.
Proposal 4: DL signalling (e.g., RRC/MAC CE or DCI), should be considered to indicate the suitable QCL assumption to RSs.
Proposal 5: Multiple stages configuration of QCL among RSs should be supported in NR for both DL and UL.
Reference 
[1] [bookmark: _Ref474008908]Chairman’s notes RAN1 NR ad-hoc
[2] R1-1703530, “WF on QCL for CSI-RS”,ZTE, ZTE Microelectronics, ASTRI
[3] R1-1703736	, “WF on QCL” , CATT, DoCoMo, Mitsubishi
[4] TR 38.802, “Study on New Radio (NR) Access Technology Physical Layer Aspects”
[bookmark: _Ref470543638]Appendix 
[bookmark: _Ref477874404]Table 2 Simulation assumptions
	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60kHz

	Data allocation
	8 RBs
· Note: Error free PDCCH decoding is assumed.
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	Channel Model
	CDL-A 
· delay spread =100ns
· UE speed=3km/h.  

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

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

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. ***
Θmg,ng=90; Ω0,1=Ω0,0+180;


	BS array orientation
	Azimuth: 0 degree, mechanical downtilt: 0 degree 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD


	MIMO mode
	SU-MIMO with rank=1 (No polarization, two and one ports at Tx and Rx sides, respectively)

	UE receiver type 
	MMSE-IRC 

	MCS
	LTE MCS = 5

	Metrics
	BLER and Throughputs w/ beamforming as a function of SNR ranging from -20 to 0 dB
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