[bookmark: OLE_LINK21][bookmark: OLE_LINK22]3GPP TSG RAN WG1 NR Ad Hoc Meeting	R1-1700405
Spokane, USA, 16th – 20th January, 2017

Agenda Item:	5.1.2.2
Source:	Huawei, HiSilicon
Title:	QCL indication of downlink control channel and beam management reference signals
Document for:	Discussion and decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR waveform assumption, it was agreed in the RAN1#86bis meeting that, 
· Study the need of supporting UE feedback and contents if needed to assist QCL association between reference signal resources/ports with respect to UE spatial QCL parameter(s) to support UE side beamforming/receiving procedure
· Companies are encouraged to provide details of beamforming/receiving procedures and evaluate performance in terms of at least following metrics:  
· RS overhead 
· Overhead of UE feedback
· Spectral efficiency
· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception
· FFS: details
· E.g., QCL assumption details
· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)
· E.g., beam-related indication for DL control and data channels 

In this contribution, we discuss beam management procedure for control channel based on QCL assumption, e.g. some spatial QCL parameters, AoD, AoA etc. Application scenarios will also be discussed including multi-stage DCI, etc.
[bookmark: _Ref129681832]Discussion 
New design aspects in NR 
As discussed in [1], new functionalities, e.g. beam management are introduced in NR. Thereby an extended QCL framework is needed for assisting UE side beamforming. Specially, some spatial parameters include AoD/AoA/spatial correlation matrix etc. will be introduced to achieve beam management.  
Different beams on control channel and the corresponding data channel transmissions are supported in NR. Correspondingly, the beam pairs for the control channel and data channel are also different. For receiver beamforming procedure at UE side, UE should know the RX beam for the data reception and control channel reception. The indication of RX beam for data reception can be achieved by DL control information. The control beam is normally wider than the data beam, and the control beam could be inferred from the data beam. To be specific, the wide control beam could cover several narrow data beams to provide control information to the covered users. The SNR reduction by using the wide control beam compared with the narrow beam could be inferred from the beamforming gain differences. If UE knows the RX beam for the data reception, TRP could use the wider control beam inferred from the corresponding TX beam. UE could use the same RX beam for control channel reception. In such case, no additional beam indication for UE control beam reception is needed. 
While in some cases, the indication of UE receiving beam for control reception may be needed. If the control channel is transmitted by multiple narrow beams, which contains beams not overlapped with data beams, then the receiving beams of data channel could not be used to receive control channel. The indication of UE receiving beam for control channel should be further studied. 
Observation: The indication of UE receiving beam for DL control channel should be further studied in NR.
QCL indication for DL control channel 
If new spatial QCL parameters are introduced in QCL, then this QCL indication can be used for assisting UE received beamforming procedure of DL control channel. For example, the spatial parameter AoA can be used to indicate the relationship between CSI-RS port(s) and DMRS port(s). As QCL is defined to represent the relationship between one port and another port in terms of one or more QCL parameters, the indication of reference port should also be considered. Assuming the CSI-RS port(s) are reference port(s), two examples of such indication are given as follows:
· Example 1: gNB indicates the measured CSI-RS resource index(s) to UE. In this case, the UE can select the Rx beam based on the QCL assumption between CSI-RS port(s) in the indicated CSI-RS resource and current DL DMRS port(s). Moreover, in order to reduce the indication overhead, CSI-RS resource index may not be necessary, e.g., UE can select the best Rx beam.
· Example 2: gNB indicates reported  CSI-RS resource index(s) to UE. Since UE only reports the measurement results based on some CSI-RS resources, the overhead can be further reduced if the gNB only indicate the resource index which is reported to UE, and UE can select the Rx beam(s) according to QCL relation between current DL DMRS port(s) and CSI-RS ports corresponding to the indicated resource(s). It is obvious that Example 2 can achieve low overhead but the flexibility may be limited compared with Example 1. 
Indicating the Rx beam of data channel can be easily achieved using QCL, because any settings for data channel can be delivered easily via control channel. However, it is difficult to achieve the Rx beam indication of control channel. If a two-level control channel is supported in NR, the first control channel can be considered to indicate the receiving beams of the second level control channel, e.g. the first level control channels are transmitted with semi-statistic updated beam.  But how to indicate the first level control channel needs to be studied in NR. 
To solve the aforementioned conundrum, implicit QCL indication for Rx beam of control channel should be exploited. One way for implicit QCL indication is to associate different QCL configurations with different candidates in the search space. The relationship between control channel candidates and QCL configurations can be predefined. And each QCL configuration indicates a CSI-RS resource. The current DMRS ports for DL control channel are quasi co-located with the CSI-RS ports in the indicated resource.  As shown in figure 1, four search spaces based on different beams are predefined.  The candidates in each search space correspond to a Tx/Rx beam pair or QCL configuration. Based on the decoded candidate index, an associated QCL configuration can be derived.    
[image: ] 
Figure 1 Example of implicit QCL indication
Proposal 1: Implicit QCL indication for Rx beam of control channel should be considered in NR, e.g. associating different QCL configurations with different search space candidates.
Proposal 2: If a two-level control channel is supported in NR, the first control channel can be considered to indicate the receiving beam of the second level control channel.
In addition, for control channels, P-2/P-3 may be implemented on the basis of P-1 with no introduction of new beams to reduce the maintenance overhead. While for data channels, newly refined narrow beams may be introduced for spectrum efficiency in P-2/P-3 and the candidate beams for P-2/P-3 need to be updated frequently. In this case, it may be necessary to differentiate the control channel and the data channel in P-2/P-3. On the other hand, some spatial parameters of the narrow data beam and wide control beam may be similar to some extent, due to the fact that UE’s location cannot change a lot in such a short period. Hence taking such spatial correlation between data and control channels into account can further speed up the beam training or tracking procedure. In summary, how to properly divide the beam management for control and data channel, as well as utilizing the spatial correlation between them, should be further studied.
Proposal 3: Whether to differentiate beam management operation for control channel and data channel, as well as how to utilize their spatial correlation, should be studied in NR.
Multiple beams can be utilized for control channel to further increase the robustness [2]. Hence control channel may have multiple transmission schemes and multiple beam pairs combinations, e.g. SFBC and two specific beam pairs out of multiple feasible beam pairs can be used to attain diversity gain. However, if UE has no knowledge of the transmission scheme and Tx/Rx beam pairs, it is very complex for UE to the blind detections for all possible cases. Furthermore, some beams may come from the same UE panel, which cannot be used for the reception at the same time. Therefore, gNB needs to retransmit multiple times for the same control signal with the same Tx beam(s) for UE to try several times in different time domain, which is very time and overhead consuming. 
In addition, control channel could use wide beams for transmission and reception to improve the robustness, which is less frequently changed than the data channels. The beams used for control channel reception for UE could last for a relatively long time.
Based on the above discussion and considering the high robustness of control channel, the UE beams for downlink control channel reception could be indicated by PDCCH. Note that the first beam used for PDCCH reception could be determined by the beam acquisition in initial access stage. The indication in the PDCCH could be based on the QCL assumption related to the CSI-RS ports or Tx/Rx beam pair indices. For the implicit indication in proposal 1, the configurations for different search spaces could also be indicated by PDCCH, e.g., the transmission schemes.  
Proposal 4: For UE complexity reduction, the indication of UE receiving beam for PDCCH reception should be considered, e.g., indicating the UE receiving beam of later PDCCH by current PDCCH.
    QCL indication for UL control channel             
For UL control and data transmission, the gNB should indicate the Tx beam for UE. If the Tx beam at UE is defined in specification, gNB can directly indicate the Tx beam ID. For the case that Tx beam ID at UE is not explicitly defined, one method is to indicate some SRS resource(s)/port(s) related to the UL control and data transmission. As discussed in [2], UE can use the same Tx beam utilized in the indicated SRS resource(s)/port(s). Moreover, if spatial QCL parameter(s), e.g. AoD or Tx beamforming, is introduced in UL, gNB can also assist the Tx beam information by indicating the QCL relation between SRS port(s) and UL transmission port(s). If Tx/Rx beam correspondence at UE side is assumed, the indication can be further simplified. With the help of the new introduced QCL spatial parameters, the indication of similar or same beam can unify the DL and UL design, as the relationship between different ports or channels (can be DL or UL) can be well indicated in a same way.
Proposal 5: Using SRS configuration to indicate the QCL relationship shall be supported for assisting UE-side beamforming of UL transmission.

Conclusion
In this contribution, beam management procedure for control channel based on QCL assumption is discussed. Based on these discussions, we have the following proposals:
Observation: The indication of UE receiving beam for DL control channel should be further studied in NR.
Proposal 1: Implicit QCL indication for Rx beam of control channel should be considered in NR, e.g. associating different QCL configurations with different search space candidates.
Proposal 2: If a two-level control channel is supported in NR, the first control channel can be considered to indicate the receiving beam of the second level control channel.
Proposal 3: Whether to differentiate beam management operation for control channel and data channel should be studied in NR.
Proposal 4: For UE complexity reduction, the indication of UE receiving beam for PDCCH reception should be considered, e.g., indicating the UE receiving beam of later PDCCH by current PDCCH.
Proposal 5: Using SRS configuration to indicate the QCL relationship shall be supported for assisting UE-side beamforming of UL transmission.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref167612875][bookmark: OLE_LINK1][bookmark: _Ref167612671]3GPP RAN1#87, Chairman’s note, November, 2016.
R1-1700040, “Beam diversity for data and control channels”, Huawei, HiSilicon, RAN1#87, Jan., 2017
[bookmark: _Ref463000221]R1-1700043, “Discussion on beam management aspects for UL MIMO”, Huawei, HiSilicon, RAN1#87, Jan., 2017.

1

image1.png
search sppce <B0.B'0>

search space <B1.B’1>| search space <B2,B'2>| search space <B3,B'3>

Candidate 2

Candidate 3

DMRS
QacL config 1
—
- QacL config 2
—
QacLconfig3

[P

PDCCH search space

CSIRS config
<Txbeam1,Rx beam1>

CSIRS config2
<Txbeam2,Rx beam2>

CSIRS config
<Txbeam3 Rx beam3>





1

 

 

3GPP 

TSG RAN 

WG

1

 

NR Ad Hoc 

Meeting

 

R1

-

1700405

 

Spokane

, USA, 1

6th

 

–

 

20th

 

January

, 201

7

 

 

Agenda Item:

 

5

.

1

.

2

.

2

 

Source:

 

Huawei, HiSilicon

 

Title:

 

QCL indication of downlink control channel and beam management reference 

signals

 

Document for:

 

Discussion and deci

sion 

 

 

1

 

Introduction

 

For NR 

waveform assumption

, 

it

 

w

as

 

agreed in

 

the RAN1#86

bis

 

meeting

 

that

,

 

 

•

 

Study 

the need of supporting

 

UE feedback 

and contents if needed 

to assist QCL association 

between reference signal resources/ports with respect to UE spatial QCL

 

parameter(s) to support 

UE side beamforming/receiving procedure

 

•

 

Companies are encouraged to provide details of beamforming/receiving procedures and evaluate 

performance in terms of at least following metrics:  

 

•

 

RS overhead 

 

•

 

Overhead of UE feedback

 

•

 

Spectra

l efficiency

 

•

 

NR supports with and without a downlink indication to derive QCL assumption for assisting 

UE

-

side beamforming for downlink control channel reception

 

•

 

FFS: details

 

•

 

E.g., QCL assumption details

 

•

 

E.g., indication signaling (e.g. DCI, MAC CE, RRC, e

tc.)

 

•

 

E.g., beam

-

related indication for DL control and data channels 

 

 

In this contribution, 

we discuss beam management procedure

 

for control channel

 

based on 

QCL 

assumption, e.g. some spatial QCL parameters

, AoD, AoA

 

etc. 

Application s

cen

arios will also be

 

discussed including multi

-

stage DCI, etc.

 

2

 

Discussion 

 

2.1

 

N

ew 

design aspects

 

in 

NR

 

 

As discussed in [1]

, new

 

functionalities

, e.g. beam management 

are introduced in NR. 

Thereby a

n extended 

QCL framework is needed for assisting UE side beamforming. 

Specially

, 

s

ome spatial parameters include 

AoD

/

AoA

/

spatial correlation 

matrix

 

etc.

 

w

ill be introduced to achieve

 

beam management

. 

 

 

D

ifferent beams on control channel and the corresponding data channel transmissions

 

are

 

supported in NR. 

Correspondingly

, the beam pair

s for the control channel and data channel 

are also

 

different.

 

For receiver 

beamforming procedure at UE side

, UE

 

should know the

 

RX beam for the data reception

 

and control 

channel reception. 

The indication 

of RX

 

beam for data reception can be achieved by D

L control 

information. T

he control beam is normally wider than the data beam, and the 

control beam could be 

inferred

 

from the data beam

. 

To be specific

, the wide control beam could cover several narrow data beams 

to provide control information to the cover

ed users. The SNR reduction by using 

the

 

wide control beam 

compared with the narrow beam could be 

inferred

 

from 

the

 

beamforming gain differences

.

 

I

f UE knows the 

RX beam for the data reception, TRP could use the wider control beam 

inferred

 

from the corresp

onding TX 

beam. UE could use the same RX beam for control channel reception. In such case, no additional beam 

indication for UE control beam 

reception

 

is needed. 

 

While in 

some cases, the indication of UE receiving beam

 

for control reception

 

may

 

be needed.

 

If the 

control channel is transmitted by multiple narrow beams,

 

which contains beams not overlapped with data 

beams, then the receiving beams of data channel could not be used to receive control 

channel

. 

The 

indication of UE

 

receiving beam for control cha

nnel should be further 

studied

.

 

 

