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Introduction
In RAN1#89, a good summary [1] was provided on the issues for QCL, and the following agreements were reached:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

This contribution presents Samsung’s views on the QCL issues. 
1 
2 
QCL Assumptions Related to CSI-RS 
CSI-RS can be used for beam management and CSI estimation. The QCL assumptions for CSI-RS used for beam management and CSI estimation can be different. For convenience of discussion, CSI-RS used for beam management and CSI-RS used for CSI estimation are referred to B-CSI-RS and A-CSI-RS respectively. An example of B-CSI-RS configuration is described in Figure 1, and an example of A-CSI-RS configuration is described in Figure 2. 
For TRP Tx beam reporting and indication for beam management purpose, CRI-like quantities can be still used in NR. In one alternative, one CSI-RS resource corresponds to one Tx beam. In another alternative, one port or a port group corresponds to one beam. One example construction of beam management CSI-RS resources according to the second alternative is shown in Figure 1. In Figure 1, it is assumed that different antenna ports mapped on a same time resource (e.g. OFDM symbol) are beamformed with different TRP Tx beams, and the TRP Tx beamforming applied on a same antenna port varies on different time resources. In such a case, a beam ID constructed from a pair of (a time resource index, an antenna port index) can be used for TRP Tx beam reporting and indication. The beam identity may alternatively be signalled/constructed via a combination of {RS port index, RS resource index, RS set index, RS setting index}, in case the beam management CSI-RS resource, set and setting are constructed as in the following:
· Each CSI-RS resource corresponds to multiple (NP) antenna ports mapped in a group of OFDM symbols in which a same Tx beam is applied; 
· A CSI-RS resource set comprises multiple (NR) CSI-RS resources mapped in different OFDM symbols which correspond to the beam-sweeping interval; and
· A CSI-RS setting includes one (NS=1) such CSI-RS resource set; and a UE may be configured with multiple CSI-RS settings, each of which correspond to a CSI-RS resource set transmitted from a TRP. 
In Figure 2, two use cases of CSI-RS are described. The first use case Figure 2(a) is for virtual setorization; and different beams are allocated to different CSI-RS resource. The second use case Figure 2(b) is for FD-MIMO; and the same beam is applied across the different CSI-RS resources. For FD-MIMO, UE may be further configured to aggregate the K CSI-RS resources for CSI measurement and reporting. It is noted that in both use cases illustrated in Figure 2, a same beam is applied to multiple antenna ports within a CSI-RS resource, so that UE can measure CSI. This could be the main difference of A-CSI-RS from B-CSI-RS; for B-CSI-RS, UE can be configured to assume that different beams are applied to different antenna ports comprising a CSI-RS resource. These different beam related assumptions affect UE assumptions on QCL, and NR should support related mechanisms/signaling methods. 
The beam related assumptions mainly affect spatial, delay and gain parameters; but they do not seem to affect estimation of Doppler parameters. Hence, for Doppler parameters, a default assumption of QCL across all the CSI-RS resources comprising a CSI-RS set may be sufficient, regardless of CSI-RS types/use cases. On the other hand, for spatial, delay and gain parameters, configuration signaling seems to be necessary so that UE can make a proper assumption on QCL across CSI-RS ports within a CSI-RS set. For spatial, delay and gain parameters, UE may be configured to assume that the CSI-RS ports within a “unit resource” are QCL’ed; but the UE may not assume that the CSI-RS ports across the unit resources are QCL’ed. A “unit resource” corresponding to a Tx beam varies upon different use cases: 
(1) A unit resource is a port … in B-CSI-RS
(2) A unit resource is a CSI-RS resource … in a A-CSI-RS used for virtual sectorization
(3) A unit resource is a CSI-RS set … in a A-CSI-RS used for FD-MIMO



Figure 1. CSI-RS resource configuration for beam management


Figure 2. CSI-RS resource configuration for MIMO

In NR, semi-persistent (SP) CSI-RS transmission is supported to provide flexibility and reduce CSI-RS overhead via dynamic activation and deactivation of CSI-RS. Considering activation and deactivation of semi-persistent CSI-RS, signalling of QCL via PQI field should be designed. Figure 3 shows proposed UE operation with PQI when UE is configured with multiple semi-persistent CSI-RS resources. 
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Figure 3. UE operation with multiple semi-persistent CSI-RS resources

As shown in Figure 3, only few CSI-RS resources can be activated among multiple semi-persistent CSI-RS resources which are configured to UE. In this case, UE can consider only activated CSI-RS resources are QCL’ed in a set of parameters. This operation can provide dynamic change of transmission scheme as well as DCI overhead reduction. For example, gNB may deactivate one of semi-persistent CSI-RS according when data transmission from the TRP which transmits the semi-persistent CSI-RS. In this case, the PQI field which indicates the semi-persistent CSI-RS is not useful anymore. Moreover, gNB has to configure another PQI fields with newly activated semi-persistent CSI-RS resources to support PDSCH transmission from other TRP or TRPs. However, if we support QCL operation with only activated CSI-RS resources, RRC reconfiguration for PDSCH transmission can be reduced and dynamic change of transmission scheme based on CSI-RS activation/deactivation can be supported. 

Proposal 1:
· UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
· The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set. 
QCL Parameter Sets
Multiple QCL parameter set can be considered according to the use cases and characteristics of the CSI-RS. Example use cases and corresponding QCL parameter sets are shown below. Below, a unit resource refers to one of a port group, a CSI-RS resource, or a resource setting. 
· Case 1: CSI-RS ports in a CSI-RS resource or a resource setting are transmitted similarly to LTE CRS to cover the whole cell area with sectorization beams, and also provide time/frequency resolution. In this case, the CSI-RS can be configured as a QCL RS for all the DMRS ports corresponding to PDSCH/PDCCH in QCL parameter set 1, that is, {Doppler Spread, Doppler Shift, average gain, average delay, delay spread}. 
· Case 2: CSI-RS ports in a unit resource is transmitted in a wideband manner, and similarly to LTE CoMP scenario 4, the CSI-RS port-beam pattern of each unit resource covers a virtual sector or a TRP. These CSI-RS ports in the unit resource can be used for delay and gain parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 2, that is, {average gain, average delay, delay spread}.
· Case 3: CSI-RS ports in a unit resource is transmitted periodically or semi-persistently; or with high time-domain density. These CSI-RS may also be transmitted in an SFN manner from all the TRPs corresponding to a cell, similarly to Rel-10 LTE CoMP scenario 4. This CSI-RS unit resource can be used for Doppler parameter estimation. Hence, the unit resource can be configured as a QCL RS for all the DMRS ports in a DMRS port group corresponding to PDSCH or all the DMRS corresponding to a PDCCH in QCL parameter set 3, that is, {Doppler spread and Doppler shift}.
· Case 4: CSI-RS ports in a unit resource is directionally beamformed with a narrower coverage than the cell coverage, especially in coverage limited scenarios, e.g., 30GHz carrier frequency operation. In this case, UE Rx beamforming may also be applied, and a beam-pair links (BPL) need to be established between TRP Tx and UE Rx beams, in which UE keeps track of an Rx beam (or Rx beam set) corresponding to the unit resource TRP Tx beam. The CSI-RS ports in a unit resource can be provided for UE’s estimating QCL parameter set 4, that is, {spatial QCL parameters}. The spatial QCL parameters can be used for UE’s deriving Rx beam sets, and the unit resource can be indicated to the UE for PDSCH/PDCCH demodulation or beam refinement relying on another CSI-RS. 
Proposal 2: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured 
QCL Indication for Beam Management
In two-stage beam management involving two resource settings, the first resource setting is used for the initial beam selection and beam switching (P-1/P-2) within a cell, and the second resource setting is used for the Tx/Rx beam refinement (P-2/P-3). CSI-RS in the first resource setting can be transmitted in a periodic or semi-persistent manner. In the initial stage of the beam management (e.g., when the UE is initially RRC connected), the UE may have to measure the beam strength from all the configured beams in the resource setting and report a few strongest beams and corresponding RSRPs to the network. Once the network acquires information on the good BPLs of the UE, the network can figure out the corresponding cell section of the UE. For facilitating UE power saving related to beam measurement and reporting overhead reduction, the network can activate/deactivate the CSI-RS resources in the CSI reporting setting. Then, the number of CSI-RS resources to measure and reporting payload & contents are determined by the activated CSI-RS resources in the resource setting. This can be regarded as one way to achieve the goal of low-overhead indication, according to the following agreement in RAN1#88b:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
For the facilitating UE’s Rx beam selection, the CSI-RS unit resource in the first resource setting can be indicated as an RS that is QCL’ed in spatial parameters, (1) for PDSCH/PDCCH reception and (2) for beam refinement based on CSI-RS in the second resource setting. 
Proposal 3: For beam management, a UE can be configured with two resource settings:
· A first resource setting is for SP-CSI-RS used for P-1/P-2, and comprises K1>1 CSI-RS resources.
· The CSI-RS resources in the first resource setting can be activated/deactivated. The reporting/QCL indication is based on the activated resources only.
· A second resource setting is for AP-CSI-RS used for P-2/P-3, and comprises K2>=1 CSI-RS resources.
· A unit resource selected from the set of activated resources in the first resource setting can be indicated as a QCL RS in spatial parameters; (1) for PDSCH/PDCCH reception; and (2) for beam refinement based on CSI-RS in the second resource setting.
DMRS port grouping
This section addresses the FFS points from the following agreement in RAN1-NR-AH.
· 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.

This issue is closely related to how many CWs are supported per PDSCH, and how many DCIs shall be used for the non-coherent JT. For the simplicity of the discussion, it is assumed that two TRPs are involved in the JT to serve a UE. For the control signaling to support the JT in this case, two alternatives can be considered: (Alt 1) one DCI to schedule more than one CWs; and (Alt 2) 2 DCIs for the two sets of streams from the two TRPs, each to schedule one CW. 
The advantages of the two DCI based method include: 
· Flexibility: it can support the same PRB scheduling as the one-DCI based method, and other PRB scheduling not supported by the one-DCI based method as well, e.g., non-overlapped/partially-overlapped PRB scheduling; 
· Forward compatibility: it can be easily extended to support more than 2 TRP JT without much additional spec efforts; and 
· Simplicity: simpler in terms of specification supports/efforts. 
The disadvantages of the two DCI based method include:
· Additional control signalling overhead: in case of the overlapped PRB scheduling

Considering these pros and cons, it is preferred to support two-DCI based method and 1 CW per PDSCH for supporting the non-coherent JT. 
When two-DCI based method is supported together with one CW per PDSCH, grouping DMRS according to CWs is not relevant discussion any more. For flexible implementations at the network side, it could be sufficient to allow equal partition of the all the available DMRS ports. For example, if NR DMRS ports are D0-D7, a partition method for supporting 2-TRP JT could be D0-D3 and D4-D7, where a first DCI is used for scheduling DMRS ports D0-D3; and a second DCI is used for scheduling DMRS ports D4-D7. The RS (likely to be CSI-RS) that are QCL’ed with each DMRS group can be configured in RRC, and no dynamic signalling seems to be necessary. 
Proposal 4: The following should be adopted for DMRS related QCL
· All the available DMRS ports should be equally partitioned into two for the DMRS port grouping. 
· For example, if NR DMRS ports are D0-D7, the DMRS port grouping is done in D0-D3 and D4-D7.
· The QCL RS for each DMRS group can be configured in RRC
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS.
UL QCL 
Multi-panels at UE may not be QCL’ed in some large scale parameters (e.g., spatial parameters, delay, gain) because the panel orientations are different (e.g., two panels are facing the other side). This implies that TRP needs to know the QCL information of UL antenna ports for channel estimation and TRP Rx beamforming or transmission although the TRP does not necessarily need to know the actual antenna architecture of the UE. 
UL QCL information may be reported by the UE, e.g., via UE capability reporting. This is denoted as Alt 1. For example, the UE may report antenna port grouping information to the network. For this reporting, it is assumed that the N UL antenna ports that are supported by the UE are partitioned into Ng groups (where N >= Ng), in which antenna ports in a group are QCL’ed but antenna ports in different groups are not QCL’ed. This reporting facilitates more efficient implementations that allow for (1) network UL resource overhead saving and (2) UE power saving. This is because the BPLs can be maintained per port group rather than per port (i.e., the UL BM can be done per port group). 
An alternative to Alt 1 is for the gNB to blindly find the UL QCL information by applying UL BM per antenna port (denoted as Alt 2). Alt 2 is less preferred to Alt 1 owing to its inefficiency. 
Proposal 5: NR should support UE reporting (e.g., via UE capability signaling) of UL antenna port QCL information. The reported information may correspond to UL antenna port grouping, for which ports in a group are QCL’ed and ports in different groups are not QCL’ed. 
Conclusions
This contribution has reviewed QCL assumptions that are necessary to be defined in NR. This contribution has made the following proposals.
Proposal 1:
· UE can be configured that all the antenna ports within a “unit resource” are QCL’ed in a set of parameters; and the antenna ports across different unit resources are not QCL’ed in the set of parameters. 
· If multiple semi-persistent CSI-RS resources are configured in a “unit resource”, only activated CSI-RS resources are QCL’ed in a set of parameters.
· The “unit resource” can be configured among (1) a port group (one or more ports in a group); (2) a CSI-RS resource; and (3) a CSI-RS resource set. 
[bookmark: _GoBack]Proposal 2: 
· At least the following QCL parameter sets are supported in NR:
· Set 1 = {average gain, and average delay, delay spread}
· Set 2 = {Doppler Spread, Doppler Shift}
· Set 3 = {Spatial parameters}
· A CSI-RS unit resource can be configured as a QCL RS for PDSCH/PDCCH demodulation in one or more QCL parameter sets. 
· Separate CSI-RS unit resources can be configured for different QCL parameter sets. 
· For QCL parameter set 2, periodic/semi-persistent/high-time-density CSI-RS should be configured. 
· For QCL parameter set 3, wideband/sufficient-frequency-density CSI-RS should be configured 
Proposal 3: For beam management, a UE can be configured with two resource settings:
· A first resource setting is for SP-CSI-RS used for P-1/P-2, and comprises K1>1 CSI-RS resources.
· The CSI-RS resources in the first resource setting can be activated/deactivated. The reporting/QCL indication is based on the activated resources only.
· A second resource setting is for AP-CSI-RS used for P-2/P-3, and comprises K2>=1 CSI-RS resources.
· A unit resource selected from the set of activated resources in the first resource setting can be indicated as a QCL RS in spatial parameters; (1) for PDSCH/PDCCH reception; and (2) for beam refinement based on CSI-RS in the second resource setting.
Proposal 4: The following should be adopted for DMRS related QCL
· All the available DMRS ports should be equally partitioned into two for the DMRS port grouping. 
· For example, if NR DMRS ports are D0-D7, the DMRS port grouping is done in D0-D3 and D4-D7.
· The QCL RS for each DMRS group can be configured in RRC
· DMRS group is indicated dynamically; UE is implicitly indicated the corresponding QCL RS.
Proposal 5: NR should support UE reporting (e.g., via UE capability signaling) of UL antenna port QCL information. The reported information may correspond to UL antenna port grouping, for which ports in a group are QCL’ed and ports in different groups are not QCL’ed. 

References
[1] R1-1709298, Summary of QCL, Nokia

image2.emf
CSI-RS set CSI-RS set N

S

CSI-RS 

resource 1

CSI-RS 

resource K

AP 1

AP N

P

AP 1

AP N

P

TRP 1

TRP N

S

Different sectorization beams

S

a

m

e

 

b

e

a

m

 

o

n

 

t

h

e

 

N

P

 

T

X

R

U

s

CSI-RS set CSI-RS set N

S

CSI-RS 

resource 1

CSI-RS 

resource K

AP 1

AP N

P

AP 1

AP N

P

TRP 1

TRP N

S

Same beam on the K resources

S

a

m

e

 

b

e

a

m

 

o

n

 

t

h

e

 

N

P

T

X

R

U

s

(a) Virtual sectorization (b) FD-MIMO


oleObject2.bin
CSI-RS set


CSI-RS set NS


CSI-RS 
resource 1


CSI-RS 
resource K


AP 1


AP NP


AP 1


AP NP


TRP 1


TRP NS


CSI-RS set


Different sectorization beams


Same beam on the NP TXRUs


CSI-RS set NS


CSI-RS 
resource 1


CSI-RS 
resource K


AP 1


AP NP


AP 1


AP NP


TRP 1


TRP NS


Same beam on the K resources


Same beam on the NP TXRUs


(a) Virtual sectorization


(b) FD-MIMO



image3.png
PDSCH

TRP 1 TRP 2

- Activated CSI-RS resource

Deactivated CSI-RS resource

S

Semi-

persistent
CSI-RS #N

TRP 3





image1.emf
CSI-RS 

set/setting 1

CSI-RS 

set/setting N

S

CSI-RS 

resource 1

(Time unit 1)

CSI-RS 

resource N

R

(Time unit N

R

)

AP 1

AP N

P

AP 1

AP N

P

These are 

on the same 

TXRU

TRP 1

TRP N

S

Beam sweeping

D

i

f

f

e

r

e

n

t

 

b

e

a

m

s

 

o

n

 

d

i

f

f

e

r

e

n

t

 

T

X

R

U

s


oleObject1.bin
CSI-RS set/setting 1


CSI-RS set/setting NS


CSI-RS 
resource 1
(Time unit 1)


CSI-RS 
resource NR
(Time unit NR)


AP 1


AP NP


AP 1


AP NP


These are 
on the same TXRU


Beam sweeping


Different beams on different TXRUs


TRP NS


TRP 1



