3GPP TSG RAN WG1 Meeting #92bis
R1-1803704
Sanya, China, April 16th – 20th, 2018
Agenda Item:
7.1.2.3.1
Source:
Huawei, HiSilicon
Title:
Remaining issues on RS multiplexing
Document for:
Discussion and decision
1 Introduction

The following were agreed at the previous meetings [1][2]:
	Agreement #1 (RAN1-90bis):
A CSI-RS resource can be configured on RBs outside CORESET in CORESET symbols from UE perspective.

· Above applies at least for the case where PDCCH and CSI-RS are spatially QCL-ed, and FFS for multi-panel UEs
· FFS: Use case when the above is applicable (ex: CSI reporting for wideband and partial band)

· Note: CSI-RS BW discussion should be taken into account

· Above at least applies for non-slot based cases

Above feature is supported for slot-based transmissions as well
Agreement #2 (RAN1-91):
· A CSI-RS resource can be configured on RBs outside PBCH RBs in the symbols containing SS block from UE perspective.
· Above applies for the case where SS block and CSI-RS are spatially QCL-ed 
· Note: CSI-RS BW discussion should be taken into account. If beam management is agreed, the requirement on minimum BW for CSI acquisition and beam management may be different. 
· Above applies at least for the case where the same subcarrier spacing is used for SS block and CSI-RS
· Above applies for the cases: CSI-RS only used for beam management


2 Multiplexing between CSI-RS and CORESET
There is an FFS item for QCL assumption for multi-panel UEs in Agreement #1. Spatial QCL information indicated by the network determines the analog beamforming performed by one or more antennas (panels) on the UE side. As a result, in order to ensure that a UE can receive multiple signals through a panel successfully, the signals should be spatially QCL’ed.
For a one-panel UE, the above means that signals not spatially QCL’ed should not be expected to be received at the UE simultaneously. For multiple-panel UEs, non-spatially-QCL’ed signals may be expected to be received providing that the number of signals will not be larger than the number of UE panels.
It was agreed in the previous meetings to allow frequency-division multiplexing of CSI-RS with CORESET provided that the CSI-RS is spatially QCL’ed with the CORESET. Allowing to multiplex aims at reusing time resources and reducing overhead, for example, for beam management processes, and the purpose of spatial QCL restriction by the specification is to ensure that a UE will be able to receive the CORESET through the right receive beam(s) without restrictions coming from CSI-RS measurements. However, as mentioned above, a UE with multiple panels may be capable of performing the multiple tasks simultaneously. This capability depends on the number of panels that a UE possesses, the number of panels it deems sufficient for receiving CORESET (in the sense of coverage), etc. The UE capability can be communicated to the network during the RRC connection.
As a result, from the viewpoint of an RRC connected UE, signals that are not spatially QCL’ed with CORESET can still be allowed to be FDM’ed with the CORESET provided that the UE has communicated the capability to the network. In particular, the multiplexed signals can be CSI-RS for beam management. The alternatives for UE capability can be subject to further study. 
Therefore, in order to support the cases with no spatial QCL between CSI-RS and CORESET, we propose the following text proposal.
Proposal 1: For a high-capability UE, CSI-RS and CORESET can be transmitted on the same symbol even if not quasi-collocated.

Text Proposal 1:

	Draft CR for 3GPP TS 38.214 v15.0.0, Section 5.1.6.1 [3]
<Unchanged parts are omitted>
5.1.6.1
CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation,  L1-RSRP computation and mobility.

If the UE is configured with a CSI-RS resource and a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the CORESET are quasi co-located with ‘QCL-TypeD’, if ‘QCL-TypeD’ is applicable, unless the UE has indicated that it is capable of receiving signals on the same OFDM symbol that are not spatially quasi-collocated. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET.

The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs.

<Unchanged parts are omitted>


3 Multiplexing between CSI-RS and SS/PBCH block
Agreement #2 in the introduction states that only the CSI-RS used for BM can be multiplexed with an SSB on the same OFDM symbol. However, how this agreement (and other similar agreements) should be captured is worth further consideration. In the most recent draft CR, the condition is captured as highlighted below.
	Draft CR for 3GPP TS 38.214 v15.0.0, Section 5.1.6.1.2 [3]
5.1.6.1.2
CSI-RS for L1-RSRP computation
<…>
If the UE is configured with a CSI-ReportConfig with reportQuantity set to “CRI/RSRP”, or “No Report” and if the Resource Setting for channel measurement contains a CSI-RS Resource Set that is configured with the higher layer parameter CSI-RS-ResourceRep and configured without the higher layer parameter TRS-Info, then the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with ‘QCL-TypeD’ if ‘QCL-TypeD‘ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.

<…>


Based on the above, the current interpretation is that a CSI-RS is configured for beam management if all of the following conditions are satisfied:

1. TRS-Info is not configured
2. CSI-RS-ResourceRep is configured
3. reportQuantity is set to “CRI/RSRP” or “No Report”
Among the above, conditions 1 and 2 are related to the CSI-RS resource configuration itself. However, condition 3 seems to relate the definition of a resource to reportings associated with it. There are considerations that are worth a discussion. One consideration is that this interpretation connects the definition of a resource to configurations that may be possibly changing dynamically through RRC updates. In particular, it is possible for a CSI-RS resource setting to change “purpose” (CSI acquisition vs. beam management) based on configuration updates on reporting configurations and/or measurement configurations. This by itself adds seemingly unnecessary complication as it affects all the NW and UE behavior connected to the purpose.
Another consideration is that even with the current interpretation, the spec text in 38.214 needs to change to capture that the reportQuantity parameters that determine whether or not a CSI-RS is allowed to be multiplexed with an SSB are all the reportQuantity parameters in all the reporting settings associated with the CSI-RS at the time of CSI-RS transmission.

In order to address the above, a way forward to limit the definition of the “purpose” of a CSI-RS to its own configuration, namely the existence of TRS-Info and CSI-RS-ResourceRep.

Proposal 2: The condition of reportQuantity set to ‘CRI/RSRP’ or ‘No Report’ used to distinguish CSI-RS for beam management is not necessary, which should be removed.
4 Multiplexing between CSI-RS and DMRS
In last meeting, there was a discussion for multiplexing CSI-RS and DMRS on the same symbol. Three alternatives are summarized as follows:
· Alt1: The UE is not expected to be configured to transmit CSI-RS and DMRS on the same OFDM symbols.
· Alt2: The UE shall assume DMRS and CSI-RS are transmitted on the symbols only when they are spatially QCLed (where applicable)
· Alt3: If DMRS and CSI-RS are multiplexed on the same symbols, UE would receive the symbols with the spatial reception parameter based on the TCI state of DMRS. 

From our understanding, Alt-1 is beneficial for simplicity on UE side, where the UE do not need to handle the possible interference for CSI-RS or DMRS from different UEs. Actually, to simplify the UE implementation on CSI-RS and DMRS, there were already some agreements in the previous meetings. One is that the UE is not expected to receive CSI-RS and DMRS in same REs, and another is that CSI-RS is not transmitted on the same CDM groups with the potential co-scheduled DMRS ports. Then, for the case of potential interference for CSI-RS and DMRS from different UEs, UE still needs to avoid the interference especially in the case that CSI-RS is power boosted.
Proposal 3: Support Alt.1, i.e., UE is not expected to be configured to transmit CSI-RS and DMRS on the same OFDM symbols.
5 Conclusions

Based on the discussions, we propose the following:
Proposal 1: For a high-capability UE, CSI-RS and CORESET can be transmitted on the same symbol even if not quasi-collocated.

Proposal 2: The condition of reportQuantity set to ‘CRI/RSRP’ or ‘No Report’ used to distinguish CSI-RS for beam management is not necessary, which should be removed.

Proposal 3: Support Alt.1, i.e., UE is not expected to be configured to transmit CSI-RS and DMRS on the same OFDM symbols.
Text Proposal 1:

	Draft CR for 3GPP TS 38.214 v15.0.0, Section 5.1.6.1 [3]
<Unchanged parts are omitted>
5.1.6.1
CSI-RS reception procedure

The CSI-RS defined in Subclause 7.4.1.5 of [4, TS 38.211], may be used for time/frequency tracking, CSI computation,  L1-RSRP computation and mobility.

If the UE is configured with a CSI-RS resource and a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in the CORESET are quasi co-located with ‘QCL-TypeD’, if ‘QCL-TypeD’ is applicable, unless the UE has indicated that it is capable of receiving signals on the same OFDM symbol that are not spatially quasi-collocated. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the CORESET.

The UE is not expected to receive CSI-RS and [SystemInformationBlockType1] message in the overlapping PRBs.

<Unchanged parts are omitted>
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